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A8t Abst NE HE G00200 1B

2 AEAMe dye =2 dE 2 AEo|H, Ao This instruction manual describes mainly on the
HrtEl AR S5 2350 2oiME 22 H2E o] engine proper. As for the some special components
H KEME EHZOIAIJ| i mounted on the engine, please refer to the additional

manual provided separately.

2 KNEME dfel 2, 24 9 oyl st X This book includes instructions for engine
Aetss Zofotl, ofliet €2 AMEfe =2 2olst & operation, maintenance and assembly drawings,
A&t which can be identified by sheet number as follows.
ANEHS Sheet Number

= el 2 AEE IR AEWs 2 20150, A Each sheet of this manual has its own Sheet No.
HHS, HolXvis U IIgHS 2 2HE AIEHSE A} for identification, which consists of Section No., Page
SOAIH AT ool H et dlSst HRAMelol ==0] € No. and Revision Number. It is recommended to use
L Ct this Sheet No. whenever communicating with engine

maker for quicker response.
1. AHdls 1. Section No.
OO0 [a] CT O
_l_—ﬁr% 05 = 73 Y= Sub Group or Part Number
s kel Group Number
00~09 : A 2MZol et Lot 42 00~09 : Group for Engine Complete
10~99 @ AEl Gl MM 2tst AH HE 10~99 : Group for Engine Sub Section
— G 2F AEol sk 28 AE — G : General Instruction for each section

A2 MOl OB T
—| C: 2t MM st el
S 2k MMl tiot 2El

— M Juldd 25

a

PISIISE

4T 4z o

=
=
=

5= (H21/32)
== (H25/33)
S= (H17/28)
:1~9

A: Assembly Drawing & Part List (for H21/32)
C : Assembly Drawing & Part List (for H25/33)
S : Assembly Drawing & Part List (for H17/28)

_|

— M : Maintenance Procedure

| 0: Information for Engine Operation

2. Rev. No.

L]
T—Revision No.:A~Z

Alternative or Design Application No. : 1 ~9

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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OHAofl tHet Jl=-dH Symbol for ‘Safety’

g0leh Apl A MASH 2HS 9lgt FoUAMLS It explains precautions for proper operation and

LIEtLHOY, O] A& S 2 HEaA. easier works of the engine and should be followed
this instruction carefully.

A2z 1 A WARNING

HolAY = ORHRZI0 fBtEl= FOAIC2A, It describes precautions that should be followed for
AgsS oot =2dA . Lot CHE AUXSINE 2= the safe operation or maintenance works. Also should
CHAXIE S UH=Al HYSHIAN 2. 20 A =LA = notify all safety guidance to other workers.
&= ok WAL oflYdoll theh dEkAol HE S Additionally, it must be followed general law for safety
W= AL, or precaution of the accident.
‘ol st VIsdY Symbol for ‘Reference’

‘®=‘ MXXXXX \ ‘®=\ MXXXXX

At WES 2I| fldl Y AMEWS *= 2352 Refer to the sheet or part corresponding section
ISEAT NN RN number for more information.
‘LIAE Z=20ll tigt D[S Y Symbol for ‘Screw fastening’

o BRI T ~23 : Manual tightening

g MZ . : Hydraulic tightening

Il th89 AgesE AME ER3 = AHES LIEY The value followed by the symbol means tightening
LI C}. torque or pressure.
‘=E % YHE Aol tiet J|=-HY Symbol for ‘Bolt and nut dimension’

@1 O] @1 O]

Ares g WA == ~yol st =50 == The dimension shows the size of bolt head or nut
HEQS| 27| LIEHHLICEH for corresponding wrench or spanner.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.12/HJS
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ABE ALt HelE &8 29 G00300 1A

MUIZS F2E AP0l OIS 22 H0IHS e
A J1doto] FAAL,
1) HSZA 5) MM S
2) SIEiRt 6) oluES
3) AXIIB 7 oluEY
4§ AR 8 sy
Helet HOIEQ EIlE SUI2 olu|E0l Aset 23
S glalA BAEYULY,
A ot PEHS FE AL Ol UAS ABHE 7
SrotLE, JbSH OFf 2Ao@ FRohol FAII RELICE

When ordering, the following data must be filled in
ordering sheet.

1) Nameof plant 5) Section number

2) Consignee 6) Item number

3) Engine type 7) Name of spare parts
4) Engine number 8) Quantity required

The correct data inscriptions are essential for the
quicker supply of spare parts properly.

When ordering spare parts of engine, if possible,
please use a following form.

Information for ordering of spare parts found out from the “Assembly Drawing & Part List”

:IMSEN [T s Engine Type
W Twuyifasas | Apweby Dreweg B Perild | —1
anvace aun | (TR ELEL a1 ;'L)v\ Page No.
Revision No.
Section No.
lllustration ———
Description
\ 75 |
- HI
0 |__— Quantity
= b |
ltem No. — b=y  Tv Lo [
T s e ] = ji Er=—five—
A form of order sheet for spare parts
Name of Engine
Plant Type
Engine
Consignee
Number
Sheet no. Spare part no. Description Qty
_—— :;7§:}\1:\
T~
e _———

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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G00400 1A

Oli

ok Aled AZ JN=

0

Notation of Engine Sides (2%l EJ])

Free Side
(Free End)

Generator Side
(Driving End)

Cam Side

Direction of Engine Rotation (217l 3| g5k

Clockwise Engine : Clockwise viewed from Driving End (S2t0|¥ l=0|AM AlAIYEH
Counterclockwise viewed from Free End (X2 21=0jA] PIAI At af)
Counter-Clockwise Engine : Counterclockwise viewed from Driving End (=2101% A=0j|A PBrA|H &
Clockwise viewed from Free End(Z2] =041 Al E2tE)

ClockWise Engine CounterClockWise Engine
( viewed from Free End ) ( viewed from Free End )

Camshaft Gear

Lub. Oil Pump Gear

L/T Water pump Gear

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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AZ MA e ¥ 2F dolg J12 dlolg

Principal Data for H21/32 Gen-Set

Type of Engine 4-stroke, vertical, direct injection
single acting and trunk piston type
with turbocharger and inter-cooler

Cylinder Configuration in —line
Number of Cylinder 5-6-7-8-9
Rated Speed rpm 720 750 900 1000
Power per Cylinder(kW) kw 160 160 200 200
Cylinder Bore(mm) mm 210

Piston Stroke(mm) mm 320

Swept Volume per Cylinder dm? 11.1

Mean Piston Speed m/s 7.7 80 9.6 107
Mean Effective Pressure bar 241 231 241 217
Compression Ratio 17:1
Direction of Engine Rotation Clockwise

Viewed from Generator Side
(Non-Reversible)

Cylinder Firing Order 5H21/32 1-2-4-5-3
6H21/32 1-4-2-6-3-5
7TH21/32 1-2-4-6-7-5-3
8H21/32 1-3-5-7-8-6-4-2
9H21/32 1-3-5-7-9-8-6-4-2

Note) The principal data stated above are based on nominal MCR, and the actual data depend on

each project specification. Please refer to the technical specification on final drawing.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.10/KJC



o
Page
1I:-IMSEN H21/32 11
- . . Section No. Rev.
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a7 AN HR U A ColH oIF ETID]
@ Mm80 | o W

Air/Gas System

@ M.10
Engine Structure

Combustion System

Ca

M.50

Fuel Injection System

cs

M.40 |

Eng. Control System

M.30

O s

Power Driving System

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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a7 AN HR U A ColH oIF ECiD]
@ M.80 @ M20 |

Air/Gas System Combustion System

@ M50 |
Fuel Injection System

@ M40 |
Eng. Control System

3

] i

@ M60 | @& M70 | @] MmM30 @ M.10
L.O System C.W System Power Driving System Engine Structure
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AT HA e Y 2H dlolg ATl d=

Recording Engine Performance Data

ANE dse 28 220 Af ol w2l Hetct
SiA AEO AIE MUlA2p dulo EEss & 7

s Asee=mn Xl HEE delol oty & &
A AR YRS 2 FE 4 AT o]

Performance of the engine varies in accordance
with the operating condition and the engine condition.
Therefore, it is strongly recommended to record the
data of engine performance as frequently as possible,
at least weekly, which will provide a reliable guide for
better service and maintenance. A continuous trend
analysis of the recorded data with reference to the
engine maker’s shop test result and commissioning
data will contribute to diagnose the condition of the
engine precisely and the precautions or prescriptions
can be made easily. The forms of data sheets can be
referred to the engine maker’s shop test report or the
like.

Performance Parameters and Evaluation

gdsaE g S Fot
AZ2 ARS B ASH2 SI19 S22 It
£ HES Sol 532 Mitoleg, FU £ ARz

As the engine produces power by burning fuel with
continuous breathing air and exhaust gas, the

performance data are influenced by the change of

59 Heotol Wet ds HolHe B2 das 2=t such combustion parameters as ambient condition or
Ol RHZAAM SHOILIA, PR o2 iDL fouled components for fuel injection, air and gas flow
259 AE0|L A8 4222 BII2 LIEfLIN, 2= system. If there is any deviation from normal
= ARlol seldol deks 0lA O glest Hul/2401 operating condition, the exhaust gas temperature and
ZR5ICH WetM, o1t 2EL Bl20gT12] S50t fuel consumption appear to be increased generally,
el RHYUSS ool =HH, A =242 Hot= 0] 0F which eventually influence on reliability of the engine
ottt 2 ds2td iilussS2 tsa 2o and need more frequent maintenance. Therefore,
engine power shall be restricted if exhaust gas
temperature or turbocharger speed exceed normal
operating range. Some of the sensitive parameters
are as below.
1. A FH A 1. Ambient Condition
Aol | 25, oY, W2y 25 2 Al Engine room atmospheric temperature and
of &Y, oy 22, It 20 dets 0|7 pressure, cooing water temperature, etc.
Ct. influence engine power, fuel consumption,
'@ G01310 | [®] G01320 | exhaust gas temperature and so on.
'@-| G01310 | = G01320 |
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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olxl M e L 2H dlolE AXl Hs
2. 3J| 589 ¢ 2. Amount of air-flow

39

T B =detth EED| f2 ?3Fs2 t
sS4t 2ot

e Ul ZHA HEIAsV| YHI] 221 g

d2ol= oAU gxo oM edE #

ALt @YE g W)= W2 222 Mot

A g 3J1=5E EIARILL 3

gl S =

Intake air contributes not only to the
combustion but also to the cooling of
surrounding components. The amount of air-flow
tends to be reduced due to fouling of the system
by operating hours. Any one or some fouled
components regarding air and exhaust gas
passage can increase air-flow resistance and
consequently causes increased pressure drop
and reduced amount of air flow. Increased
pressure drop means reduction of charge air
pressure, which results lower cylinder pressure
and more fuel consumption consequently.
Reduced amount of air-flow results higher
temperature of exhaust gas and cylinder
components as well as more fuel consumption.
The components liable to be fouled are as

follows.

® Air filter, compressor of turbocharger and
charge air cooler can be fouled by dust in
engine room. Fouled charge air cooler also
reduces its cooling efficiency and causes
increased temperature of charge air to
cylinder, which results in further increase of
temperature of exhaust gas and the
components in addition to the influence by
reduced air-flow. Therefore, charge air cooler

needs careful attention to keep cleanness.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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® The exhaust valves, gas passages, nozzle
ring and turbine of turbocharger are apt to be
fouled and attacked by the products of
combustion, which depends on the fuel used
and operating condition. |[@ G05100 |
In general, the engine performance is
sensitive to the fouling of the nozzle ring of
the turbocharger, which reduces effective
nozzle area and cause increasing of
turbocharger speed in the beginning stage
and reducing of air-flow finally. Therefore,

cleaning of turbocharger is important for

engine performance. |See manual for T/C |

® Back pressure after turbocharger is apt to be
increased due to fouling of total exhaust
system of the plant, which also cause the
reduction of air flow and increased
temperature of the exhaust gas. Therefore,

periodical checking of the influence of the

Aoz HELgT| 4% 82 250 mmWC back pressure provides useful information for
2Ch= SOotof etet. the reliable operation of the plant. Normally

the backpressure should be lower than 250
mmWC.

3. Quality of fuel injection.

3. ¢x 2AQ 2 Fuel quality and Injection characteristics affect
A=z SN AL Sd& Ju] 7| 22 oty engine performance as well as maintenance
et Azl Hsol dets 0l interval.

® Bad fuel quality increases not only wear of

o Mg E= AHAAI HHD| ALHS ¢ ot the injection equipment but the fouling of
otuet 2ALEAILl Ot2E SIHAI2I0, &= of combustion chamber and exhaust system,
Il It 250 dg 42228 SIF A2 Aol which will finally increase the exhaust gas
Ct. @ G05200 | temperature and fuel consumption.
@ G05200 |

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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AR MA e ¥ 2H dolH AT Hs

o Vo WA g FAF HZO| 2 Oltl A ® Calorific heat value of fuel influences rack
Aotz 0|XICH Del2=, W0l 2ol v index of fuel injection pump. Therefore, when
CtH 25t Mgt ZXRE =™e o, 0] des adjusting load limiter, this influence should be
JAGHAM A At JgA fgem, AR considered and readjusted if the heat value
Lo HEfLE B 255 AHolM 28E 2 changed considerably. Otherwise, engine
¢Jt UCH may be operated in overloaded condition or

lack of power.

e iz SZI UIZE Hzm AI~EE2 z|l Agd ® Fuel quality and worn fuel system affects the
Ao = Asks O|Al=dl, A7 AMEldy dg maximum firing pressure which is one of the
22, NO, i &2l A-A0l Hdeks &0t ot critical parameters not only for engine
Moz z|Uf At LHo| SO0HKH g &2 reliability but also for fuel consumption and
= Z=X2H NOy tHE20l SJtstnf, I Bt NO, emission. In general, higher maximum
42 HEEcCh ARE wAE woich 2l = firing pressure reduces fuel consumption but
9 etelg s7-otd, HA 27 YUE HoutH, increases NO, emission, and vise versa.
MZH e 42|50 0F St Whenever changing the fuel, maximum firing

pressure should be measured and readjusted

or reconditioned if out of normal operating

range. M51101

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Englréepgf;ligg 8;‘;‘“3 & Correction of Fuel Consumption 501310 1A
AR MA e L 2A dolE g 429 ¥%

Correction for Ambient Condition

dutrioz AP E(SFOC)Z2 I1SO 3046/12 £&

iU, 1ISO 3046/1= Hielet Che =200l taliM =

SFOCam» = SFOCis0 * dSFOC
[100 + (Tams-25)*0.05 - (Pamp-1000)*0.007
(LCV-42700)/427] / 100

dSFOC =
+ (Tew-25)%0.07 —

SFOCamp : &M @K ZAWA HR42E [g/kWh]

SFOCiso : I1ISO 3046/12] #£Z& Z2HNAM HE2ALE
[9/kWh]

dSFOC: Q1R 42 20| Hx

Tamp : 2H 2 ZHO0A =9 J12 (C)

Pamb : 2H 2 Z2HollA =W J12 [mbar]

Tow: AH 28 Z2A0IM 33 W2| Yol @24
2% [C]

LCV: o120l A 2Z2el 3 [kJkg]

H 12 (Tamo) : 30 [C]

B 712 (Pamb) : 990 [mbar]

2% (Tow): 30 [C]

24 (LCV) : 42700 [kJ/kg]
SFOCso : 186 [g/kWh] at 720 [rpm], MCR
1.0067 0|04, X =AHUA A=

bt Zi0lCk

J2{92, dSFOC =
22 187.2 [g/kWh]2

Specific fuel oil consumption (SFOC) is referred to
the 1SO 3046/1 standard condition normally.

However, for the condition other than ISO 3046/1
the SFOC at MCR can be

estimated according to the below mentioned formula.

standard condition,

SFOCam» = SFOCis0 * dSFOC
[100 + (Tams-25)*0.05 - (Pamp-1000)*0.007
(LCV-42700)/427]/ 100

dSFOC =
+ (Tew-25)*0.07 —

SFOCamb : Specific fuel oil consumption at actual
operating condition [g/kWh]
SFOCiso : Specific fuel oil consumption at ISO 3046/1
standard condition [g/kWh]
dSFOC : Deviation of the SFOC
Tamb : Ambient air temperature at actual operating
condition [C]
Pamb : Ambient air pressure at actual operating condition
[mbar]
Tcw : Cooling water temperature before charge air
cooler(CAC) at actual operating condition ['C]

LCV : Lower Calorie Value of the fuel oil [kJ/kg]

Example
Ambient air temperature(T,mp) : 30 [TC]
Ambient air pressure(Pamp) : 990 [mbar]
Cooling water temperature(Tcw) : 30 [TC]
Lower Calorie Value(LCV) : 42700 [kJ/kg]
SFOCso : 186 [g/kWh] at 720 [rpm], MCR

Then, dSFOC = 1.0067 and the SFOC at site
condition will be increased to 187.2 [g/kWh]

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC



Y
[ | Page
I:IMSEN All type |11
Engine Design Outline & Correction of Exhaust Gas Section No. Rev.
Operating Data Temperature G01320 1B

AR AH e ¥ 2F dlolE oDl 259 23

Bpl &+ il Jts 250 st 23

Correction of Exhaust Gas Temp. after Turbine

EFE A2 J|FOR sl
JeiLt, 1SO 3046/12 AM@le ChE Z200 ol A=
Bl

S WIS 25= ofefoll el Aol wet S
P
M

Taturbexn = Taturbso + dTaturb
dTaturb = (Tamp-25)*1.5 + (Tcw-25)*0.7

Taturbex, : &M 23 ZZH0lM B8 =59 8o It
Taturbiso : 1SO 3046/12| =&
Biol Jb~ 2% (C)

dTaturb : {91 =72 BliJ| It~ 259 HAF (C)

ZTA0M EY &2

Tamp : &M 28 Z20IAM FHI|2 [TC]

Tew: &H 28 =AM g A2 Yo d2s

2% [C]

I € (Tams) : 35 [C]
H2 25 (Tew) 1 35[C)

Taturbiso : 290 [TC] at 720 [rpm], MCR
OS2, dTaturb = 22 [C] 0|0 &AM 2d Z20lA

Taturbexy = 312 [C]2 SI2 Z0|Ch

Exhaust gas temperature after turbine is referred to
ISO 3046/1 standard condition normally.

However, for the condition other than ISO 3046/1
standard condition, the exhaust gas temperature after
turbine could be estimated according to the below

mentioned formula.

Taturbexh = Taturbispo + dTaturb
dTaturb = (Tamp-25)*1.5 + (Tcw-25)*0.7

Taturbexn : Exhaust gas temperature after turbine at
actual operating condition [C]

Taturbiso : Exhaust gas temperature after turbine at
ISO 3046/1 standard condition [TC]

dTaturb : Deviation of the exhaust gas temperature after

turbine [C]
Tamb : Ambient air temperature at actual operating
condition [C]
Tcw : Cooling water temperature before charge air

cooler(CAC) at actual operating condition [C]

Example
Ambient air temperature(Tamp) : 35 [C]
Cooling water temperature(Tcw) : 35 [C]
Taturbso : 290 [C] at 720 [rpm], MCR

Then, dTaturb = 22 [C] and the Taturbe,, at actual

operating condition will be increased to 312 [C]

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Engine Design Outline & . Section No. Rev.
g Operati?lg Data Normal Operating Data
G01400 1E
AT MHA e X 28 UI0lE Yo 24 dolgy
gdtrioz AFIol o 27 Oole= ofehe =et Normal operating data of the engine are generally
#Ch Jeu, HiolHs 2%= UE 5 A=, e listed as below table. However, some data may be
T2ME wet =2 OoIE It MsECh Jel2s A subject to change and shall be informed separately
O 2HeA2 3 A0S Oloisty =l U9l WollA for specific project. Therefore, engine operator should

understand the difference and run the engine within

the specified range.

Normal Autosto
System Name Descriptions Operating Range at | Alarm Setting op Remarks
of Engine
Rated Power
Rated Speed 113%(1"
Control . ated Speed (rpm) 115%(2”2)
Speed Engine speed of rated
p 720/750/900/1000
speed
Fuel oil leakage level High level
Fuel oil pressure inlet engine 4.0 ~ 6.0 bar (MDO)
(for Continuous HFO operation) 82 par (HFO) Phro < 6.0 bar
Fuel Oil
System Fuel oil pressure inlet engine _
(for Continuous MDO operation) 7.0~ 8.0 bar (MDO) Pupo < 6.0 bar
) . _ 30~45 C (MDO)
Fuel oil temperature inlet engine : .
110 ~ 140 C (HFO) 150 C
Lub. oil pressure drop-filter 0.1~ 1.0 bar > 1.5 bar 2.0 bar
) ) ) ) (if applied)
Lub. q|l pressure inlet engine 4.0 ~ 5.0 bar <35 bar 3.0 bar
after filter
Lub. oil temperature inlet engine 60~70 C >80 C
Lub. Oil - -
System Lub. oil pressure inlet TC 2.0 ~ 4.0 bar 1.5 bar
Oil mist detector (option) High level High level
Lub. oil level in base frame Low/high level
Prelubricating oil level Low level
LT water pressure inlet engine 1.5~ 4.5 bar < static+0.4 bar
Cooling LT water temperature inlet engine 30~40 C >45 C
Water
System HT water pressure inlet engine 2.5~ 4.5 bar < static+0.4 bar
HT water temperature outlet engine 75~85 T >90 C >95 C
Cylinder pressure Max. ~ 200 bar - - Refer to shop
Deviation from average of cylinders Max. *5bar
Charge air pressure after cooler 2.5~3.2 bar
Combustion . o
Gas System Charge air temperature after cooler 35~55 C
Deviation from average of cylinders +50C +70C
Exh. gas temperature inlet TC 420 ~550 C >580 C
Exh. gas temperature outlet TC 250 ~380 C >450 C
Compressed c d air inlet 5~ 7 bar < 4.5 bar For 5,6,7cyl.
. ompressed air inlet pressure
Air System P P 8 ~ 10 bar < 7.5 bar For 8,9 cyl.

*) Temperature deviation between thermometer and thermocouple = 10~40 degree caused by different measuring point.

*) Engine performance data depends on the LCV (Low Calorific Value) of used fuel oil respectively, which influences fuel rack index of fuel
injection pump. (Refer to G01300)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Normal Operation General Precaution and Warning Section No- Rev.
A4 2 QIutAtar 9 Z0lAfel 002100 | 1A
ofl K| EIN|

The engine is a complicated power-generating
machine by means of burning fuel and the engine
room normally has various machineries, which
require careful attention for the safety and reliable
operation. Therefore, the below mentioned warnings
should be always kept as basic rule for the persons
who are involved in the engine operation and

maintenance.

Qualified Personnel Only

ofel Azl Ao 2atot obef & MEg o Ux

The engine system should be operated and
maintained only by qualified personnel who can
understand diesel engine systems and be familiar
with specific plant including the engine.

This book should be provided to the right persons
in order to be familiar with this engine before entering
into operation and maintenance works. Engine maker
will provide training course for users, if requested.

Unauthorized personnel should not be allowed to
be near or touch the engine. It is dangerous
especially during the engine is running, which is out
of engine makers warranty.

The engine operators should understand potential
dangers of the engine and be authorized to manage
the operation and maintenance works of the engine
including further warnings as below mentioned.

Maintenance staffs are always well aware of some
components including sharp edge or spring or similar,
which may escape and cause hurting person. Careful
attention is required when handling heavy parts that
need stable working condition and proper lifting tools.

Flashlight, fire extinguisher, and other emergency
tools, spare parts should be always kept ready at

hand near the engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Normal Operation General Precaution and Warning Section No- Rev
Hu 2H ABKAIEH W FO|ALEY 002100 | 1A
St oY =X Fire Precaution

|2t 55| AdE =912 obel HAst Mul= RAlI6 Engine room, especially around the engine should
M B JFsME 02| Yoty F57 = JIEF A be kept always clean and bright to avoid any
A SMS 2 =ole 4 Q10{0F StC possibility of fire and for easier checking of fuel

leakage or any abnormalities.

AXZS 2215 Holuh Hul2Y <ol= A 3 Cleanness of the engine and below floor plate
SO HE MHE £A2 =felstn oleol §io0F st around the engine should be checked frequently and
ct. ensured before the engine operating and after

maintenance work.

5| dglo] 28 S0/ 8o 20| A0 E R Engine room should be always free from any
wUst= el Sole Il SUM O 2skd explosive gases or inflammable fluid especially
WHIE A0IM= ok FICH during engine running or any repair works which

cause spark such as welding work or similar.
2 F9 | Hot !

XS =P JIDIS0] BAsse dF L= ARl & Opening of covers or loosening of some screws is
To| AKX 2 AU EEDtALE SAHDF 25| A not allowed during operation of the engine or related
LDl FHA ojidst 30l HHE SAHLE LIALE machineries or before ensuring the engine cooled
Z0AME 2ED 0l D29 JtaL RAE RE AZ and fluid circuits drained, which may cause escape of
4 QUCh hot gas or fluid.

Temperature sensing by hand touch is not allowed

H2IE HMelotneE o2 255 A AXohk= 2 only except for authorized personnel. Non-contact
2 IS0IC} A FHO| =5 2015 foiM = Ul infrared type thermometer is recommendable for
HE A Bl 2EHE AMSste 20| A G checking surface temperature of the engine body
SS9 Freezing

AZIO| JtsSEA $0 It el 2571 0C 0lst When the engine is out of service and the
2 9ot W=, AR, B W2 Ol To]Z A& temperature in the engine room is below the freezing
el WSS 22 M5 EAMA sTE YA point (0C), the water in the engine, pumps, coolers,
ofl OF StCt. and pipe systems should be drained to prevent

freezing.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Normal Operation General Precaution and Warning Section No- Rev
gu 27 QUUTAIEE B ZO|AFE 002100 | 1A
=d5 Genuine Part
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AF HOIHE &S
S ABSIA SO UME £ s MAH &4 ws

All the parts for replacements should be genuine
parts from the engine maker. Otherwise the engine
maker will be free from any responsibility for any
damage or bodily injury induced from not using

genuine parts.

No Use of Other Usag_]e

All parts and articles of consumption should be
only used in designated purpose. Otherwise the
engine maker will be free from any responsibility for
any damage or bodily injury induced from use of

other usage.

Language

104
of o thall olet 2HIE e 49 do=z & =2
MEts el ettt ste 2M= HHA et=esel H2s

Flol M M2 woICh =2 2Me 290(ut 22E ol

Aol 2loff UME of st A

kN

Y E0olA et

We recognize only English text in case of having
trouble with something about this book. The Korean
text is only supplied to understand contents of this
book easily for Korean people. We do not guarantee
any problem induced from the wrong translation or

interpretation of English text.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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General

The commissioning of an engine after installation

on site is something very critical for the whole life of

the engine. Therefore, it is strongly recommended to

carry out commissioning properly to provide the

engine can be operated in normal condition for the

expected performance and reliability of the engine

later on.

Note on Commissioning

2
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=
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¥
Pl
=

1.

Installation of an engine should be carried out in
the presence of representative(s) from engine
maker and processed properly according to the
engine maker’s recommendations.  Any
particularities should be contacted to and cleared
by the engine maker.

All data recorded during the commissioning
should be preserved as reference guide to
compare the condition of the engine service later
on, as the operating condition may be different
from that of engine maker’'s shop test which
represent contractually valid.

Engine operator should be familiarized with local
operating condition of the engine and related

machineries before running in the system.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Normal Operation Preparations for Engine Starting Section fo- R

002300 1A

He 24 AZ Als EHIAFS

O

O

O o o o

HO/0F ofr] AT FTHO ZFL g2 LA AP

Of tict

AMESL 2HAS 2UHE 2 S Mol gA

4215 s=20| 27) HlE HHE FYsil
2450 el 2EE FY st

AEIANES Al Chs Aol Wets Fd] HEl S ebet =2 Be sure to make it a rule to check the readiness for
oI5tofoF stch M|, &ol/Ad, &2t X = M8 2 every starting of the engine according to the following
e ufoll= o] Mejel @42 2k 2M35| of oF stct. procedures. More careful checking of the readiness is

required for the starting initially after installation or
overhaul or a period of standstill.
1. A& 98t ATAA L F=H| 1. Preparation of the Engine for Starting
O dA &&= dUl & 25 A9 =X S =2t O Check the last date when the Crank Case
Il fIshM 283 A0l AU S JHYet 22 Cover opened for ensuring everything
gdrE dadettt. cleared after inspection or maintenance.
T2 SE9 22 AZE2YMNE Ui O Check the date when the last tightening of
HE 9= ddstl =&t 2200 AgctH maijor fasteners.
CHAl A A stet. O Check if there is any loosened part and
O 2& At &5 A=A ddsth correct them, if any.
O Check all covers are closed.
A Z2 1 28 Zol= A F6IE o= A\ WARNING Do not open the covers of the
o LY. engine during running.
O A FYo & MelE sttt O Check cleanness around the engine.
m axl ol FRo= olLct FofsT Make sure that the rotating parts

of the engine is free from any obstacles. Take
out tools and rags from the engine.

Electric power ‘ON’ for the control system.
Check functions of monitoring panel, local

and remote control, etc.

2. Preparation of Cooling Water System
O Check cooling water tank level and fill, if
needed.
O Operate cooling water supply system, if
stopped.
Check valves and set to operating position.
Check and correct any leakages.

Check air venting in the cooling water circuit.

O o o o

Check water pressure and temperature.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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ot}
O W24 ot Ala'o] HAl=l 42 JtsAlIZIC

My

B = & 212 oy ags 9%
YEIH FH2 8N 0 51T, 0/ Y279

FE U588 0] AIS dZ0] wef CfEL

Mo

® HFO(E57) AISAl - 60C 0/¢
® MDO(E7) ASA - 40C 0/

AR AAYO| Ft|

Az B30 nol=22

Oz Y3 es Hdotl 2R Al &ttt
s

LIRS SIoH W2 A

O o o o

HFO Als Al, AEIol ol Setei S AE Aol A
HFO &=gtol JhksetAl etelstit,

A3 1 &St L5t blY A2 AISE S OF
gLICL AH=2AT2 S0 o HZEAAILE 0/
gg £ Qof, 0/H2 AIS Ao dZEAF Yg=d
Zol =0 HZEAF AIZHO &2 £4E =

gL/t

BB 77 37 s0= 570 cs5oz
IISEIX] FECHH AE KIS Fof HZEA ASE
2o = S22 Aol F2E HEaoF eiL/ct

=

PE JFEA B2 WY U JdHES Fof =5

7E A 7o OF git/C}

S

Preheating of the Engine
Preheating of the engine is required for
protecting the engine from thermal shock as well
as proper circulation of fuel oil and lubricating oil.
O Operate cooling water heating system, if
installed.
Make sure to circulate heating
water through the cylinders at least for 2
hours before starting. Temperature of the
water shall be depending on the fuels for
starting as below.
® Starting on HFO : over 60 C
® Starting on MDO : over 40 C

Preparation of Fuel System

O Drain fuel tanks for water and check filters.

O Check fuel tank level and fill, if needed.

O Check cooling system for diesel fuel oil.

O For starting on HFO, recheck preheating of

the engine ready for HFO circulation.

A\ WARNING Emergency cold starting on
HFO is not accepted. Cold engine may
cause clogging of the fuel injection system
by heavy fuel oil, which may cause serious
damages on fuel injection system due to
excessively high fuel injection pressure
when starting.
If engine stopped on HFO
without heating continuously, the HFO
inside fuel injection system should be
removed and cleaned by MDO before re-
starting. All fuel injection pumps, valves and
high pressure pipes should be dismantled

and cleaned.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Normal Operation Preparations for Engine Starting Section fo- R

Yu = AZ NS ZHIARE 002300 | 1A

O 9x 3g ALHO0l "X S01% JtsAlZICH O Operate fuel supply system, if stopped.
O Wes Astd Jts A0 WECE O Check valves and set to operating position.
O S570$E &dotn 2o Al £48ttt O Check any leakages and correct them.
O 9z =29 37| & s sttt O Check air venting in the circuit.
O ¢g9 25, g, &gz dAsitt O Check fuel oil temperature, viscosity and

O
Fo
1o
]
o
iy
0
N
_C'ﬂ
H
]
=0}
>
kA
rr
0
~
r
el

OF stCh
Q00| B3 £918 HAolD URA 2EH
WO HAGD IFSSIAN WEC

O 258 252 HSCL SHE ASAA 40T

BN 22 =257/ U8 LA J=9F 1500
cSt (10 T SAE40) 20 52 32 oy 2% BZ

8 HSIE Bl Yt 8 £ YSLIC)

BN v 222 /s A 52 014 XZE
0l0F 10, AlFlo] FIIZ+ HAEHAAL} HelolAS
FR01= W0, B 22, 23 Yo2PE 27/
SELIQEX] HIEA FOIG0F SLICL FY/S0 25

ot Ho/Z0} 22 =& 4= + AUSL/.

pressure.

Preparation of Lubricating Oil System

O

Check the date when the last sampling for
oil quality test.

Check oil filters and replace them, if needed
or after long term out of operation or
overhaul.

Check oil sump tank level and fill, if needed.
Check valves and set them to operating

position

Pre-lubrication of the Engine

O Check lubricating oil temperature which

should be heated up to 40 C by heater.

If oil temperature is too low or oil
viscosity is higher than 1500 cSt (10 T
SAE40), electric motor for pre-lubricating
pump may be overloaded.

Operate pre-lubricating pump, if stopped.
Check and correct any leakages of the
system.

Check oil pressure rise and pre-lubricating
condition.

Prelubricating should be con-
tinued at least for 5 minutes before starting.
If the engine has been stopped for a period
of time or overhauled, make sure that oil
comes out from bearings, rollers on cam and
rocker arms on cylinder heads. Tapes
attached during maintenance may block the

oil passages.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Normal Operation Preparations for Engine Starting Section fo- Rev.
Yu = AZ NS ZHIARE 002300 | 1A

O

CICIFNOIE =2 JHYSHCL

BN 220 2roiue 35 2o 2z &

Hejz o8 Fea= oIHolE F

50cc HEY 227E FYMNI|L, HLE o120 2
oY,

252 HHN 2 AFE Zo/0F LICK

o
1y
3
N

B 2co0iE 5= sd 200 4ES
& B0 U2 WL C/HolE F2 FHoZ 2
WA AP SMER FEZ dloF BiLck 2282
YEIO2RE A9 250 O 014 %S WK 2
43 $2 A% S0 gLt

B 77 vs 2o g2 g2 Sop
= GBE NSA BT Y Y5t WS Y MY
7 Qs

B Il 22 2elAzit

=1 Y30l 0ol =2 W ZHE g4t
Ch.

olol &= els FHotl, 22A &6ttt
(20 ~ 30 bar)

A= Mol AL"-Sl 2=

JHHHOIM 2E A= FAF o] iAo
dd fw ™ AL ddopll ASot=A
StCt.

O Open Indicator Cock.

If there is any doubt about dry

condition on running surface of cylinder liner,
drop lubricating oil about 50cc through
indicator cock and spray lubricating oil under
the piston before turning the engine.
Engage turning gear and rotate crankshaft
manually at least two turns to ensure engine
moving parts are in order and combustion
chambers are free from any excessive fluid,
i.e, water or lubricating oil or fuel oil.
If there is any sign of escaping
fluid through indicator cock, wrap the
indicator cock with cleaning rags to avoid the
fluid scattering over. And turn the crankshaft
to ensure no escape of fluids from cylinder.
\[i[2 Fuel remained inside cylinder
before starting may cause over pressure and

heavy smoke during starting.

O Disengage from turning gear.

Preparation of Starting Air System

O Drain air tank for water and check filters.

Check air tank pressure and fill, if needed.
(20 ~ 30bar)

Check control air pressure.
Check valves and set to operating position.

Check any leakages and correct them.

Preparation of Fuel Control System.

€ Check smooth movement of fuel regulating

linkages from governor to every rack of the

fuel injection pump.
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Check ‘Stop’ and ‘Max’ position for both

Governor Load Index and Fuel Pump rack.

O Check function of ‘Emergency Stop’ button
and reset. Push the handle on fuel
regulating shaft to ‘Max’ position and press
‘Emergency Stop’ button, then every rack of
fuel injection pump should be extruded to
‘Stop’ position.

O Check flexibility of each rack of fuel injection
pump. Rack of fuel injection pump should be
returned to original position when pushing or
pulling it manually.

O Check mechanical fuel limiter for over load
(Set to 110% load).

If mechanical fuel limiter is not
set correctly, the engine may be seriously
damaged.

O Check mechanical fuel limiter for start (Set
to about 30 ~ 50% load).

Air Running

O Check if engine load is removed. (Set
governor speed knob to minimum to prevent
fuel entering.)

Check indicator cock opened.
Check air intake and exhaust gas passages
are free.

O Check ‘Start Ready’ lamp ‘ON’

O Check if engine load is removed. (Set
governor speed knob to prevent the fuel
from entering)

O Press ‘Start’ button and check air running
condition.

o 2Cole S5 =t
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O Close indicator cock.

FU MEE2 ol

starting, if only possible.

O Press ‘Start’ button again and check air-

running condition.

NOTICE Air running is recommended to

ensure pre-lubrication and readiness for

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC




9
I.IMSEN All type "7
Normal Operation Engine Starting Section No- R
e 28 AT A= 002400 1A
1. Az As Starting the Engine
o oltole 52 Z=th O Check indicator cock closed.
O ‘Ready to Start’ @ =ZJ} AN A=K HZstCt O Check ‘Ready to Start’ lamp ‘On’.
O ‘Start’ lE=S FELL O Press ‘Start’ button.
BN 72 /52 vreun mgs gea This should be done by
9 +aElofof 5t authorized personnel only.
BB ozi0] ZaFOl Seju B BAIA IRWARNING Except starting after short period
Zl PE A9 otu= HHZ Aol A=Eof Yo + of ‘Stop’ with normal engine condition, the
SO ASofOF S} HESH PHAE AF 2F LY engine should be started manually by ‘Local’
E HZof= SoF HRA SA ATE FAAZ + 2 control system (‘Local’ mode) and the
= PIA0f 2LojoF Bt operator should be ready to stop the engine
immediately, if needed during checking the
condition of engine running.
‘Remote Start & Z-POZT LAl AX THE & Be sure to check the surroundings of the
afl OF 2t} engine in case of ‘Remote Start’
2. N=s = 5A H&E Checking immediately after Starting
O 28z X 2els F2200 S0l=Ch O Listen to the engine running sound carefully.
BN Y ojsst 220) 2RI G IAWARNING If unusual noise detected or
oIE WE AFE SA GF O, FHE5H TAE HAld anything suspected, stop the engine
OF tCt immediately and proper investigation should
be carried out.
O oyl 2g =0 4FA=X] =0l6tn, 72w O Check pre-lubricating pump stopped and oil
A0| tEEE=EASE olottt pressure rising as soon as the engine runs.
O W2 2gat )| s M E Zasict O Check water pressure and air venting.
O ¢z 3 UdsS ottt O Check fuel feed pressure.
O HEdg)| £=5 gdsttt O Check turbocharger speed.
O 2 Aeige o4 s =lshy| 2o vl O Check exhaust gas temperature of each
ot~ 22 sttt cylinder whether firing occurs.
O Az 55 ZA FHol 4 2901 A=A O Check any leakages around the engine and
HAstct feed system.
O 2= AsdAl 9 d29/s0] d=tsbl 2sast O Check all shutdowns and alarms function

correctly.
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3. A AN=s =9 MEHE 3. Rechecking after Initial Starting
AT AKX, ZAIZE OIALE e HU| <o ATS For the case of first starting after installation or
MESoz2 26g A<, Al 2512 27| Mol o a period of standstill or overhaul, it is strongly
T = F29 MEHHE CIAl &HAoto{0F stct. required to check the condition of engine rotating

parts again before loading up the engine.

O <% 5582 f 2ot 2 < TS HAAZ O Stop the engine after idle running for about 5
Ct. minutes.

O oxl =59 AHAWE HYsH He P2 & O Open the covers on engine block to inspect
HE S0l ol wlgatAol otzol ost 0t the internal sliding parts for abnormal
o FE AL overheating due to friction.

O Z& dlofaiel, 9 dle A3 dle M AP O Inspect bearings (for main, big end, small
E, @HI]), Jlof E, Hu 24E HAoiL, end, camshaft, and alternator), gear wheels,
bl 54 FHAM @A) 2E F5H A= cams and rollers visually and check surface
x=YH 2= SH ettt temperatures by means of hand touch or

non- contact type (infrared ray type)

temperature measuring devices.

CHAl Als2 Z20] 2 3082t F S5 Aef=z o Start again and run the engine for about 30
T2 JtsSAIZILE O Chg dixls Y0, 20 Ao minutes at idle speed, then stop the engine and
oot Yoz P9 U £35S ME LS repeat the inspection of internal sliding parts as

same manner as above mentioned.
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Load Up with Cold Engine

It is required to warm up the engine by loading
up gradually upto about 50% load for a few
minutes with MDO only.

The cylinder cooling water temperature should
be minimum 60 C to load-up to 100 % load.

Load Up with Warm Engine

A warm engine or stand-by engine with cooling
water temperature over 60 C can be loaded up
from starting to 100 % load immediately without
any restriction.

However, the sudden load-up will take time to

achieve stable frequency.

Quick Load Up
The quickest way to load-up from 0% to 100%
load can be achieved by increasing the load

continuously and gradually.

Step by Step Load Up

Considering the time required for stabilizing
the frequency deviation due to sudden load-up, it
is recommended to load up from idle to full load
by more than three steps under approval of

classification society.

Checking during Load Up

O Check pressure and temperatures for
lubricating oil and cooling water.

O Check fuel pump rack index and governor

index.
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Check the exhaust gas temperatures after
cylinders and turbocharger inlet and outlet.
Check maximum firing pressure of each
cylinder.

Operating data for each load
step should be within the normal operating
range and always compared with shop test

record and previous operating records
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Operating with constant load provides better
service results continuously. Avoid abrupt load or
speed change as possible. Regular checks and
measures mentioned should be carried out
during normal operation, which will contribute to
earlier detection of any abnormality. The most
important actions required during normal

operation are as follows;

Checking during Normal Operation

O Check and record engine performance
according to the format of shop test report or
the like. Any unusually high or low tempera-
ture or pressure should be investigated.

O Check operating condition of fuel supply
system.

O Check fuel oil temperature of engine inlet

A\ WARNING In case the engine is running on
HFO, viscosity of HFO should be controlled
by heating properly. High viscosity cause
excessive fuel injection pressure and may
result damage of fuel injection system.

A\ WARNING In case the engine is running on
Diesel Fuel Oil, the oil should be cooled
properly. Otherwise, the viscosity will be too
low, which may cause sticking of fuel pump
plunger.

O Watch the color of exhaust gas out of funnel.
O Sound the engine operating noise.

Check condition of filter for turbocharger and
pressure drop of filters for lubricating oil and fuel
oil to avoid any interruption of continuous

operation due to alarm or shutdown.
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Check air venting of cooling water circuit
and fuel oil circuit, which should be opened
during operation.

Not sufficient air venting may
cause hammering and damage of the systems
due to severe vibration.

Check water drain pipes from engine block
opened and drain quantity, which will
contribute to clarify whether the water
source from normal condensation or
leakage of cooling water.

Check drain hole of cylinder head for the
detection of cooling water or combustion
gas between cylinder head and liner.

@~ M21000 |

Check drain pipe for fuel oil and dirty ail,
which will contribute to clarify whether the
normal drain from fuel injection pump or any
leakage around covered cylinders.

Check oil level and the condition by
sampling and analysis.

Check the condition of cooling water by
sampling to inspect whether the inhibitor is
still active or it there is any rust included.
Check drain pipe of cooling water pump. If
leakage of oil or water detected, the pump

should be overhauled and maintenanced.
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The engine provides various stop mechanisms,
which cut off fuel supply and stop firing

fundamentally.

1. gzl Ax gA it 1.

e Julut o2t HAIM, SwHFO)E

Normal Stop Procedure

O
30

® Change over heavy fuel to marine diesel ail,

(MDO)= dhHrECh.

BB 7= =02 22 o8 NS 4
X HSHo2 S8 =eNE + AcH ER2 &
XE st 20| HEFELIC) TEX YCtH St
Y250l GE A2H0| Yol HE YA Kl

22 @A £ FAH0F BLICh

if necessary for maintenance or long-term
standstill.

NOTICE For the case of normal
operation on heavy fuel, it is recommended to
stop on heavy fuel oil, if only heavy fuel oil
can be circulated continuously until next start.
Otherwise, the fuel should be changed over
to marine diesel oil to avoid clogging of the

fuel system due to cooled down of heavy fuel

oil.
Fots dilHes T 25t M2 HE 2, 5 ® |oad down to idle gradually (by releasing
T2 WAooz 2| 552 9Eh generator load for generator application)
and speed down to idle gradually.
m ol It~ HES 2F= 1fotI] #of Do not run the engine more
0of ZAopI] Fof X Lol=E 22 0/ AXES 28 than two minutes at low load before stopping
A= oHELICE to avoid contamination of exhaust gas
system.
Hojztel “JX(STOP) BlEES FECLh JdH ® Press ‘STOP’ button on remote or local

Y Ao Ae As HA YIAIZ 0[SAl

control panel, which activates governor lever

ZIC to ‘STOP’ position and fuel rack to ‘STOP’
position consequently.
AZo| MasHo=z HAI=X =felsttt Check engine successfully stopped.

Check pre-lubricating pump running.

Keep running pre-lubricating pump and
external cooling water pumps for a period of
time to cool down heated parts of the engine

gradually.
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A\ WARNING Do not open crank case door or
dismantle any parts just after engine stopped,

which may cause escaping of hot fluids.

Emergency Stop

If normal stop failed in urgent situation, the
engine can be stopped by pressing ‘Emergency
Stop’ button on remote or local control panel.

The ‘Emergency Stop’ button activates every
Fuel Injection Pump Rack to stop position by
compressed air through stop solenoid valve. In
this case, the engine will be stopped suddenly
with loaded condition. Therefore, it is
recommended to stop the engine manually

instead of by ‘Emergency Stop’ button.

Manual Stop

The engine provides mechanical manoeuvring
handle, which is independent of engine control
system. The engine can be stopped by turning
the handle to stop position manually. The manual
stop should be done as same procedure as
normal stop.
A\ WARNING Keep the handle at ‘STOP’ position
until the engine completely stopped. Otherwise,

the engine may revive.

Auto-Stop (shut-down)

If there is any abnormality which pre-
determined for auto-stop, the engine will be
stopped automatically by the engine control
system. However, the alarm will normally

precede the auto-stop by showing the

abnormality. G01400
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Stand-by Engine
In order to be ready for imminent normal

service, all the requirements of

the preparations for starting should be fulfilled

together with further requirements as follows;

® Keep fuel oil and cooling water circulating
and pre-lubricating continuously.

® Keep the engine in warm condition similar to
normal operating condition by circulating
high temperature cooling water of the other
engine or cooling water heating system.
Otherwise, warming up of the engine should
be required before entering into normal

service.

Engine under Maintenance

® Wait until the engine cooled down before
starting maintenance work.

® Keep clean around engine and protect
lubricating oil and fuel oil system from

contamination.

Engine Stopping for a few hours

® Keep the pre-lubricating pump running
continuously.

® Try to keep the engine in warm condition as
possible. Otherwise warming up will be

required for next operation.

Engine Standstill for days

® Keep indicator cock opened.

® Shut off valves of engine external feed
system for starting air, cooling water and
fuel oil.

If there is any risk of freezing,

drain cooling water in the engine.
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Engine Standstill for a longer period
Further to above actions for the engine stand

still for days, following actions are required;

® Shut off exhaust gas duct to avoid any dust

or humid entering into the engine.

® Keep indicator cock closed except during

turning the crankshaft mentioned below.

® Run the pre-lubricating pump for about 30
minutes at least once a week. If humidity is
high around the engine, daily pre-lubrication
is recommended.

® Turn crankshaft by more than 2 revolutions
during every pre-lubrication and stop at new
crank position.

® |tis recommended to circulate cooling water
for about 30 minutes daily.

® |t is recommended to run the engine once a
week for checking the conditions for next

starting.

Engine Preservation for long term disuse

Relevant  cleaning and  Anti-corrosion
treatment should be required for long term
preservation. Please contact engine maker with
information of the site condition and period of

disuse.
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After renewal or repair of piston rings or cylinder
liners or bearings, the new sliding parts need to fit to
mating parts to avoid any abnormal wear. Therefore,
the engine should have running in operation step by
step as follows :

O Make sure that there is no abnormality by

checking according to procedure of ‘Recheck-
ings after initial starting’.

O Speed up to rated speed gradually by manual.

[See Instruction Manual for Governor]

O If not sufficiently warmed up, run the engine
until temperatures and pressures to be in
normal operating condition and adjust them, if
needed.

O Prepare for putting load on the engine
(Connect to switch board).

O Load up the engine according to following
running-in procedures [See fig. 1].

I.  Load up from idle to 25% load gradually
for about 20 minutes.

II. Run at 25% load continuously for about
30 minutes.

lll. Load up from 25% to 50% load gradually.

IV. Run at 50% load continuously for about
50 minutes.
V. Load up from 50% to 75% load gradually.

VI. Run at 75% load continuously for about
50 minutes.
VII. Load up from 75% to 100% load gradually.

VIIl. Run at 100% load continuously for about

40 minutes.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC



9
I.IMSEN

Page

All type | 5

Special Operation

Running-in after Renewal of Sliding Parts

Section No. Rev.

vl e 24 TST 5 17

003100 1A

\N|

1
il
il
0
i
S
e
A
H0
2
=
1
i
ne

4
39
a

Fo S52 cfgst A9 ¥

Ho

ECEN 252
St il 7S 259 2 WFI| M ot zfet
A, Zl0f LS Lol2 AXES HE TISAHAE o
=

B 7 == =a/528 J20c G-
g9 A H1Zo w2t S 250l H28Lc)

m|

B 252 202 58 a8 287

224 T 0F L)

I

Load (
100%

5t)

75% I

50%

O After running-in, the engine can be in normal

service mode.

The purpose of running-in is to fit
the sliding surfaces for various load cases,
therefore, do not run the engine with
continuous load in initial stage.

NOTICE In case of piston overhaul,
running-in is also necessary to refit new
position of piston rings.

Running-in can be done by using
normal lubrication oil and fuel oil of either

distillate or heavy fuel.

\

25%

0%

\
\
\
\
\
\

0 0.25 0.5 0.75 1 1.25 1.5

2 225 25 2.75 3 3.25 3.5
Time (AlZH

Fig. 1 Running-in time and load (2'£2/ A/2tZ2} £ 5}f)
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Operating the engine with the load of below 20%
may cause incomplete combustion and result fouling
of combustion chamber as well as air and exhaust
gas flow passages. Therefore, long term low load
operation should be avoided as possible. However, if
it is inevitable to operate the engine at lower than
20% load for a long time continuously, following
measures should be carried out to minimize

contamination of the engine inside.

O Operating duration should be restricted as
below.
€ Idle running : maximum 5 minutes.
¢ Running below 15% on MDO or below

20% on HFO : maximum 100 hours

O Flushing operation should be carried out over
70% load on MDO for at least 30 minutes
everyday.

O More of turbine is

frequent cleaning

recommended.
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In case of very unavoidable emergency situation

such as the last solution, the engine may be operated

with abnormal

condition as follows with some

restrictions to minimize hazard to engine

1.

Overload Operation

1) Marine Genset

The engine can be operated with maximum up
to 110% load on condition that a duration for
maximum one hour per 12 hours. However, even
in this intermittent overload running case,
following restrictions should be noted.
O Do not adjust mechanical load limiter or

change all settings for normal operation.

O All the operating data should be within
normal operating range.

O Operator should be always check overload
running condition and ready to reduce the
load immediately, if

any abnormality

detected.

2) Stationary Genset

Over load > 100% may only be run for a short
time to compensate for a frequency drop when a
load is applied.(Blocking of the output for engine,

driving generator, at 110% of the rated output)
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mine does not start

1.

2.

3.

Engine is not under ‘START READY’ condition

v" Check whether starting tried after ‘START
READY’ lamp ‘ON’.
®©  Prepare for starting and reset.

v Check function of control system and
governor.

Flywheel does not rotate.

& No starting air noise from air motor when
pressing ‘START’ button.
v' Check valves for starting air supply line

opened.

v" Check function of solenoid valves on air

motor. | See Manual for Air Motor |

&  Starting air motor does not rotate.

v" Check function of solenoid valves on air

motor. | See Manual for Air Motor |

&  Starting air motor rotate.
v" Check pinion gear and ring gear
® Try starting again, if pinion gear
engaging failed.
© Replace the gear, if broken.
v' Check moving parts of engine inside

©® Repair if bearing or piston seized.

Flywheel rotate, but too slowly

v" Check oil temperature. (Too high viscosity)
®© Warm up the engine, if too low.

v' Check starting air pressure and leakage.
® Charge air, if too low
© Repair, if leaked.

v" Check engine under load.

® Release the load, if loaded.
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—— N 004100 | 1A
4. Ael] AxIF O|FOXA ZS 4. No firing of cylinders.
v A=)} =gtoh=Al dd st v" Check fuel oil circulating.
© 235 A, dz H3asE H=20t © Charge fuel tank, if empty.
© Yeu, g iy YUHES Yoot ®© Clean or replace fuel oil filter element, if
Hut WA Stk clogged
v "YUl ® 2= AS QLA &telsit) v" Check if first starting after maintenance.
(A= AL HZo| =28dst 37| &) (Incomplete air venting of fuel injection
pump)
® A= Het 3XE 210 £52=2 UA A © Release starting fuel limiter and start
s2 2Lk again manually.
voodm dOHO AFZE T2[3 Y el 2 v" Check movement of fuel rack, control shaft
s HAsS. and governor lever.
© dx ol YA 2sol ot SA0|A © Press ‘Reset’ button, if fuel rack
O™, ‘Reset’ HlES TELCt blocked by stop signal.
© ARt FEYA SAOIA ¢deH, & ®© Lubricate linkages, if stiff.
g7 S uhECh
© SIAIF HAEAUCIH, 2| S =H sttt © Adjust the levers, if distorted.
v R 4T ol tlE E=XE =felettt v Check if fuel oil drained too much.
© ZE3ol dm FAL 1Y =55 X0ICL © Tightening of fuel high pressure block, if
loosened.
v Oz AL YWEE AlE)|= ettt v" Check fuel injection valve by tester.
(AL 2522 (Opening pressure and Spray pattern)
© WS Y A0 HHEHUJCH mH et} © Adjust valve opening pressure, if
changed.
© SRl s 9 ATH =& Hastet © Clean nozzle, if clogged by heavy fuel
oil.
© US0| &0 ACHH, WA st ®© Replace, if needle sticked.
v og 2AHzZE Hsteh v Check fuel injection pump.
© DAEIJL UESHA OF2EJACH, WA ®© Replace, if sticked or worn excessively.
StCh
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Troubleshooting Stop Failure Section No- R
AZIO] YRIGHA| &= Engine does not stop
1. Mol A=Eoll < et A=A S 1. Normal stop by control system failed.

v OHIO A" D 2

A41000

2. e AADF =A 4=

A
o

[ony

0z
>~

3. 4592 HA HA %2
v

A= 2 MO AFZE

~
—_

oY
roh

tCf.

fjo

olr
W

o
oz

il
a

VoS =0l 4R HEX
v

T
~
olr
o
0
oy

gl
il

| Sellsol= &

ey el 3

v Check function of control system and

governor. A41000

2. Emergency stop failed.

v" Check if control air pressure is too low.

valve.

3. Manual stop failed.

and governor lever.

v" Check function of emergency stop solenoid

ESRel v Check movement of fuel rack, control shaft

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division
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22 24 £t 004300 (1A

ol F

—

S0l AP A 39

Engine stopped suddenly

1.

=
&

A

o 32 S o
=4

e

A

of 2lgt XHSHA

1

e
m
il

Jh gl A=A 2

gl

Cl.

Z2EDF Yol =A "getth

e

AR
=
HOHUHU
"

sa g2t ASEA =X gt

(_‘

b
v oodRo SIL =0l S0AeA ddetth
a0 2let ALSFA

v e e E AA"EE ddeih

BEELLEEEY

Bld D101 22 dlzol 2let AtSEA

v HY I8 2I0IE 29(A H

004500
ot @& AL 95 AFE A

\
2
pal

v o og 2AF AlAY U AAZAES HAsH

v Ao 2o ZEEA JA S

v oUW 20D A0 ZEEU=EA A
Attt

1. Alarmed before stopped.

&

Auto-stop due to starvation of fuel.

v' Check if fuel oil tank empty.

v' Check if fuel oil filter clogged.

v Check if fuel oil feed pump out of
operation.

v" Check if fuel contains water or air.

Auto-stop due to over-speed.

v' Check governor and linkage system.

| See Manual for Governor |

Auto-stop due to the signal of turning gear

engaged.

v' Check the limit switch and wiring for
turning gear.

Auto-stop due to low lubricating oil pressure.

v' Check lubricating oil system.

004500

Auto-stop due to high cooling water
temperature.

v' Check cooling water system.

004600

2. No alarm before stopped.

&

Engine can be turned manually.

v Check governor and engine control
system.

v' Check electric power supply system to
engine.

v" Check

linkages.

fuel injection system and

v' Check if engine overloaded.

v" Check if fuel oil contains water or air.

<& Engine cannot be turned manually.

v' Check pistons, bearings and gears of

engine.
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Troubleshooting Insufficient Power Output Section No- Rev.

ol F

i

[}

0| ES2CE HoAS

Engine power is reduced than usual

—

=2 A2 ool 2420t = v
el=Al &detth
v o Oz 2AL ZIF 0AEAEX HHsh v
v g AL EERL =E50| US| U=A sttt v
clogged.
v Oz A0l DEREAL HASEHA SEAE 2 4
StCt,
v EJ1 H | W20 DA A=A FHe v

& JPHA R HetEA DL Metei Aol s ol &

v NS HSHEADL HEEUA UG v

vooR SHI YR Mol oluAs FHYSICL v

v o ZHE HA5tn HAEIL v

v Ao 251 MEIS =elstt. v
o JIAA AR MEEAIL AREAN s2Y &

v ooR RAZS HAECL v

© 2ZAHU M=

st Agln(0e] delh)e sdHL 1.

=
VoDl Ok 259 =2 ¢

Misfiring of a cylinder(s).

exhaust gas temperature.

Check if fuel injection pump stuck.

2. Insufficient power of all cylinders.

v g Mol HIaEAE ettt v
® 519, TNl Z=elrt
© H=5| AR Leu, 7z ottt

voAR PR asE0 Hoj2)el de S v
Attt

v HiD|DtRS] AE A s v

Check if alarmed due to high deviation of

Check if fuel injection valve and nozzle

Check if fuel rack stuck or disengaged.

Check if intake and exhaust valves stuck

Mechanical fuel limiter is in limiting position.
Check starting fuel limiter active.

Check fuel quality and fuel rack index.
Check fuel filters and clean them.
Check engine loading condition.
Mechanical fuel limiter is in free position.
Check fuel high pressure block and
pipe.

© Retighten, if loosened and leaked.

Check fuel injection pump and valve.

© Replace, if worn or stuck.

'@-| A51000 | @] A52000 |

Check fuel control linkages.

© Retighten, if loosened.

and bearing) scorched.

Check color of exhaust gas.

® Recondition, if abnormal.

004700

® Lubricate, if malfunctions.

Check if engine moving parts (piston

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Troubleshooting Abnormal Lubricating Oil Condition | ***""* Rev.
25012 BN RER A 004500 | 1A

=857 990 UF EAL UF == [

=

2ol ool =Rl FHetit

v dFo REn HI PSI|0| @] A61000

U 2ExF We A64000 | = T &St

A63000
v R He o SMIE HAlSHL
v Rse yu o 50 AEY0|YE HAst)

\
=
2
o
~
2
=
>
rim
4o
>
r
a
o
=]
o
2
E
04

Pre-lubricating pump failed.
v" Check the oil temperature and viscosity.

v" Check electric power supply and wiring.

Pressure of lube oil is too low or too high.
v" Check pressure gauge if malfunctioned.
v Check the oil pressure control valve of
engine.
© Adjust or replace, if needed.
v" Check oil cooler.
®© Clean, if dirty.
v" Check the oil pump , driving gears
and thermostatic valves
of the engine.
®© Repair or replace, if needed.
v" Check oil filters and pressure drop.
© Replace filters, if needed. (Do not

reuse.) A63000

v" Check the oil viscosity and property.

<\

Check oil sump level and suction strainer.

Temperature of lubricating oil is too high

v" Check lubricating oil cooler
and thermostatic valve.

v" Check abnormal friction of bearings, gears,

pistons and cylinder liners.

Lubricating oil consumption is too high
v" Check oil property (Sample inspection by oil
maker).

© Replace, if inferior.
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Troubleshooting Abnormal Lubricating Oil Condition | ***""* Rev.
2H5)1 2 HIEANO RER A 004500 | 1A

IAE 2 A31100 |2} 2tolH WAS H
Astet. A15100

© OFRE[ Lt E200] ATHH WA etCh

voOOR RAL IO MY 2o Wads
Hotrt
© old, HHal eith
© OiRE R, WA Bt

v

Check piston ring A31100 | and liner
bore. A15100

© Replace, if worn or damaged or blow-by.
Check engine if overloaded or overheated.

®© Adjust or repair, if needed.

Lubricating oil consumption is too low or oil

level is increasing.

& Lubricating oil contains fuel oil.

v' Check oil seal of fuel boost pump
®© Replace, if defective.

v' Check fuel Injection pump and sealing
oil drain line.
® Clean, if clogged.

®© Replace, if worn.

A51000

<& Lubricating oil contains water.

v" Check oil cooler.
®© Replace, if defective.

v' Check cylinder heads, engine block and
feed block.
© Repair if cracked.
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Troubleshooting Abnormal Cooling Water Condition
=Ml Z HIA AP Ol W2k ALE| 004600 1A
1. 44 22 UF =2 I Cooling water temperature is too high.

Ct.
© 37Dt sUEAUUA, S5 AIS"HS
el &t
vl e 2= W ARl 261 A E =2t
olgtr}

\
2
[al
10
O(‘
N
4>
o
|H
-
it
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o
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a
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& Temperature of cooling water engine inlet is

high.

v" Check cooling water supply system.

®© Adjust or repair cooling water feed

system, if too high.

®© Fill the water tank, if not sufficient.

& Temperature of cooling water cylinder outlet

is high.

v' Check air venting line if air infiltrated.

® Open valves for venting line, if

closed.
© Repair supply system,

suctioned.

if

air

v Check exhaust gas temperature and

engine loading condition.

®© Release the load, if overloaded.

v" Check water pumps, driving gears and

thermostatic valves of the engine.

®© Repair or replace, if needed.

v" Check cooling water passage inside the

engine (Air cooler, Cylinder

Cylinder liner, Water jacket, etc).

head,

® Clean water passage, if clogged or

defective.

®© Repair or replace, if cracked.

Cooling water contaminated.
&

v" Check cooling water supply pump.

Check oil cooler.

v
v" Check cylinder heads, if cracked.
v

Check feed block, if cracked.

Cooling water contains oil or blackened.
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Troubleshooting Abnormal Combustion Section No- Rev.
2HoZ HI A Ol o & 004700 1A

\
B
ull
O('
X
~

CgsiM AckH, M=lstAct

Cf. A84000

v 0® BT e oldlAs HAlshT)
nESH Bx2 xmxsir)
A41000

1.

Exhaust gas temperature is too high

<& Intake air temperature is high.

v' Check if ambient air temperature is high.

Reduce load, if engine ov

erheated.

v' Check air temperature after charge air

cooler.

Clean or repair, if fouled.

A84000

<& Different temperatures of exh
cylinder outlet.
v' Check fuel pump rack index.
Adjust for even distributio
v" Check maximum firing pressu

Adjust injection timing.

aust gas

n.

re.

v' Check fuel valve by injection tester.

YA L OLR2EATHH, TH220| 5HA Clean or replace, if clogged or
LE A g} worn.
WY Y LS =H st Adjust valve opening pressure.
v g FA HIZE FdetU v' Check fuel injection pump.
Ot2 = OAEQCHH, wH sttt Replace, if worn or stuck.
v 8J W U] Wes gyttt v' Check intake and exhaust valves.
Ot2 L= OAEQCHH, wH St Replace, if worn or stuck.
v AT el =E0 dgetys HASH v' Check fuel oil pressure at engine inlet.
& HY &2 )] It 250 =2 o & Temperatures of exhaust gas after
v HRug)|E ddsttt turbine is high.
ClEsi ™ QCtH, 220l stk v" Check turbocharger.
Clean, if fouled.
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Troubleshooting Abnormal Combustion Section No- Rev.
2HoZ HI A Ol of & 004700 1A

2. BiJ| JkA MO HIFANY Of

2. Exhaust gas color is unusual.

& FAL £E AJJt L= W &  White or blue smoke.
v IR0l M2 AEf0AM 2FED AEKE v" Check if the engine is running at cold
=olottt condition.
v AIElol ZOIZE KMSo A5 UA=KE v' Check if the engine is running at low
=olottt load for long time.
v U] Helt)t 2XAEEAE olottt v' Check misfiring of some cylinders.
v oz A4 g0l 4T S2A ddsttt v" Check max. firing pressure if too low.
v IAE 0| OE e &4 EHUEA A v" Check piston rings if broken or
L A31100 damaged.
& AALL ZM AJ|Jt LiE & Black or Brown smoke.
v AR ZAZS HAlEiCE (@] G05100 | v Check fuel quality.
v Bl Ot 2S5 dAbetth v" Check exhaust gas temperature.
v g MBS 2AL A= AAStCE v' Check fuel valves by injection tester.
v o EJ Y oD Wwed 95 Q=Al "Gt v Check intake and exhaust valves if
clogged.
v HEUSIDE dEH A=A HAS v' Check turbocharger if fouled.
3. = 4Z2JF XUXH e O Fuel consumption is excessive.

LSRN N NN

A52000

v" Check fuel quality.

v" Check lubricating oil if viscosity is too high.
v" Check color of exhaust gas.

v" Check cylinder pressure if too low.

v

Check fuel valves by injection tester.

A52000
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Troubleshooting Abnormal Noise Section No- Rev
=HMloll 2 I el &3 004800 1A
1. St 2 X 28 48 1. Unstable intermittent running noise.
v oY Al~" S Asict (@] A41000 | v Check governor system.
v oz Mol "d3 ZXIL ALSl SA0l=XE v" Check if fuel control linkages move smoothly.
sttt
v g 3g EZ HEIF Us UK HHetth v" Check fuel feed pump and filter if clogged.
v oz ZA BT Y S B0l A6t 28 v" Check if fuel injection pump and roller tappet
20| =AE dAtettt hitching.
v oAz IF AUAA MO AU=XS HAketct v" Check if fuel leaks excessively.
2. HSEHO HIZY 2™ &3 2. Continuous unusual running noise
v IR0 IHPSE AR Q1K S A AbStCE v" Check if engine overloaded.
v dE S "HZel |08 HHstCh v" Check engine driven pumps and gears.
v g s 232 ddstt v" Check engine moving parts.
3. H=2u3719 ME 28 3. Turbocharger surging noise.
v ol 2dE Azlo] AEHAA FGRBMEAE v" Check if engine stopped suddenly under
=oIsHC} load.
Aol ZAag FoF Aol=X =felsttt Check if engine loaded abruptly.

Check ambient air condition if abnormal.
Check turbochager if fouled.
Check charge air cooler if fouled.

Check fuel injection nozzle if fouled.

AN N N RN

Check intake and exhaust valves if sealing
failed.
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1. General

The engine can be operated on heavy fuel olil
(HFO) of viscosity up to 700cSt at 50C, which
corresponds to the grades of CIMAC H700 (CIMAC
Recommendation No. 21, 2003). It can be also
operated on blended fuels of lower viscosity as well
as diesel fuel oil (MDO).

The quality requirements for MDO shall be in
accordance with CIMAC DA, DB and DC grade. If the
engine is run on blended MDO (A-bunker diesel), i.e.
CIMAC DC grade, a centrifugal treatment system
should be prepared.

The fuel should be cleaned and preheated before

entering the engine as follows.

2. Fuel Treatment
1) Purification

Heavy fuel oil should be purified by
centrifuging because the fuel oils are always
contaminated with solid particles, salt and
water etc.

Solid contaminants in the fuel oils can cause
excessive wear to the piston rings and cylinder
liners or seizure of fuel injection pump and fuel
valve.

Liquid contaminants in the fuel oils can
cause fouling of exhaust systems and
turbochargers as well as corrosion and
cavitations of fuel injection pumps and fuel
valves.

Therefore qualified separation equipment
should be included in the external fuel olil
system not only for HFO but also for MDO
which is easily contaminated on board.

Before centrifuging the fuel oil, it should be

preheated to lower the viscosity.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Oil and Its Control Fuel Oil Specification Seetion No- e
—— - G05100 | 1D
2) o4 2) Heating
drloz S0{Jh= A== 12 ~ 18 ¢St Hx The viscosity of fuel oil to the engine should
S 7ot Qo{oF sttt T2, HE= g9 be kept within the value of 12 ~ 18 cSt.
SHA W 250 wet Wt SR HFO)2l =l th However, the viscosity varies depending on
Y 2== 155CT=2 MSt=0] U2, 0l= A= the properties and the temperature of the fuel
ANZEOA HZel Dz 9| 2I6lA OlCt oil. Maximum preheating temperature of HFO
MetM, ds= SaAtel Hot= JHEE o oF s is limited up to 155C to avoid vapouring in
Ct. fuel system. Therefore, the fuel should be
heated according to the  suppliers’
recommendation.
250 et A2 tEAMQ HEe M} ofel A typical fuel oil viscosity diagram regarding
Ol LIEFLE RATH temperature is as follows.
100000
50000
20000
10000 .

5000
2000
1000

Bunker Fuel Oil <

500

NAN,
300
200 \
AN

: N
NN
N\
N
7

Kinematic viscosity
[mm?/s (cSt)]

Recommended viscosity range 3y

before fuel injection pumps \
(For HFO) Xy
.

12
10

8

S

-10 0 10 20 30 40 b0 60 T0 80 90 100 110 120 130 140 1650 160 170
Fuel oil temperature [°C]

Fig.1 Fuel Oil Viscosity Diagram (% &% 4%)

(Note: The viscosity of MDO to the engine should be kept within the value of 2 ~ 14 cSt in order to avoid possible sticking of

fuel injection pump due to low lubricity of MDO.)
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= T

3) H=9 Hof
12 ~ 18 ¢St A §5&E Aol 2lall, It

AI|= Aot AE AZ A2=ol S0{I1I] o

of olalf A O1=0f0F StCf.

s B =E=D

ANZFZa o Ee s

3) Viscosity Control
In order to ensure correct injection viscosity

of 12 ~ 18 c¢St, the heater are to be controlled
by an automatic viscosity controller before the
fuel enters into the engine fuel system.

A\ WARNING Higher or lower  viscosity may

serious damages on fuel injection

cause
system.
. Standard Fuel Oil Characteristics
The engine is designed to operate continuously
on the fuels with the following specifications

without reduction of the rated output,

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel QOil and Its Control Fuel Oil Specification
Properties Unit Limit HFO MGO MDO
P (CIMAC H700) (CIMAC DA) (CIMAC DB) (CIMAC DC)
Kinematic viscosity mmzls(cSt) max 700 at50 CB 15-6.0at 4(; C {25-110at 4BO C | 4.0-140at 45(;) C
12.0~18.0® 20~140® 20~140® 20~140®
Densityat15 C kg/m3 max 991.0 N 890.0 900.0 920.0
10100 ®
Flash point T min 60 60 60 60
Pour point C max 30 6 0 0
(Winter quality)
Carbon Residue | % mass | max 122(5) 0.30© 0.30 25
Asphaltenes % mass max 8 - - -
0.15 0.01 0.03 0.03
0,
Ash omass | max 0.03® 0.01® 0.03® 0.03®
Total sedl.ment, % mass max 010 i i i
potential
Total sediment, | o o | max - 0.10 0.10 0.10
existent
0.5 0.3 0.3
0, -
Water % volume | max 02 ® 02 ® 02 ®
o) 4.50
Sulfur % mass max 1.50 2.00 2.00
350 ®
Cetane index - min - 40 35 -
Vanadium mg/kg max 600 - - 100
150 ®
. 100 50
Sodium mg/kg max 30® - - 30®
Aluminum+Silicon mg/kg max 80 - - 25
15 ® 15 ®
(B) (B) (B) (B)
Solid Particles mgfkg max 20 20 20 20
um max 5® 5 (B) 5 ® 5 ®
(A) :Adequate purifying equipment for high density is required.
(B) :Limited value before engine inlet for operation.
(C) :10% volume distillation bottoms
(D) : A sulfur limit of 1.5% m/m will apply in SOx Emission Control Areas designated by the IMO,
when its relevant Protocol comes into force.There may be local variations.
Note 1: The following kinds of fuel are notto be used:
1) Bunker fuel including cat-fines 2) Bunker fuel including land-used lubricating oil waste
3) Bunker fuel including acidic compounds (Acid Number > 3 mg KOH/g)
Note 2: Additional properties are specified by the engine manufacturer, which are notincluded in
the CIMAC fuel quality. (CIMAC Recommendation No. 21, 2003)
/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.10/KCM
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Fuel Oil and Its Control Fuel Oil Quality Seetion No- e
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1. 98 4 1. Fuel Characteristics
1) ®H= 1) Viscosity
AMZFIO Az M= 12 ~18 ¢St 2 Y 2t The viscosity of fuel oil to the engine
A0{0F BICEL 0lHE Mo HZ29 S0l wet should be kept within the value of 12 ~18 cSt,
sk W20, @Y ISADL MAlst=E st which could be achieved by proper heating
Jtgdol ool Hole E=9 HRE 2= £ recommended by fuel supplier as the
Ct viscosity varies depending on the properties
of the fuel oil.
2) 2= 2) Density
ol Azol ST A S (15COIA 991 If the density of the fuel oil is above the
kg/m®) WLt ACHH, 24 2eol o H M= X maximum density (991 kg/m® at 15C), the
U= el A 252 R Hae ALSE fuel cannot be used because of water and
4 gt Z U Y% (A5COIAM 1010 kg/m®) QI solid contaminants which are not removed by
A= E ALE5| SloiM = SEe HA 2el & a centrifuging. The special centrifuging sys-
At AAIE0]0F ST tem should be installed to use the fuel oil with
the maximum density (1010 kg/m® at 15C).
3) = 3) Sulfur
A=0l 2 ME2 Ao RAlsk= 20l &2 It is important to keep proper sulfur
Stch A=ol Creel o dee Aad Fuol contents in the fuel oil. The high sulfur
M fAl9 glgds SIHAZICH J2ln ne F content in the fuel may increase the risk of
HE29 Md=2 FTIoh| S sti). wWets 438t low temperature corrosion in the combustion
£ 98t 2R AMAsSH UAUe|E FAIAMII= chamber and contribute to the formation of
Z10| utef2lsict high temperature deposit. It is also
recommended to keep the proper alkalinity of
the lubricating oil for neutralizing.
4) M 4) Ash

The ash content comes from natural crude
oil and also from contamination during
treatment of the fuel. The solid ingredients
can be removed mostly by centrifuging of the
fuel. However there are soluble compounds
such as vanadium and sodium, which can be

transformed as ash after combustion.
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As the ash in any form promotes
mechanical wear of engine parts and harmful
deposits in the combustion chamber, the ash
components should be carefully analyzed
and removed in advance.

Vanadium and Sodium

Vanadium is oil — soluble and comes from
crude oil mostly. However sodium is water-
soluble and comes from crude oil as well as
contaminated fuel by salt water. As vanadium
and sodium become corrosive ash after
combustion, these should be removed as
possible. Sodium compounds contributes to
lower the melting point of vanadium ash,
which is very corrosive and harmful to
exhaust valves and turbocharger. Therefore,
compounds should be less than 1/3 of
vanadium contents in weight.

Conradson Carbon

Including much conradson carbon may
impair combustion properties of the fuel and
cause deposit formation in combustion
chamber and exhaust system particularly at
low engine output.

Asphaltenes

High asphaltenes content may contribute to
deposit formation in combustion chamber as
well as exhaust system at low loads and stick
the fuel injection pump. It also causes
excessive centrifuge sludge and deposits in

the fuel system.
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8) =& 8) Water

HEotE &5 Al QoM +E 42 B The water content can be measured by a
et £ QLh £F22 g ZAF HZo 24 9 standardized distillation test. The water
saoet J2ln o] A" B2 gDl 9 causes corrosion and cavitations of the fuel

MEfOIEE 52 0PIAZIE $E MRS 2l

9) AUIAX}

HT

injection pump and fouling of the exhaust

system and turbochargers. The water content

should be reduced to maximum 0.2% by

centrifuging

9) Abrasive Particles

Fuel oil can be contaminated by abrasive

particles composed of aluminum and silicon

oxides. If the efficient fuel treatment is not

applied,
abnormal wear on

cylinder liners / piston rings.

these fine catalysts can cause

injection system and
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3t 54 2. Ignition Quality

= 7JF Atk SR d=t Sd= 201 919

0z

i
(Calculated Carbon Aromaticity Index) Y= 40| 0|&

goja 4 Uk,

The ignition quality is related to the ignition
delay that is the intervals between fuel injection
and combustion. If the engine is operated at low
load or in the condition of low temperature or
pressure in the combustion chamber, the ignition
delay is lengthened. During first operating, the
engine can be damaged by the low ignition quality
without sufficient preheating. The equation of
CCAIl (Calculated Carbon Aromaticity Index)
developed by Shell can be used to get the ignition

quality of the heavy fuel oil.

Calculated Carbon Aromaticity Index

D = density ( kg/m® at 15°C)
V = viscosity (cSt at 507C)

CCAl=D-81-1411log[log (Vk +0.85)]

BN 212 ccartol sorE08, B8 S42

28 g =L

CCAILl Agz=Ae2 th3at &Lt

® CCAI < 840 HEfQl o1z= 2AH B0l ALZ2E £
QAL

® B840 = CCAl = 870 2Ef0lt{ 180 cSt at 50C
0l5te] M2E= AHE Jbsolut, 180 cSt at 50T

0|&9 Ar= N 26t Y 2ot ¢elsts =
HOM A4 ds0 SH O Yl &~ 2ACt

® CCAI > 870 MEfQl ¢1z= ThAZHoll P4 2A|Jt
=2

et Sdol thet 2HES LAIGH] FAcHA AT Al

If the value of CCAI is increased, the

ignition quality has decreased value.

The CCAI guidelines are as follows.

® The fuel oil with CCAIl < 840 can be used
without any trouble for any application.

® The fuel oil with 840 < CCAIl = 870 can be
used when its viscosity is lower than 180 cSt
at 50C. If its viscosity is higher than 180 cSt at
50C, it may be happened a combustion
problem at part load operation and variable
speed.

® The fuel oil with CCAIl > 870 can be increased
probability of ignition problems after a short

time. It is strongly recommended not to use.

To prevent any troubles about poor ignition quality,

s o E&0] &= ot0{0of ofttf, d2h AAEL ZAL

and injection system.

engine should be preheated sufficiently before

starting and has proper functions of cooling system
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A2 A HIZl g A WEo| ual/Ed, =21 It is very important to follow the temperature/load
A S8 YAob| Soll HFO/DO wAH EAL| 2%=/% requirement of the change-over procedure in order to

_ci
=0}
4
iy
I
rr
»
rlo

o< S0l

1. DOOIA HFOZ29| wH|
O HFO service tank?l Level2 50~90% 2 = Al5}

1 252 60~90 T2 F7AlStC]

AE LolE 30~70 %= TAISHC
A=zH A"l Steam tracingZt Auto filter
steam inlet valveS Q1LC}.

F.O heater2| Steam in/out valveES 9L}

e

HME ZZF7J|9] Steam control valveS &3
MM X5 F.O 252 2F 120 2 ¢

60 CTHHAl MAMol =elCh

A 3 1

cSt 0/6/2 ZOolXA YEE &) T2/ Cylinder

ol 2ELCf= FHEJf L0182 4

outlet 4 25Z 75~85 CZE RAEH,

AFAME DO 2%t 50~60 C H==2
2EEY HFO/DO wAl WY S 0[&5t0d HFO

prevent fuel injection pump and fuel injection valve

sticking/scuffing, poor combustion and so on.

1. Change-over from DO to HFO

O Maintain the HFO level with 50~90% and
HFO temperature with 60~90 T in HFO
service tank.

Maintain the engine load with 30~70 %.
Open the steam tracing and auto filter steam
inlet valve in F.O system.

Open the steam in/out valve in F.O heater.
Rise F.O temperature gradually until 60 C at
a rate of about 2 C per minute through
opening steam control valve in viscosity
controller.

A\ WARNING Maintain the F.O viscosity over 4
cSt because F.O viscosity is the first priority
than temperature. And maintain the cylinder
outlet cooling water temperature with

75~85 U.

O When the DO temperature at engine inlet
reaches 50~60 C, change-over from DO to
HFO using HFO/MDO change-over valve.

O When the HFO temperature at engine inlet
reaches 70 C, viscosity controller is set with
auto-mode.

O When the change between viscosity and
temperature to be observed, viscosity is set

12~18 cSt on viscosity controller.
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2. HFOOIA DOZ9 wH|

2. Change-over from HFO to DO

O AE P5t= 50 % Olot= H&ECH O Reduce the engine load below 50 %.

O FO9 =28t 2= Yol 2st oz ZAL & O Close the steam infout valve slowly in F.O
et g AP W29l A 9 Eas YRS heater until 25 ¢St viscosity in viscosity
1 Sl % &I "5 3ol 25 ¢St & controller to protect the FO injection
VLAl F.O heater2| Steam in/out valveS M equipment against rapid temperature
Mol E=C changes.

O 9A=R A" Steam tracingdt Auto filter O Close the steam tracing and auto filter
steam inlet valveS EH=Ct steam inlet valve in F.O system.

O HFO/DO WA "WES 0/85t0d DO= WA st O Change-over from HFO to DO using
Ct. HFO/DO change-over valve.

O DO9 2%t 2k 60 CY W ALt 4~5 St O Confirm that DO viscosity is 4~5 ¢St when

C
=S =eletth B MGO9l 8% <9 40 TY ul

A Z 1 Section No. GO51000f NZFl 22041
9 DO HEE 2~14 cStE HEtol 2 QAIEH HE &
Ab BZ9} OI2 SAF W29 TA/=HE BIXoLT £

af DOS HEZIf 3 cSt 0/ot=F ZO/AIA =5 &)

the DO temperature is about 60 C. In case
of MGO, confirm that MGO viscosity is
about 2~3 cSt when the MGO temperature
is about 40 T.
A\ WARNING Although DO viscosity range
at engine F.O inlet is limited 2 ~ 14 cSt in
Section No. G05100, DO viscosity should not
drop 3 cSt for safety as this might cause fuel
injection pump and fuel injection valve

sticking/scuffing.
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1. 28w &2 1. Quality of Lubricating Oil
Fene X A" A0M S8 d2E of Lubricating oil has significant roles for the
0 Ct2dt #0] o4d & AChL engine system, which can be summarized as
below;
e i Ut2E =0J| 98t 0lngy £ ® Lubrication of the sliding parts to reduce
=t friction and wear.
e Xl RF =9 W2 (IazE, o 3) ® Cooling of the engine parts (piston, bearing,
etc).
e IU~AE 2O AlYY Sealing of piston ring.
® AHIHHEC =it Dispersion of detergent.
e A PrhE9 Zat Neutralization of combustion by products.
Uetd AE Alog U2 AI8ARe XA Therefore, engine system oil should be
of wet olefst Jlss &5AIl= AS HEst0{0f selected to fulfill these functions depending on
SiCt Frlg ol Retn dHes E52 550] & the fuel used and the operating condition. The
of A0 MER 2gR2 J282 FHZHE Ofel recommendable brand names of the lubricants
e &t are listed separately and the basic requirements
of new oil are as follows:
Oil grade Q_PI servic_e grade CD (MIL-L/2104C and D) for heavy duty marine
iesel engine.
Viscosity SAE 40(120-180 cSt @ 40 C)
Flash Point Over 220 C
Pour Paint -15 C
BN2 ofefet 22 M L= moby| 9ol &< BN (Base Number, Alkalinity) should be
72 BNt =29 & gm0l #dS 0|F= 20| = selected carefully because it is important that
2ot2=2 Mot HE = 0]0F sttt proper balance is maintained between the BN

>
o

3 1 ZEFE [OFE
o)

E79 =2etotA UFAIL.

285 E AR &2t SHIF HEE T AL/

coming from the lube oil and the fuel sulfur level
by choosing proper lube oil in order to avoid
following problems.
- High sulfur fuel + Low BN lube oil
— Excessive corrosive wear
- Low sulfur fuel + High BN lube oil
— Excessive top land deposit formation
A WARNING Do not mix the lubricating oil with
different brands, which may cause serious

problem on the engine.
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® Typical recommended BN depending on the fuel sulfur contents and SLOC (g/kwWh)

SLOC range for HIMSEN engines

Specific Lube Oil Consumption (g/kWh)

Fuel Sulphur (%)

[Reference: CIMAC recommendation number 29/2008 ‘Guide lines for the lubrication of medium speed diesel engine’]

2. 2E% oY 4 2. Checking of Lubricating Oil Condition

2y A2 Chdet Wdldol o =t & @ The quality of the lubricating oil will be

d== Qo AE PlatE ZoIch A0l 2= changed slowly due to ageing and contamination
2 ALMol AF2E U 4~gAL A0E 855, & via various sources. The typical contaminators
=70, el AgA J2l0 @Y KA ttetEs are soot and particles from combustion chamber,
olct. penetrated or condensed water and salt, wear

particles, and oxidation of oil itself, etc.

Jegleg, SgA L= d2Jt olst Bt A Therefore, regular checking of lubricating oil
Biel gaAel HHd=2 HMol= 3942 Ottt o= 20| condition by supplier or specialist, at least every
28 FHEECHL 0] A0 A=, 25kd, BN, 284 three months interval, is strongly recommended.
% sELEL SEol tst A0 gdol Zets o] In this case, the checking should include at least
OF stCh. the analysis of Viscosity, Flash point, BN,

insoluble, and water content and the nature.
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Add Jd Aol J|1Z2F Setille 22R% SsAt During the intervals between laboratory

checking, a simple test method proposed by oil

supplier will be also informative on the quality of

Correct sampling of oil for checking is critical

for correct evaluation of the analysis. The

sample oil should be taken after the filter during

engine running. The container for sample oil

should be cleaned thoroughly before sampling.

b Hook= 2tchst Algl Yol 22w SEol o
gt wost 2 E M3 & Aolct
oil.
HAS gt U9 =utE MET2 A0 tis
Heash "HIle ol=d 2880 @40|C HE @
a2z AdxIts ol of 2t 2ol FoiAMoF oto A
= @20 Y= MEd =] ™ol ol 7226l of
s
PE HHZM= A P JIsE 0 YAMAM

AZ U =etwel oEl= thse 85 Ul 2=

All checking results should be recorded and

kept for trend evaluation, which contribute to

reliable engine operation.

3. Condition of Lubricating QOil

The condition of lubricating oil inside the

engine is recommended

following range;

Ingredients Tolerable range Test method
BN: max. 50 % of initial value. ISO 3771
Viscosity min. =20 % and max. 30 % of new oil. ISO 3104
Flash Point min. 180 C ISO 2719
Water content below 0.3 %(volume) ISO 3733

n-Pentan insoluble

max. 2.5 %(mass)

ASTM D-893/B

o2 it Holof st} RERO WA L= BAS

=)
1z
Y
i)
=2
~
b
gl
0
e
o
ulll

9| Mef= =7 WD) otdlel HAAel 2

Aol oAs 255 of

to be within the

The condition of the lubricating oil should be
evaluated not by a single parameter but as a

whole. Replacement or filling of the lubricating oil

is recommended to consult the oil supplier based

on the analysis results.

indicate abnormal

malfunction of the system,

operating

condition

ol As a sudden change of parameters may

investigating the

cause and remedying the fault should precede

replacing the lubricating oil.
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o 3 £of, BN glol = g9 50% 0lotE & NOTICE Lubricating oil should be replaced
OIRE W S&7E WAHS0/0F ofy], 287 LZ220tZF when BN value is below 50% of initial value and it is
FINIFLE 2Zol= X0| F25CF important to refill with (top-up) dissipated amounts
of lubricating oil periodically.
o™ YDt siEetaol ATt s Y WA If any parameter reaches tolerable limit, some

Sh= el 29 ggiss eUS M= vt e measures instead of entire replacement of the olil

ol =2t %2 & ACk of™ F=0l olgist A2 may be effective for recovering the oil to normal

AESH Melu ZEst GHAE = 2Uds FE4 condition. In some cases, this can be achieved

o2 Yxeto=zi gME £ At by proper treatment or by intensive purification or

by patrtial filling (top-up) of the oil.

A 3 1 OIsfF 0l 150T O/PtOjH Z = F0[£9 A WARNING I flash point is below 150 T, there

=4 /5ol U= + YUs/C} may be a risk of crank case explosion.

4. 28w dAl 4. Purifying of Lubricating Oil

AZl HEfol FItotol 270 HMAEAE AXA In addition to engine filter, it is recommended
ot=sS Hst) QACH to install a purifying device for the lubricating oil.

FrEl deEel gdele dRx=2 2ds5tk= Aol A built on centrifugal filter is recommended for
FHE Add "HMEAE=E sRre 2dotke Al the engine running on marine diesel oil. A
ol 2 35tC}. centrifugal type purifier is required for the engine

running on heavy fuel oil.

M EEE UEI| FdiM JtgE 2gRE AHSH Continuous centrifuging with heated lubricating

M e 2elotEs Hosk=E A2 20 20l oil for lower viscosity is recommended for more

HHZAUS flet oI wkat oS =0l CHol A effective purifying. It is recommended to follow

= FH Yl tlolAHL HDAtS HEES ot the purifier maker's recommendation for the flow

UL (2& 85~95 C) rate and preheating temperature (normally 85-

95 C).

AZX 2 S Sohlle ASoiA B2RE HeE It is recommended to separate the oil on the
gl ot= 2= FHeth o2 2ERIt 3w &2 W 7 engine while operating. In this way, the dirt can
g5 S0l Zef & o[22l SA HMAH & & 0k SAl be removed immediately when it is supplied to
of 22%< ol st=d A2 20| 2235t w20 o the engine. At the same time energy is saved
HAIS A2 & & = Ud 0]7]% sich because it is necessary to warm up the oil only

by a little.
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Oofct thel englol st thel Ad 220101 AA == It only one separator is installed to several
A= o Holl st the| AP AAGI{OF SHCE 0] HE2 engine, it is only connected with one engine at a
stozxlo2LE C2 drozol 2327 52 / HE time. This is to ensure that there is no suction
He= HS YUXsith RE AT HME M= =At and discharging from one engine to another. It is
Moz 24 ol Adxls 242F 2e|sto HHl ohe S recommended to split up the time so that there is
FH st separation on all engines, which are operating in
turns.
o 3 Y2 FR 2974 BN £~A AofE 8/ NOTICE In any case, cleaning the lubricating
Fof 2&87FE EZ HFolE A2 ELHA YSLIC oil by water is not allowed to avoid contamination
and decreasing of BN value.
5. TIE HHU|8 287 5. Lubricating Oil for Other Machinery
ATIAAEH @2 AdIFIol P22 HEUsI|E The engine system oil covers moving parts of
Zetsttt, J¥XAeH s Jtyes ARl 73 0] the engine and turbocharger. However, hydraulic

governor requires own specification and refer to

the manual for the governor.
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Oil brand Engine system lubricating oil )
Governor oil
Oil company Brand name SAE BN Fuel grade
Shell Gadinia 40 12 A, B
Shell Argina S 40 20 B, C
Shell Shell Argina T 40 40 30 C,D
Shell Argina X 40 40 D, E
Shell Argina XL 40 50 E
DISOLA M 4012 12 A, B
DISOLA M 4015 14 A, B
DISOLA M 4020 20 B, C
Total AURELIA XL 4030 30 C, D
(Lubmarine) AURELIA XL 4040 40 40 D, E
AURELIA XL 4055 55 E
AURELIA TI 4030 30 C,D
AURELIA TI 4040 40 D, E Same as
AURELIA TI 4055 55 E Engine system
DELO 1000 Marine 40 12 A, B Lub. Oil
TARG S0DF 40 0[50 e
(TEXACO+Chevron) TARO 40 XL 40 20 D.E glg\t/gg:af:q; t:u;r:e
TARO 50 XL 40 50 E .
- for detailed L.O
ExxonMobil Mobilgard 412 15 AB specification of
(Exxon-+Mobil) Mobilgard M430 40 30 C,D governor.
Mobilgard M440 40 D, E
BP ENERGOL DL-MP 40 9 A B *) Initial filling:
BP ENERGOL DS3-154 15 A B Oil filled
CASTROL MLC 40 12 A, B
CASTROL MHP 154 15 A B
BP AMoco BP IC-HFX 204 20 B, C
BP IC-HFX 304 40 30 C,D
(BP+Castrol)
BP IC-HFX 404 40 D, E
BP IC-HFX 504 50 E
CASTROL TLX PLUS 204 20 B, C
CASTROL TLX PLUS 304 30 C, D
CASTROL TLX PLUS 404 40 D, E
SUPERMAR 13TP 40 13 A B
SK SUPERMAR 24TP 40 40 24
SUPERMAR 30TP 40 30 C,D
SUPERMAR 40TP 40 40 D, E
UG-8D: 1.9 Liter
Oil volume See separate data for sump wlume as per each engine type. UG-15D: 2.3 Liter
UG-25+: 2.1 Liter

*) This list is given as guidance only.

Fuel grade

A Distillate fuels (MGO or MDO)

(S: Max. 0.2% m/m)

B: Distillate fuels (MGO or MDO)

(S:0.2 ~1.5% m/m)
or

Residual fuels (HFO)
(S:0.2 ~1.5% m/m)

C: Residual fuels (HFO)
(S:1.5~2.5% m/m)

D: Residual fuels (HFO)
(S:2.5~3.5% m/m)

E: Residual fuels (HFO)
(S:3.5~4.5% m/m)

*) Lubricating oil quantity (Initial filling: Oil empty, Without oil overflow system)

Lubricating Oll Quantity (Max. volume), Unit : Liter

Engine type Engine rpm 5cyl. 6 cyl. 7 cyl. 8cyl. 9cyl
H17/28 900/ 1000 rpm 530 620 700 780 -
H21/32 720 /750 rpm 820 950 1070 1180 1270

900 /1000 rpm 930 1040 1170 1350 1420
H25/33 720/ 750 rpm - 1240 1380 1530 1670
900/ 1000 rpm - 1460 1630 1800 1970
H32/40 720 /750 rpm - 2730 3200 3600 4010

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Quality of Cooling Water

The cooling of the engine should be only distilled
(demineralized) or fresh water, which should be
checked and treated to satisfy following requirements
below table before adding corrosion inhibitor. It is
necessary for keeping effective cooling and
preventing corrosion of the system. Though the
distilled water matches best to the requirements for
cooling water, it is necessary to add corrosion
inhibitor before applying cooling water to engine
cooling water system because untreated cooling
water absorbs carbon dioxide from the air and then

becomes corrosive.

pH 7t09

Total hardness as CaCO3 max. 75 ppm(mg/l)
Chlorides CI’ max. 80 ppm(mg/l)
Sulphate max. 100 ppm(mg/l)
Silicate max. 150 ppm(mg/l)
Residue after evaporation max. 400 ppm(mg/l)

BN 2952 »2 822 YAHE &0z

40
&
~
i

NS duo M| 2YH0 YoDe RAY
O AslAl W25 AIBE0ME o Hi),

FEBEMS WY ALY YR M AHE
Hol slg wRl WAReM AZE0ME o = ol
Aet orel FHAI|ZRE BS0T BR4E ARE 4
griel, S22 420 wel o Hel S8 HE S

NOTICE Chloride and Sulphate are corrosive

even in the presence of an inhibitor.

Sea water or fresh water contaminated by sea
water even in small amount is not allowed to be used
as cooling water of the engine due to high risk of
severe corrosion and deposits formation in the
system.

Rainwater is heavily contaminated and highly
corrosive in general, which is also not recommended
as cooling water.

Tap water (drinking water) is not recommended as
cooling water due to risk of chalk deposit formation
inside the cooling system. However, if the distilled
water, for example from fresh water generator, is not
available, tap water may be used as cooling water
after softening and some other treatments according

to the ingredients.
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Treatment of Cooling Water

Cooling water should be treated properly and
corrosion inhibitor should be added. The analysis and
treatment of cooling water are recommended to be
carried out by a famous and familiar specialist.
Otherwise, keep the treatment procedures strictly
according to the instructions from the supplier.

Some recommended products are listed as follows:

Manufacturer Brand Name Constituent Delivery Form Min. Dosage
Chevron (FAMM) Havoline XLi Carboxylates Liquid 50 liter / 1,000 liter
DEWT-NC Powder 3.2 kg / 1,000 liter
Drew Ameriod Marine o . . .
Boonton LIQUIDEWT Nitrite Liquid 8 liter / 1,000 liter
MAXIGARD Liquid 16 liter / 1,000 liter
VECOM CWT DIESEL QC2 Nitrite Liquid 12 liter / 1,000 liter
UNITOR CHEMICALS DISELGUARD NB Nitrite Powder 3 kg /1,000 liter
) 9-108 Nitrite, Borate Liquid 2.25 liter / 1,000 liter
Nalfleet Marine
Chemical 9-111 Nitrite, Silicate Liquid 8 liter / 1,000 liter

BN =y yvas 92 #20 2350/ 4%
B YHE UASE, /X2 4HY+82F A8E P
A28 0|EL-S4 I HES MNESHE 20| b1 B
ct

BN o= 279 A50u0 S82 18 GRHE
M2 S8510] AESIA] THIAIL.

A 3Z 1
o2 HZ A, Y 7HI} BREILICH

S8 YRS SO YA AP 7

Oily inhibitors adhere to cooling

surface and influence cooling efficiency, which are
not recommended for cooling water. Only nitrite-
borate based inhibitors are recommended.

Do not mix the inhibitors of different
types or properties.

A\ WARNING Some inhibitors may be toxic and
control is

Strict required when

hazardous.

handling inhibitors.
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Checking Cooling Water and the System

d2r= AlEgl et IEALE SEol 2lollM 2

dE[0j0F etCt olgiet HAEs =atsel d2es X3

ol

Fo LAIH B01310F Mlsol= HAE s 0182 &+

F

QUCE et "2t gt W20l Ale2 oA

o2 HM0o|% 3ottt ZAlot= 20| g 2stct

Orol B AE ABOIA WSOl MR AR 52
HEmoR YslLrie, O ol B slol W2s
N2gs Hgotolor sit) Wels Sols oS 22

O o= Zedote A2 ol =01, afsol 2fai 4

pH 240 ZLdtHLE 78 9=20] 3ot o :
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The property of the cooling water may be changed
during service due to contamination or evaporation.
Therefore, the cooling water itself and the system
should be checked periodically during service,
preferably once a week. These tests may be done by
means of test kits from inhibitor maker with sample
water from the circulating system. However,
laboratory test of the sample water by specialist is
also recommended regularly at least every three

month.

All checking results should be recorded and kept
for trend evaluation, which contribute to reliable

engine operation with right cooling water treatment.

If test result shows that the contents of cooling
water changes suddenly or gradually, the cooling
water system should be checked to trace the cause.
Some of the changes may indicate the cause as

follows:

Chloride content increasing:

O Check possibility of seawater penetrating into
cooling water.

O Check the system which includes sea water, for
example fresh water cooler cooled by sea water.

pH value decreasing or sulphate content

increasing:

O Check if cooling water is contaminated by
exhaust gas.

O Check cylinder head by hydraulic pressure test.
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If the quality of the cooling water

after checking exceeds control limit by water
treatment, the cooling water should be replaced

completely by newly treated water.

Cleaning of Cooling Water System
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If any deposit or rust is abnormally detected in the
cooling water system, the system should be cleaned
thoroughly and then the cooling water also should be
refilled up completely by newly treated water.

The cleaning of the cooling system includes
degreasing and descaling procedures which need
special chemicals. As the chemicals may be
hazardous, the cleaning of the cooling water system
is recommended to be carried out by reliable
specialist firm. Otherwise it should be done strictly in
accordance with instructions from the supplier of

cleaning chemicals.

IRWARNING Descaling

hazardous, which needs protective equipment for

process by acid is

human body, for example, everybody near the
system should put on protective glasses and
gloves at least.

Careful attention is required to avoid
contamination of lubricating oil by acid during
descaling processs. Check the acid content of
lubricating oil of the engine directly after

descaling work of the cooling system by acid and

check again next day.
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Filling-Up of Cooling Water
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Directly after cleaning process of the cooling
system, flush the system thoroughly with water until
pH value to be about 7, and then drain the water.

Fill up the system with distilled water until the water
level of the expansion tank to have margin for
treatment.

Prepare the solution of inhibitor according to the
instruction from the maker and add the solution into
the expansion tank.

Add distilled water more to the normal level of the
expansion tank.

Run the engine for settlement according to the
inhibitor maker’s recommendation or at least for 24
hours and then check the quality of the water for

confirmation.

If the amount of cooling water is reduced due to
evaporation or leakage or drainage for maintenance,
the water level of the tank should be maintained by
adding water.

Water for compensating evaporation should be
distilled water, while the water for loss due to leakage
or drainage should be same treated water. After
adding the water, checking of the quality of the water
should be carried out to confirm the correct

concentration of the ingredients.

Replace cooling water completely
with newly treated water with interval of at least
every two years.

NOTICE should be

Waste cooling water

treated in compliance with governing laws.
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Condensation of water in the charge air is related
with not only humidity and temperature of the
ambient air but also pressure, temperature of the
charge air. To calculate the amount of condensation

in charge air cooler, above diagram can be used.

Example

If the ambient air temperature is 30 C and relative
air humidity is 80 %, the water content in the air can
be read 0.021 (kg water/kg dry air) in the diagram.

If the charge air pressure is 2.8 bar and charge air
temperature is 45 C, maximum water content of
charge air is 0.016 (kg water/kg charge air).

Using these values, draw the line from point of the
water content in the air to point of the water content
in the charge air. Then, read the value in the
intersection between the line and the middle Y-axis.

In this case, the amount of condensation in charge

air cooler is 0.005 (kg water/kg charge air).
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Engine Maintenance General

Maintenance Schedule

AT FH| UPIAS

dulgd A=

G09100

1H

Maintenance Guidance for Marine Auxiliary Engine

Description Overhaul Interval (hours)
. W : Planned Overhaul
Section ) 0 5l
No. @ : Confirm after Overhaul/New 5z Remark
© : based on observation g slgs|gls § § § § § § -E i
A : Visual inspection after overhaulor refiing |5 |2 |2 (22 |d s (g |2 (8|S &
Major Fasteners - Retightening
M15000 Nuts for Cylinder Head | *
M33200 Nuts for Counter Weight [ | 4
M13250 Nuts for Main Bearing Cap [ | 4
M31000 Nuts for Connecting Rod ] <
M25000 Nuts for Camshaft ] A
M35300 Nuts for Timing Gears ] A
Bolts for Engine Block and Base Frame [ | *
Bolts for Exhaust Pipe Axial Compensator O
Bolts for Turbocharger | ] A
Major Bearings —Inspection
M13250 Main Bearings N ]
M13250 Thrust Washer (Axial Clearance Check) [ ] | = Check 1set.
M32120 Con Rod Bearings (Big Ends) v ] If not good,
M32130 Con Rod Bearings (Small Ends) v [ checkall sets.
M25000 Camshaft Bearings (Clearance Check) ) |
M11100 Resilient Mounts —Inspection | *
Resilient mount — Retightening
Bolt for Base Frame and Resilient Mount [ ] A
Nut for Resilient Mount and Foundation [ ] A
Cylinder Unit and Con. Rod- Inspection
Intake/Exhaust Valve, Seats and Guide
M21200 - Overhaul and Regrinding of Valve and Seat u
Check Rotation of Rotocap during Operation ] Weekly
M15000 Cylinder Head Cooling Water Space [ |
M21300 Checking & Adjustment of v/v Clearance © ¢
Indicator Valve ]
M15100 Cylinder Liner — Reconditioning (Honing) [
M31100 Piston, Piston Pin and Piston Rings v ] + = Check 1set
M32120 Measure Big-end Bore, Check Clearance
M32130 betw een Piston Pin & Small End -
Crankshaft and Gears - Inspection
Flyw heel Gear Rim Teeth (@)]
M33100 Crankshaft - Deflection Check ]
Torsional Vibration Damper : Fluid sample ] Only for Viscous Damper
Timing Gears and Pump Driving Gears
M35300 (Clea?ance and backTaEh che(?k) .
Valve Operating Mechanism
Tappet Roller Shaft and Bearin
M23000 (ngck Clearance) ’ u
Rocker Arms Shaft and Bearin
M21210 (Check Clearance) ’ =
M23000 Contact Faces of Camand Tappet Roller @)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Maintenance Guidance for Marine Auxiliary Engine
Description Overhaul Interval (hours)
W : Planned Overhaul
Section ) v ol
No. & : Confirm after Overhaul/New . I U O O § § Remark
© : based on observation E slglgls 8 8, 8, 8. 8, 8, g @
A : Visual inspection after overhaulorrefiing |5 [S (S |F (21 (92|52 |8 S »
Control System — Function Check
G40000 Governor Linkage — Function Check ] Weekly
Check Governor Oil Level Dally
(See Manual for Governor)
G45001 RPM H’ck—u_p - Clearance ] Normal Clearance:
Safety Device Check 1.0~2.0mm
M45200 Temperature / Pressure Switches ©
Fuel system - Inspection
G05100 Analyze Oil Properties (Sample) ] Every Bunkering
Fuel Injection Pump - Inspect Deflegtor olm Max. life time
M51100 (Replace if needed) =4,000 hours
- Check Plunger Assembly |
M52000 Fuel Injection Vlalve . o Replg ce if necessary
(Check and Adjust the Opening Pressure) = ¢ “Mztn;:T gjloe(;giﬂurs
M56000 Fuel Oil Filter — Clean ©
Lubricating Oil System
G06200 Analyze Oil Properties (Sample) [ ] Monthly
M61000 Lubricating Oil Pump ]
M62000 Lubricating Oil Cooler — Clean ©
M63000 Lubricating Oil Filter — Clean & Replace (@) Z\g:zzsp;i(letse?lijsrellgz;
M67000 Centrifugal Filter — Clean and Replace ] Monthly
Thermostatic Valve — Inspection
(60000 (Clean & Check the elemtfnts) u
Cooling Water System
G07100 Analyze Cooling Water Properties (Sample) ] Monthly
M71000 Cooling Water Pump | |
G70000 Thermostatic Valve — Inspection ]
Compressed Air System
N S I oy
Air Motor Inspection (See Manual for Air Motor) | ©
G40000 Check Compressed Air System [ Weekly
Air Filter & Air Vessel — Pressure Check ] Daily
Supercharging System
Clean Air Filter (See Manual for Turbocharger) | © Every 500hrs running
M80000 Clean Turbine (Water-w ashing) © Every 200hrs running
M80000 Clean Compressor (Water-w ashing) © Every 24~50hrs running
M84000 Clean Charge Air Cooler © ]

* When doing maintenance and overhaul work, seals (o-rings & gaskets, etc.) should be renewed.

* The overhaul intervals stated above are only for guidance as these depend on the actual service condition,
the quality of used fuel or lubricating oil, the treatment of cooling water and so on.

Note) These are not parts of normal maintenance interval, but, the confirmation or visual inspection of
the specified ones to be carried out after Overhaul/New or Refitting.
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List of Consumable Parts for One Engine

Z=Number of cylinder

Quantity for the operating hours

Se’\(I:(t)llon Parts Description
4000 8000 | 12000 | 16000 | 20000 | 24000 | 28000 | 32000
Covers for Engine Block
A19300 O-ring for crankcase door IX(Z+1) [2X(Z+1) | 2X(Z+1) | 3X(Z+1) | AX(Z+1) [ 5X(Z+1) | 5x(Z+1) | 6X(Z+1)
A19300 O-ring for cam shaft room cover 05xZ | 1xZ 1xZ |15xZ]| 2xZ |(25xZ|25x2]| 3xZ
A21100 O-ring for cylinder head cover 05xZ | 1xZz 1xZ |15xZ]| 2xZ |(25xZ(|25xZ2]| 3xZ
Bearings
A13250 Main bearing - - - - - IxXZ+2 | 1xZ+2 | 1xZ+2
A13250 Thrust Washer - - - - - - - 2
A32000 Big-end bearing - - - - - 1xZ 1xZ 1x2zZ
A32000 Small-end bearing - - - - - - - 1xZ
A25300 Camshaft bearing - - - - - - - Z+1
Cylinder Unit
gi;gg Intake vivwith seat and vivguide - - - - - 1xZ 1xZ 1x2z2
gggg Exhaust vivwith seat and viv guide - - - - - 1xZ 1xZ 1xZ
A22000 Packing for indicator viv & vivcomplete - - - 1xZ 1xzZ 1x2zZ 1xz 2xZ
A31100 Piston ring-top ring - - - 1xZ 1xZ 1xZ 1xZ 2xZ
A31100 Piston ring-2nd ring - - - 1xZ 1xZ 1xZ 1xZ 2xZ
A31100 Piston ring-scraper ring - - - 1xZ 1xZ 1xZ 1xZ 2xZ
A15000 Flame ring - - - 1xZ 1xZ 1xZ 1xZ 2xZ
A15000 Gasket between head and liner - 1 1 IxZ+1 | IxXZ+1 | IxZ+2 | 1xZ+2 | 2xZ+2
A15000 &rg:ﬁ;f;;fé"r';‘;cigt'?;gnd - - - | 1xz | 1xz | 1xz | 1xz | 2xz
A21100 Bush for fuel valve & o-ring - - - 1xZ 1xZ 1xZ 1xZ 2xZ
A21100 O-rings for cylinder head (set) - 1 1 IxZ+1 | IxZ+1 | IxZ+2 | 1xZ+2 | 2xZ+2
A21100 Sealing ring for valve stem - - - 4xZ 4x2Z 4xZ 4xZ 8xZ
Fuel System
A51000 Fuel injection pump - plunger assembly - - - - - - - 1x2zZ
A51000 Deflector & packing for fuel pump 2xZ 4xZ 6xZ 8xZ | 10xZ | 12xZ | 14xZ | 16 xZ
A51000 O-rings & back-up rings for fuel pump (set) - 1xZ 1xZ 2xZ 2xZ 3xZ 3xZ 4xZ
A52000 Fuel injection nozzle with dowel pin - 1xZ 1xZ 2xZ 2xZ 3xZ 3xZ | 4xZ
A52000 O-rings for fuel injection valve (set) 2xZ 4x2Z 6xZ 8xZ | 10xZ | 12xZ | 14xZ | 16xZ
A52300 O-rings for fuel injection pipe block (set) 2xZ 4x2Z 6xZ 8xZ | 10xZ | 12xZ | 14xZ | 16xZ
A53000 O-rings for fuel feed pipe connection (set) - 1xZ 1xZ 2xZ 2xZ 3xZ 3xZ | 4xZ
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.04/YEJ
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List of Consumable Parts for One Engine

Z=Number of cylinder

Quantity for the operating hours

Se'\(l:ct)llon Parts Description
4000 | 8000 | 12000 | 16000 | 20000 | 24000 | 28000 | 32000
Lubricating Oil System
A61000 Bush for lub. oil pump - - - 5 10
A61000 O-ring for lub. oil pump - - - 1
A61000 O-ring for lub. oil pump - - - 1
A62000 O-ring for lub. oil cooler connection - - - 10 10 10 10 20
A63000 Lubricating oil filter cartridge 8 16 24 32 40 48 56 64
A63000 O-rings for lub. oil filter assembly (set) - 2 4 4 6 6 8
A64000 O-ring for lub. oil thermostat valve - - 1 1 2 2
Cooling Water System
A71000 Oil seal for HT-and LT-pump - - - 2 2 2 2 4
A71000 Mechanical seal for HT-and LT-pump - - - 2 2 2 2 4
A71000 O-rings for HT and LT-pump (set) - - - 2 2 2 2 4
A71000 O-ring for pump connection piece - - - 4 4 4 4 8
A74000 O-ring for C.W thermostat valve - - 2 2 2 4 4 4
A77000 O-ring for cooling water connection - - - 3 3 3 3 6
A78000 O-ring for cooling water connection - - - (4x2)-2 | (4x2)-2 | (4x2)-2 | (4x2)-2 | (8xZ)-4
Supercharging System
A81000 Gasket for compressor out - - 1 1 1 2 2 3
A82000 Gasket for connection flange - - - 1xZ 1xZ 1xZ 1xZ 2xZ
A83000 O-rings and gaskets for T/C connection (set) - - 1 1 1 2 2 2
Charge Air Cooler
A84000 Gasket for air cooler 2 4 5 8
A84000 Gasket for air cooler cover 2 3 4 5 6 7 8
A84000 O-ring for water connection piece 16 24 32 40 48 56 64
Turbocharger
Turbine nozzle ring - - 2 2 2
O-ring, screw, gasket and v-clamp (set) - - 2 2 2
Bearings (set) - - - - - 1 1 1
Air filter mat (See Manual for Turbocharger) 1 2 3 4 5 6 7 8

* The list of consumable parts stated above is only for guidance as this depends on the actual service condition, the
quality of used fuel or lubricating oil, the treatment of cooling water and so on.
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oA o 5Aket Before Maintenance
r FUlEd d e o] ofEdol AeEo A= d = Read and understand maintenance procedures
e AAME MGl Yo olaiol OF fL|Ch. mentioned in this manual thoroughly.
 HE ZP Y He 2FE2 A0 ZUISHIAIL. = Prepare required tools and commodities in
advance.
= Ot &0l & WA tIISHI Al L. = Wait until
v T YR Y W2t v' Engine stopped and cooled
= Ol 2FZS0| AAHR=A BHcHSA L. = Check if the following points are satisfied,
v ANs 3J| - At v’ Start air - shut off
L 2 RN L = | S v Cooling water - shut off and drain
v Az - At YUl v' Fuel oil — shut off and drain
v R & - gAY s v Lubricating oil circulation — stopped and drain
v gy (dr, 22w, W2, 30D - oA v' Pressure (FO, L.O, H.T, L.T, Air) - released
M| Al=loll 2R3 O0|E Data for Maintenance Planning
UL 2F=2 AT0AM vt=2 2ol 4 AXLH T 2 Some components can be dismantled directly from
of ¥EF=2 dASHo2 At 2ol ¥ MEYES ol the engine and the others should be dismantled and
OF etCh. A= AtEstI| o, "ol A=l ol 2 remounted step by step in sequence. As guidance,
Qo RoUAE HEE U3 do 220 "WAlStCt o] & summarized information for planning of overhaul are
OlAM LB D A= Hakdol HJulgt 2o, &4, M= listed as a table to the next page. Normal overhaul in
9 g S2 Zetet AS Qolettt this sheet includes dismounting, inspection, cleaning
and remounting etc.
m 0171419 ZY AlZtE FL= ol o tE of Manhours are only for reference valve

WA FHEINF HEE ZTE

—“Tae o =

ol W20 Etzol FH 2 &L/}

AlEot0 &8st JPE ZI=F

based on normal working conditions by qualified

persons with suitable tools.
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AZEl Hy| LBEAbed o8 d EHIAe G09110 1A
List of Overhaul Manhours for One Unit and Related Special Tools
Working Sequence _ Overhaul
., - Dismaning Sep Mantenance Specal Toos mantours
4 :Remounting Step Tool No. Description Persons | Hours
91.400 Hydraulic jack (M39x2)
91.460 Support (M39x2)
@ Main Bearing M13250 91.510 | Extension screw (M39x2) 2 2.0
91.290 Lifting device for main bearing cap
91.300 Fitting device for main bearing
91.410 Hydraulic jack (M30x2)
91.470 Support (M30x2)
@ Big End Bearing M32120 91200 | Guide support for connection rod 1 1.5
mounting
91.220 Turing bracket for connecting rod
@® Camshaft Bearing M25300 91.860 Camshaft bush removal device 2 3.0
91.510 Extension screw (M39x2)
91.500 Support (M20x1.5)
91.530 Extension screw (M20x1.5)
@ Cylinder Unit M15000 91.400 | Hydraulic jack (M39x2) 2 4.0
91.490 Support (M39x2)
91.210 Turing bracket for connecting rod
91.230 zuppiztc:)rrt] device for connecting rod
91.400 Hydraulic jack (M39x2) 2 1.0
91.490 Support (M39x2)
@ Cylinder Head M21000
91.510 Extension screw (M39x2)
91.110 Lifting tool for cyl.head
t, @ Intake/Exhaust Valve M21200 91.120 E(')tgee/’:;’r‘l’:g device for valve | 4 1.0
91.650 Fitting device for exh.seat ring
tb @ Valve Seat Ring M21120 91.660 Fitting device for inlet.seat ring 1 1.5
91.580 Removal device for exh.valve seat
t’ @ Valve Guide M21130 91.670 Fit/Removal device for valve guide 1 0.5
91.420 Hydraulic jack (M20x1.5)
91.500 Support (M20x1.5)
91.530 Extension screw (M20x1.5)
t’ @ Piston + Connecting Rod M31000 91.170 | Piston lifting 2 1.0
91.160 Piston Guide
91.210 Turing bracket for connecting rod
91.220 E;Igmplng support for connecting
t’ @ Piston, Piston Rings M31100 91.250 Plier for piston ring opener 1 1.0
4, @ Con Rod, Piston Pin M31100 91.240 | Fer for piston pin lockiing (pler |4 0.5
t, @ Small End Bearing M32130 ot910 | Removal Device for Piston Pin 1 1.0
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/CSW
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Engine Maintenance General Preparations for Maintenance
AZEl Hy| LBEAbed Huldd EHIAe G09110 1A
Working Sequence o0l Overr]haul
- Di i Maintenance ools manhours
L; : Dismantling Step Shoots for one unit
t : Remounting Step Tool No. Description Persons | Hours
91.140 Grinding tool
tb @ Cylinder Liner M15100 91.150 | Extract./suspension device 1 1.0
91.260 Cylinder bore gauge
) @ Water Jacket + Cylinder Liner M15100 - 1 1.0
® Fuel Injection Valve 91.130 \I/?:I\r/r:aoval device for fuel injection
91.340 Nozzle tester
M52000 Cieani ool Tor Tuel ech 1 2.0
t» @ Fuel Injection Nozzle 91.370 eaning tool for fuel injection
nozzles
91.350 Lapping device for injection valve
bush
@ Fuel Injection Pump M51000 - 1 0.5
@ Lubricating Oil Filter M63000 - 1 1.0
@ Lubricating Oil Pump M61000 - 1 1.0
@ Lubricating Oil Thermostat Valve - - 1 1.0
@ Lubricating Oil Cooler M62000 - 1 4.0
@ Cooling Water Pump M71000 - 1 1.0
@ Cooling Water Thermostat Valve - - 1 2.0
@ Air Cooler M84000 - 2 3.0

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Engine Maintenance General Clearances and Wear Limits
AT Y| LA 2+3 % Ot2 HIHA|
e Part Schematic drawing Nominal Size Clearance Wea_r af‘d.
No. Repair Limit
Inner diameter ) _ +0.046
of cylinder liner ¥ D=210 o 210.4
B
\ I
M15000 | Cylinder Wall thickness | AL Max=4.98 475
M15100 | liner of flame ring § Min =4.93 :
D
Cylinder liner A=13
Water jacket ‘ B=69
1% ring A=6 0% a=0.13~0.175 | 05
1% groove A1=6191 6.35
ay
A|Al
2" ring B=4.98 005 b =0.1~0.145 0.5
Piston ring =
M31100 and groove | BI o012
n +0.
2" groove C1 B1=510%3 5.35
Oil scraper ring Cc=695% ¢ = 0.05~0.085 0.3
3" groove c1=6:398 6.20
e ) T V.
E iston pin and % A : a=0.05-0.085 | 0.12
0SS
Piston pin A A=100
piston pin and b=008~0.149 | 0.25
M31000
M32130
o [ )Al 0.3
Big-end bearing la A=190 a=0.133~0.231 | (Shell thickness
JD f 4.925)
o Y
Main oirT® 0.3
Crankshaft beari -1 B=220 b =0.187~0.285 | (Shell thickness
earing 4.89)
M13250 A=
. 0.6
gg;‘:isrfg C=179 c=0.3-0.6 (Shell thickness
9.80)
o]

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Engine Maintenance General Clearances and Wear Limits
AZF Hb| LuAKE 23 Y 0t HletA| G09200 | 3B
Se’\?tlon Part Schematic drawing Nominal Size Clearance Wea_r af‘d.
0. Repair Limit
Camshatt A=179 a=0.161~0.245 | 0.3
bearing
M25000 | Camshaft
gam.Shaﬂ thrust B=109 b=0.1~0.15 0.2
earing
Intake/exhaust a=0.2~0.7
rocker arm shaft A=25
and bearing a'=0.2~0.7
M21210
Valve
operating Tappet and - - -
mechanism | tappet guide B=50 b =0.025-0.08 02
and tappet
Tappet roller C=30 ¢ =0.020~0.066
el ey D=45 d =0.050~0.091
M23000 Ef;zl;tir?nd i [ E=26 e = 0.15~0.40 0.2
9 % g F=10 f = 0.025~0.066
F e
Intake valve ‘:
(stem part) and A=16 a=0.06~0.143 0.3
guide
M21130
Exhaust valve
(stem part) and A=16 a=0.08~0.161 0.3
guide
M21210 Guide pin for B=20 b =0.031~0.065 | 0.2
yoke
Intake and
exhaust
valve Intake valve C=6 . .
(face part) R1=30° R1=-0" 5~0 45
Intake valve R2=30° R2ZO° ~0° 5
seat
M21200 Exhaust val E=6
xhaust valve = _ e e
(face part) R3=30" R3=-00 5~0 45
Exhaust valve F=0.38 e o
seat R4=30° Ra=0 -0 5
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Se’\?tlon Part Schematic drawing Nominal Size Clearance Wea_r af‘d.
0. Repair Limit
B b
Idle gear shaft E A=100 a=0.156~0.262 | 0.4
and bushing . B=117 b =0.150~0.350 | 0.5
al ]
- :
Timing gear A
M35000 Backlash =] c=0.15~0.4 0.5
i
Other gear Backlash c=0.15~0.4 0.7
{7 t?ke Clearance (a) 0.5 mm 1) Valve
alve clearance is
with engine
cold.
M21210 2) (b) should
be set at ‘0’
prior to the
Exhaust adjustment
valve Clearance (a) 0.5 mm of (a)
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.10/YJH
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Engine Maintenance General Heavy Parts for Maintenance
Cylinder unit Cylinder liner
Approx. 404kg Approx. 70kg
)]
N
[Te]
| .
.4
Cylinder head and rocker arms assembly Connecting rod shaft
Approx. 165kg Approx. 22.5kg
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.07/CJC
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‘ $210 ‘
o
o
g e}
N
Piston Air Cooler
Approx. 25kg Approx. 252kg
570
Iy
770
U
Turbocharger (ABB made) Air Cooler Cover
Approx. 80kg
Turbocharger .
type B H L Weight (kg)
TPS48 448 511 926 129
TPS52 518 589 1074 187
TPS57 631 720 1311 300
07.07/CJC
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o . Method Tightening Related | Item
Description Size (Spanner/ Torque . Remarks
Section No.
Wrench) (Nm)
Bolt for engine block M24x3.0 | {1 |36 550 Nm A11000 | 011 + Molycote
Bolt for base frame M20x25 | {11130 | 150Nm | A11100 | 101
Bolt for yard foundation M20x25 | (1130 | 320Nm | A11100
Nut for rocker arm adjusting M16x1.5 -:: EI _'24 130 Nm A21200 314 + Molycote
Nut for valve bridge setting M12x1.25 | {1} |19 70 Nm A21200 | 419 + Molycote
Nut for rocker arm support M16x2.0 | {1} |24 180 Nm A21200 | 902 + Molycote
Socket head bolt for swing arm support | M12x1.75 -x-.';; .10 70 Nm A23000 391 + Molycote
N M12x1.25 | 4 11 19 110 Nm
Nut for camshaft joint =—3 A25000 116 + Loctite 243
M16x1.5 | {_I} 24 270 Nm
Bolt for gear rim M16x2.0 @ J14 170 Nm A33300 | 335 + Molycote
Bolt for generator M24x30 | (11136 | 600Nm | A33300 | 336 | +Molycote
Nut for T/V damper M22x25 | {1} |32 600 Nm A33400 | 493 + Molycote
Bolt for pump drive gear M20x2.5 ;@ .17 500 Nm A33400 496 + Molycote
Bolt for crankshaft gear wheel ass'y M16x2.0 | (€ (14 170 Nm A35000 | 115 + Molycote
Bolt for crankshaft gear wheel M20x2.5 -:: EI :30 340 Nm A35000 191 + Molycote
Bolt for idle gear wheel M16x2.0 | ({8 114 170 Nm A35000 | 291 + Molycote
o ]
i i Nut M12x1.25 | {11 19 110 Nm 395
Tightening of g A35000 + Molycote
camshaft gearwheel Bolt M16x2.0 | {1} [24 | 230Nm 393
Socket head bolt for fuel injection pump | M12x1.75 x'.';:f} .10 100 Nm A51000 114 + Molycote
Socket head bolt for fuel injection pump | M14x2.0 x-.';:f} .12 100 Nm A51000 119 + Molycote
Nut for fuel injection pump M16x2.0 -:: EI _'24 170 Nm A51000 912 + Molycote
Nut for nozzle 300 Nm A52000 006 + MH
Nut for nozzle adjust Mi8x15 | {1} 27 | 100Nm | A52000 | 011 | +Molycote
Nut for fuel injection valve M16x2.0 | ([ 1) |24 200 Nm A52000 | 194 + Molycote
R 10—30— + Molycote
Socket head bolt for H.P block M12x1.75 | (€8 10 SONIT A52300 | 114 | . oo 153,000
Nut for high pressure block M12x1.75 &h I19 1030~ A52300 118
Wy 60Nm
Socket head bolt for fuel oil feed block M10x1.5 ;@ .8 50 Nm A53000 112
Nut for fuel oil filter M10x1.25 | {1} (17 40 Nm A56000 | 530 | +Molycote
Bolt for fuel oil filter M10x1.25 | {1} (17 40 Nm A56000 | 529 | +Loctite 243
Bolt for L.O pump driving gear M16x2.0 | {1} |24 250 Nm A61000 | 210 | +Loctite 242
Bolt for L.O pump cover M16x2.0 | (1) |oa 170 Nm ABL000 | 211 | +Loctite 242
Bolt for C.W pump driving gear M16x2.0 | 4 11124 | 280Nm A71000 | 225 | +Loctite 242
(Right hand) o .

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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o . Method Tightening Related | Item
Description Size (Spanner/ Torque . Remarks
Section No.
Wrench) (Nm)
Bolt for C.W pump impeller M12x1.75 | {11 19 120 Nm A71000 | 226 | +Loctite 242
(Left hand) iy
Bolt for exhaust pipe M12x1.75 -::3: 19 80 Nm A82000 901 + MH
P |
M24x3.0 | {_1} 36 780 Nm
Bolt for T/C support M20x2.5 o 130 455 Nm A83000 | 901
ey
M16x2.0 | {11 24 230 Nm
| S |
Method Tightening Torque (Nm)
Description Size (Spanner/ e : Remarks
; Anti-seizure lubricant
Wrench No lubricant or loctite
Méx1.0 | . 1+ 10 10 Nm 7 Nm
| S
J———y
M8x1.25 | {_I} 13 25 Nm 20 Nm
ey
M10x1.5 | {1} 17 50 Nm 40 Nm
Mi2x1.75 | () 19 80 Nm 70 Nm
General bolts and nuts =
(Strength grade 8.9) M14x2.0 | {1} 21 120 Nm 110 Nm
M16x2.0 | {24 200 Nm 170 Nm
Misx25 | {27 280 Nm 240 Nm
M20x25 | () |30 400 Nm 340 Nm
M22x25 | {1 |32 550 Nm 450 Nm
P |
M6xL.0 | {_I} |10 14 Nm 10 Nm
P |
M8x1.25 | {_I} 13 35 Nm 25 Nm
J———y
M10x15 | i} 17 70 Nm 50 Nm
M12x1.75 | () 19 120 Nm 85 Nm
ey
General bolts and nuts M14x2.0 ted? 21 190 Nm 130 Nm
(Strength grade 10.9) M16x2.0 | () |24 280 Nm 200 Nm
J———y
M18x25 | I 27 390 Nm 280 Nm
M20x25 | {130 560 Nm 380 Nm
M22x25 | {1 |32 800 Nm 700 Nm
M24x3.0 | {1 |36 1000 Nm 900 Nm

Notes )

1. Thread of nuts/bolts are to be greased with specified anti-seizure agent by the + marked
before tightening-up where stated.

2. High temperature parts should be tightened with anti-seizure agent for the high temperature.
+ Molycote : lubricating paste up to 400 € (Ex. GLEITMO 100)

+ MH : high-temperature lubricating up to 1100 ~ 1150 € (Ex. Molycote 1000 or COPASLIP)

( Coefficient of friction : 0.12)

3. The bolts and nuts should be tightened in a diagonally alternating sequence.

4. General bolts and nuts are generally tightened without anti-seizure agent.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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General

In principle, a screw can be tightened when nut is
screwed in during tensioning by hydraulic force and
then release the hydraulic force. This hydraulic
tightening method provides easier working and more
reliable result than manual tightening in general.
Therefore, most of the important or big screws are
tightened hydraulically. A hydraulic tightened screw
always consists of a set of stud and nut which are
designed properly for a hydraulic tool set. The nut
has pin holes for turning through the hole of support

for jack as shown in fig 1.

PIN or WRENCH

]

Fig. 1 Cross section of hydraulic jack (72} 2 EtPiE)
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The engine also has some important screws which
should be tightened and loosened hydraulically by
means of hydraulic tool sets.

The hydraulic tool set consists of a hydraulic pump,
hoses and a distributing piece, which are for common
use regardless of screw size. Most of the hydraulic
screws are tightened in pair(s), which need distribut-
ing piece for same tightening pressure. There are two
kinds of distributing piece with different number of
ports. Screws on cylinder head need four ports and

the others need two ports as shown in fig 2 and 3.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Distributing Piece

(Extra tool)

Fig. 2 Hydraulic tightening tool set with 4 ports distributing piece

(4 ZE [JAE2[RE <5 Agst 28 HZ &7 HE)

(Extra tool)

Fig. 3 Hydraulic tightening tool set with 2 ports distributing piece

(2 EE [j2E27E HA8 AZs R HZ ST ME)

2 UAE D59l
ARG MEJF Zesich &el ool wey

ADE g 42F 20l Mol =UbElC

Each screw needs own set of hydraulic jack and

support for the corresponding screw size. Depending

on the working condition, extension screw should be

added for the jack as shown in fig 4.
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Jack ——

Support —ﬁ

stud @
Nut ——— [ "
1]

Extension
Screw

Fig. 4 Two types of supports (‘F&:72 AIA/LH)

2f LIAtOIl= BHEA] &40l OF

ol
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0| 2ACh

S AAE UAIe HoIHE2 [@] G09510 | ol

AN =0 2UCEH

NENEN 0y 529 B9 oz st 2 fu]st0f
LorHS AZ514A 2.,

B =2 =29 252 ot JHo 9HEs FHAY
FI2 GX6lT MO 20| LIEILIEE G0F SiLC X
BT 2 AEE ZFYE 755 29 £5 bar O/ S=

= o oF giLich

Each screw also needs own tightening pressure
which should be kept absolutely.

The screws and data for hydraulic tightening are

listed in G09510

! Put on protecting glasses against injuries

due to failure of highly pressurized hoses and jack.

Before pressurizing the hydraulic jack,
make sure the pressure gage is calibrated and display
the actual pressure. Applied oil pressure must be
within a range of +5 bar of given pressure for each stud

type.
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Check pre tightening of the stud and tighten by

Screw the nut manually until the nut contacting

Check condition of the hydraulic tool set and

Mount support (extension screw) and screw the

Connect hoses from the pump to the jacks via

Open air venting plug of the jack and check air
Close the venting plug and pressurize up to the
Turn the nut to be screwed firmly by a pin
Release the hydraulic pressure by opening the
Repeat pressurizing and check the nut loosened.
If the stud or nut has been replaced

by new ones, repeat the tightening three times for

the first tightening. This repeat is necessary for

HE Ex} Tightening Procedure
1. 2HZ9 old] MZ HEE Hdot 2ty Zew 1_ |
gl A= A Zdetct. wrench, if loosened.
2. 2HE, HE 9 NEFHES F&E0| sttt 2. Clean studs, nuts and around seats.
3. UEJL AMER} JIZA A WAl HEE &e=2 3.
Zoltt the seat closely.
4. 7Y 37 NEQ HMElE HAstL AHEILs ot== 4,
ZHletct make them ready to use.
5. AAU(YAHM LIAHE HAotn o=z Mz & 5.
=t jack by hand.
6. 25 HIZOM CO2ELRY I0|~E S5t0f M 6.
o2 AHZAsH the distributing piece.
7. 7Y IO wEdwes @2 7. Close the release valve of the hydraulic pump.
8. Mol ofoj WE Zei0E JNYotn HFol st o 8.
oM = &ASH venting by pumping.
9. WY =g0s ©®, HEES MASH| fldl A= 9.
PR DSt specified pressure for tightening the nut.
10. AAHe 22 Sol 2= TS AFSSH0 HO6HA 10.
HEES =0ICt manually through the hole of the support.
1., UL HEUWUEE IfUstec=zi FUS ofHet 11.
Ct. release valve of the hydraulic pump.
12, ¢ gisxo2 Jlotn UEDL Z-eAl 2olst 12.
Ch. 2t ZEZIot HES CHA| =2t Retighten the nut, if loosened.
B <o ves M 2oz aHE o, =/
AZ A AZE 38 LHEELICE 0] 215 FYS LAY
XE/IIE Fol BL2etLick
the settlement of the threads.
13. 7= 210, 57 NMEES Zdf sttt 13.

Release the hydraulic pressure and dismount the

tool set.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC



L)
Page
I:-IMSEN All type |55
Engine Maintenance General Hydraulic Screw Tightenings Section No- Rev:
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Loosening Procedure

8. g Z2d1s H HEE 27| FlolM YA &

9. AAIUS =22 Sil Eo2 U2 Aot HES

10. 2l UEJ} Mo mAz=0t HEoHA 210 Abw &7

1. 7&s olMotl, s MES alldettt

1.
2.

10.

11.

Clean seat and threads.

Check condition of the hydraulic tool set and
make them ready to use.

Mount support (extension screw) and jack.
Connect hoses from the pump to the jacks via
the distributing piece.

Turn the piston of jack until contacting the nut
and then unscrew the piston by about half turn.
This is important to provide space for loosening
the nut.

Close the release valve of the hydraulic pump.
Open air venting plug of the jack and check air
venting by pumping..

Close the venting plug and pressurize up to the
specified pressure for loosening the nut.
Unscrew the nut by half turn manually by means
of a pin through the hole of the support.

Be sure to check that loosened nut moves freely
without contacting the piston of the jack.
Otherwise, jack and the nut may be stuck each
other after releasing hydraulic pressure. If stuck,
increase hydraulic pressure slightly and turn the
nut about 1/4 turn clockwise for loosening from
the piston of the jack.

Release the hydraulic pressure and dismount the

tool set.
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Required tool Torque
Stud length
Section | hoscription Screw _ Pre- Hydraulic Hydraulic _ after
0@ Tool no Tool parts Size tightening Tightening Untightening Tightening
: P for Stud for Nut for Nut (Hmm)
(Nm) (bar) (bar)
= i
Stud for 91.400 l 50 1200 5
i +
main M39x2.0 + loctite 243 1200 + 20 bar 11473
bearing cap (max. 5%)
91.460 =
=
91.410
M13250 H
Side bolt for | 91520 5o 850
main M30X2.0 | oo e 850 + 20 bar 80+2
bearing cap II | Y (max. 5%)
r -
91.480
| 1
o
91.400
Stud for 91.510 i 50 1100
M15000 cylinder M39>%2.0 + Loctite 1100 + 20 bar 113,5f?2’
head II | 243 (max. 5%)
r -
91.490
91.421
T ]
91.420
Stud for 91.530 H 50 1150 )
M31000 connecting M20>%1.5 1150 + 20 bar 501“l
rod shaft l | + Molycote (max. 5%)
r -
91.500 |
| 1
<Next>
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.06/KGM
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Required tool Torque
Stud length
Section Description Sé:'rew Pre- Hydraulic Hydraulic . r?:‘ter_
no. Tool no Tool parts (43 tightening Tightening | Untightening Ightening
: P for Stud for Nut for Nut (Hmm)
(Nm) (bar) (bar)
Stud f 91410 [' 3 950
ud for
mg;ggg connecting . M30%2.0 | M()5loc0te 950 + 20 bar 8012
rod big end 91.470 y (max. 5%)
= L
91.410
Stud for 850
M33200 |  counter 91.520 1 M30x2.0 | Moslocote 850 +20 bar 8072
weight y (max. 5%)
P
91480 | |
o e ]
91.410
1050
Stud for 91.520 50
M30x2.0 1050 + 20 bar 8013
flywheel rl. J- + Molycote (max. 5%)
91.480 E 3

Note ' 1. Hydraulic oil pressure for untightening is normally +20 bar (max. 5%),) above hydraulic oil

pressure for tightening.
For example :© Tightening pressure © 1050 bar
Untightening pressure : 1070 bar (1050+20) — Normal
1103 bar (1050%1.05) — Maximum
+ Molycote - lubricating paste up to 400TC (Ex. GLEITMO 100)
(Coefficient of friction - 0.12)

2. Stud length after tightening (H) i -

If doubt, Please contact HHI- EMD A/S Dept.
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a) List of Standard Tools
No. Description ggﬁ?gﬁ Q'ty W(iis)ht Tool No. | Remarks
1 Max. Pressure Indicator All Cases 1 3.8 91.100
2 Lifting Tool for Cylinder Head m;iggg 1 5 91.110
3 Fit/Removal Device for Valve Cone/Spring M21200 1 3.65 91.120
4 Removal Device for Fuel Injection Valve M52000 1 1.7 91.130
5 Grinding Tool for Cylinder Head /Liner/Block M15100 1 7.5 91.140
6 Extract Suspension Device for Cylinder Liner M15100 1 3.2 91.150
7 Guide Bush for Piston M31000 1 7 91.160
8 Lifting Jig for Piston M31000 1 0.7 91.170
9 Holding Piece for Crank Pin Bearing M32120 1 0.2 91.180
10 | Suspension Device for Connecting Rod M32120 1 2.6 91.190
11 | Guide Support for Connecting Rod M31000 1 4.6 91.200
12 | Turning Bracket for Connecting Rod M31000 1 2.1 91.210
13 | Clamping Support for Connecting Rod M31000 2 0.5 91.220
14 | Support for Connecting Rod & Piston M15000 1 0.7 91.230
15 Plier for Piston Pin Lock Ring M31100 1 1.45 91.240
16 | Plier for Piston Ring Opener M31100 1 0.47 91.250
17 | Cylinder Bore Gauge M15100 1 0.2 91.260
18 | Removal device for Flame Ring M31000 1 5.2 91.270
19 | Feeler Gauge General 1 0.1 91.280
20 | Lifting Device for Main Bearing Cap M13250 4 0.9 91.290
21 | Fitting Device for Main Bearing M13250 1 0.1 91.300
22 | Deflection Gauge for Crankshaft M33100 1 15 91.310
23 | Spanner 3/4 for Turning gear 1 91.320
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S
[ | Page
I.IMSEN H21/32 | '5is
. . . . Section No. Rev.
Engine Maintenance General List of Maintenance tools eetton Mo *
ATl HH| LUtAtet gyl 3+ 55 G09600 1C
e Related . Weight
No. Description Section Q'ty (kS) Tool No. | Remarks
24 Extension Bar for Turning Gear 1 0.1 91.330
25 | Test Tool for Fuel Valve Nozzle M52000 1 40.2 91.340
26 | Lapping device for Injection Valve Bush M52000 1 2.3 91.350
27 Lapping Device for Inlet/Exhaust Valve Seat M52000 1 91.360
28 | Cleaning Tool for Fuel Injection Nozzles M52000 1 0.1 91.370
29 Removal Device for Cooling Water Conn. M15000 1 91.380
30 | Atomizer Removal Tool M52000 1 7.8 91.390
Hydraulic Jack (M39x2) for
31 Cylinder Head M15000 4 3.9 91.400
Main Bearing Cap M13250
Hydraulic Jack (M30x2) for
Side Stud M13250
32 Connecting Rod Big End M31000 2 4.5 91.410
Counter Weight M33200
Flywheel
Hydraulic Jack (M20x1.5) for
33 . 2 15 91.420
Connecting Rod Shaft M31000
34 | Angle piece(for hydraulic jack M20x1.5) 2 0.5 91.421
35 | Set of Spare Parts for Hydraulic Jack (M39x2) M15000 1 91.430
36 | Set of Spare Parts for Hydraulic Jack (M30x2) M13250 1 91.440
37 | Set of Spare Parts for Hydraulic Jack(M20x1.5) M31000 1 91.450
38 | Support for Main Bearing Cap (M39x2) M13250 2 1 91.460
Support for
39 Side Stud (M30x2) M13250 2 0.5 91.470
Connecting Rod Big End (M30x2) M31000
Support for
40 Flywheel (M30x2) 2 1.3 91.480
Counter Weight (M30x2) M33200
Support for
41 _ M15000 4 4 91.490
Cylinder Head (M39x2)
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.02/KGM
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o Related , Weight
No. Description Section Q'ty a) Tool No. | Remarks
Support for
42 _ M31000 2 0.6 91.500
Connecting Rod shaft(M20x1.5)
Extension Screw for
43 . M15000 4 25 91.510
Cylinder Head(M39x2)
Extension Screw for
44 Flywheel (M30x2) 2 15 91.520
Counter Weight (M30x2) M33200
Extension Screw for
45 . M31000 2 0.4 91.530
Connecting Rod Shaft (M20x1.5)
All Cases
46 | Distributing Piece (2-port) except 1 0.7 91.541
M15000
47 Distributing Piece (4-port) M15000 1 1 91.542
48 | High Pressure Hose L=550 All Cases 4 1.7 91.551
49 | High Pressure Hose L=3000 All Cases 1 1.7 91.552
50 | Removal Device for Exhaust Valve Seat All Cases 1 3.0 91.580
51 | Adapter for Hydraulic Pump All Cases 1 91.590 | Oniy D/G
52 | Turning Pin (¢8) All Cases 2 0.1 91.600
53 | Handle (¢10) All Cases 2 0.1 91.610
54 | Air Gun M21000 1 91.620
55 | Long Socket for Nozzle Nut M52000 1 91.630
56 | Standard Tool Box General 4 5 91.640
57 Removal Device for Injection Valve Bush M21120 1 91.720
58 | Hydraulic Hand Pump All case 1 91.850 | "rsome
59 | T/V Damper Tool 1 91.930
60 | Extension Bar 20 1 91.931
61 | Extension Bar (S=19) 1 91.932 | YSiaentT
62 | Socket Head Bolt M10 2 91.933
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.02/KGM
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o Related , Weight
No. Description Section Q'ty a) Tool No. | Remarks
63 | Removal Tool Locking Ring 1 91.940
64 | Cleaning Hose for Turbocharger M80000 1 5.26 98.100
. M56000
65 Filter Handle M63000 1 98.200
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Engine Maintenance General List of Maintenance tools Section - e
ATl HH| LUtAtet gyl 3+ 55 09600 1c
b) List of Optional Tools
No. Description gglc?gg Q'ty W(le(ij)ht Tool No. | Remarks
1 | Fitting Device for Exhaust Seat Ring M21120 1 91.650
2 | Fitting Device for Inlet Seat Ring M21120 1 91.660
3 | FitYRemoval Device for Valve Guide M21130 1 91.670
4 | Touching Device for Inlet Valve M21120 1 91.680
5 | Touching Device for Exhaust Valve M21120 1 91.690
6 | Fitting Device for Injection Valve Bush M21120 1 91.700
7 | Fitting Device for Injection Valve Bush M21120 1 91.710
8 | Grinding Machine for Valve Seat Ring (complete) M21120 1 91.730
9 | Grinding Machine for Valve Spindle (complete) M21120 1 91.740
10 | Testing Mandrel for Piston Ring Grooves (5.35) M31100 1 91.750
11 | Testing Mandrel for Scraper Ring Grooves (6.20) M31100 1 91.760
12 | Testing Mandrel for Scraper Ring Grooves (6.35) M31100 1 91.770
13 | Honing Brush for Cylinder Liner 1 91.780
14 | Lifting Device for Flywheel (incl. eye bolt) 1 91.790
15 | Grease Gun (Ball type) M41100 1 91.800
16 | Torque Spanner (80-360Nm) All case 1 91.810
17 | Torque Spanner (20-120Nm) All case 1 91.820
18 | Torque Spanner (140-760Nm) All case 1 91.830
19 | Torque Spanner (750-2000Nm) All case 1 91.840
20 | Camshaft Bush Removal Device M35300 1 91.860
21 | Lifting Jig for Engine General 1 91.870
22 | Lifting Strap General 1 91.890
23 | Removal Device for Piston Pin Bush M31100 1 91.910
24 | Torque wrench for camshatft joint nut M25000 1 91.970
25 | Interchangeable head (S19) for camshaft M25000 1 91.971
26 | Interchangeable head (S24) for camshaft M25000 1 91.972
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.02/KGM
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Engine Maintenance General List of Hyd.Jack Spare Part etion e e
Ol Rl XMH| UUiAlst SOt AQZ G09610 1B
Size Item Part
Hydraulic Jack M39x2 (Tool No.: 91.400)
Part No. Description Q'ty
91.403 O-ring 1
91.404 Back-up Ring 1
M39x2 91.405 O-ring 1
91.406 Back-up Ring 1
91.407 Quick Coupling 1
Hydraulic Jack M30x2 (Tool No.: 91.410)
Part No. Description Q'ty
91.413 O-ring 1
91.414 Back-up Ring 1
M30x?2 91.415 O-ring 1
91.416 Back-up Ring 1
91.417 Quick Coupling 1
Hydraulic Jack M20x1.5 (Tool No.: 91.420)
Part No. Description Q'ty
91.423 O-ring 1
M20x1.5 91.424 Back-up Ring 1
91.425 O-ring 1
91.426 Back-up Ring 1
91.427 Quick Coupling 1

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.06/KGM
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Engine Maintenance General List of Hyd.Jack Spare Part etion o e
Ay AL Q01 AQE G09610 | 1B
Size Item Part
Angle piece
Angle for Hydraulic Jack M20x1.5 (Tool No.: 91.421)
Piece
(fOI’ Part No. Description Q'ty
Hyd.jack 91.421 Angle piece 1
M20x1.5)
/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.06/KGM
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. . Section No. Rev.
Common Base Frame Assembly Drawing & Part List ceren e .
Sp—— dc 3 o= == A11000 | 1B
N " |
| | | V777
Wl |l
- \
A11100
Part List
Q'ty / Eng. Wei
_ ght Remarks /
Item No. Description
5cyl | 6cyl | 7cyl | 8cyl | 9cyl (kg) See Note
001 Common base frame 1 1 1 1 1
011 Bolt 26 30 34 38 42
012 Washer 26 30 34 38 42
019 O-ring 1 1 1 1 1
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJH
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Resilient Mounting Ass’y Assembly Drawing & Part List s =
e AR ZRE ZYUE Y REZ =2 ALLI00 | 1A
Part List
o Qty/ Weight
Item no. Description Mount. (kg) Remarks / See Note
001 Bolt 4
002 Washer 4
004 Resilient Mounting 1 12.8
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJH
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Installation of Resilient Mounting General Instruction Section No- e
EMSXIX|ITHO] M A (Youil made) ST PNES) 611100 3B

ol= Common Base Frame2 2 PMEC} UXI| ME=
=

ool o1 AN SYHo

=

=
o
Y
ut}
I
10
=
gl
1o
ju

Common Base Frame2| 2T

A ARl 2ol Jlz=off 2R &

EFAAIAIU S =0l= FolAl 7 Fob el 2-1Tmm

dE9 AOII} Lk

EHAXIAIT Y AL 2HA2 WHT] MEL =20 2

Heatsh MR k2 ollY projectl Conical mounting

SUMMARY

The Generating Set is composed with a diesel engine,

generator and common base frame which supports
them. To perform independently against the external
system, the generating set is mounted foundation by
resilient mounting coupled on a bracket of a common
base frame, shaped conical

For all equipments or a generating set are not
influenced external system, generating set should be
connected flexibly. Do not connect or weld the

equipment of generating set to external utilities.

The height of the resilient mounting is different about
2-11mm when the loaded condition compare with un-

loaded condition.

The number and distance of each resilient mounting

are calculated by the size of generating set.

Refer to the calculation of a conical mounting for

exact adjustment.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction Section No- e
EMSXIX|ITHO] M A (Youil made) ST PNES) 611100 3B

2 9

Method of installation

EHAXIXI T dAloh= ddol= ofelol BAIE= 27t

Al Zgol fAck

1. J|1%=2} Bottom flangeAlOlo ZtEtO] I}

Steel 1.

mounting.

Insert the

loose steel

shim between

There are two methods for installation of the resilient

the

Method 1
7y
D 5
v%é;?ﬁ ~
V2L | / .
’/////A_g//// n ©
77/ R
Steel N 7]
Shim 2 R/,

shim2 ZHe0| J}sot0{0F ote =
Shim2

SF0] =0

Zlo{oF ettt ot el

et XA ol

g4 =0 ok

min.25mm
10mm

Supporting
Steel Shim
Steel Shim

min.

74

iisy ) wfr
\ Foundation

Jls@t steel shim2 conical mounting® 1!

[ ]
i
U}

HEAo AF=EC

Note : dytdoz 97|
Base frame0ll Z&tol0d a3 =IC)
NEQS EHd AAl= d=tol 0|F0] HAMA 2 AXS

M5 Holl 8E=A] Crank shaft deflection 40|

foundation and the bottom of conical mounting.
The dimension of steel shim should be exactly

measured and extended at least 25mm.
Method 1

min.25mm

Steel
Shim " 27

oA
[y ey
\M

Insert two steel shims between the foundation
and bottom of conical mounting. The above steel
shim should be loose and extended at least
25mm. The other shim, approximately 10mm, is
adjusted to each resilient mounting and welded

to the foundation.

Method 2
1S
1S
o
Supporting £
Steel Shim £
Steel Shim

[ruess) [1unt)
\M

e It is recommended that the loose steel shim be
used for replacement of conical mountings.

Note : Normally, the generating set is delivered
from factory with assembly of engine, generator
and base frame. Although the resiliently
mounted generating set is exactly measured by

the factory, check the crankshaft deflection is

Sl EA etoll ==X =tel 6010 ShCt. under allowable tolerances before the
generating set operate.
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJH
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Installation of Resilient Mounting General Instruction seton T *
ERIRING] A (Youil made) S G11100 | 3B
AR U 1 Method Of Installation 1
ddtrio=z el X X= Common base framelll $2 If the resilient mounting is clung to the common base

ot frame (It's normal), perform after the below No. 2.

m

Otherwise perform below after clinging the resilient

mounting to the base frame.

Pos. 1 Base casting

Pos. 2 Internal buffer
Pos. 3 Top casting

Pos. 4 Top lock ring

Pos. 5 Spring washer

Pos. 6 Fixing bolt

Pos. 7 Tapped hole M14

1. ERYXIXIHS]  Top casting2t Base frame2l 1. Fix the top casting to the bracket of the base

Bracket 2 412 bolt= ™G

frame by using 4 bolts.

2. Protection cap2 HMHGSILD fixing bolt(6), spring 2. Remove Protection cap and loosen fixing bolt(6),

washer(5), top lock ring(4)S =oll tC}.

3. Jacking bolt2 & 19 7¥1 Hole0Ol| A stC},

spring washer(5) and top lock ring(4).
0l 3. Install the jacking bolt at tapped hole.(9) At this

af J1Z=b BHA AR AtOlQ] 2HH 2 | A5F 25mm time, the distance between the foundation and

Jb Elojof st (28 2)

resilient mounting should be at least 25mm.

(Fig.2)
4. 2E Jacking bolt7b J|Z=0 &H0] YURE| =X 4. Check all jacking bolts are in completely contact
SHolst AAS WeH=2 = Internal bufferS = with the foundation. And confirm that the internal

A A& S0H=Al 2Helstet buffer could be turned freely after getting down
the engine.

NOTE : Internal bufferJt AtR&H SO0LIHA &&= NOTE : If the internal buffer is not turned freely,

CHH O BRAAIRITH S s 2A 01 Gt=2 Moet Ut make it release by turning it clock wise direction

=
of AAete2 =& 28 AEJF =2 stct

after removing the partial load of those resilient

mounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJH
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Installation of Resilient Mounting General Instruction seton T *
SLRIAITNS] A (Youil made) olut |7 G11100 | 3B
5. EHMXIXUDL BE6l WH0| H=S Z 4 48A12H0] 5. Measure the height of each conical mounting
At = =0l HE BdstTt (28 2) after min.48 hours to ensure that resilient

mounting is fully deflected. (Fig.2)

Bracket —= n:n }k N

Bracket = a
| e/
o |
i | - N\ L w7777
acking bolt i @ |
L # / c acking bolt—=H
Foundation / 1S L i / c
s /
o~ Foundation £
I . 0
© < R
= £
S

Foundation
Foundation

T
H T
Jocking boll/ SECTION A-A Jacking bolt/ et N A-A

(22 2) (Fig. 2)

6. oigl W= Stutel BEAIA UL HREHE WAl % 6. The variation in laden height should not be
E

s 2} B NAUe =0l= ulwstod O Aot exceed 2mm and should ideally be less to
2mmE YOoME= Qb ECH £5h BufiMFuiah) 2f ensure that individual mountings are not
Ba(a: tolgehel Ao|Jt 0.6mmE oAM= o & overloaded. Also the difference between Bq(f:
Ct. forward direction) and B,(a: afterward direction)

should not be more than 0.6mm.

7. BEE 2 PrASE Steel shim0l Hole Jta2 = 7. Drill the mounting hole at the steel shim which
FAHBICE Hole?l $A % Aes BEXA U reflect the measured variation. The dimension
Base casting?l A|4&~E FUSHCE 0lW Steel shim and position of the hole are referred to the base
9l =0l= BRI WA AHAS Aot =45 casting dimension. The height of steel shim
25mm>Jt = 0{0F StCt. should be more than at least 25mm for a future

replacement of resilient mounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJH
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Installation of Resilient Mounting General Instruction Section No- e
EMSXIX|ITHO] M A (Youil made) ST PNES) 611100 3B

8. Internal buffer& AIJl vt gstog =¢| Base
castingtll H&AIZ! TS 2 20|L) RAEXE 0]

£olol &¢I MEE S0 =¢elth

9. Jacking bolt2 M 5l12 Steel shimES &l Al2! C}

= Y| MEE U B XX Steel shimS

=

Zelett

10. Internal buffer& AlAYefo=2 =2 Steel shimoil

e
r
ol
oo
X
gl
a

11. Internal bufferg Bt AIAYEC 2 2012 =e| Shim

ool Aeldt 4mmIt Sl Sk

12. Feeler gauge® Shim2} Buffer?tol He|JF ui2
ZH g Q=X &olstr),
13. Internal buffer(2)2] = 2210 top lock ring(4)2 =

252 AAANA == = I IR holes

p ot

0} fixing bolt(6)2} spring washer(5)2 0| =2al A
top lock ring(4)2 17 SHCY.
14. ® XIXtHQF Steel shimQ A LUt AATHES 7

S
ot Jlz=o 2gE Yol XIS FEAlS

15. Hole JI=ZHHE foll &XI| MES £I110 P2YLY
laAE ot T BEMAAIXNURE Steel shimE 7|0l
4719 Bolt [=23510{ ZeAlZICH

16. 2 zYs 2AIst Os 229l EMEXIAUC

JHUm
2
ot
o
ol
a

CHAl 4mmJt =&

10.

11.

12.

13.

14.

15.

16.

Lift the generating set by means of a crane or a
hydraulic jack after turning the internal buffer
counter clock wise direction to contact on a
base casting

Remove the jacking bolt and place the steel
shim. And then assemble the resilient mounting
and the steel shim by getting down the
generating set.

Bring the internal buffer into contact with the
steel shim completely by rotating it clockwise
direction.

Make the gap distance between internal buffer
and steel shim become 4mm by rotating two
turns.

Confirm the gap distance is proper by using a
feeler gauge.

After agreeing a groove of internal buffer(2) and
a projection of top lock ring(4) and turn it to
nearest thread hole-then secure with fixing
bolt(6) and spring washer(5).

Mark the position of mounting hole at the
foundation according to the dimension of the
supporting steel shim or the installation drawings.
Assemble the resilient mounting, steel shim and
the generating set by means of four bolts after
drilling foundation with removing the generating
set.

After completing all installations, reconfirm that
the clearance between the internal buffer and

steel shim be 4mm.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction Section No- e
EMSXIX|ITHO] M A (Youil made) ST PNES) 611100 3B

Method Of Installation 2

=
C]
otelel 2. B Aldstn

S PSPSIu el A El= Supporting

steel shim2 Z|45t glofor ot 342

Jacking bolt2 $lgt Tap Holelt EFAXIX|THCO Base

casting®| X0 2/ AHSH ZetE HoleO] E L 36tCt

Pos. 1 Base casting
Pos. 2 Internal buffer
Pos. 3 Top casting
Pos. 4 Top lock ring
Pos. &5 Spring washer
Pos. 6 Fixing bolt
Pos. 7 Tapped hole M14

1. EMEXXIOS  Top casting(5)2t Base frame2

Bracket2 4702 bolt= I SHC

Protection cap2 M HSIL! fixing bolt(6), spring

washer(5), top lock ring(4)2 =l tC}l.

Supporting steel shim& & 22} 20| Dowel pin

o=z ERGXAILHo S EfstTt
Jacking bolt2 Supporting steel shim2| Tap Holeol

AXISHCE (O” 2) ol JIZ=2F Supporting steel

If the resilient mounting is clung to the common
base frame(lt's normal), perform from the below No.2.
Otherwise perform below after clinging the resilient
mounting to the base frame.

The height of supporting steel shim, used for
replacement of resilient mounting, should be more
than at least 25mm. It is required that the resilient
mounting has tapped hole for the jacking bolt and

mounting hole in accordance with the dimension of

base casting.

1. Fix the top casting(5) to the bracket of base
frame by using 4 bolts.

2. Remove Protection cap and loosen fixing bolt(6),
spring washer(5) and top lock ring(4).

3. Assemble the supporting steel shim to the
resilient mounting by means of the dowel pin.

4. Install the jacking bolt at tapped hole. At this time,

it is recommended that the distance between the
foundation and resilient mounting be more than

at least 10mm. (Fig. 2)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction Section No- e
EMSXIX|ITHO] M A (Youil made) ST PNES) 611100 3B

5. YHI| MEE Ulel 2E Jacking boltd} JIZ=0

o] U=E| A=A 221510 Internal bufferg

>
30
il
=
I
(=)
~
rr
Ral
Jor

FolsHC},

[

NOTE : Internal bufferd} At =
CtH O ERdAIAI e 322501 st&s2

of ANAgetes =d 28 2EiJF =00 ettt

Bracket ——ﬁ:\
Dowel Pin
A AT
HS 4
, L/ i
Supporting U%
Steel Shim —7 - 7 E
i £
Jacking bolt/ <§ E
Foundation - &
I [
— c
gl =
Mounting Holes g
Jacking bolt
T
SECTION A-A
A=)
7. 2b2tol BRI BRoIE WA UES

2t 5. Check all jacking bolts are in contact with the
G foundation completely. And confirm that the
internal buffer could be turned freely after getting

down the engine.

b = NOTE : If the internal buffer is not turned freely,

Mgt Chs make it release by turning it clock wise direction

after remove the partial load of those resilient

mounting.

240l 6. Measure the height of each conical mounting

after min.48 hours to ensure that resilient

mounting is fully deflected. (Fig.2)

Bracket ——%;

Dowel Pin

AL O[

-
H1

lan / |
Supportin E T
Stee! shim ( Z .
Jacking bolt/ § E
Foundation - &
! = C
gl =
Mounting Holes mﬂ g
—-©
Jacking bolt
QJ
T
SECTION A-A
Fig. 2
o 7. The variation in laden height should not be
= exceed 2mm and should ideally be less to
s ensure that individual mountings are not

overloaded. Also the difference between B(f:
forward direction) and Bg(a: afterward direction)

should not be more than 0.6mm.
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Installation of Resilient Mounting General Instruction Section No- e
EMSXIX|ITHO] M A (Youil made) ST PNES) 611100 3B

10.

11.

12.

13.

14.

15.

16.

YA SE Steel shimOll Hole 1822

Hole2 Are BEAAUE

HA A
Base casting2| X2} Supporting steel shim2| X

T8 TS s

e

olwf Steel shimQ =0|=

10mmJt &l 0 0F SHCE.

M

Ml 09l Jacking bolt2 LUXJ| MEZS HAMHEo=2

Tmm =21 Steel shimS AX|SH CIE CIA| &YX 7|
HIEE Ul JIz=ol etdol L=AIZIC
Internal bufferg AlAYsto 2 =2l Steel shimoil

25| A st

Internal buffers Y+ AlAYtC=2 2017 =
Supporting steel shim2t2| HelJt 4mmIt =A| st
Ct.

Feeler gauge= Shimi} Buffer2te| HelJt di27
2 = A=A =olstet,
Internal buffer(2)2] & %0l top lock ring(4)2
SEFE AAANA =5 = K IR holes
ZH0} fixing bolt(6)2} spring washer(5)S 0| =all A

top lock ring(4)2 07t

~
el
S
jul
0x

Dowel pin2 A AIAITHRE Supporting

steel shim?| AUt AAEHZ FI6H0] I 20

IS
22E Holel| $IAIE FEAlIStCE

| ZHS ol LUXI| MES £I110 Hole
b XXt 2F Supporting steel
2|1 Steel shimZ J1Z=0 4712 Bolt2 Al

£2ot0] ZefAlZIChH

%
=
3

I

otef el Steel shim= J|Z=0l S&st Us 282+ Et
2PNPNIS S buffert

shim@| 2t=32 CIAl 4mmJt & &5 A =olsic).

Internal Supporting steel

10.

11.

12.

13.

15.

16.

Drill the mounting hole at the steel shim. The
dimension and position of the hole are
accordance with the dimension of base casting
and the supporting steel shim. The height of
steel shim should be more than at least 10mm.
Lift the generating set totally 1mm by means of
three jacking bolts then install the steel shim.
And then bring the generating set completely
contact with the foundation by getting down the
generating set.

Be contacted the internal buffer with the steel
shim by rotating it to clock wise direction.

Be sure that the distance between internal buffer
and supporting steel shim become 4mm by

rotating two turns to counter clockwise direction.

Confirm the gap distance is proper by using a
feeler gauge.

After agreeing a groove of internal buffer(2) and
a projection of top lock ring(4) and turn it to
nearest thread hole-then secure with fixing

bolt(6) and spring washer(5).

. After removing the dowel bolt, mark the position

of mounting hole at the foundation in
accordance with the dimension of the supporting
steel shim or the installation drawings.

Assemble the resilient mounting, supporting steel
shim, steel shim and the generating set by
means of four bolts after drilling foundation with
removing the generating set.

Weld the bottom steel shim to the foundation and
reconfirm that the clearance between the
internal buffer and supporting steel shim be

4mm.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Replacement of Resilient Mount. Maintenance Procedure Section fo. e
EFMRIXITHC WA (Youil made) Hu|"d =R M11100 SA

EMEAIAIU S WA

1. EEAANUE AlAotn e 2= Boltg &L

2. Base frame2| O}EfOl D12 20| JackS 7I2C}

Loosen all bolts which catch the resilient
mounting.

Insert a jack under the bottom of base frame.

(Fig. 1)

Steel shim
Foundation
Deck

R
Zm

Steel shim

Foundation
Deck

7777777777 J77 7777 AL /77 777 77 7777777,

Jack

s =2 olo{0oF stot
4. EebdE BEXXUE wAlgtct
o ¢ BEXXIUE wA ufol= etet Ot

M

A0l SAO wHE0f0oF ofCh (2E 2)

gl

Seliae 55 3=
i
—1-|ONE PAIRS
L
28] b
A=)
5. LXI| MEES el gjeo] BYXIAUE
gtgioz WH st
6. ZAEl CI2 EMMXXHE 99 22 &AM=2 WA
Ct.

7. BEAANUE EBHEAAN AR AFHA oA =

.

(_‘

Fig. 1
Lift the generating sets for remove a steel shim.
At this time, secure a sufficient place for replace
a damaged resilient mounting.
Replace a damaged resilient mounting.
NOTICE : whenever a resilient mounting is

replaced, it must be replaced in pairs. (Fig. 2)

m 0
— 7T |ONE PAIRS
55 &
Fig. 2

Get down a generating set and replace the other
side resilient mounting according to above
method.

Replace the other damaged resilient mounting
according to above sequences.

Adjust all resilient mounting refer to instruction

for installation of resilient mounting.
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Replacement of Resilient Mount. Maintenance Procedure
ERM XISl WA (Youil made) Ho|ldd =Xt M11100 3A

S0 AA Visual Inspection
dAl &= Inspection list
1. 1P 249 ol X2 1. Oil deposits on a rubber element.
2. A& LAY Zd 2. Loose mounting bolt.
3. NP4 &4t 3. Damages on a rubber element.
z A Follow-Up Measures
dAL At Z=A Results of a Inspection Follow-Up Measures
c o _ | the EMdXIAItZ AA - . .
2= S0 AARE Y= S Everything is O.K. Continue to next mounting
T2 QA0 il @9 oil M7 ggn(qj:ﬁ:)sns on a rubber rl?;ngg:lglg::jgﬁ{)osns ona
H&E LAY Z2 HZ& LIAF = Loose mounting bolt Fasten a mounting bolt
ol ' EFAAIA| EH Eﬂ[ Replace that resilient
DO GOl aal (PSRRI WA Z Aol Damages on a rubber mounting (by instruction
-C ws) element for installation of resilient
mounting)
2= AM Clearance Inspection

Steel shim2Z} Internal buffer AFOI2] 2F= 2 feeler

gauge=s AESH0 4mmIt 7A ==X A AFSHCE

Inspect a gap, between a steel shim and a internal

buffer, should be 4mm by means of a feeler

ag gauge.(Fig. 1)
6. Fixing bolt 6. Fixing bolt
5. Spring washer 5. Spring washer
ko
4. Top lock ring | “ZJU- 4. Top lock ring
3. Top casting g \ 3. Top casting
2. Internal buffe ] ;\ 2. Internal buffe
1. Base casting / 1. Base casting
(M| M [ =
R foundation \\1\ 7\ foundation
W77 % % 7
g g oo
Clearance check point Clearance check point
Feeler gauge Feeler gauge
(Fig.1) (Fig.1)
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJH




9
I.IMSEN

Page

All type 3/3
Replacement of Resilient Mount. Maintenance Procedure Section - e
EFMRIXITHC WA (Youil made) Hu|"d =R M11100 SA

= A Follow-Up Measures
AN 21} EAPN| Results of a Inspection Follow-Up Measures
PE 212 HAF US ZA 22 Everything is O.K. Continue to next mounting
Adjust a clearance
2t= Al 22t ERAXIAILH AR ARl Clearance condition is according to instruction
= =9 ol 7t= =H Bad for installation of
resilient mounting
St ERM XK T A _ _ Replace that resilient
= w2 (EV AR @A = Ao Impossible to adjust a mounting (by instruction
=) Clearance for replacement of resilient
= mounting)

@ Protection cap= M3t fixing bolt(6), spring
washer(5), top lock ring(4)& 2ol stC}.

@ Buffer(2)S Steel shim0ll 2 WNIX AA wst
o=z =glth

& U2 Buffer2 9t Al

=d] BV AIAIU 2| Base castingdll @<= StCl.

0z
sl
|0
all
ro
Ral
ol
~
[
=

@& Buffer A Yako=2 2017 = Steel shim
2 Internal buffer2l Zt=0l 4mm2Jt =2 StCt.

@ CHAl 2= BHEAXIAIUY 2t=2 HAletCh

@ Fixing bolt(6), spring washer(5), top lock ring(4),

protection cap2 TollQl G2 = L Elettt

Clearance Adjustment Procedure

4 Remove Protection cap and loosen fixing bolt(6),

spring washer(5) and top lock ring(4).

@ Turn a buffer(2) to clockwise direction until it is

contacted with a steel shim.

@ Turn a buffer full 4 turns to counter clockwise

direction until it is contacted with a base casting.

4 Make sure a clearance become 4mm by rotating

a buffer 2 turns.

4 Recheck clearance of all resilient mountings.

« Assemble fixing bolt(6), spring washer(5), top

lock ring(4) and a protective cap.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJH



S
I.IMSEN H21/32 |7}
Engine Block General Instruction Section No- Rev
oAzl 2= uut x| G13000 | 1A
MNe Description
A 252 FE2=2 US0 Man, WRol A 37| The engine block is made of cast iron and has
S22 R=JF ddE0 ACh X =52 ditdo= combustion air chamber and lubricating oil channel.

=
e
=
2
oL
i
—
@
N
o
o
rl

=2
e

DHEE = FHe AO|E ~HEZ YUELCEH

AYAE o2 A13250 |2 323 Jjof =9
oF Zui0 MAS0] TWAS| FYot SAAZ WA|G

o — === =

Cl.

Engine block needs no maintenance normally except
cleaning inside air chamber and outside.

Combustion air flows into the engine block from
charge air cooler. Air channel of the engine block
distributes the air to each cylinder.

Lubricating oil flows into casting oil channel of the
engine block from the feed module, and is distributed
to every main bearing.

The main bearings are fixed by the
main bearing caps. Each main bearing cap is hung to
the engine block by two studs, and the engine block
is also reinforced by two side studs of the bearing
cap.

The thrust bearings (@ A13250 | are on install-
ed both sides of the crank gear wheel to prevent axial

movement of the crankshaft.

Air Chambel/

> Lub.Oil Channel

[@=| A13000
Main Bearing Cap

Fig. 1 Engine Block (%1%l £<)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Common Base Frame Assembly Drawing & Part List Section - R
AR ZYE ZYSE Y 2E =5 A13000 11A
Part List

e ot | o
5Cyl |6Cyl | 7Cyl | 8Cyl | 9Cyl

211 Main bearing cap - Normal 5 6 7 9 9 43.7

212 Thrust bearing cap (L) 1 1 1 1 1 43.7

213 Thrust bearing cap (R) 1 1 1 1 1 43.7

231 Main bearing stud (M39x2) 14 16 18 20 22 3.57

232 Nut (M39x2) 14 16 18 20 22

241 Side bolt (M30x2) 14 16 18 20 22

242 Nut (M30x2) 14 16 18 20 22

249 | O-ring 14 16 18 20 22

291 Cylindrical pin 7 8 9 10 1"

31 Cylinder head bolt (M39x2) 20 24 28 32 36

312 Nut (M39x2) 20 24 28 32 36

901 Cover 1 1 1 1 1

902 Gasket 1 1 1 1 1

903 Cover 1 1 1 1 2

904 Gasket 1 1 1 1 2

911 Plug M80 7 8 9 10 11

912 Plug M26 1 1 1 1 1

913 Gasket 7 8 9 10 11

914 Gasket 1 1 1 1 1

917 Orifice for gear lubrication 1 1 1 1 1

918 Cylindrical pin 2 2 2 2 2

921 Bolt M12x25 16 16 16 16 24

922 Bolt M10x16 2 2 2 2 2

923 | O-ring P14 1 1 1 1 1

924 | O-ring P16 1 1 1 1 1

925 Protective cap 20 24 28 32 36

926 Protective cap 14 16 18 20 22

AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/PDS
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P
H21/32 o
Main/Thrust Bearings Assembly Drawing & Part List eetion No R
Blol/2R~E 01 ZYUT U RE 55 A13250 1 1A
@~ A25300
Part List
Item D e Q'ty/ Eng. Weight Remarks /
No. escription (kg) See Note
5cyl | 6cyl | 7cyl | 8cyl | 9cyl
251 Main bearing 7 8 9 10 11
252 Thrust washer 2 2 2 2 2
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/PDS
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Main/Thrust Bearings Maintenance Procedure Section No- rev
glel/Ae|2E WY Huldd A=xt M13250 1c

ol 18| 01 2 9 235 Dismantling of Main Bearings

1. 38 13 20l 3% 2HE9 S HEo 7 1. Install the hydraulic tool set on two nuts of side
HE MES MAlstct studs as shown in fig 1.

2. FMe UEES SAl mgfe=z Zo{HLt 2. Loosen the two nuts hydraulically at the same

time.
2ol A - Loosening procedure :
Zoff 2% : 870 bar (max. 893 bar) Loosening pressure : 870 bar (max. 893 bar)
oo =z : [@] 91.410 |[@ 91.480 | Hydraulic tool : - @ 91.410 |/@~] 91.480 ]
@~ 91520 |
TTT~ .
r m»-)
1
]
Fig. 1 Install the hydraulic tightening tool (22 #/Z =179 &4/)

3. Y% 3FFPE ooty ATNC=LH ~HESL} HE 3. Dismount the hydraulic tools and take out the
= i HCE studs and nuts from the engine.

4. T 29 20| 2l=E RS HXotD ol woje 4. Install lifting device and hydraulic tool set on two
Hol FIe HEO 72 37 NMES MXASHt nuts of main bearing cap studs as shown fig.2.
e/zg &H : Lifting device :

oo =z : [@] 91.400 |[@ 91.460 | Hydraulic tool : @~ 91.400 |[®~ 91.460 |

91.290

“““““ G09500

Fig. 2 Mount the lifting device (2/Z& Ztx/ &%)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.10/swC
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Main/Thrust Bearings Maintenance Procedure
g el/AAE o Huldd A=xt M13250 1c

5. FHY HES SA wge= S0{HCh 5. Loosen the two nuts hydraulically at the same
time.
2o HAA Loosening procedure :
Zoff 28 71220 bar (max. 1260 bar) Loosening pressure : 1220 bar (max. 1260 bar)
6. 7 37E Z0/HC]H 6. Dismount the hydraulic tools.
7. UES ZUAM ool viold s HEs| o= U 7. Lower the main bearing cap slowly by
d ==t unscrewing the nuts.
8. WO=ZFEH ofF dlojds ZTaloiAl wict 8. Take out lower bearing from the cap carefully.
9. € 3o Z0| 2HT MZES HANZ = XL 9. Turn the crankshaft and mount the fitting plug on
Y =0 S2= AR sttt the oil hole of the journal as shown in fig 3.
Ze2 91.300 Fitting plug :
W= U [ Q
(N
U
4
10. DU ANZES UHAIA Yete=2 FHES| SelUA 10. Dismantle upper bearing by turning the
A Hlods 2ollst = T crankshaft counter clockwise slowly and take out

I EE HOJAIA]

AT ZPE HO/EE

YES FYHYNM 2.

the bearing.

Be careful not to drop or damage the

bearing during taking out from the engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.10/swC
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Main/Thrust Bearings Maintenance Procedure
g el/AAE o Huldd A=xt M13250 1c

Inspection of Main Bearings and Journal

ANIIEAM oM Hes E

Mol @A =0 =T=20] SO0{IHA =S HAS

2 YU == Y=t AN gUEA HAS Wol

of WOl FAE BHsICL T2 DRYUS Y
AtBHCY,

G09200

N o A Ay

o X oo =2

I
i
~
Ju
ro
o
T
Iy
rol
o

B o ~12 % wolgo olgst /=82l
ZH0/21E ArtH, AF0| YL HEIP) TA ¥ $2E

af OfgtL/CH.

A2 1 AMHEE TE B2 HHE L= 93f A7/

U FYT AZEY H2et S OPINE 52 ASULCH

Inspect the journal carefully by turning the
crankshatt.

Put tapes on the oil hole of journal to keep clean
against dirt. Be sure to put off the tape before
reassembling.

Inspect the engine block around journal and
bearing cap.

Inspect the bearings and measure the thickness
of bearings by means of a ball anvil micrometer
and check the wear limit.

Keep the record of the measurements and

inspection results.

If there is any sign of abnormality on
the journal or bearings, it should be investigated

and repaired by experienced specialists.

A\ WARNING Poor repair works deteriorate the
condition and may cause serious damage on

crankshaft.

Assembling of Main Bearings

Hod s S22 WRO0l HOot = JiRet Zatw

Check the studs for main bearing cap loosened
and retighten, if loosened.

Pre tightening torque : 50 Nm (with loctite 243)
Clean the bearings by cleaner and coat clean
lubricating oil.

Clean the journal, bearing cap and inside the
engine around the journal carefully by clean
lubricating oil.

Put off the covering tapes on the oil holes of

journal.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.10/swC
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Main/Thrust Bearings Maintenance Procedure
g el/AAE o Huldd A=xt M13250 1c

Turn the crankshaft and mount the fitting plug on

the oil hole of the journal as same as dismantling.
91.300

Mount upper bearing by turning the crankshaft
Mount lower bearing on the main bearing cap
Do not mix the bearings with other

The bearings should be matched

Mount the main baring cap by lifting and

Mount hydraulic tool sets for side studs and main
Tighten the nuts for side studs of exhaust side

Preliminary tightening pressure : 200 bar

Tighten the two nuts for main bearing studs

Tightening pressure : 1200 bar (repeat 3 times).

nuts for side studs

Tightening pressure : 850 bar (repeat 3 times).

5. ZollEAR SopPll 2WA AEZEES ITAIIIL 5.
Mo ed =0l Se0E A
=7 91.300 Fitting plug :
6. WA NZES AALeto=z HHUG| 2HAITIHAM 6.
A2 Hods FEstet counter clockwise slowly.
7. =S HMA = o Hod Aol ot HodS & 7.
ZHSHC after dismantling the fitting plug.
B 7022 o= 299 wogy 28594
HEE FYYoINAL. HO/E2 SUIE Bt YoF LA counter part.
OF gt with correct pairs.
8. el dod Ws S0 2B T HE=Z =0 AX|S 8.
Ct. screwing the nuts.
9. AOIE ~HEE &o=2 2tA5] MRS 9. Mount side studs firmly by hand.
10. AOI=E 2~BE= % oiel wold ~HES T 37 10.
NES MAlsttt. bearing studs.
1. 801 & A0IE A= HERE 246 Z=0ICt (o d 11.
H 2 e, only (preliminary tightening).
oyl AZ 2 : 200 bar
12 olel Wold AH=EE T UEES SAlol M&Eet 12.
Ct. simultaneously.
AEZ &g 01200 bar (33 HHE Q)
13. AOIE 2HES FIH2 UEESE SAlol AMZgtct 13. Tighten the two
simultaneously.
AHE &5 850 bar (35 BHE =2))
14, 7 37 HMES =Fdliettt 14.

Dismount the hydraulic tool sets.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.10/swC
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Main/Thrust Bearings Maintenance Procedure

Section No. Rev.

oo/~ AE HY

M13250 1C

dulgd 2x

B zo 1oxz S8 o, 245 Hol

80| EHEHA =5 TIYoHIAI2.

22 2E HodEe 2o/

AP AE HO|YD AW ALZE A0] 2452 B

=N

Sl Ex[0ILiofl 2L0{0F StCt.

DY G09200

[

2 2501 ol EXAE WL, D= ol et Z0|

2B dlojgol tiet 2" 80l 2 R0olch

—_

N

BN ¢ 35 250 8720 52,

A13000

Checking Axial Clearance of Thrust Bearings

1. Open two crankcase covers for both sides of

flywheel end.

2. Move crankshatft fully in axial direction by a lever.

3. Measure the clearance between the thrust
bearing and crankshaft by means of a filler gauge
in three points of bearing (both ends and middle).

4. Move crankshaft fully in axially opposite direction
by a lever.

5. Measure the clearance between the thrust
bearing and crankshaft of the other side by means
of the filler gauge.

Be careful not to damage the thrust

bearings when measuring by filler gauge.

Maintenance of the Thrust Bearings

The clearance between thrust bearing and
crankshaft should be within the tolerance.
Tolerance :
If the clearance is out of the tolerance, then the
thrust bearings need maintenance as below.
1. Dismount main bearing cap for thrust bearings.
2. Dismantle the thrust bearings by unscrewing the
fixing bolts.
3. Inspect the surfaces of thrust bearings and repair
them.

NOTICE If the measured clearance is smaller
than the tolerance, then reduce the thickness of the
bearing by polishing the running surface evenly.

If the measured clearance is bigger than the
tolerance, then replace them by the new ones.

4. Coat loctite 243 on fixing bolts and assemble the
thrust bearings on the main bearing cap.

5. Mount the main bearing cap on the engine.

A13000

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.10/swC
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Cylinder Unit General Instruction Section fo. Rev.
MRIY RLIE olut X| 2 G15000 1B
e Description

Cylinder Head

@ A21100 | ' v
O
O
Water Jacket O
@ A15100 | O

Cylinder Liner
@ A15100

Piston & Con Rod
@ A31100
@ A32000

Every component of a cylinder can be
disassembled or assembled directly, which is
conventional maintenance concept.

In addition to this, the engine provides cylinder unit
maintenance concept, which enables most
components of each cylinder treated as one unit
when mounting and dismounting.

Depending on the situations, one of the
maintenance concepts can be selected for
convenience.

For example, when purpose of maintenance is
clearly limited to a certain component of a cylinder,
direct dismount of the component will be convenient.
However, if more detail investigation is needed or
more time for maintenance is expected in urgent
situation, then replacement of cylinder unit with the

spare unit will be beneficial.

High Pressure Block
g @ A52300

Fuel Injection Pump
@ A51000

00 © 2

Valve Train
I A23000

Fig. 1 Cylinder Unit (&/2/] 2L/E)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.07/CJC
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Cylinder Unit General Instruction Section fo. Rev.
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1z
e M
a
1z 30
m
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o I
n o
0o
=
my

[ J
o
<

T
a

Ku

N

® Cylinder Head

Valve & Rocker Arm

Valve Train

Cylinder Liner and Water jacket

Piston and Connecting Rod

Fuel Injection Equipments

The cylinder unit comprises following components.

| O This section describes how to dismount and

SEA remount of the cylinder unit. Detail maintenance of

each component for the cylinder unit is described in

other sections.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Cylinder Unit Maintenance Procedure Section No. Rev.
A2l RUE MNH|HZA HA M15000 1A

Dismounting a Cylinder Unit from the Engine

MRIL H=0l ol e

dI S ol Metct

(the direction of arrow) as shown in fig 1.

duct of cylinder head.

..

Fig. 1 Disconnect connection pipes (21Z#t2/ F2f)

3. £AFY mo|zet MAE 2tolo]

(2% ZJ| ool 9 R Slel mho|=

S =ZelAZICH 3.

E=-E

.

3S)

-]

Fig. 2 Mount support device & turning bracket (/x| ZIA % 02X 79 &*)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC

=7 Disconnect connection pipes by moving axially

Dismount insulation and V-clamp on exhaust

Disconnect small pipes and wirings for sensors.

(Compressed air pipe and fuel oil drain pipe, etc)
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Cylinder Unit Maintenance Procedure Section No. Rev.

A2l RUE MNH|HZA HA M15000 1A

=] [2]

g 20iMet 20| HETUS S0tM ¢m i A
Mol dlHE 2elAlZICH

el
& HOo|Z=2FE Eo/LieE Az of

Ul/oto] GZ ZAF BZ FTHO WXt FHE UIAd FE

Zaf A4 ;- [@] M31000 | @] G09500 |

o &g ;1170 bar (max. 1208 bar)
2o 27 : [@791.420] [@91.500] [@91.530
T2 29 20| SHYUXPE YR} II2E 90]

FMel AR GRS R et '

N
1=

S
-

sz (@ 91210 |
AIA] BA - 91.230

aelt] 2ol el oboll 0EAIZICE

Disconnect fuel rack and fuel control lever by
taking out connecting pin as shown in fig 2.
Detach the block for feed pipes by
unscrewing three bolts.

NOTICE

around fuel injection pump against fuel oil

fuel

Prepare and attach clean rag on

dropping from feed pipes.

Open crankcase covers for both sides of the
cylinder to be dismantled.

Loosen four nuts for connecting rod upper stud
hydraulically and then dismount the nuts and
studs.

Loosening procedure : @] M31000 | and

Loosening pressure : 1170 bar (max. 1208 bar)

Hydraulic tool : [#-]91.420]/@91.500]®-91.530|

Mount turning bracket on the big end part and
counter weight, and hang up connecting rod
shaft to the bottom of cylinder liner by two
support devices as shown in fig 2.

Turning bracket :

Support device :

9
£ B — m o
—
— 1
13 12 @-|A15000| 10 12 #~|A51000)
@-|A51000 @-|A15000|
10 12 12
(a) Cam side (b) Exhaust side
Fig. 3 Fix water jacket to cylinder head with screws (¥Ef Af212f &2IC] of=9) 2F)
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Section No. Rev.

Cylinder Unit Maintenance Procedure

M15000 1A

el 7UE Fuldd 24

11.

" 34 20] 2eld ol AHEE HE MNE Loosen and dismount four nuts for cylinder head

SA0 Fgoe=z Z0{Uo Z2lstch studs hydraulically at the same time as shown in
fig 3.

2ol ZAA] : Loosening procedure :

Zof 2= ;1120 bar (max. 1155 bar) Loosening pressure : 1120 bar (max. 1155 bar)

78 &7 ¢ [@191.400 | [9-/91.510] [@91.490 | Hydraulic tool :[@-91.400 ] [@91.510 ] (@ 91.490 |

2719 nYE 2E (M3)E ZU|sto g 2AL & Prepare two fixing bolts (M8), and screw fuel

et 9JE ApPE 0FAIZICH injection pump and water jacket by them.

m 0/Z2 U8 UEE EY= U AE FAf This is necessary to avoid fuel

EZIf ~Z2lof 9ol HEOZ £of LPF= HE BiX6f injection pump extruded upward by its spring after

Jl fet B+ Zolo, 0] g2, 12 Ho[Z EF= loosening the fixing nuts for the fuel injection

ZHe= HE GAIoP] oA BHEA] Zafaf Fo{oF &L/ pump. So, the high-pressure pipe block should be

ct. dismantled to avoid damages.

Sciot oz HeoM b Y2 A2 = WX 11. Turn the crankshaft until the roller is in lowest

JH MNZES o|HAZICH position on the fuel cam.

B AP0l = DHEZE 4 = Unscrew four fixing bolts [@= A15000 |on water

Z0jU D, 8 2A HZo = HE 42 20 jacket and four nuts on fuel

Wi Cf, injection pump.

=EM12) 442 &dlste] Aelt dl=S S8 A 13| Prepare four bolts (M12) and screw cylinder

Zholl D7 AlIRICEH head to water jacket by screwing them.

91.110

Fig. 4 Place the cylinder unit on the stable working stand (&/2/t] FL/EE ZI o) LfcisS

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Cylinder Unit Maintenance Procedure Section fo- R
sl RUE Holgd 2x M15000 | 1A
14, og A WY OHE A= 28 AIOS AXA 14. Install lifting tool on the studs for fuel injection
ota, =Zdlelofl ojetct A2l RUES MES| = valve and hook up onto a crane. Lift up the
o5t S0{=eElct. cylinder unit slowly and carefully.
LUK T : Lifting Tool :
(5 214 2 E 2HE 1S 2ot 2PHX 3= (After remounting a stud for top cover support
MAle A) and Install the lifting jig.)

B oo o= 257 5600 457 &

5 FYolAI2.

Be careful not to be damaged by

touching adjacent parts.

15. T8 42 Z0| Aeld RUES kel AU (s 15. Move and place the cylinder unit on a stable
M= 20510 22 s=Ch working stand (Optional) as shown in fig 4.

Alelt] FUEE ATl EfA Mounting a Cylinder Unit on the Engine

M = A= Jl2do=z ol ARl gaolch A Remounting procedure is basically reverse order of

O RUE=E A0 MUIAE 9ol 285D 2& 2 dismounting procedure. The cylinder unit should be

ZHIE 0] QLOJ0F StCE $2E HOIZ = FASH 87 maintained completely and ready for normal service.

o 22 YIEAl WlofLthol sttt & O-=2 @A 0{0f Make sure that covering tapes or the like removed.

Sty 2RA MZie= wH S 0j0F StCt. et M2lit 7 All O-rings should be checked and replaced by new

LUES Zgsb| o R0l 5§22 £ Jelas Yet <=0 ones, which also should be cleaned and greased

Of stC before mounting the cylinder unit.

1. 9= AL 9WE 1FE8 A= 28 X35 4X 1. Install lifting tool on the studs for fuel injection
St = eloll ofehCt valve and hook up onto a crane.

2. el RUES 2dUolMd Sosel 2 FUESR} 2. Lift up the cylinder unit from working stand and
=== HEsHH ottt 5ol |IE APMe ot clean the unit and engine block. Especially the
Hup AEl =50 MRUS ot HESHH e = I bottom of the water jacket and top surface of the
Rot 2ERE JHYIA UtECH engine block should be cleaned thoroughly and

coated slightly by clean lubricating oil.

3. 9=z FAF "HZo O-™ol Je|~E diELh 3. Coat the grease on the O-rings for fuel injection

pump.

4. Azl 259 O-d2 AHLZD e API0| H=tst 4. Check O-rings on engine block, and water jacket
A A SHA=R EASHCE positioned correctly.

5. 9z Wi I ANZEQ AE =feletct I 5. Check the position of fuel cam and crankshaft.
O MZEZS 3TANA oz 2AF BZO ETE 3 Turn the crankshaft until the roller of fuel
Mol IRAIZICE injection pump is in lowest position of fuel cam.
m 0|2 97 BAF BT ~Zglzie o= NOTICE This is necessary to reduce the
Ol BZO HAE Lt g of| #&t B+ AtatgL/CE spring force of fuel injection pump for easier

mounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Cylinder Unit Maintenance Procedure Section No- Rev:

11.

RUENS

el §lEE 00 AHE st dE B3

SEY FFoH0) £YHT Y=

BEEE 02 2= =39 970 29 JI=30
FABT LUX &I w2 ENE o ¥

Y ~zgo gF= EAop] flat HELICY

et FLIES

MRIL RUES A7 2200 IAAR 5, HE A
N3} AN S DHoD YU elTy =E

A2 1 o EEE ZFolyx

HE RS BT SHE Hof 248 5+ UL,

Yoo dx 2FZg

-, A T

g 2A HIZE HE 419 fH APIE =2E 4

BEEE 72 27 S50 Y20 LUES Heo
A thefE] HsteLich

HUE 228 XA 2| 21 % 3l
IOl S wWojuict,

orel Julel 2R 419 AESIF 2l E0] U
OICIY AE=0 e AMZEAHE HASID A
OILIH AEIEZ2 MA|st £ ASEI et z=olct

&S &3 50 Nm (molycote =)

2)H o| j.l ul El

& AHEEZ HEES

o iﬂ

=

4013 LA SFIHel HEES Al Zettt.

HZ =4 ;[ @] A31000 | o [®~] G09500 |

VERCE

Ala]

7750 bar (35 EHSZ2)

|\

FEl

i

Hdotn 2QA ZQlth

A2 &3 : 50 Nm (loctite 2453 T%Z)

10.

11.

12.

13.

Move and Lower the cylinder unit slowly down
through the bore of the engine block.

Be careful not to be damaged by
touching adjacent parts.

Loosen the screws of both rocker arms fully for
valve lash adjustment.

This is necessary to avoid pressing
the spring of the valves when landing the cylinder
unit, because the positions of both rollers are not
on the base circle of the cams.

After landing the cylinder unit on the engine
block, remove four lifting bolts (M12) for hanging
water jacket to cylinder head.

A\ WARNING If these bolts are not removed, water
jacket may be overstressed and damaged during
engine operation

Screw the four nuts for fuel injection pump and
four bolts for water jacket but not tightly.

This is only for ensuring complete

landing of the cylinder unit on the engine block.
Dismount two support devices for
connecting rod and turning bracket.
Check pre tightening of four studs for connecting
rod shaft, if not dismantled. Or mount and tighten
them.

Pre tightening torque : 50 Nm (with molycote)
Tighten two diagonal nuts for connecting rod
upper studs hydraulically at the same time and
repeat for the other two nuts.

Tightening procedure : and

Tightening pressure : 1150 bar (repeat 3 times)
Check pre tightening of four studs for cylinder
head and tighten them, if needed.

Pre tightening torque : 50 Nm (with loctite 243)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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M15000 1A

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Tighten four nuts for cylinder head stud
hydraulically at the same time.

Tightening procedure :

Tightening pressure : 1100 bar (repeat 3 times)
Tighten the nuts for fuel injection pump with
increasing torque step by step and one by one
diagonally.

Tightening torque : 1770 Nm

Tighten the bolts for water jacket step by step
and in turn for exhaust side and cam side.
Tightening torque : 1770 Nm

Connect connection pipes by moving axially.
Mount V clamp and insulation on exhaust duct of
cylinder head.

Fix the block (@] A53000 | for fuel feed pipes

by screwing three bolts. A53000
Tightening torque : 40 Nm

Connect small pipes and wirings for sensors.
Connect rack and fuel control lever. Check
movement of rack.

Clean and check inside crankcase by turning the
crankshaft.

Adjust valve lash for both intake and exhaust
valves.

If other maintenance works are completed or
after completion, continue to proceed followings.
Operate cooling water and fuel oil system and
check leakages.

Operate prelubricating pump and check
lubricating oil flowing out of piston, cam roller
and rocker arm.

Close all covers.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Cylinder Liner & Water Jacket

General Instruction

Section No. Rev.

aeld 2ol H e AP

o5t A|7

G15100 1A

ARy 2lold W HE A

i

Cylinder Liner and Water Jacket

AME wor ofet uAE Jeteol NEat RERS
FOIWD, SR 222 YLATIE FHE BT

Cylinder liner is made of special alloy cast iron for
high wear resistance, which is cooled by fresh water
only on upper part surrounded by water jacket.

Flame ring is mounted on the upper part of the
cylinder liner and scrapes carbon deposit as well as
excessive lubricating oil on piston crown, which
contributes to reduce lubricating oil consumption.

Water jacket is made of ductile cast iron and
mounted on the engine block. The water jacket
provides not only cooling water flow channel between
cylinders but also combustion air passage from
engine block to cylinder head. The water jacket also
has drilled holes for lubricating oil passage, where
lubricating oil flows in from engine block and flows
out to cylinder head, swing arms and fuel injection

pump as shown in fig. 1

Combustion Air

C.W to Cylinder Head

L.O to Cylinder Head

L.O from Camshaft

L.O to Fuel Pump <
‘ L.O to Swing Arm

Fig. 1 Cylinder Liner and Water Jacket (&/2/t] cfojt] & /el At2H)

BN 220 crousr el w2 dazgs Sag
o, &4 E= YHYHO 0[P ExS0] ASAE FI
2 HZA0F s, AZd TEI| Hol 0jZSS EHA S A

Z/off OF gIL/Lf.

Whenever cylinder liner and water jacket
dismantled from the engine, inspect carefully if there is
any damage or abnormal wear or deposits. Clean them

thoroughly before remounting on the engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Part List
Item No. Description Q'ty / Cyl. W(?(ig)ht Remarks / See Note
211 Cooling water jacket 1 62.0
901 O-ring 1
902 O-ring 1
906 Hex. head bolt (M16x55) 4
907 O-ring 1
921 Water connection 1
922 O-ring 1
923 O-ring 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Parts List
Item No. Description Q'ty / Cyl. W(iig)ht Remarks / See Note
111 Cylinder liner 1 70.1
122 Flame ring 1
191 Sealing ring 1
192 O-ring 1
193 O-ring 1
903 O-ring 2
931 Connection piece for lubricating oil 1 0.5
932 O-ring 2
941 Connection Piece 1
942 O-ring 1
943 O-ring 1

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

06.04/SWC
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Cylinder Liner & Water Jacket

Maintenance Procedure

Section No. Rev.

MRIG 2tolul L HE] AU

dulgd 2x

M15100 1B

Lifting Cylinder Liner

ole Il APIS Aol 23l 5H010F St
([® M15000 | o “ax o2 Pe) Ml FL/ES &

ar FES FRSHIANL)

Gl
/MQ

(a) Lifting of cylinder liner by water jacket

(@)

For maintenance, the cylinder liner can be lifted by
water jacket (a) or lifting tool (b) as shown in fig 1.

When lifting cylinder liner by water jacket, the water
jacket should be dismantled in advance.

(See “Dismounting of a cylinder unit from the engine”

in M15000 |)

— 7
Gl

(b) Lifting of cylinder liner by lifting tool

Fig. 1 Lifting of the cylinder liner (&/2/tf 2/o/L12] Zaf)

alelt] 2to|HE HEl APPlol AX

Mounting Cylinder Liner on Water Jacket

AR Hol delr 2olHel HE ARLE ARl

oA
oY
Sﬂ

ool 2et X

2. dgd ztolyel o-<goll et el

i

uf

r

Ch.

Before mounting, the cylinder liner and water jacket
should be maintained and cleaned in advance.
1. Install lifting tool for cylinder liner as shown on
(b) of fig 1.

2. Coat clean grease on O-ring of the cylinder liner.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.03/CJY
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Cylinder Liner & Water Jacket

Maintenance Procedure

Section No. Rev.

MRIG 2ol 2 9IE A

dulgd 2x

M15100 1B

3. &eld 2folHE #H APt 2 Hel= s, 29 2
oF 20l 91X ot = WF0{0F ettt

<5

Ol4IIRICl &£0|S 2ALSHCE [@] G09200

Al 2ol 2olo &7

3. During lowering the cylinder liner into water

jacket, match the positioning pin and groove as

shown in fig 2.

Fig 3 Measuring positions (=& %/ 4/)

4. After mounting, check the height of cylinder liner

from top of the water jacket. G09200

Measurement of Cylinder Liner Bore

deld 2told 2oe Ase drixe=s 5dotl Il
ol F00F efCh 20{JF 0t2 MIgkAl Heuoll A=A

= HMABIC} G09200

0
10
w
Pl
ik
3
E
Ofot
U]
e
R
E)]
10
Ral
o
k
all
il
N
0
%
=

BN == 5 v20 2poid 209 x50l 042 AEt
AE HojLtg, MBI 2folLo 28 FYS +H| fdf o

EA HUSS6E CIFAF A/SH 218610] TLIAIL.

Measure the diameter of the cylinder liner bore at
regular interval and keep the records. Check the bore
is within the wear limit.

The measurements for both diameters of trans-
verse and longitudinal direction should be taken at
three points of the cylinder liner as shown in fig 3.
IS vhen measuring, the temperatures of bore

gauge 91.260 | and the cylinder liner should be

same.
If the diameters of the cylinder liner bore
are not within the wear limit during measuring, be sure
to horn the bore of cylinder liner. Please contact HHI's

diesel engine A/S for more information.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07. 03/CJY
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Cylinder Liner & Water Jacket

Maintenance Procedure

Section No. Rev.

MRIG 2ol 2 9IE A

HulHd =x

M15100 1B

Grinding of Sealing Faces

T899 B HEH
1. &2l 2ol (@
&2l 6= (b)

3 AN == ()

Tafolgl 2 91.140

BB 27s5= 72098 gos 7 512004
A3 OF EILICH
BN v20 cous zer09g gos 42 g2
WLl 0/ OF EfL/CH.

Whenever cylinder head and liner is dismantled,
check the sealing faces carefully and, if necessary,

grinds the surfaces as shown in fig 4.

Sealing faces for grinding;
1. Cylinder liner (a)
2.  Cylinder head (b)
3. Engine Block (c)

Grinding tool : 91.140

When grinding the engine block, turn

over the tool.

When grinding the cylinder liner, take

out sealing ring.

(a) Cylinder Liner

(b) Cylinder Head

(c) Engine Block

Fig. 4 Mounting of the grinding tool (72/2/5 &9/ 44)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07. 03/CJY
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Cylinder Liner & Water Jacket

Maintenance Procedure
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MRIG 2tolul L HE] AU

dulgd 2x

M15100 1B

Honing the Cylinder Liner

i

el

== - -

iy

ol Sk e
TRy
h
S

i
.
S

|j R R R

In order to obtain a round cylindrical cylinder liner a
factory honing is required. A honing as shown in fig 5
can only be regarded as a second best solution and
might have an impact on the time between overhaul
as well as on the lub. oil consumption. Renovation is
made in the workshop.

Prior to honing, deposits of coke and possible wear
edges at the top of the liner must be removed by
scraping.

Honing tool : 91.780

91.780

=

e

¥ '.'.:'.;‘:I'l._l.'.'.;.

w

Fig 5. Flex-honer in cylinder liner (&/2/L] 2f0/4 Zel- S L)

BEEN 0 eote magYe syme 3 AS

A used flame ring must be used during
the honing process. The used flame ring must be
cleaned in water. Subsequently, the flame ring is
remounted in the cylinder liner before carrying out the

honing process.

Upon completion of the honing process
the used flame ring is discarded. A new flame ring is
always mounted in the cylinder liner when replacing
the piston rings.

The honing is made by means of a flex-honer with

grain fineness 80-120.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07. 03/CJY
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p——— M15100 | 1B

MRIG 2ol 2 9IE A

In order to achieve a required angle between

honing grooves, see fig 6, the vertical speed of a flex-

honor is adjusted.

40~60°

Fig 6. Angle between honing grooves (25 7F&2 2%

Refer to the below calculation for the honing

JE6 of Z0| 40-60°2 Mdst A== 2| flst Al
AHAIZ Ofel 2 2Tt angle,40-60°, as fig 6.
4 -
2 __-'.-"- o 1
9 P .. -
O
’ Vy
Vi=—4g .(6=40~60°
tan —
2
60xV, N
N(rpm)=—~= ,(\/XzawrxD)

07. 03/CJY
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The procedure must be continued until the cylinder
wall is covered by honing grooves and the surface

has a slightly matt appearance without any signs of

glaze.
During the honing it is important to lubricate freely

with honing oil or cutting oil. After the honing, the liner
is carefully cleaned with gas oil. Make sure that all

abrasive particles are removed.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

07. 03/CJY



9

I.IMSEN H21/32 |7
Feed Block Assembly General Instruction Section - Rev
e =5 od=el adt X[ G17000 1A

e Description
ANT2 HetMol 2HE glof ASHOl AT A The engine needs continuous feeding of
2t 9 RebRol 50| Zeolch dXo=E o= 2 combustion air, cooling water and lubricating oil for
=0[2t oh= 2EeteEl Il= AlAH 0| FHIE 0] QUCH normal operation. The engine has modularized feed

system which called Feed Module.

e 22 1= =5 9@ 24 55 MaYEE EXsS Feed Module consists of feed block and

= d2 1= 55 M % FAE= dAsS0 ol

ddotn e, 2b mA Aol et AMdist £

Exh. Gas Outlet

LT Water Outlet Connection

LT Water Inlet Connection

components for each fluid system.

The feed block is a structure made of cast iron
and installed at free end side of the engine. The
feed block provides cast-in passages and spaces
for mounting the equipments for each fluid system.
Hence, the engine internal circuits for water, oil and
air can be completed without pipe connections,
which provide easier maintenance.

This section describes the feed block proper and
attached parts. The details regarding each fluid

system are described in later sections.

QOil Mist Vent Connection

HT Water Outlet Connection

HT Water Inlet Connection

Fig. 1 External Connections for feed module (Z/ & &9 22 21Z222/)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Feed Block Assembly General Instruction Section Ne- Rev:
e 22 ou el 21yt x| G17000 1A
@ A63000 |
@~ T/C Manual | L.O Filter Selection VIV
Turbocharger -~
o @ A64000 |
9
‘@:‘ A84000 ‘l’) Thermostat Valve for L.O
Charger Air Cooler
@~ A63000 |
L.O Filter
@ A74000 |

@ A62000 |
L.O Cooler

Fig. 2 Equipments for feed module (Z/ = Z& Zt4/)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Free End Side

L q

860

=

OO E©

Exhaust Side

Part List
Item No. Description Q’'ty / Eng. W(?(ig)ht Remarks / See Note
850 Cover 1
851 Cover 2
854 Cover 1
855 Packing 2
858 Packing 1
860 Cover 1
861 Packing 1
912 Bolt M12x30 24
913 Socket head bolt M12x40 10
915 Bolt M10x25 6

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/PDS
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Parts List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
852 Cover 1
853 Cover 1
856 Cover 1
857 Packing 1
870 Cover 1
871 Packing 1
891 Packing 1
892 Packing 1
912 Bolt M12x30 24
913 Socket head bolt M12x40 10
916 Bolt M16x35 10
917 Socket head bolt M16x50 16
918 Socket head bolt M16x55 15
920 Socket head bolt M16x90 6

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/PDS
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Flywheel Cover Assembly Assembly Drawing & Part List Section Ne- Rev
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Part List
It ioti ) Weight
em No. Description Q’'ty / Eng. (kg) Remarks / See Note
110 Sealing cover 1 230
123 Oil throw ring 1
124 O-ring 2.62x422 1
125 Spring pin 5x10 2
192 Bolt M16x100 14
193 Bolt M20x55 18
195 Socket head bolt M16x45 7

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/PDS
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Cover for Exhaust Side Assembly Drawing & Part List Seetion - e
o= Hb ZEE ¥ 25 55 A19300 1B
Part List

tem pescription SIEnY weight | - Remarks
5cyl | 6¢cyl | 7cyl | 8cyl | 9cyl

320 Crankcase cover for relief viv 2 2 3 3 4

360 Safety valve 2 2 3 3 4 13.0

392 Hex. head bolt (M10x95) 12 12 18 18 24

393 Washer (M10) 12 12 18 18 24

394 O-ring 2 2 3 3 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 10.04/KHA
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"
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Part List
Item - Qty /Eng. Weight Remarks /
No Description (kg) See Note
’ 5cyl 6 cyl 7 cyl 8 cyl 9cyl 9
310 Crankcase cover 8 10 11 13 14
330 Gearcase cover (down) 2 2 2 1 1 4.56
340 Camshaft room cover 5 6 7 8 9 3.82
350 Gearcase cover (up) 1 1 1 1 1 3.8
370 Gearcase cover (down) 1 1
381 Stud (M16x40) 42 50 58 66 72
382 Nut (M16) 42 50 58 66 74
384 Sealing ring 10 12 14 16 18
385 Stud (M12x35) 24 28 32 36 40
386 Nut (M12) 24 28 32 36 40
388 Sealing ring 5 6 7 8 9
389 Sealing ring 1 1 1 1 1
391 Sealing ring 2 2 2 2 2
395 Bolt (M16x40) 6 6 6 4 4
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 10.04/KHA
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Cylinder Head Assembly

General Instruction

Section No. Rev.

deld &= ojd=zal
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G21000 1A

Description
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i

Cylinder head assembly includes cylinder head,
rocker arms and valves for intake air and exhaust gas.
Fuel injection valve and indicator valve are mounted
on the cylinder head.

Cylinder head is mounted on the cylinder liner and
fixed by four hydraulic studs on the engine block.

Cylinder head is made of ductile cast iron and has
cast-in passages for cooling water, intake air and
exhaust gas. Cylinder head also has drilled holes for
supplying lube oil to valve drives from water jacket.
Fig 1 shows the cooling water flow in cylinder head.
(See for lubricating oil flow in cylinder
head)

Two intake valves and two exhaust valves are
mounted on the cylinder head. Each valve has a
spring and a valve rotator, which is operated by yoke

and rocker arm.

T

Fig.1 The cooling water flow in cylinder head

(&elt] al=tfe &2+ =&

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Cylinder Head Assembly General Instruction

Section No. Rev.

deld &= ojld=zal

G21000 1A

5t X|7
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BN vz a=us 28 29 2o Y H=9
210[L1 AFOIS BFENN FH0| UKIE B £ Y FY
0| JEUCt 0] HZ BE 8 AFFYNL. oY gz Tf~

LF Y250} D/Z0jCHE & FR, SA AFS HAetm Ml

My

Zof & HZaoF L/t

Section A-A

Seats for intake and exhaust valves are fitted on
the bottom of cylinder head and replaceable when
worn or damaged. Seats for exhaust valves are

cooled by cooling water.

Cylinder head is a part of combustion
chamber, which should be overhauled and maintained
at regular interval for reliable operation with high

performance.

Cylinder head has a check hole against
leakage of contact faces between cylinder head and
liner as shown in fig. 2. Watch the check hole always. If
there is any leakage of combustion gas or water, stop

the engine immediately and overhaul the cylinder.

Cylinder Head

/ |

(E% Check Hole

Cooling Water Combustion gas

Fig.2 Check hole in cylinder head (&2/Cf o= ZZ =

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Cylinder Head Assembly Assembly Drawing & Part List Seetion No- e
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Part List
Item No. Description Q'ty / Cyl. V\/(?(ig)ht Remarks / See Note
100 Cylinder head complete(water tight.) Item no. 111 ~ 904
111 Valve insert - inlet 2 0.23
112 Valve insert - exhaust 2 0.40
113 Valve guide 4 0.35
114 Bush for fuel valve 1 0.42
115 Closing cover 4
116 Plug 1
117 Set screw 1
118 O-ring 2
119 O-ring 1
121 Locking ring 1
131 Set screw 2 Only for N.C.O system
132 Stud bolt 1
133 Set screw 1
134 Gasket 1
291 O-ring 4
903 O-ring 1
904 Set screw 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.05/CJC
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Cylinder Head Assembly Assembly Drawing & Part List Section No- Rev:
A2l ol od=Szl T U LE == A21100 1B
801 804 800
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Part List
Item No. Description Q'ty / Cyl. V\/(?(ig)ht Remarks / See Note
800 Cylinder head cover complete 1
801 Cylinder head cover 1
802 Handle 1
803 O-ring 1
804 Nut 1
805 Sealing ring 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.05/CJC
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A2 = od=e Huldd gl M21100 1A

AZIC22E AzIh =9 Fol Dismounting a Cylinder Head from the Engine

1. Aeld =S =2dish| et ddxAs &Hettt 1. Check prerequisites to dismount a cylinder head.
W2t Begn Y RS AN ATO=22EH Ul Cooling water, lubricating oil and fuel oil should
EAIFHOF Bteh (@] G09110 | O “Hu/& 2 AlE be drained from the engine. (See “Preparations
FUIAIP 222 BTSN for Maintenance” in [@] G09110 |)

2. HEd sl=2 ol HE U= LA} V-2 2. Dismount insulations and V-clamps on exhaust
= oA et duct of cylinder head.

3. P33z WX molZs Yoz 0lsAA 3. Disconnect cooling water pipes by moving axially
=2/ AlZICt toward driving end.

4. U Ao Aeld o= AU S 2ol st 4. Dismount side cover and cover on the cylinder

head.
5. 1¢ =252 el d=d dAx AL B0 2 5. Dismount high pressure block from the cylinder

BN o= 22 U= 2o Qs gz 2
£5 Folo WX S UAGT 0 HHoZ 252
ZHOF BILIC}.

B o= 22 s5= a4z 2 o2 24 8
Zo I LHAIA YTS o 2A BZY E70|

HOIZE F3fofLAIL.

6. A2lH sl= ~EER 4 HES SAl 7
2 Z0|4 5 2e2|Al2ich
2a A -
2o &2 ;1120 bar (max. 1155 bar)
22 &7 ¢ [@91.400) [®-/91.490] [@791.510

7. Yz PAL HEE AEHS 2P A2E A5t

Sefolofl Of et

SO T 91.110

(£ o] YElR AHE 12 26ct] 2L T2
MRE A)
8. Alglh sl=s AMHG| Fo5t0f s0{22lCt

head and the fuel injection pump.

Put on clean rag around fuel high
pressure block and wrap the block against fuel oil
dropping.

After dismounting fuel high pressure
block, put a covering tape on the outlet of fuel
injection pump to avoid contamination of fuel
injection pump inside.

Loosen and dismount four nuts for cylinder head
studs hydraulically at the same time.

Loosening procedure : G09500

Loosening pressure : 1120 bar (max. 1155 bar)
Hydraulic tool : [®-91.400/ [®-91.490] [©-/91.510

Install lifting tool on the studs for fuel injection

valve and hook up onto a crane.
Lifting Tool
(After remounting a stud for top cover support
and Install the lifting jig.)
Lift up the cylinder head slowly and carefully.
Be careful not to be damaged by
touching adjacent parts.
Move and put the cylinder head on a stable

working stand (Optional).
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Dismounting a Cylinder Head from the

dismantled Cylinder Unit

—_

AlRIT) 2loly o

—~

Alel] RLE=ZREH Al sl=9| =l
B APIE Al =0l ™A= 228 2 E 1.
490 (M12)2 Z0jHiCh.
SAb WEE AEHS U ATO2 MAstn 2.

22t &0l =g elofl of k.

SO T 91.110

s Aol HE8 AHE VHE 2oisty 2UXDE

91.110

(a) From the cylinder unit

Remove four lifting bolts (M12) for hanging water
jacket to cylinder head.

Install the lifting tool on the studs for fuel
injection valve and hook up onto a crane as
shown in fig 2. Lifting Tool :

(After remounting a stud for top cover support

and Install the lifting jig.)

Lift up the cylinder head and put it on a stable
working stand (Optional).

a

(b) From the engine block

Fig. 2 Dismantling of the cylinder head (&/2/t{ o = Zof)

HEl Ao Algit] o= =g

Mounting a Cylinder Head on the Cylinder

Liner and Water Jacket

1. = HOIZ £= FAtet S72 AS YHEAl A 1.
A35H00F et
2. TAb WEg ~HEo 29t XA3OE MAlstd 2.
elleloll ofctCt
(E AU a2 AHE 12 2ostn QUtXDIE
MR )

Make sure that covering tapes or the likes are
removed.

Install lifting tool on the studs for fuel injection
valve and hook up onto a crane.

(After remounting a stud for top cover support

and Install the lifting jig.)
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Lift up the cylinder head from the working stand

and clean the bottom of cylinder head.

Check and clean the contact areas before

mounting

v' Water jacket and cylinder liner

v' Exhaust gas duct.

All O-rings should be checked and replaced by

new ones, which also should be cleaned and

greased before mounting.

v' O-rings on the bottom of cylinder head

v O-rings on the connection pieces of water
Jjacket

v' O-ring on the cylinder liner

Clean the sealing ring on top of the cylinder liner

and coat sealing paste (COPASLIP) for heat

resistance.

Move and lower the cylinder head slowly down

through the bore of the water jacket, while

positioning the connection pieces for lubricating

oil and cooling water correctly.

Be careful not to be damaged by

touching adjacent parts.

After landing the cylinder head on the water

jacket, check the assembled condition.

Continue the processes for mounting of the

cylinder head. (See “Mounting a cylinder unit on

the engine” in M15000 |)
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Replacement of the Valve Seat Rings

12 AME ol Aol DFREDALE &d=0l o 0l
4 =ototd, WY ANE 2= M Z2ie=z wildloF
Cl. @2 AIE &2 ofel Atetol Wets HEs+ L=
HolE WEE AFEoto] WAl & ASUCHL

If a valve seat ring is so worn or damaged that
cannot be reconditioned any more, then the valve
seat ring should be replaced by new one. The valve
seat ring can be replaced by a special tool or

scrapped valve as following procedures.

Extracting the Old Valve Seat Ring by welding

1. Prepare a scrapped valve spindle and machine
the valve diameter to be smaller for easier
welding of the valve and the seat ring.

2. Mount the scrapped valve spindle on the head.

3. Weld the valve spindle to the seat ring

diagonally by means of electric beam welding.

(\[}i[- Protect the machined surface around
valve seat of the cylinder head by shielding
noninflammable material against welding.

4. Press or knock the valve spindle by means of
soft hammer to extract the seat ring.

Be careful not to damage the valve

guide bush and cylinder head.

Extracting the Old Valve Seat Ring by Tool

otct

2. HylE We Apss Ay ol =0l A et

3. Il Y 84S olgstol HYgeR W Aus
2 NE ol gdatty
BN so/ 220 =9 22 KE FH It
HE oty HEE Z20f4A2

4. NE S ML Slol DPAXE AtECtH W
~HUES T2 FERICh
BN 2= 1= 2Ale HEIG d=d 240
I HEF FYSHIA2.

HESTE o8t &2 NE o MA

1. 28 10 20| 82 ANEN MAE S (dEA)
e drlsict

2. UE (ME SuAl WS AE S thotol #ct

3. UE (BE =diA 82 NE = WdHTt

Fig. 1 Dismount valve seat ring by means of the tool (&

1. Mount the extracting tool (optional) @~ 91.580
on the valve seat as shown in fig 1.
2. Clamp valve seat ring tightly by turning nut (A).

3. Extract the valve seat ring by turning nut (B).

91.580

7S AZot We

AIE g9 Zolf)
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Fitting a New Intake Valve Seat Ring into the

—_

o
®]

g 9ss foll As

B 220 s1=2 NE 2 Mol ASY gzt
ZHIE 0.049-0.093 mm I} & 0/0F &fL/Ct.

I

st

o

r
fujo
fjo

P AE = Yo HLZF -190 TIF &H

£8 Y2z y2

99 YS9 32 : #837Y ME @] 91.650 |
(MEIALQP)

ANE e We Tepeld 3792 AlEstol Jefold

S Giel (@ M21200 | o “A/E 719 T2/

P22 FAEHIAR)

A2l sl =0l Al BHDI ®E AE & ))|ED]

Cylinder Head

1.

Measure the diameters for pressure fitting.

([ Interference in diameter between
cylinder head and seat ring should be 0.049-0.093
mm.

Clean the new seat ring and cylinder head
thoroughly.

Scratched mark or burr inside bore
of the cylinder head should be removed.

Fit the seat ring into the cylinder head by cooling
or by pressing as shown in fig 2.

When cooling : the seat ring to be -190 T by

means of liquid nitrogen.

When pressing : use tool 91.650
91.660 | (Optional)
Grind the seat ring by valve grinding tool.

(See “Grinding of the
nl@ M21200 |)

seating surface”

Fitting a New Exhaust Valve Seat Ring into

—_

o
®]

S|

led "l
= S

= 4 Flall NS

I
roh

bCF.

r
fjo
fjo

B 220 059 20/ AE & Ao/8 A
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]
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S
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N
&
X
Uloy

m 4718 27, 0-80 €55 + bui

D NE ol Y5 Bl St

= = L

the Cylinder Head

1.

Measure the diameters for pressure fitting.

Interference in diameter between

the bore of cylinder head and seat ring should be

0.049-0.093 mm.

Clean the new seat ring and cylinder head

thoroughly.
NOTICE Scratched mark or burr inside bore

of the cylinder should be removed.

Never cool down the seat ring by means of liquid

nitrogen or dry ice.

If cooled down , the O-ring may be

damaged.

Coat oil on O-ring and loctite 640 on sealing

surface of the seat ring.
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-

U

5. Fit the seat ring by pressing or hammering on

the tool as shown in fig 2.

91.660

Tool for intake valve seat ring (Optional)

91.650

Tool for exhaust valve seat ring (Optional)

3

[ ]

Fig. 2 Mounting of intake and exhaust valve seat rings (Z7/ Z' #/7/ %<2 AIE &9 x&l)

oio) 721015
Zelo| wia

6. Grind the seat ring by valve grinding tool.
(See “Grinding the
in M21200 |)

7. Check water leakage around the new valve seat

of seating surface”

by hydraulic pressure test.

Test pressure : 7 - 10 bar

* Repair by using oversize valve seat rings

5, s4ol 2 We NE Y2 A
of we NE Y HELIES MILE

* Z| 4 #gh £ 0.030, AlEe=

1 0.049~0.093, AlEC =

If the interference between a valve seat ring and a
cylinder head exceeds the following minimum limit, a
special action should be taken, i.e. using a specially
oversized seat ring and re-machining cylinder head.
(For detail, please contact Engine After-sales Service
Dep’t of Hyundai Heavy Industries Co., Ltd.)

* Nominal interference : 0.049~0.093, in diameter

* Minimum limit : 0.030, in diameter

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Replacement of the Valve Guide

W Jho| =0} 0t MEHA (@] G09200 | EX)E =
YSIHLE EatE AR, WY J|S2 M 2192 WA st

BOIUALL Ve s W, 2

Fig. 3 Dismounting of valve guide
(¥ Jlo[=9 Fof)

3. Al2IG =9 2oi9 Al WEe Jjj== o
0] $=Ch
BN 220 d=9 20 2z 248

L} SEFE I oHIAIL.

If a valve guide exceeds the wear limit or damaged
(see ), then the valve guide should be
replaced by a new one. When extracting and fit-ting
the valve guide, same tool can be used as shown in
fig 3.

1. Mount the tool as shown in fig 3.
, (Optional)

2. Press or knock the tool by means of soft

Fit/Removal device :

hammer to extract the valve guide.

©@=91.670

®
o]

Fig. 4 Mounting of valve guide
(e Jjoj=9 =g

3. Clean the bore of cylinder head and new valve

guide thoroughly.
NOTICE Scratched mark or burr inside bore

of the cylinder head should be removed.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Cool down the valve guide to =70 C by liquid
nitrogen.

Fit valve guide by means of the tool
with hammering softy on the tool as shown in fig
4,

Be careful not to damage the valve
guide during hammering.

Insert a new O-ring inside bore of valve guide by
means of the tool or valve spindle or rounded
rod.

Do not use sharp edged rod such as

screwdrivers which can scratch the bore of valve

guide.
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Fuel Valve Bush Maintenance Procedure
g WY A U™ ARt M21140 1A
Ag WS ZAl 2ol Dismounting of the Fuel Valve Bush
1. g 12 20| s+ dAstch 1.  Mount the tool as shown in fig 1.

Removal device : 91.940

2. 2. Hook the edge of locking ring and extract the
locking ring by tool as shown in fig 2. @-[91.940
. . . Fig. 2 Dismounting of Locking Ring
Fig. 1 Locking Ring removal tool . o ws
(Locking Ring% Zoff &+ (Locking Ring</ =al)
3. Y 3o Z0] s+ &Aeth 3. Mount the tool as shown in fig 3.
A S7 ;[ @91.720 Removal device : [ @~91.720
4. WY 2AIS MDD fll DRUXE AHEFIH =S 4. Press or knock the tool by means of soft
TE TEHNUL FE=elth hammer to extract the valve bush.

Fig. 3 Dismount ing of valve bush
(L2 ZA1S Fof)
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Intake & Exhaust valve Ass’y Assembly Drawing & Part List
1 ¥ Hode oldSel ZEE | BF 55 A21200 1B

g2

201 502
y —— g
Part List

Item No. Description Q'ty / Cyl. W(iig)ht Remarks / See Note
201 Inlet valve spindle 2 0.93
202 Exhaust valve spindle 2 0.85
203 Valve spring 4
204 Roto cap 4 0.29
206 Conical clamping piece 4 0.02
401 Body 4
402 Retainer 4
403 Bearing seat 4
404 Disc spring 4
405 Stop ring 4
406 Steel ball 24
407 Coil spring 24

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.04/CJC
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Part List
Item No. Description Q'ty / Cyl. Weight Remarks / See Note
310 Rocker arm complete - intake 1 2.63
311 Rocker arm body - intake 1 2.38
312 Adjusting screw 2 0.12
313 Ball seat 2 0.09
314 Nut 2
315 Clip spring 2
316 Fine threaded plug 4
317 Bush for rocker arm 2
320 Rocker arm complete - exhaust 1 2.63
321 Rocker arm body - exhaust 1 2.38
330 Support for rocker arm 1 2.3
410 Yoke - intake 1 0.84 kg
415 Adjusting screw - Yoke 2 0.07 kg
416 Shaft pin for Yoke 2 0.26 kg
419 Nut 2
420 Yoke - exhaust 1 0.84 kg
901 Stud for rocker arm support 2
902 Nut 2
907 Spacer for rocker arm support 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.04/CJC
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271 2 vyl we oy Ea o= =t M21200 | 1A

S| A 8D HE9| ol Dismantling of Intake and Exhaust Valves

S0 W )| W= Jbsst AE gAAel F)|l2 2 The intake and exhaust valves should be
off = &shoF gulct overhauled and checked at regular interval as

frequently as possible.

WS ooy o, et =5 AT=22E Zdl Before dismantling the valves, cylinder head
Sta), 23 %, @3 Y HAg AP WE Gsh Al should be dismantled from the engine and rocker
ol == FE 2ol stct arms, yokes and fuel injection valve also should be

dismantled from the cylinder head.

ol S 2 motct 409 WE 25= sSAlo 2o Whenever dismantling, it is recommended to
4ottt Jeln, ¥e 28 372 AMSsHAIL. overhaul the four valves at the same time. Hence, the

tool for dismantling valves is adequate for this
purpose.
1. g 12 &0l BalE 3+ AR e 1. Mount tool for dismantle as shown in fig 1.
&5 2 yHg 27 @ 91.120 Fit/Removal device :
2. ¢ 22 40l 379 UEE =g 2ZdsS = 2. Press and lower the spring by turning the nut of
Ote= wiglch the tool as shown in fig 2.
L —
Fig. 1 Mounting of tool Fig. 2 Dismounting of gon_ical clafnping piece
(2 70) £17]) (T2 S48 70/~ L)
3. Take out all conical clamping pieces.

3. 2 IUH YWY s wdct 4. Dismount the tool.

4. STE SZ0{Hich 5. Dismantle valves, springs and roto caps.

5, WY ~x¥y 9l 2 M= Folstit Before dismantling, each valve should

m Zof X, 8489 & HANE 30517 2ol be marked to ensure the original location of the

A= 24219 e AZAIE &AL (ZF Z2 Hi7/ valve (cam side or exhaust side). When
). A TE Al, EEE= Fof HO A AN HFoFEA remounting, the valve should be fitted at the
2. same piston as it was.
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Assembling of Intake and Exhaust Valves on

the Cylinder Head

The valves, springs and

rotocaps should be

maintained and cleaned before remounting.
NOTICE Before remounting, each valve and seat

rings should be free from any crack. Make sure that

crack test, for example, dye penetration test has been

carried out for them.

Clean the valve guides and seat rings
thoroughly.

Coat clean lubricating oil inside valve guide.
Replace O-rings [@1A21100] on the valve guide.

new one at every overhaul of valve spindle. If

The O-rings should be replaced by

there is any blow-by through the valve seats, the
O-ring may be overheated and also should be
replaced by a new one.

Coat clean lubricating oil on the valve stem.
Check location mark which has been done
before dismantling.

The valve should be fitted at the
original piston.

Insert valve spindle into valve guide carefully
and then check its smooth movement.

Assemble the springs and rotocaps on the

cylinder head in the reverse order of dismantling.

Overhaul of the Intake and Exhaust Valves

—_

and Seat Rings
1.

Check the deposits on the valves and around
seat rings. If unusual deposits are found, contact
the engine manufacturer.

Remove carbon deposits on the valves and seat

rings and clean them thoroughly.
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3. Measure the dimensions for wearing.

G09200

If the measurements exceed the
wear limit, the valve or seat ring should be

scrapped and not reused.

4. Inspect all around valve spindles and seat rings

carefully.
5. Check crack on all around valve spindles and
seat rings by means of, for example, dye

penetration test. Any crack is not allowed.

Reconditioning of the Seating Surface

ANE 9ol MElE TS| flollA & Al At
o OlMlgt ADHME Bl=2Xn o2 o ¢ WEs oM

e E Y

2

b
rol
hul

AIE Bto] Atefoll wetd tSMe thgat 2ok

N HSLY ZHY0| HSH0/T OHE £H0] YO, YWY
ANEZE A% A IHSELICE

N FSo0 ¥ WY FHT LY W R0l Ak, T4AY

&Y i JBFY= AT

YEAIEHZCIb0[ - 91.360 |(27814128)

m  IEHS JI2HY SF WOl RO/ 50| ACkH T2f2l

& &0 Ber/Cf

NEl Bio] Tejolg) me

In order to judge the condition of the seating
lapping
compound on both seating surfaces and rub the

surface, coat small amount of a fine
surfaces by rotating valve manually several times.
Then clean the surfaces and check the conditions.

Depending on the condition of the seating surface,

the countermeasures are as follows.

B If the surface has shiny continuous contact area
and no other damages, the valve and seat ring
can be used more.

B |f the surface has several small shallow pits,
lapping is recommended instead of grinding.

Lapping device for inlet/exhaust valve : @] 91.360 |
(optional)
B If the surface has pits all around or grooves,

grinding by machine is required..

Grinding of the Seating Surface

agpeld AY2 I MAADE stdet SZEet 2Rl

el AtAES dE AE0l slsiofoF stk

The grinding works should be carried out by a
qualified personnel according to the procedures
specified by the machine maker.

Before grinding, check the dimensions if there is

any margin for grinding.
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The grinding dimensions are as follows.
Grinding angle
Valve spindle : 30 ° o/-05

Valve seatring : 30 ° 0/+05

Grinding limit
Valve spindle : 4.50 mm
Valve seatring : 0.38 mm

Be careful that material loss by the
grinding should be minimized. The grinding should be
proceeded only until to get clean surface all around.
During grinding, cooling water should be
supplied on the grinding surface.

After grinding, crack test on seating
surface, for example, dye penetration test should be
carried out. The seating surface should be free from

any crack.

Checking of the Seating Ssurfaces after

i
0
o
gl

ct.
B o5 sa= yard NF6so ooz

30 H5 BN AE BIFS 50% 0/£0/0F EHLICE

reconditioning

After grinding, the contact of both seating surfaces

of valve and seat ring should be checked.

1. Coat blue compound to be thin layer on the
seating surface of the valve.

2. Mount valve into the valve guide of cylinder
head.

3. Rotate valve about 1/3 turn several times with
pressing lightly.

4. Pull the valve and check the contact mark on the
seat ring.

NOTICE

from outer diameter toward inward radially and

The contact mark should be started

the contact area should be more than 50% of the

seat area.
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The rocker arm assembly has wearing parts and
adjusting parts as well, which should be overhauled
at regular interval and whenever cylinder head

dismounted.

The wearing parts especially bearing and shaft for
rocker arm should be overhauled and replaced by
new one if they exceed the wear limits. @~ G09200

The clearances of the rocker arms and yokes are
critical for reliable operation of the engine with good
performance, which should be checked periodically
as frequent as possible. In addition, be sure to carry
out the adjustment whenever cylinder head
remounted and check again after about 50 running

hours firstly at least.

The adjustment procedures are same for both

intake and exhaust valve systems.

Adjustment for balancing Yoke

Az 1 293 72139 IH =22 2270 SR
g2 RUAZLIC 0/22 2239 Jf0/= Z @] A21100] o

YHLHO O12Y £42 FeIs, JJ0|S HoL) 2277 &

0

f 22 mE Hrg, We ~ES9 preNo EFSH 250/
Yo ~pSY mE Y AN HYH EH4E 0PINE 7 ASL]

Q

As two intake or exhaust valves are pressed by
one yoke simultaneously, the yoke should be well

balanced by precise adjustment as follows.

A\ WARNING Maladjustment of yoke clearance causes
unbalance force on the yoke which results abnormal
wear or damage on the yoke and guide pin.@{A21100]
If the guide pin or the yoke is damaged or broken,
repeated unbalanced motion of the valve spindles may
lead to failure of the valve spindle and serious damage

on the engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05/.04/KJC
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Rocker Arm Assembly Maintenance Procedure Section . Rev
23 o ojnsel MUY =t M21210 | 1A
1. WYJL M5 Solzl 9IADF 555 aW=a AFZE 1. Rotate crankshaft so that the valves are in fully
S 3XAZICE ol AzT= MAETDO)S =% closed position. The corresponding cylinder
d F20 siAg 2Holct needs to be at around firing TDC.
2. UE Fg 250t 229 g5 WAl ¥ k501 2. Check both push rods are free from spring

forces and have clearances.

Loosen the lock nuts (1, 3) and adjusting screws
(2, 4).

Press the non-adjusting side of yoke in order to

contact with top of valve stem (A) firmly as

shown on fig 1.

Fig. 1 Adjustment of valve clearance (%= Si/9 =&)

5. ®WuY AHA)E = FJIANI= S0, d=2 ~Y 5.

(B)el &I W52 WAl 2" LA ()8 2 HAl

2] JOIAE AEotof Sdeatt

While contacting (A) by pressing, rotate the
adjusting screw (2) until contacting with top of
the valve stem (B).

For easier sensing of the contacting,
it is recommended to put dial gage on the valve
rotator and check the movement of needle of the
dial gage.

Press (A) side of the yoke and measure the
clearance of (B) by feeler gage.

Similarly, press (B) side of the yoke and

measure the clearance of (A) by feeler gage.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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M21210 1A

23 & od=2

gulgd 2x

3. Y FFPE US50] tt=0td, =Y LAME 42t 2 8
Ul 239 UE 5= FE oHuAM =5 ¢

9. & =0l et ol & wnA =Y AAs g=s 9
ot ©h = ZmFE LAL (2)0F SO0PHAl 2otes &

B o= 1= 2 A9 2522 85

£ & W, 2235 J/=20/F 7 LU W2 0] HEHY
2 I oZ MAIGHoF BiL/C]

10. 0 & =hddet MEIE 2elshy] ol

If the measured clearances are different, then

unscrew the adjusting screw slightly and

measure the clearances in turn by pressing the

other side of the yoke.

Repeat the adjustment until the both clearances

are same value, and then tighten the lock nut (1)

while holding the adjusting screw (2) not to be

turned.

NOTICE

to clearance between yoke and guide pin.

OFzx2 J}=2
[=laa | —

o

10. After locking,

again for confirmation.

Adjustment of Valve Clearance

This repeat is necessary because

the yoke can be tilted when pressing one side due

measure the both clearances

= (D) Atololl i AOIXE afetct

6. Za LLAL (4 SITIGHA s 2
N 2% UE ()8 Aottt
7. 1Y &, 29 Yo T4 2 52 =

=2 dul = 1.

adjust valve clearance as follows;

maintained correctly.

Tightening torque: 180 Nm (with molycote)

of rocker arm.

gage between rocker arm and yoke (D).

correctly or tighten them again.

Thickness of feeler gage : 0.5 mm

needle of dial gage starts to move)

adjusting screw (4) not to be turned.

rocker arm firmly. If necessary, readjust.

After adjustment of the yoke balancing, continue to

Check the wearing parts of rocker arm assembly

Check the nut (5) for fixing rocker arm tightened

Loosen the lock nut (3) and adjusting screw (4)

Put a dial gage on the yoke and insert a feeler

Rotate the adjusting screw (4) until bottom of the

adjusting contacting with push rod. (Watch the

Tighten the lock nut (3) while holding the

After locking, measure the clearances again for

confirmation while pressing the push rod side of

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC
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Cover for Fuel Pump Side Assembly Drawing & Part List
AZHIE HH| ZEHE Y BF =25 A21800 1A
O 0 Q
: | o
et & B |
iwm%fz‘wm ‘ g P e
J —— Q
6 @y 5
828 @ 7777777777777777777777777777777777777777777777777777777777777777777777777777 P N
"JL 77777 I Jo T T T T e JOres T T T T T T Y £ 10 O O
S ———— Jei
@ B B D A A AR (]

Part List
ILem Description Q'ty / Eng. Weight Remarks /
o 5¢cyl | 6¢cyl |7cyl | 8cyl | 9cyl (kg) See Note
811 Cover for fuel pump room, Right 1 1 1 1 1
812 Cover for fuel pump room, Left 1 1 1 1 1
821 Cover for fuel pump room, Front 1 1 1 1 1 14.0
822 Cover for fuel pump room, Middle 1 1 2 2 11.8
823 Cover for fuel pump room, Middle 1 1 1
824 Cover for fuel pump room, After 1 1 1 1 1
825 Grip 6 7 8 9 10
826 Bolt 6 7 8 9 10
827 Washer 6 7 8 9 10
828 Retaining ring (E-type) 6 7 8 9 10
829 Hex. socket head bolt (M8x20) 10 12 14 16 18
830 Plan washer(M8) 10 12 14 16 18
832 Hex. socket head bolt 3 3 3 3 3
833 Hex. socket head bolt 3 3 3 3 3
834 Spring washer (M10) 6 6 6 6 6
835 Hex.Bolt M8 6 6 6 6 6
836 Spring washer (M8) 6 6 6 6 6

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/CSW
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Indicator Valve Assembly Assembly Drawing & Part List Section No- Rev:
OICIFIOIE WE ofdEe] TEE U BE 22 A22000 1B

Part List
Item No. Description Q'ty / Cyl. W(iig)ht Remarks / See Note
501 Indicator valve (M20xP=2) 1
503 Connection socket 1
504 Union 1
505 Threaded socket 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.04/CJC
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Valve Train Assembly Assembly Drawing & Part List | > Rev:

A23000 1A

We |7 old=se zgk Y 78 55

Part List
Item No. Description Q'ty / Cyl. W(iig)ht Remarks / See Note

100 Push rod assembly 2 1.45

101 Push rod 2 1.25

102 Ball seat(push rod) 4 0.10

200 Swing arm assembly 2 3.01 See page 2/2
205 Swing arm piece bolt 2 0.04

301 Swing arm support 1 6.20

310 Swing arm pin 1 1.41

391 Socket head bolt 4

392 Set screw 2

393 Parallel pin 2

394 O-ring 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/CJC
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Valve Train Assembly Assembly Drawing & Part List | > Rev:
o 517 ol =2l zesT 9 9E =3 A23000 | 1A

)

@8 6s

Part List
Item No. Description Q’'ty / Cyl. V\I(T‘(ig)ht Remarks / See Note
201 Swing arm body 2 2.27
202 Roller 2 0.31
203 Roller pin 2 0.28
204 Roller bush 2 0.1
206 Set screw 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/CJC
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Valve train Assembly

Maintenance Procedure

Section No. Rev.

Yo I+ ojd=al

oMY =R

M23000 1A

Overhaul of Valve Train

gloldol e, o ~2 & odsele FIlxe=z H
4ol OF of0 EE AL DIL2EACHH M2 WA 6l
OF gt

(@] G09200 | o “are mst

i
]
P
Ol
©
>
Fo

BN 2 o= =02 u, 0-2 A23000 | =

M HZ WAH6IAIL.

B( =

1
T
N

ﬂﬁ

Valve Train actuate intake and exhaust valves
according to the cam profile, which consists of swing
arm, push rod and rocker arms on cylinder head.

The swing arm assembly has two rollers and
bearings for intake and exhaust valves, which should
be overhauled periodically and replaced by new ones

if damaged or worn.

(See “Wear limits” of (@] G09200 |)

The swing arm is hung under the water jacket and
fixed by 4 bolts. When the bolts unscrewed and both
rollers positioned in lowest position on the cams,
swing arm can be dismantled through the camshaft
cover side as shown in fig 1.

When remounting the swing arm, replace

the O-ring A23000 | with new one.

N\

/—‘

o

]

Oil hole
e

Fig. 1 Dismantling of a swing arm assembly (=& 2t oj& =2/ Zoff)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.10/CJC
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Valve train Assembly

Maintenance Procedure

Section No. Rev.

Yo I+ ojd=al

oMY =R

M23000 1A

Fig. 2 shows the lubricating oil flow in valve trains
and cylinder head. The lubricating oil supplied from
oil channel of the engine block flows into fuel injection
pump, swing arm rollers and valve trains such as
rocker arm, yoke and valve. Then the lubricating oil

returns to oil sump after circulating.

Fig. 2 The lubricating oil flow in valve train and cylinder head
(e Edjor & Helt] o =ue 227 28

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.10/CJC
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Camshaft Assembly Assembly Drawing & Part List Section . R

g
2 AMNZE ojdl=Ee| (M16) ZEE U 2F =55 A25000 2B

HD

N =l '.'lﬂ ]

]

,‘I_l‘.“."“ AN SATTEN O ROIRV 0 B8 R @~ A35000

Part List

Item Q’ty / Eng.

No.

Weight Remarks /
(kg) See Note

Description
S5¢cyl | 6cyl | 7cyl | 8cyl | 9cyl

115 | Stud bolt 30 | 42 56 72 | 90 0.13
116 | Nut 60 84 | 112 | 144 | 180 | 0.03
215 1
216 1
217 | End cover for camshaft 1 3.05
218 1
219 1
315 1

316 1

317 Disc for camshaft gear 1 15.7

318 1

319 1

511 5

611 6

711 Camshaft for cylinder section 7 29

811 8

911 9

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.09/YJH
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Camshatft is of a split type for each cylinder and
jointed by screws each other. Each piece of camshatft

has a fuel cam, an intake cam and an exhaust cam.

g =9 Inspection of Joint Screws
28 =E= Jiset Al ddE olloF sttt FI[AHe Joint screws should be checked as frequently as

BEEER <=9 =5 UEs W AZEI & S0
E 24302 TGOt BILICH

HZ E3 270 Nm

E3 Ag :

DHE FE

possible. Check tightening condition of every nut
periodically.

If a nut is found to be loosened, take out the stud
and check carefully. If the nut or stud is transformed

or damaged, replace it with new one.

NOTICE

secured by loctite 243 before retightening them.

The both nuts of a stud should be

Tightening torque : 270 Nm

Torque spanner : 91.930
Interchangeable head : 91.932

Inspection of Cams and Bearings

sl =912 Fo 2N FdoloF stch oa~eie o
s 2 AMZE ~2|~E  [@]A35000] S 2ot W

= detes 0ls A2l s #od =%

B =20 v219 240 bE852 S}

YT, A HFNN HHE HoIT YSEOIIA2.

Running surfaces of cams and bearings of each
camshaft should be inspected at regular interval. The
surfaces of cams can be checked easily by turning
the flywheel.

However, the surface of bearing cannot be
checked directly without moving or dismantling
camshafts. Therefore, inspect carefully around the
bearings if there is any bearing particles dropped or
abnormal color on the side of bearing. When
suspicious, dismantle the camshaft thrust
and then move the camshaft axially for inspection of

bearing surfaces.

If the surfaces has any damage or

abnormal condition, be sure to contact engine

manufacturer and consulted.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.05/YJH
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Camshaft Assembly(M16) Maintenance Procedure Section fo. Rev.
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Al MIZE =il Dismantling of Camshaft

W AFZE AHAILE 8 AFZEE W02 ME wHE =2 If a camshatft itself or a bearing shell for camshaft
QIF ATHA A ANZE T A~E Zoliof oF efCh A AFZE needs to be replaced, the piece of camshaft should
= 0% 10 20| 55 EHO 2() E£= US =0 be dismantled. The camshaft can be dismantled one

by one through the hole of driving end(a) or the cam

side door(b) as shown in fig 1.

Loosen all rocker arms and then dismantle all

This is necessary to move camshaft
the camshaft is dismantled
through the driving end side or cam side door.

Dismantle the fuel injection pump(s) of the

corresponding cylinder(s) and all of its right hand

1. 2= 2HYS diMdcte 2= FAR=E ~dYds 1.

&oll StCt. push rods and swing arms.
2. W AMNZEQ| EHO|Y J]0|E =oll ettt 2. Dismantle timing gear of camshatt.

( [®{ M35300 |2 &Z5HAIR) (See )

PSS ZLO|L A5 Z0IE Sd Y MZ

EE Pofg fjoE 2 ANZEE FEO = BIEAl 0/SA axially whether

ZHOF Bt
3. W MZEE =2diot2At ol= dig el O 7 3.

59 2= g A HZE Foflsttt

side cylinder(s).

4. W AMNZEQS A =ES S0 4. Unscrew the joint nuts of camshatt.
5. % 13 20l P35 EH@OoILE A5 =olbh)s 5.

/

Take out camshaft through the driving end side

(a) or the cam side door(b) as shown in fig 1.

(a) Through the driving end side (7?&3 Z£E &af) (b) Through cam side door (%= Z0/E Zof)
Fig.1 Dismantling of camshaft unit(Z AtZE FL/E9 Fof)
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.05/YJH
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Remounting of Camshaft

Moz "Abs 2ol o&o0lch Jeiut ChEn 22
ZO|AbstZ WFEAl K| OF Gl
W Y MZEW 2= YEN WS ZIIE sty I
YS9 YAS1 NEICY B AZES FEsiCt
W Y MZEY ZAXY U= HA ZNE 2ol5td, I
TN A YOB B AZEY YAMZIC, T
23, I8 29 20| Y Y AZEY TDCMAE)
01zs 2= # TEBI)
B HF H ZOE SEHES 2E UEY LA SE

0/E 2432 HIELCL
HMZE E3 270 Nm
E3 Aq
WAE o=

My

BN 2 vz=9 & ¥ A =2 A, wog 25

0] £YHA TS FYYoMA2.

TDC Markings

Remounting procedures are

reverse order of

dismantling. However, be sure to carry out following

notices;

Check markings of cylinder number on
camshaft and mount corresponding cylinder.

Check positioning markings on the flanges of
camshaft and accord the markings with
mating camshafts. And remount after
according TDC markings on both camshafts
as shown in fig 2.

Coat loctite 243 on the thread of all nuts for
joint studs before tightening.

Tightening torque : 270 Nm.

Torque spanner : 91.930
Interchangeable head : 01.932

When dismantling and remounting

camshaft, be careful not to damage the bearing

surfaces.

Camshaft

Fig.2 According TDC markings on both camshafts

(S5 Y ATZEY 2= HNE 0129 2A)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

06.05/YJH
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Camshaft Bearing Assembly Drawing & Part List Section No. Rev.
A25300 1A

D
A MZE Hl0f2 FYT Y PE ==

40

Part List
Item — Qty/Eng. Weight Remarks /
No Description (kg) See Note
’ 5c¢cyl | 6cyl Tyl 8cyl 9cyl 9
101 Camshaft bearing 6 7 8 9 10

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Camshaft Bearing

Maintenance Procedure

Section No. Rev.

U AMZE HoE

dulgd 2x

M25300 1B

Replacement of Camshaft Bearing

91.860

Fig.2 Extracting of camshaft bearing by tool
(2 AIZE Hl0/89 Zaf)

1T

o
E
=
e
2

Hod A of &x

= Y=Al Wetor etk

o= ofefel F2lAet

B H0o/3 HE =2f0] OF0I2L) FAlE 79 HeF
Zofgl 2220 -90C A Y2HAIZICL

m Ho/g H= JHL, T8 34 20/ XE 9.5mmY
ZE 0/&0l0] Wolg dzF Zofelol 2@ 22 A
AlZICH

m LF FY2 Ffat Yol NHLofof L) A &
o8 oy Hol JtgEof 2FE + A0 0] 7
Hojg 4= ool H /oK OF BHCF

ENEN vz Hoz 4= 0F g BN 25EZ

After dismantling the camshaft, bearing shell can

be dismantled by the tool (optional) as shown fig 2.

Engine block
i /.
i i
| /
— |
| ~ | ———+— Pin
| I
i |
i — |
=
I /I Bearing
! 1 i
i i
| |
L i

Fig.3 Pin for fixing camshaft bearing
(2 AIZE H0/8 08#)

When mounting a bearing shell on the frame, be
sure to carry out following notices;

B Cool down the bearing shell to -90 T lower
than frame temperature by dry Ice or the likes.

B Insert bearing shell, and accord the oil hole of
bearing shell and frame by means of a pin
with diameter 9.5mm as shown in Fig 3.

B The refitting works should be done as quickly
as possible. Otherwise, bearing shell may be
heated and stuck. In this case, bearing shell
should be extracted and scrapped.

_ When handling cooled bearing shell, be

sure to put on protecting gloves.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.07/KNS
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e Description
I~= (@ A31100 |2 S4 % 34 ~/9 2 The piston is made of special
et AHERZ PHE 2EEolCh DAaEd= FIHL forged alloy steel. It is a two-piece type comprising a

AW T ool A32000 | I} o9 dlojele

of 2[00 o Hetot=s = ofUCh

steel crown and box type steel skirt. Two
compression rings and one oil scraper ring are fitted
in hardened ring grooves, which need careful
overhaul inspection.

The connecting rod is made of
special die-forged steel, which is composed with a
three-piece marine head type. All fasteners are
tightened by hydraulic tension for better reliability and
maintenance.

The big end bearing and the main
bearing®- A13250 | are plain bearing type made
of aluminum material. These are adequate for the
hydrodynamic oil film peak pressure with a wide

range of oil temperatures.

Fig.1 The lubricating oil flow in connecting rod and piston (H95 2& % y/~ELf9 227 55)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Piston & Connecting Rod General Instruction ection o Rev
A 9 SuY 2 oyt 72 G31000 (1A
OAasi Hdd 2== OazE gol oo 2=, The piston and connecting rod are connected by

o] Azl zholy 2IRPollAMeE Zoilgt & At wet piston pin, which can be dismantled outside cylinder
i, AYE 29| Ma 222 0| liner. Therefore, when dismantling piston, shank part

Zolloll oF etct T A~E0kS Follotl] floiME=E AHUE 2 of connecting rod should be dismantled in advance.

E9| EHHRE Folle 22t 9ol uta SHAE & Dismantling of big end part of connecting rod is not
ct. necessary and not recommended only for dismantling
piston.
W24 gas 9ot REReE O 12t 20| IH3 The lubricating oil is supplied for cooling and
MNZEZLH H4UY 2=2 HH f~E0=2 gL lubrication from crankshaft to piston as shown in fig.
1.
IAaE Jek22 2872 2 ol Qo W= 1, The piston crown is cooled by shaking effect of

, 7R lubricating oil and flows out through the center of joint

rr
r
o
a
o
=
i
|0
1z
o
0=
>
N1}
2
o
e
ne
=
KU
Mo
o
=

screw. Then lubricating oil scatters on the wall of
elCt. cylinder liner and flows down to the oil sump while

cooling cylinder liner wall.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Piston & Connecting Rod

Maintenance Procedure

Section No. Rev.

HAE Y AHYY 2E

HulHd =x

M31000 1C

Dismounting a Piston & Connecting Rod

2ollotn, TAE A2t LA Y
e 91.270

11 Z0] I~z A2k20 A

91.170

1.

Dismount cylinder head from the engine.

(See “Dismounting of a cylinder head from the
engine” in )

Take out the flame ring and clean the threaded
hole on the piston crown

Removal device :[@] 91.270 |

Install lifting jig on the piston crown as shown in

fig. 1. Lifting jig : 91.170

Turn the crankshaft to 25° approximately.

@] G09500 |

()

‘@] 91.210 |

Fig.1 Loosening of the nuts for connecting rod studs

o198 2= 2HES HE Fof)

-
é‘r

&)l
k!

i

3-| uyl g|

G RS Aol el P AR,

g 91.220

ul g|
- o

o
N

& AHEE 419 HEE KRYo=E =

=

T HERQI ~HE

i
MO

sl eret.
a S -

2t : 1170 bar (max. 1208 bar)

7 |@91.420] [@~191.500| [®-(91.530|

Nt

N

O,
=

30
0K

: ol

O

Fig.2 Installing of turning bracket
(o] YA 729 EA)

Install clamping support on connecting rod shaft
and big end part.

Clamping support :
Loosen four nuts for connecting rod studs
hydraulically, and dismount nuts and studs.
Loosening procedure :

Loosening pressure : 1170 bar (max. 1208 bar)

Hydraulic tool : [@~91.420] [©~91.500] [®~]91.530]

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.06/KGM
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Piston & Connecting Rod Maintenance Procedure Section No- Rev.
I4cE 9 AHYE 2= MU|HH AR M31000 1C

10.

11.

N
el
m\J
=)
0z
Dl
ikl
3
W)
Q
10
0
\‘

Turn the crankshaft to TDC as shown in fig. 2.

Install turning bracket on big end part and
counter weight. Turning bracket : 91.210

318 YA 7 91.210 9. Dismantle the clamping support.
DHPE FojWeh 91.220 : 91.220
AHUEY 2= MZER} g DlaEs 28 & 10. Lift up the piston together with connecting rod

shaft slowly and carefully.

91.170 ﬁ

91.230

(a) From the engine block

(b) From the cylinder unit
Fig.3 Lifting of the piston and connecting rod shaft

([2E8 HYY S= NEZEY S0/2E)

11. Move and place the piston together with

BN 799 == M#=EY g gos2 Y2
o epoldons Sag @ eI 2o/ ol &
C5 TGN L.

BN 72520 2= 2o 792 do0/22 28

OF&IAI2.

&

connecting rod shaft at stable working stand
(Optional) as shown in fig. 3.

Take care not to damage cylinder
liner wall during removing the piston together with

connecting rod shaft from cylinder liner.

Put a tape on the big end part hole.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.06/KGM
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Piston & Connecting Rod Maintenance Procedure Section No- Rev.
I4cE 9 AHYE 2= MU|HH AR M31000 1C

IAgEN AHUY 2= Agd gloluol =& Mounting a Piston & Connecting Rod into the
Cylinder Liner
M =g Zile Jl2xe=z 2ol 2Rl &0l Remounting procedure is basically reverse order of
F2AE HOIZ = RAtet EF9 2 UHEAl W of UL dismounting procedure. Make sure that covering
OF StCt. tapes or the like removed.
1. 2 A, g o Eos 9P| flol A=l et 1. Before assembling, install guiding jig on the
oldol Jtol= XNas O7 49 2o AX st cylinder liner for preventing piston rings from any
damage as shown in fig. 4.
IH01E AT : Guiding jig :
2. 202 XIE maE Jekzol dAstn, el 2. Install lifting tool on the piston crown, and hook
Off cHCE. up onto a crane.
(a) Into the engine block (b) Into the cylinder liner
Fig.4 Install guiding jig on the cylinder liner (&/2/cf 2/0/L0f 210/ A7 &)
3. YUY 2= AMZES g IAaES AUUMAM S 3. Lift up the piston together with connecting rod
of =¢ & I~ 9 AHYE 2= AZEQ AX shaft from working stand, and clean them and
E52 d&ds sttt engine block.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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10.

11.

12.
13.

SWA AZEC SIAE solsith, DAl elow,
S NZES AARSO SIRS IR S| T AIZICH
HUE RS AFTEQ g DAES dFl 2s9

HZE e S

AE E3 50 Nm (molycote TZ,
209 HUE 2= AHER HEZS ¢

o UM MEoty LAl FIHel HEESE A& atCh

HE A

HZ 2 11150 bar (33] 8+H2ZF2))

Bl vz 249 =2 F=x5
0 RYUNEHE HZ/ A EolE 20042t ol RLTYS

Mo ofLAl2.

DHF @ 91.220 | % Jtol= X2
91.160 | 2 Zojuic}

Zo Y ee HAol o 5 A
MR =2 AR EAEC

(j@= M21100 |9 “&eics 2o/ 2 e Aoy

el o= g FEs HXRoMAR)

10.

11.

12.
13.

Check the position of crankshaft. Otherwise, turn
the crankshaft to be in TDC.

Move and lower the piston together with
connecting rod shaft slowly down through the
bore of engine block.

Be careful not to be damaged by
touching adjacent parts.

Install clamping support on connecting rod shaft
and big end part.

Clamping support :

Dismount the turning bracket.
Turn the crankshaft to 25° approximately.

Check pre tightening of four studs for connecting
rod shaft, and tighten them.

Pre tightening torque : 50 Nm (with molycote)
Tighten two diagonal nuts for connecting rod
upper studs hydraulically at the same time and
repeat for the other two nuts.

Tightening procedure :

Tightening pressure : 1150 bar (repeat 3 times)
Confirm tightening in 200 running
hours after overhaul or refitting. Refer ro the
maintenance schedule .
Dismount the clamping support
and the guiding jig.

Clean and mount the flame ring.

Mount the cylinder head on the engine.

(See “Mounting a cylinder head on the cylinder

liner and water jacket” in M21100 |)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Ij-A~E Y AHYY 2= MU|HH AR M31000 1C

1. aWa AmES J7 59 20l 10° AX2 aH
NEE
2. UER AHES UE IS SAN fues =

@i
S

& 970 bar (max. 998 bar)

2o 27 : [@91.410] [@-91.470]

91.210

G09500

Fig.5 Loosening of the nuts for big end parts studs
(LHEHR ~EHEE HE AT])

IIOIE MHEE : 91.200

B 27c=26 Woigs mys ot =4

EIHL ZO(AA FEF T otAIL.

Dismounting a Big End Parts

91.200

Turn the crankshaft to 10° approximately as
shown in fig. 5.

Loosen and dismount two nuts for big end part
studs hydraulically at the same time.

Loosening procedure : G09500

Loosening pressure : 970 bar (max. 998 bar)

Hydraulic tool : [ @—[91.410] [@®-91.470)]

o]

Fig.6 Installing of guide support
0l = AZES HA)

Install guide support on bottom of the engine
as shown in fig. 6.

Guide support :

Turn the crankshaft to 5° approximately.
Dismount the turning bracket.
Dismantle the big end upper and lower part,
and take out them from the engine block as
shown in fig. 7.

Take out the upper and lower bearings from
their housings carefully.

Be careful not to drop or damage

the bearings during taking out from the engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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mAE U HYY 2 Mol "

M31000 1C

Fig 7. Dismounting of big end parts (tf =22/ Zaf)

tots 3 oHoga HE9 g4

Inspection of Big End Parts, Bearings and

1. AT AFZEE SIHAIIHEM AN WA

q
it
iy
by
>
S
3

BEEEW 749 == Azed o
CF=0{0F gfLCt.

4. HMEE ASHEL HEQ LpAR &0 2L=Al

r

£ dAtetch

BN <=2 HEY ko 5y &

80| L2H, SA ME2 H2E WA HIAIL.

5. HYS Hdsln 2 HY 0j0|ARHE AR
stof lofzlel Sals SHE $, ueds A
Ct.

Journal
1.

Inspect the crank pin carefully by turning the
crankshatt.

Put tapes on the oil hole of crank pin to keep
clean against dirt. Be sure to put off the tape
before reassembling.

Inspect any damages in the joint faces
between the connecting rod shaft and big end
upper part.

Take care to handle connecting rod
shaft and big end parts.

Inspect any damages in threads of studs and
nuts for tightening the connecting rod shaft and
the big end parts.

If studs/nuts have heavy damages in
threads and/or on contact surface, then they
should be changed to new ones.

Inspect bearings and measure the thickness of
bearings by means of a ball anvil micrometer

and check the wear limit.

G09200

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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HAE Y AHYY 2E

dulgd 2x

M31000 1C

N o dA Ay

o =< oo

i

=

[@>)
0
il
B
T
h
g
a

BN 22 ~12 % woiga ofmst b5 850
ZH0/2E Ao, HEo| Y2 HENN Y TA ¥

22/} 0| Z0/A OF BILICH

A 2B 1 HEE el BY2 HHE G2 9T

I FHFT MEZEY L2t £HE 0PIAE 2 ASL/

6. Keep the record of the measurements and
inspection results.
If there is any sign of abnormality
on the journal or bearings, it should be
investigated and repaired by experienced
specialists.
A\ WARNING Poor repair works deteriorate the

condition and may cause serious damage on

ct crankshaft.
et ol =g Mounting Big End Parts
Mg Hxe Jlz=de=z 2ol ARl 9&0lCh Remounting procedure is basically reverse order
ete L odiod 2 =g o "5 e =, M= of dismounting procedure. Big end parts and
ot U= YUet F0{0F sttt bearings should be cleaned and coated with clean

4. A ANZEZS 10° A= TARICL
5. HERE 2719 ~HZ=0l tet ME HHs =24
ot ERAl Zelth

&S &3 50 Nm (molycote T,

6. 2719 ey AHEE HES SA

30
i

Al Zstet,
HE HAA
HZ 2 : 950 bar (33] BHEZ2)
Bl =2 249 2 &zx
510f RYSEIE FE/DH Fol= 20042t hol RUZE
Y= M2l ot

7. 3 YA 9 JlolE MEE
= 2elof ek

lubricating oil before mounting.

1. Mount upper and lower bearings on the their
bearing housings.

2. Assemble the big end upper and lower part.

3. Install turning bracket on big end part and
counter weight.
Turning bracket :
Turn the crankshaft to 10° approximately.
Check pre tightening of two studs for big end
parts and tighten them, if needed.
Pre tightening torque : 50 Nm (with molycote)

6. Tighten two nuts for big end parts studs
hydraulically at the same time.
Tightening procedure :
Tightening pressure : 950 bar (repeat 3 times)
Confirm tightening in 200 running
hours after overhaul or refitting. Refer ro the
maintenance schedule .

7. Dismount the turning bracket
and the guide support.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.06/KGM




9
1. 1IMSEN H21/32 |11

Piston Assembly Assembly Drawing & Part List Section - e
I~z oldsel ZElE " BF 2|£&E A31100 4A

151

153

i e

AN {
-
27N\~

\!
J

@ M32000

Part List
Item No. Description Q'ty/Cyl. W(ekig)ht Remarks / See Note
110 Piston complete 1 24.1 Item no. 111~117
111 Piston crown 1 6.72
112 Piston skirt 1 17.07
113 Stud bolt 2 0.08
114 Nordlock washer 2 0.01
115 Hexagon nut 2 0.03
116 O-ring 1
117 Spring pin 1
120 Piston pin complete 1 9.5
130 Retaining ring 2 0.04
151 Compression ring — top 1 0.21 3 GOE CK36 TOP GROOVE 1
152 Compression ring — 2 1 0.17 3% GOE TOP GROOVE 2
153 Oil scraper ring 1 0.11 3% GOE GROOVE 3

¥ Marking on piston rings

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.08/PMU



9
I.IMSEN

H21/32 "a

Piston Assembly

Maintenance Procedure
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mAE o g

dulgd 2x

M31100 4A

AagE o 9 2o 2ol Dismantling a Piston Pin and Piston Rings

1. OagE3 Y 22 AZEES A7 =50M 2di 1. Dismount the piston together with connecting rod
StCt, shaft from the engine.

(@ M31000 |2 “Z=E8 7498 29 & " 7 (See “Dismounting of a piston and connecting rod
22 HRHIAR) in [@ M31000 | )

2. |-=2EE &g k20l MAAstn, I elol e 2. Install I-bolt on the piston crown, and hook up onto
or s=Itt a crane.

3. IagEd HUYE 2= MZES AWM S0/2 3. Lift up the piston together with connecting rod
gl 2, odlY 22 AMZES FEts SA Hols shaft from working stand, and slow down the joint
L= FAtet SR 242 WY s=Ch faces of connecting rod shaft on the wooden table

or the likes carefully.
Fig.1 Dismantling the circlips for piston pin (Z/2& 2 A/ZE/9 Zof)

4. O™ 19 2ol gaE @ HEYS @8 SetololE 4. Dismantle circlips for piston pin by means of plier
AE5H0l 2ali ettt as shown in fig. 1.
=2/0/0f : Plier :

5. IAES 21 A= MHOAM IAE HsS vtiYst 5. Take out the piston pin to the opposite side during
oF HOolHCt lifting the piston.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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6. IA=E dES S 220012 AMS5H0ol 2ttt 6. Dismantle piston rings by means of plier.
Zzafolof : Plier :
m BIZEA] OIAE FE Zf0/01E AFEa OF Be sure to use the plier for piston ring.
B TJEA Y28 mAF o) £80/ 4 + UsL/ Otherwise, piston rings may damage.
ct.
7. ¢ 5 =0 22 Ik E82s "aEY yLE 7. Remove burned carbon deposits from piston and
g Z0M HMAHe 2, 25 5SS MRZ0| S0t piston ring grooves, and clean all the parts
Ct. carefully.
8. HaE0ol ul™AAl 50| = AS AMIsl ZAF 8. Inspect the piston for any abnormal marks
StCt. carefully.
9. IE Tl &~HE PAE HYst 9. Inspect the piston pin and the small end bush.

(@[ M.32.130] o “rr2 2i/o) Zajl/E 2

0

(See “Small end bush overhaul” in M32130 |)

nA~E 2E 0 dd Inspection of Piston Bolt Tension

1. 8 22 0] I&aE AHES B3 2042 £0| 1. Loosen piston stud by using a torque spanner and
W = IA~EQ ~AHEE ELSIC dismount piston skirt as shown in fig. 2.
EF Agl n ("7”5”/(/"‘) Torque spanner : [@| 91.810 | (Optional)

2. 2HEQ LAkt I HEUE “=C|IE HO0LE 2. Coat thread and contact surface of stud with

G-n plus or G-n"2 2 UIE =0 I8 ~HES

30 Nmel Ea= y2sdlatez At20l =g ettt

B /=2 2ot 840 mm 0/510/7 BAE

AEHES HASE + AUt

0 — ) |- —

“Molycote-paste G-n plus or G-n", and then tighten
the stud with a torque of 30 Nm to assemble to
crown diagonally.

If only the length of stud is less than

84.0 mm, reuse the piston stud.

Fig.2 Cross section of piston complete (Z/~%& L£/51 &

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.08/PMU
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Piston Assembly Maintenance Procedure Section No- rev
ojAsE old=el Huldd A=xt M31100 aA
2 E9] LHAR S22 E Ho|A~ES dl210 I 3. Coat thread of studs with molycote-paste and
~E AHES Akl A eCh FARS] LRl S assemble piston skirt to crown. Before assembling
=2|DE HO|~ESE S£Eolo| g et} washers, coat contact surface with molycote-paste.
HES M date= 60 Nmel E3=2 &2 £ 4. Tighten the nuts with a torque of 60 Nm, loosen
CIAl 210 2HEE 30 Nme| E32 CHAl Z0A the nuts again, and tighten the stud bolt with a
=holstct torque of 30 Nm for checking.
HEEZE 40Nm ZtZ} AMZAst = FI)PHe=z 60°E 5. Continue tighten the nuts with a torque of 40 Nm

a
PA
re
a

BB == /8 £3 100 NmE Fg510 o

014 Z=O0JAIA] @ofot BiLlCt

BN v m30/8E 82 o8, MES £

EHEY HEZ A 6l8AI2.
AIEBH =S8 YAE B XZE0/0F ofg], MZE Al &
77 =S8 YA HEE0/0F BLICH

each by each and turn the nuts additional 60°
NOTICE Make sure that the nut is not rotated

by application of test torque 100 Nm to tightening

direction.

If the nuts can turn any more, replace

by new ones(stud & nut).

Used nordlock washers to be scraped, and new

ones should be applied during re-assemblies.

Assembling of Piston Pin and Piston Rings

—_

BN 7= o420 #HE F 01FE HI5S

got== & & TEHF SUCH

o~z g8 ME2des 88 2240/0lE AHEst &
ZpetLt,

Zefolof - | 91.240 |

A~z HYE 2= AZES Fels AESH

=2/0l0] : 91.250

BN 7= 29 8% 20l MAF - top' O}2=

goist B, 0/75) 59 YZE BTE 0} BLIC,
BN > 7<= 99 2 20/ 42 120 °F 5
SZ WAL,

1.

Coat the surface of piston pin and small end bush
with clean lubricating oil before assembling piston
and connecting rod shaft, and then mount piston
pin into small end bush.

NOTICE Make sure that the mark “E” on the
top of the piston should be positioned in exhaust
side.

Mount circlips for piston pin by means of plier.

Plier :

Lift up the piston together with connecting rod
shaft by means of a crane.

Mount piston rings into its grooves by means of

the plier.
Plier : 91.250

“Top” mark of piston rings should be

assembled in upper side of groove.

The end gap of each piston ring should

be arranged in 120 ° in relation to each other.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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5. IAE Y2 W8 ZCololE AEESstd m~&E @ 5. Mount piston rings into its grooves by means of
Sol =glett the plier.
Z2polof - Plier :
m IA~E 29 tE Hof MAA “top OIZE “Top” mark of piston rings should be
305t 2, 0fF I} 29 HES gfol=F ol oF 2L/} assembled in upper side of groove.
m 2t g~& g9 ZEH 2ol A= 120 °JF & The end gap of each piston ring should
5 HAAIZIEAIL. be arranged in 120° in relation to each other.
6. D 33 Z0| IA~E Yo UtL2EA=RE =215t 6. Inspect the piston rings for wear carefully as
Ct. shown in fig. 3.
m TA~E 2ol 0t2 HetAE Z2foLd L o If piston rings exceed the wear limit
2E gl b/F&E 0 &0 LU0, M PZ2E WA o and/or if the piston has any abnormal mark, then
Al2, replace by new one.
7. LAgEY AUY 22 AFZE AAHE AT €EAMES 7. Mount the piston together with connecting rod
Ct. shaft into the engine.
(@] M31000 |9 “m/E H9s 22 Ml (See “Mounting of a piston and connecting rod into
clojHo =2 " P22 HATHIAIR) the cylinder liner” in (@~ M31000 )

0.5 (Tst & 2nd ring)

]
j:{% 0.3 (scraperring)

Fig.3 The maximum vertical clearance of piston rings (/& 219/ Z/0f % SA)

2% Marking on piston rings

1) 1st ring: GOE CK36 TOP GROOVE 1

2) 2nd ring: GOE or GOE TOP GROOVE 2
3) Oil scraper ring: GOE or GOE GROOVE 3

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.08/PMU
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Connecting Rod Assembly | Assembly Drawing & Part List | """ Rev.
S =< ofa el Y U 9E == A32000 | 1A

Part List
Item No. Description Q'ty / Cyl. V\I(T‘(ig)ht Remarks / See Note

100 Connecting rod complete 1 54.3 Except item no. 120
111 Connecting rod — Shaft 1 22.3

112 Connecting rod — Big end 1 26.7

120 Big end bearing 1 1.8

130 Small end bearing 1 0.9

191 Stud for con-rod big end 2 1.3

192 Nut 2

193 Cylindrical pin 4

194 Stud for con-rod shaft 4 0.3

195 Nut 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/HSY
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Big End Bearing

Maintenance Procedure

Section No. Rev.

CHERS HloE

gulgd 2x

M32120 1A

Dismounting a Big_; End Bearing_;

|

Fig. 1 Installing of holding support on big end parts

(LHEFRO =85 AZE &EX)

2. gl =Y MEZES ARttt 2.

BLl AHEZE : 91.180

3. UEsT AHEE 29 HEE mge S0 = 3.

HEQ} ~AHE=EZE 22|l Wrl.
S EAA G09500

2o &2 970 bar (max. 998 bar)

29 27 [9791.410] [=-[91.470]
4. Hs" Tol|Z= g 22t 20| MEZEN Lz} 4.
D 9A DA TS o] Zo Y=t

HSE 0| 91.180

6. otedulM ol HdS Z=daiM Z2lAIZICH 6
7. 2Y MEEQ &5 2E MI0)E2 S0ttt 7

g 10f 20| IHI AZES 2AES FIA= 1.

91.180

Turn the crankshaft to TDC as shown in fig. 1.

Fig. 2 Mounting of handling pipes

(28 njoj=2] E4)

Install holding support on big end parts.

Holding support :

Loosen two nuts for big end parts studs hydraulic-
ally and then dismount the nuts and studs.
Loosening procedure :

Loosening pressure : 970 bar (max. 998 bar)

Hydraulic tool : [ ®=]91.410| [®91.470

Install handling pipes on supports and insert
locating pins in pipes as shown in fig. 2.

Handling pipe :

Slow down big end lower housing as shown in fig.
3.

Take out lower bearing from the housing carefully.

Loosen upper bolts (M10) of the holding supports.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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9
I.IMSEN

Big End Bearing
ERE Ho™

Maintenance Procedure

gulgd 2x

Fig. 3 Extracting of lower bearing
(o}2 blo/ge #F2f)

91.190

Fig.4 Installing of bracket

(ejziel E41)

8. € 49 &0l Eepls A =50 MRt 8. Mount bracket on engine block as shown in fig 4.
CEE 91.190 Bracket :
9. W3 ANZES W AMOl==2 A3 57 2 9A 9. Turn the crankshaft slowly to cam side (5°
It === ol HAlIZICH approximately).
10. HHS MRt 2eppils 282 0Fstth 10. Fix the big end upper part and the bracket with
bolt.
1. 3 59 0| 283 AIZES 45" $IA=2 27 11. Turn the crankshaft to 45° approximately as

shown in fig.5

Fig.5 Extracting of upper bearing (&' #/0/2/9 £2/)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Big End Bearing Maintenance Procedure

Section No. Rev.

CHERS HlofE

gulgd 2x

M32120 1A

12. ofRZM A2 HoldS ZalA 2elAZIct
BN 2204 woigs Wus so woigol
LY T GO YTF FYGYAL.

13. HEheo dlojels M sich
(= M31000 | o “cpere @ wojels 4159

52 v Reg BRIIUNR)

H
o
a0

12. Take out upper bearing from the housing carefully.
Be careful not to drop or damage the
bearing during taking out from the engine.

13. Inspect the big end bearings.

(See “Inspection of big end parts, bearings and

journal ” in M31000 |)

Mounting the Big End Bearings

2. Yeplg 2ES Zoldc)

3. AWI AZES MAPE(TDO)CR 3|HAIZIC

4. =epi (@] 91.190 | S ZojWCt

5. oFF Hol2S G2 ol SsteA =-SH

6. UTHE ol otRAS A% olfAz0R S0 2
elct

7. WEHRR 2009 AE S UE M E3 AMES

oA
oY
el
kJ

QA Z=olct
&2 £3 50 Nm (molycote T,
8. 2JH9 UER AHEE HEES SAl wde=
A& st
AZ FRA
HE & 950 bar (38] HI5FQ)
g To|zZet Y MEE s

Cl.

O
2
mn

4
=]
=

Remounting procedure is basically reverse order of
dismounting procedure. The joint faces of big end parts
and bearings should be cleaned and coated with clean
lubricating oil before mounting.

1. Mount the upper bearing to its housing.
Loosen and take out the bolt for bracket.
Turn the crankshaft to TDC.

Dismount the bracket [@=| 91.190 |.

Mount the lower bearing to its housing.

S O A

Lift up lower bearing housing to upper one.

7. Check pre tightening of two studs for big end parts
and tighten them, if needed.
Pre tightening torque : 50 Nm (with molycote)

8. Tighten two nuts for big end part studs
hydraulically at the same time.

Tightening procedure : G09500
Tightening pressure : 950 bar (repeat 3 times)

9. Dismount the handling pipes and the holding
supports (@] 91.180 | .

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Section No. Rev.

M32130 1A

Small End Bush Maintenance Procedure

ATE FAl Fuldd At

Small End Bush Overhaul

AR 2A19 2ol /A 1. Check surface of piston pin and small end bush.
1. DA% ol Zull 40 PAIZS HALSHCE 2. Measure the clearance between
2. TAE Wit £Al AHOIQ] 2t5 (@] G09200 | 2 piston pin and small end bush.
S otLt. If the specified clearance is exceeded,
m 7EE 25 Zfet R WAHE o contact HHI’s Diesel Engine A/S for replacement.
& BIEA SSZYY AN A/SE G8fol0f FLHAIL. In case of replacing the bush, use the
m PAIE WHol= FR 28 62 0/ F removal device @] 91.910 |as shown in fig 6.
Al AAHE F7 AtEal OF gL/t o/ This tool (optional) can be ordered from engine
FPE SLAECE A wo/Fo T2 + JESL/C maker.
m PAIE WY =, of 28 Zojo &0/ During removing a bush, make sure
I ZES TYolHAIL. that the bore should not be damaged.

Connectina rod shaft Small end bush
\\J
Fig.6 Removal device for small end bush
BEHE PAE Fof Z7

3. PAIS WHEAM HHAZ T2 ot 20 3. Insert the bush to bore correctly after the bush is

ol H=tstil 7199 =Ch shrink fitted.

m PAIE of 28 Z20o/o ZE o &, HE N[)i[¢ 3l Clean and coat the bore with clean

0 SOl 2 ofPT 2ojo Wt LYE UIELAIL. lubricating oil before inserting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC



9
I.IMSEN

H21/32 |3

Crankshaft Assembly General Instruction

Section No. Rev.

A3 MZE ojd =7

5t X|7

G33000 1A

Description

He
YD AZES 9% URMS I OE g2
2 oS0 Ao, 2 AUA A0 B ol

=4dd ddgs 2d0lF= e 28 A0IEDT

2p2F e 7w 2= ool MZE 0 2LCh

Me o, ol woly, U2 B, Yy 2= e
2ol % A=l SSEC

a3 AZEQ ARHE ReR PIo Wis
B2 PSols J0f 2ol A0, Eat AYT AR

bl glst Jlol & @ A35000 | 0 2Lo0], Lot =

clolge R ~H= o AU AFZEN HA s

Zeto] 2 (@9 A33300 |° Mz T 501 5
olui, EId D019t 201 AlE 2B Jl0] =o| Azt

Ch.

s BHY A A42300 |2 Sclolg oo

of oo W3 AZES HHG| 2/ HAZE & 0

— (Al

fon

37 :
(=~ [91.330]

The crankshaft is made of continuous grain flow
dieforged alloy steel. The crankshaft has two counter
weights for balancing the mass forces on each crank
throw, which are fastened with two hydraulically

tensioned studs.

The lubricating oil flows through oil channel in the
engine block to center hole of each cylinder. And then
it supplied to each journal hole of crankshaft, main
bearing, crank pin, big end bearing of connecting rod,

and piston.

At the free end of crankshaft, there is a gear wheel
for driving of pumps such as lubricating oil pump and
cooling water pumps, and a vibration damper, which

reduce torsional vibration of crankshaft.

At the driving end of crankshaft, there is a gear
wheel A35000 for driving of camshaft, and
flywheel, which is fastened by hydraulically tensioned

studs to crankshaft.

The flywheel A33300 | is made of spheroidal
graphite iron. The flywheel is equipped with a gear rim

for turning gear and air starting motor.

The crankshaft can be turned slowly by a manual
turning device A42300 | through flywheel gear

rim.
Tool: |=~]91.320]
(=~ [91.330]

AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Crankshaft Assembly Assembly Drawing & Part List | =" Rev.
IYIAZE o ge] FT ol Bz 2= A33000 1A

HTWDJ
¥ )C

AN

@~ A33400 | '@~ A35000 @ A33300 |

@ A33100 |

@ Generator

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.05/HSY
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Crankshaft Assembly Assembly Drawing & Part List | =" Rev

AZIAANIZIE A =2 s U 892 22 A33100 1A

For Spring Damper
(7, 8 Cyl.)

L

/

\\

. Hi .
N ;) Lt

Part List

oy ol Bl
5Cyl |6Cyl | 7Cyl | 8Cyl | 9Cyl

115 Crankshaft (5cyl.) 1 - - - - 1001

116 Crankshaft (6cyl.) - 1 - - - 1140

117 Crankshaft (7cyl.) - - 1 - - 1278

118 Crankshaft (8cyl.) - - - 1 - 1416

119 Crankshaft (9cyl.) - - - - 1 1554

190 Plug screw 5 6 7 9 9

191 Plug screw 1 1 2 2 1

210 9 12 14 16 18 34.4

Counter weight

211 1 - - - - 34.8 Only 5 cyl.

291 Stud for counter weight 20 24 28 32 36

292 Nut 20 24 28 32 36

293 Cylindrical pin 10 12 14 16 18

294 Spring pin 10 12 14 16 18

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/HSY
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Crankshaft

Maintenance Procedure

Section No. Rev.

3Y3 AMZE

dulgd 2x

M33100 1E

WA AIZE HEH Al

Inspection of Crankshaft Deflection

1.

choled JOoIXIE SctolZolM JH

R EEEIE T E

a

J

>~

gl

1Al etk

crolg Aol : 91.310

1l

BN 7%= 55 =20 get ge8 + A
o), 2r} Fest oS Fajk Ifset 5 SHEA0/
Sl of B1LICk

BN =2= /=5 A3%2 g8 Ax0] 42
SHEHOIN SHEO/OF BILICL SHH, £} HOIFS 2

£E& AN 259 79 Z'0fof &L},

1.

91.310

Y

> O <«

@

°

Mount dial gauge between two crank webs of last

cylinder nearest flywheel as shown in fig.1

Dial gauge : 91.310

The amount of deflection may vary

with measuring conditions, which need to be as
same as possible for more exact comparison.

The measuring should always be
carried out at cold engine. Before measuring, the
temperature of the dial gauge should be nearly the

same as that of the engine.

217

Fig.1 Installation of dial gauge (C/0/& 7/ 0/419] & *)

A3 MNZES T8 28 20l BY 9A 12 &
HIAIZICE

Chole AIOIXIE 09 $Ixl= MEstct

W3 AZEZS T8 22 20| HAIIUM 5
o SR 200M SIEAICl Crold HIOIAl gts &=
gt 2, 0| gt=2 JISssith

BN ooy noxg cHE20) &5 22

AH0/EH= J[Faf oF BtL/LC).

Rotate the crankshaft to measuring position 1 as
shown in fig.2

Set the dial gauge to zero.

Rotate the crankshaft and read the values of dial
gauge at measuring position 2 to 5, and then
record these readings.

Only the deviation from zero setting of

dial gauge must be recorded.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.03/CJC
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Section No. Rev.

Crankshaft Maintenance Procedure

M33100 1E

JAT AIZE Hu|dd =X}

5.

Top (3)

@
Each pin location (viewed from the front end)

Turn Counterclockwise

/\ @Cam side (2)

(4) Exh. Side @

)/

(5) Bottom stop Bottom start (1)

Fig.2 The measuring positions for deflection of crankshaft
(4T ANZES AT ZE 2IA])

5. Evaluate these readings.
0l ¢t= M= uluetct (1) A reading at measuring position 5 should be

(1) ZH XN 500K Y2 gto] ZH AN 19 &2 H nearly the same as reading at measuring

o SLofot siCt F & AFO/S AO[OF LR T,

EL 20041 55 BFSEILCY,

@ +8 Y +HYFY HEYS

FHEEO HEFE cdv =T (X+V)/2

o TYHY HEY : dh=P-S
BN = % ~3y29 HE%0 &6 HEA
F HolL8 AXNY 575 WYLt Bl HEHEY
S op| &, BIEAl 0121 K0/ HE bIE&E O 0tg
Ot Q=AIE B0 BILIC E5F WHHES opF8 e
Al BIOIEZY C/H AF A/SE AHEo10] FHAIL.

et £, B 10lM 57t

|4

>

I:\rE

.

i

CIAl

0

F

Pl

e
-/

[

™

rol

position 1. If larger differences, repeat steps 2
to 5.
(2) Vertical and horizontal deflections are as
follows.
® Vertical deflection: dv =T — (X+Y)/2
® Horizontal deflection: dh = P-S
([l If vertical and horizontal deflections
exceed the permissible limits (+0.1 ~ -0.22 mm),
realign the engine and the driven machinery. Before
realigning, main bearing metals should be check for
the abnormal wear. Be sure to contact the HHI's
diesel engine A/S for realigning.

6. After realigning the crankshaft, repeat steps 1 to 5.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.03/CJC
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Crankshaft Maintenance Procedure section e Rev.
U3 AMZE HU|AA =t M33100 1E

PERMISSIBLE LIMITS

Unless otherwise stated the values refer to cold engine.

[unit: 1/100
THE PERMISSIBLE DEFLECTION OF CRANKSHAFT

mm]

For the crank nearest
the flywheel
(Cold Condition)

For the other cranks
(Cold Condition)

New or receggg/moi\slgirglz‘iauled engine, 26 ~ +12
e et e 282014172
New or recenptgrﬂ;/sesrir;)zligled engine, 13 ~ +13
Operating eirr]r?rir?eec’iigt];;k alignment 15> or +15 <

* The values measured under hot condition are only for reference due to the following reason;

- If the values measured under cold condition satisfy the above mentioned specification, we
guarantee any values measured under hot condition.

MEASURING POSITIONS AND POINTS

> O <«
<« @ >
o

217

Y X /‘

Gauge location on crank webs

Bottom stop

Turn Counterclockwise

Bottom start

i Exh. Side@ /\ @Cam side

Each pin location (viewed from the front end)

** |f the deflection value is over the above specifications, you should contact the engine

maker immediately.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

08.03/CJC
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Counter Weights

Maintenance Procedure

Section No. Rev.

128 AOIE

gulgd 2x

M33200 1A

I=2E H0IES =ol

Dismounting a Counter Weight

1.

SZER 2TE D8 11 20| 23 o AX 1.
StCt.
AT MZES ot goto=z U=f 307 2 HAl 2.
ZIC
IH2E #0IE AEE=EE 2712 HEES SAlUl & 3.

i)

foz Z0{W = wojuct.

Saf A :

2o &2 : 870 bar (max. 893 bar)

29 27 : [@]91.410] =]91.480] [=®-]91.520|

Install the lifting lope to the crank web as shown in
fig. 1.

Turn the crankshaft to approximately 30 ° in either
direction.

Loosen and dismount two nuts for counter weight
studs hydraulically at the same time

Loosening procedure :

Loosening pressure : 870bar (max. 893 bar)

Hydraulic tool :|[®-91.410] [®—91.480| [®—91.520|

G09500 T

Fig.1 Mount hydraulic tools on counter weight (Z}:2Ef AI0/E0) 78 &9 &A)

28 AO0IEE =22lAMZICH 4.
BN =22 v=eo 5126 folE9 FF

EZ2 WR0| FoHd B, 5L £80] ASAE FoF
YAHL..

B =2 ey vursolt H5H0 &

&0 228, M HOZ w512,

Dismount the counter weights.

Clean the seating surfaces on the
crankshaft and counter weights. And then inspect
any damages on seating surfaces.

If studs/nuts have heavy damages in
threads and/or on contact surface, then they should

be changed to new ones.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Counter Weights Maintenance Procedure ection No Rev.
IL2E 0IE NH|IAZ HA M33200 1A
It=H A0IES =8 Mounting a Counter Weight
Mozg drls JlEAes Foll dAel AE0lth Remounting procedure is basically reverse order of

It2E AOIEE ZEED| ® HZoHH st =, WREt dismounting procedure. Counter weight should be

Az wel F0{0f etCh cleaned and coated with clean lubricating oil before
mounting.

1. 2t28 foleE &6 oo, $IADE d8 2 1. Prior to mount counter weights, place locating pin
A3 ol ofstct into the crank web.

2. II2H HAOIEE WA AZE PSS 2. Mount counter weight to the crankshaft.

3. II2H AOIHE 242 AHZ=o tet dZ &3 3. Check pre tightening of two studs for counter
MEE Zdotn 2A QI weight and tighten them, if needed.
&2 E£3 50 Nm (molycote =) Pre tightening torque : 50 Nm (with molycote)

4. 209 JI2E 90IE £HEE UES SAl = 4. Tighten two nuts for counter weight studs

gdo= MZetth hydraulically at the same time.
AE ZAA - G09500 Tightening procedure : G09500
HE &S 850 bar (338] EH5 =2)) Tightening pressure : 850 bar (repeat 3 times)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Flywheel Assembly Assembly Drawing & Part List | """ Rev.
ENER LD, relg o U= 2= A33300 1A

@ A33100 |

o

Part List
Item No. Description Q'ty / Cyl. V\I(ekigg)ht Remarks / See Note

320 Gear rim 1 52.0
331 Stud for flywheel 16 1.25
332 Nut 16
333 Cylindrical pin 1
334 O-ring for side bolt 16
335 Hex. socket head bolt 18
336 Bolt 16 0.40
339 Washer 16

*) 3xx Flywheel 1

*) Depending on project specification

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/HSY
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Vibration Damper Assembly | Assembly Drawing & Part List | >*""" Rev:
A Wl o4 e Z2UT U BE 2= A33400 | 1B

1L

\\\\\\\\\\\\\\\\\ AN N N N N | /
N N v
N g
N I
N I
N V]
\\\\\\ N g
NN g
\ N \ % ?

L — N g g
NSRS A

}; . @ AS33100
7 o— N

JSET T Ar— == ——— == 4
Il

\

NN RN

Part List
Item No. Description Q'ty / Eng. W(iig)ht Remarks / See Note
402 Hexagon bolt 18 0.40
407 26.8 For 720/750 rpm
Pump drive gear 1

409 22.6 For 900/1000 rpm
493 Nut 18
496 Hexagon socket head bolt 12 0.21
497 Washer 12

*) 4xx T/V damper 1

*) Depending on project specification

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.02/PMU
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Timing Gear Arrangement

General Instruction

Section No. Rev.

EtOIY D101 uHf X -HEl

Ayt 7|3

G35000 1B

[an

r

e

Description

The timing gear arrangement consists of a
crankshaft gear, one Idling gear assembly, and a
camshaft driving gear. When the crankshaft rotates
one time, the camshaft rotates a half in the same

direction through the idle gear.

The camshaft drive gear A35000 | is fixed

to the camshaft through disc.

The idling gear A35000 | consists of big

and small gear parts, which are shrink fitted. It can
be take out upward, after the camshaft gear is

dismantled.

The crankshaft gear A35000 is of two

parts type with locating pins. It can be dismantled

through the side cover of engine block.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.03/YJH
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imi Section No. Rev.
Timing Gear Arrangement Assembly ection No ="

A35000 3B

D ¢
EfOIY 101 BHAl el ZEE H 75 55

Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
222 Orifice for idle gear lub.(nozzle)-CW 1 0.5 Engine rotation CW
232 Orifice for idle gear lub.(nozzle)-CCW 1 0.5 Engine rotation CCW
294 Socket head bolt 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.08/YJH
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Crankshaft Gear Assembly Assembly Seetion o e
A35000 3B

D g
IYIAZE J|0 o =g YT U BZ ==

Part List
Item No. Description Q'ty / Eng. W(?(igg)ht Remarks / See Note
110 Crankshaft gear ass’y 40 Incl.item 111,115,116
111 Crankshatft gear 39

115 Socket head bolt

116 Cylindrical pin

191 Hex.bolt

Rrlo|N|D|R|R

192 Cylindrical pin

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.08/YJH
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Idle Gear Assembly Assembly Drawing & Part List Section fo. e
0L0I= 7101 ol =2l ZTEE U BRE S= A35000 3B

TN =

o

T
il 291
292

- a1 A
213 212 211
Part List
Item No. Description Q'ty / Eng. W(?(igg)ht Remarks / See Note

210 Idle gear ass'y 1 44 Incl.item211,212,213
211 Idle gear - big 1 24
212 Idle gear - small 1 18
213 Bearing bush for idle gear 1 2
221 Shaft for idle gear 1 12
223 Support for idle gear 1 13
291 Socket head bolt 4
292 Hex. bolt 6
293 O-ring 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

07.08/YJH
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Section No. Rev.

A35000 3B

Camshaft Gear Assembly Assembly

D g
WAFZE 7101 014=2](Bolt) YT Y RE ==

J

Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
311 Camshaft gear 1 31
331 Cam thrust bearing ass’y 1 20
333 Thrust shaft for camshaft 1 10
393 Hex.bolt 10
394 Socket head bolt 8
395 Washer 10
396 O-ring 1
397 Cylindrical pin 1
398 O-ring 1
399 O-ring 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.08/YJH
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Camshaft Gear Assembly(Bolt)

Maintenance Procedure

Section No. Rev.

U MZE 230100 odS2I(E2E)

dulgd 2x

M35300 2A

EolY J10{o] &

Alignment of Timing Gears

EfOlY Jlol= Az =AKel Efolddt S/ui ]2

=
(=3

MO

= HMojsto, 0|22 df dsit delds ol sRot

Az 1
S Woo FHEES MG, 0/HL FH AFY H2st £
&9 220 SLIC) WEH], 0fHS FAE HE5| FFH0F B
/3

OHtS ATelE MUE FHEEHA Feod, g~

No.1 Cyl. TDC

The timing gears control the timing of fuel injection
and movements of intake and exhaust valves, which
is critical for the engine performance and reliability.

The timing of the gears is not adjustable and only
needs correct alignment when remounting of the
gears after maintenance.

A\ WARNING Misalignment of even one tooth causes
touching of piston and valves which results serious
damage of the total engine. Therefore, the procedures

below should be kept exactly.

1. Turn the crankshaft so that cylinder no.1 shall be
in TDC (top dead center). Check TDC mark on
flywheel and crankshaft. In this case, the split
line of the two part gears on crankshaft also

should be horizontal as shown in fig. 1.

Split line to be

| / Horizontal

Fig.1 Check TDC mark on flywheel and crankshaft (Zc/0/2 % F =5 AfZE0) A= LAY 012 =21)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.04/YJH
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Camshaft Gear Assembly(Bolt) Maintenance Procedure

Section No. Rev.

A MTE TSI|0] 042 (ZE) =LIESEIRE=F

M35300 2A

2. Ofol= 71010t 2ol =0 ACkH, X ok AlL. 010]

= Jl0l= o2t 24glol dAl6l = gLt

3. 8 29 20| AW AZE Jl0lE S0lsd, A =
5 47 E Sotol 71019 o] @E 27 L& ¥
ob otLlet o RF HBSHA REES Jl0E =

ojol I{E‘Jol _l;_|/'\| ororucq 2 }\tvE )|0.|% OFJ}

LS AA

= o =

Mount idle gears if disassembled. The idle gears
may be mounted regardless of markings.

Lift the camshaft gear and insert it through the
opening of the engine block carefully while
avoiding not touching the teeth with adjacent
parts and oil spray nozzle as well as shown in fig.
2.

Lay the camshaft gear on the idle gear and roll
down to the mounting position with the camshatft.
Check TDC marking on the camshaft gear which
should be aligned with side surface of engine
block as shown in fig. 3. If not aligned, rotate the
camshaft gear by lifting slightly and change the
matching point of the teeth. Repeat this
procedure until the TDC markings aligned.
Check position of camshaft and rotate camshaft
to match the positioning pin on camshaft to

camshaft gear as shown in View A of fig. 3.

Oil Spray Nozzle

Fig.2 Mounting of the camshaft gear (2 A/ZE J/0/9 &)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.04/YJH
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Camshaft Gear Assembly(Bolt)

Maintenance Procedure

Section No. Rev.

U MZE 230100 odS2I(E2E)

dulgd 2x

M35300 2A

BN v/= ozs A 18 YEiHe yAES

o/alatL/Ct

Markings

\
|
/
>

Push camshaft gear toward camshaft to fit in
positioning pin and assemble the gear and shaft
temporarily by two sets of joint screws diagonally.
Check alignment of camshaft gear again. TDC
marks of camshaft gear and flywheel should be
as shown in fig. 3.

TDC marking means TDC of No. 1

cylinder.

View A

Positioning Pin
TDC Markings —

(Displaced)
@)

. \
e
[

Camshaft
2l
Disc for camshaft gear

Camshaft Gear

Fig.3 Check TDC markings on the flywheel and the camshaft gear
(Zclolg % 21 AMZE J/0/9 LAY 0F2 2t21)

B =c= c2ov & st S2FES
HIEYA2..
NENEN == o419 s FHHMN2. 24

& SEY GMHE M ASHA B, M =HFPIE ME

<~

A

A2, A gebl Z0/A 2 FAHH PE0/ AT &

et 2442 Yoy 5+ AL

Assemble all sets of joint screws and tighten
them one by one diagonally.

Coat Molykote on the thread of the
bolt before assembling.

_ Check the condition of bolts and
washers. Do not reuse damaged ones. Use only
new genuine screws. Otherwise, loosened or
broken screws may cause serious damages on the

engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.04/YJH
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Camshaft Gear Assembly(Bolt) Maintenance Procedure Section fo. e

A ANZE 2SI10 HUE(EE) Huldd xRt M35300 2A

10. 22ol2s =eldAM =28 2EsS

Stot. 3l 10. Turn the flywheel and check feeling of the

RS rotation. If any abnormal resistance is detected

3 UM 2t during turning, stop the turning immediately and

return to previous position. Then, recheck TDC

markings and the above procedures.

P= W MZE AR Ot LEiE =0IsT Check markings for the connection of every
camshatts.
(@[ M25000 |9 “7& 2 o2 2 A ZE0 2= (See “Fig. 2 According TDC markings on both

camshafts” in M25000 |)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.04/YJH
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Fuel Injection Timing Maintenance Procedure Section No- e
HAZ A AT P lu] s e S G M35400 1A

A= EAFAD HE

Checking Fuel Injection Timing

2 MR SR RAL ADIE CH2 AR UnE
Soolon, o' 2A I pfEol olg ol Zeixof
ol5f Stols A ALAAS ASo2K Ibsoirh

1. dRTZelole] WeE FOD, WSS (PEHS

A53000-109)2] =ciE 20 Io|Z W dA=E

MoAsttHoE 1 &%)

N
=R
00 Hu

Ho

>

il

[l

1o

jul

&

o

juil

i

4

k=)

o

El

2

I

0k

~

i

Hr
il
ozt
fujo
re
o
5]
o

3. =22 01850 LBYHE 2ale 7Y oS @
D, vijE PYoss Bus i (0Y 3 #
%)

4. 290 912 Setes M o dRTYoR
SE AT GiK A SM Yatoz FAAZRS
SIFAIZICE

5. 240 AUE AT AYAE AHS YFED A

6. s HAgH 21t ole 2eltdel TDC Atol 2g=a
2F 2HAS Atk o] uf SHY 10.0%StH offe Al

tel ez 2Ab AlJl= BTDC 10.00/2t7  stct.

7. Held gm 2AADIE & 221 AU

]
o
1o

sMtle Az 2AFADIE = 2101 Helotch

The fuel injection timing at each cylinder can be
compared with other cylinders’ by means of reading a
crank angle when fuel ports at fuel injection pump’s

barrel are closed by its plunger.

1. Close ball valves in fuel supply/return line and
remove fuel oil inside the pipe by means of
dismantling a plug from end block (Item no.
A53000-109). (See Fig.1)

2. Dismantle two deflectors from fuel injection
pump in order to check its fuel ports then remove
the rest fuel oil in pump using compressed air
and open the window for flywheel scale. (See
Fig.2)

3. See inside a deflector hole by using a mirror and
give a light into the opposite deflector hole. (See
Fig.3)

4. Turn the crankshaft at engine rotating direction
until the light is cut out due to closing fuel ports

by its lifting plunger.

5. Stop the crankshaft just after cutting the light and
mark the flywheel scale indicated by flywheel
indicator. (See Fig.4)

6. Count the deviation crank angle between the
mark and its cylinder TDC. If it is 10.0, the
cylinder’s fuel injection timing becomes BTDC
10.0. (BTDC = Before Top Dead Center)

7. If all cylinders’ fuel injection timing is needed, it is

recommended to read in order of firing.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.05/RSK
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Fuel Injection Timing Maintenance Procedure Section fo. e
HAZ A AT P lu] s e S G M35400 1A

8. AUl 60AM 92 o Mel A= BAF ADIC E
wok2 ol AT AT BAL AD| U gholet

Fig.1 Remove fuel oil through a plug hole at end
block(item no. 109)

M=ssol S 20| o= W A= E M

Fig.2 Remove deflectors from FIP

(1= AL Z

8. Normally their average value is considered as

the representative fuel injection timing of the

engine.

[
u"u o
I .
! . 3
o<
[ § = i
mirror H gt

Fig.3 See a light through two deflector
holes by using a mirror.
08 & Mol =

TdS Softol U

g \\\\\\\\\\\\\\

Fig.4 Read flywheel scale from TDC

E] =all) (TDCLt Z22tole =5 2HHe 9=th
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.05/RSK




o
[ | Page
1I:IMSEN All type | 35
. . .. . Section No. Rev.
Fuel Injection Timing Maintenance Procedure
A= ZAF AID| Huldd ARt M35400 1A

Adjusting Fuel Injection Timing

1. &5 101201 AW (TS 2 A19300-350)2F =

3. AHII0 SE(RSUS A35000-393) 25 <2 14}

6. G0940000] H#A=E E<@3 oz WE=J|I =ES
Zct =2E= & o ojct ofH EI|5te S EI &

T 20| H22 Holsic),

The fuel injection timing can be adjusted but is
recommended NOT to do because this work gives a
sensitive influence to engine performance. However it
can be done according to a result of enough
discussing with HHI Customer Support Department.
In any case, maximum combustion pressure should

be kept within specified value.

1. Open the gear-case cover (up) (item no.
A19300-350) and the window for flywheel scale.

2. Turn crankshaft (anticlockwise if it is required to
advance fuel injection timing) by means of a
turning gear in order to see position marks on
disc for camshaft gear and camshaft gear. (See
Fig.5)

3. Loosen all mounting bolts for camshaft gear
(item no. A35000-393) by about 1 turns.

4. Mark on the flywheel scale indicated by flywheel
indicator. (See Fig.6)

5. Watching flywheel scale, turn the crankshaft by a
needed crank angle (anticlockwise if it was
turned anticlockwise at the above number 2) and
mark on the flywheel position indicated by

indicator.

6. Tighten all mounting bolts for camshaft gear with
the torque specified by G094000. After tightening
bolt by bolt, mark the bolt with any sign to

confirm all bolt tightened.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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A=z A AIDI Ho|gd "Xt M35400 1A
7. 2ztolE =59 F O FADLE Hote AR 22| 7. Confirm whether the gap of two marks on
0 W=010] 9IA NS A 2t AX|GH= Al flywheel is the aimed value and also coincides
OIS (UW=J10] IR ZANE a3l v s with the movement of position mark of camshaft
tsot Y32 25= H 1% gear. (Camshaft gear position mark is adjustable

8. AF JloAlols Awe ZeholE =5 Hd #=
2l

10. A=FAAND| 28 Jts Y9l= AXE 9 o3
&Lt
H17/28: (=)2.0° ~ (+)2.0° 232}
H21/32: (9)2.0° ~ (+)2.0° 232}
H25/33: (=)1.6° ~ (+)0.6° 22}

10.

only in the range of -’ index and ‘+' index. Crank
angle 2 degree corresponds to cam angle 1

degree)

Close the gear-case cover (up) and the window

for flywheel scale.

If you turned anticlockwise at the above number
5, the position mark on camshaft gear would
move the ‘+' direction on the disc for camshaft
gear and maximum combustion pressure would

be increased by 6 bar per 1° crank angle.

The adjustable range of fuel injection timing is
depending on engine type as followings:
H17/28: (-)2.0° ~ (+)2.0° crank angle
H21/32: (-)2.0° ~ (+)2.0° crank angle
H25/33: (-)1.6° ~ (+)0.6° crank angle

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Injection Timing Maintenance Procedure Section No- e
HAZ A AT P lu] s e S G M35400 1A

Gear-case cover (up)

—
L1 L] E & / /
1 i ——— CA
| - &
S . >
N me _ = DQ B
. -
@ o @ o & ., W
L]
o o e q e 0w ' m
Camshaft |
View "A Disc for camshaft gear |
— Position mark
N Camshaft Gear
+ Fig.5 Position mark on camshaft gear and disc for camshatft gear
(DiSC Side) (Gear Side) (?:: éjl O'I—Qf E|ﬁ39| Ei)'l 7?l Eﬁ!)

ARITEE dg BAF AJI A 20T ® |f adjusting fuel injection timing of some cylinders

is needed, see M51101.
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e Description
AF A= HO| AIAHIS KO, DPUEZ 2 obA The engine automation system consists of control,
ANrdloz  pMgo] 9o, olze J|=so=z monitoring and safety system, which basically satisfies

30
rr
O
re
2
rr
>
i

0K
~
rr
=
P

2| YARRH ZSHE o°E
NSZ HRS Sl MBEE Al
Zermoo oafM Hz oo

(=]

G01400 | S & Z5HI A2,

A 3 1
L0 YA FHE0/0F BLICL TH E0|L} SUIEX]
2 HUls AFES Hojg 7 FTZ o/ 4 ADE

=g + st

AX s A=EHY FHE AFH0/

L
o=

MO ol wEp HAg A

HMUHE Flet d5HOld ot M& Jhsotth
AZ RS AMo"e J=Ael Jls2 sl 2k

o« AIEAIE AlAH
o AIE HE| Al
.« OIF S5 HO] AlLH
o OIZI OB A|AH

the requirements of customers.

The sensors and indicators are installed on engine
properly and connected to the power system panel for
control and monitoring. The engine responds to the

control signals via pneumatic and electronic
mechanism of the engine.
Therefore, electrical power of DC24V and

compressed air of about 30 bar should be supplied
consistently during engine operation.

The compressed air supplied from the air reservoir is
lowered to a proper pressure through reducing valve
around staring air motor, which is used for starting and
stopping the engine. See
the
automation system may be different from engine by

As the piping and electrical circuits for
engine, please refer to the separated documents
provided for the specific project.
A\ WARNING The maintenance of the engine auto-
mation system should be carried out only by qualified
personnel. Maladjustment or tactless repair cause the
engine uncontrollable and results serious accidents.

The engine automation system can provide
connections for remote control system depending on
the customers’ requirements.

The basic functions of the engine automation system
are as follows;

* Engine Starting System.

* Engine Stop System.

» Engine Speed control System.

» Engine Safety system

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Engine Automation System General Instruction Section No. rev

AT Kts AMAH ot XA G40000 2A
AZ ANS ALH Engine Starting System

AXIZ AMs8 SIIZE0 2chM ASEU, 01242 The engine is started by a starting air motor which is
a= SIlol osl AtsEch D8 12 X Ass operated by compressed air. Fig 1 shows the
U= I AMloE"E LERH M 5E0lC compressed air system for starting engine.

o
@ " Reduction valve,
— g
N 6] \ % Ammmesseaaumm
% sateryvave
© @ (@) ir start motor
g UU e e sasmm v on
(@) Governorvith stop solenoid valve
Mo @ | I
(@) Air fiter
D Fuel rack imiter vaive
@ (9) Fuel rack limiter
Fig. 1 Diagram for starting compressed air system (A/& 2/5 &/ A|ZNEHE HE)

Mol ol e START BES w29 o= ‘START’ button on the control panel activates
20 AMs 371 2HOl 35558 AMs Eu=0l= starting solenoid valve opened to supply compressed
WeEsS JHYANZIL, OH = BJ| Als ZHY air into the starting air motor. Then, the pinion of the air
giujetol argl Zetolgel Jloigol Si=ed =ol starting motor is engaged with the gear rim of the
AFIOl T2t AFZEE 2| HA|ZICL engine flywheel and turns crankshaft of the engine.

wWetaf, AZIo 3| S fHE S50 S2ed, Hence, when the engine rotating speed reaches
NSS foll A=} AsA2 BAEICHL O F, AS0 predetermined speed, fuel oil is injected into the
22l AS SJ1 2HE Iy Folldl S5=0lM combustion chamber for self-rotating. Then, starting is
02 FH 22l =Ith completed and the pinion of the air starting motor is

disengaged from the gear rim at predetermined speed.
AZ HA| A LH Engine Stop System

rr

Arxlz Aol Zdol A= STOPT HE = The engine is stopped when pressing ‘STOP’ button
‘EMERGENCY STOP' HlEE &2 &L ‘AUTO or ‘EMERGENCY STOP’ button on control panel

STOP* &lzofl 2loiM HAlECH intentionally, or by ‘AUTO STOP’ signal.

AXl Ats 28 ANAHEZ A9 "ldet 2EHE Engine automation system generate ‘AUTO STOP’
ZAIGHAS W CAUTO STOP 2130} 2l =ICt, signal when abnormal condition of the engine is
2 XA 2. detected. See

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.05/CJC
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AT RS ALY

Ayt 7|3

G40000 2A

[an

r

aad uol gsJF 2AIEA el AddE
AAlsttt o2 2 A= BAF Hzo o] HX
ARz SHUU= As 2Ojettt. 2= Uz N2
A= ofutel Moo=l HEE0 2en], ot

2= Sl HEE0 {ACt

wetd, oz ds AR E=sHA)=
SHO0A ot= tloles 28 22 201 F JHA YOl

[©]

AT

>

However, the engine is stopped fundamentally when
the fuel injection into the combustion chamber is
stopped. This means that the rack of each fuel injection
pump is moved to stop position by stop signal. Every
fuel rack is connected to common control shaft
mechanically and also connected to common
compressed air line pneumatically.

Therefore, there are two ways of moving fuel racks

to stop position (Zero index) as shown in fig 2.

e—— Fuel Injection Pump

Compressed Air for ‘STOP' —

Spring loaded flexible lever

Fuel control shaft

S, Ol Aol olet e, ojziE =Y

e mo

MY e 25 Mol dluob HA AR Y
Z0ICh STOP' BIES JtiUIE STOP' iAol
E0{A T2 B

S, UEIol ot MA gy, o]z

JMHUE = SSHO el Moiglol =o1ekoll 2ok
ARz s Zojus ‘EMERGENCY
STOP HlE HE& ‘AUTO STOP tles= Z& d=

swolJl gl Al

Z10[CH.

=

The one is by the mechanical stop, which pull the
racks to stop position by the governor or the manual
control lever. ‘'STOP’ button activates the governor to
be ‘STOP’ position.

The other is by the pneumatic stop by compressed
air, which pushes the rack to stop position regardless
of the governor control. ‘'EMERGENCY STOP’ button
or '‘AUTO STOP’ signals activates the stop solenoid

valve to supply the compressed air for all fuel injection

S0l WEs ZSAIIH, 0 A== SA pumps. This ‘EMERGENCY STOP’ signal also
Y et ™Al IAlZ O etct activates governor’s stop simultaneously.
A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.05/CJC




)
I.IMSEN H21/32 | "3l
Engine Automation System General Instruction Section No. rev
AT Kts AMAH ot XA G40000 2A
Jejut, oleled IR gEe 242 JIAAe= However, these two ways are mechanically
=gAolH, dolol ZatE ~=2ol s ol et independent each other and the spring-loaded levers
JIANA 7ol Jhsall &It provide mechanical flexibility between them.
AZE S5 HO| AAE Engine Speed Control System
AZX £5= Az FAF HZO| ol AA= Jte{yHoll Engine speed is controlled by a governor that links
Olof M MIOI=ICE Jt Al~HZ2 AIRIOl £5 Hials to the racks of fuel injection pumps. Governor system
gAloto] 2dE 558 RAlob)| floiM Hm =AY detects speed variation of the engine and controls
A= -ttt amount of fuel injection to keep the setting speed.
1. JHYy 1. Governor
A MFalof wet Cfefet EFIel Jteiy Various types of the governor system are
AEol olgloll AME=ICH WetM, S4& JieY applicable for the engine depending on the engine
AEol et e AIEME SZokdAlL. applications. Therefore, please refer to the
Jejur JlEMes thsdt 40 JiHoll= MDA separated manual for the specific governor system.

J
Ote= EfAQl HI|24] JHHY (HESAL

PotHY (HESARSE)

Ll
o
Rl

0
jul
e
10
=
Ral
>

014 BrYel JtedE MolgE flet M, Electric type governors require electric power,
dotdo 2 Ai 24VE 22 ottt normally DC 24V, for the control force.

obAIgH wIA ERYCl JHH= HMOIE %let However, hydraulic type governor requires
FaEs WAAIID| gl AR P2s OPILUSS external driving mechanism for generating
2e=2 of2=2 AdEo  ELO[YIIol  AZEHO hydraulic force for control, which is coupled to the
TS ECH timing gear of the engine.

e Ao JtsEl SEE SiiA A Lubricating oil is supplied to the rotating parts
NAY QA2 L o/ 292 35X 724 from the engine system oil via drilled holes of the
U= AHAlel sglEl 22w A2S"ES O D casing. However, hydraulic governor has it's own

oF) -

o

However, there are three types of the governor

basically as follows;
Hydraulic Governor (Standard)

- Analog type electric Governor (Option)

- Digital type electronic Governor (Option)

2. Governor drive

lubricating oil system. |[See Manual for Governor |
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3. 9= Aol 3EA 3. Fuel control linkages
Jyor A= 2AE S MOolotES  oh| Fuel control linkages transfer the rotation of
floiMe= A= MOl 3ER S T8 31 #0] governor terminal shaft to move the fuel rack in
Az s S0P ot flsiAM Jtey ol =< order to control quantity of fuel injection by
SFRss WEAIZICH governor as shown in fig 3.
Max 100% Load
Pull Rod Max
100% Load

Governor

Common Control Shaft
for every fuel injection pump

Fuel Rack

IS D240 IE=D] Aol A= Ao

Fig. 3 Fuel control linkage (7= 40/

SIEA)

Zero
(Stop)

Though the fuel control linkages were adjusted and

fixed by engine maker before delivery, the movements

of governor terminal shaft and fuel racks

should be

checked before engine starting and during engine

operation.
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T T G40000 | 2A

Ol MEe JfU EE MRE R 2A IS
MAGHHLE e ROl 20l Z2ol WshECIN
YagAel  SHYS  Fdor  olm, oL

=
SAHARO ol M2 &l 0{0F SHCY.
L

JtHY  Bolg AIEZEQ Z Z0|(arm  length)&=
ey et 2t Az Sl JIAA Ad dlgo AdTS
Z=Cf dutdoz2 & 20l= 80%2 Jh] old AT}
ok 100% S5t Aol Az = oluAet A2

& UTh "Hold AMZEQ = ZolE 9N Bd ¢ only by governor maker. The arm length of terminal
MZ=7 =0 OF etCt shaft also should be checked and readjusted if
necessary.

SiLE £= EH U9 g A HEZE MER o= When replacing one or some fuel injection
WA mol=s, g @ uAsS MO 2 2ROt pumps with new one(s), fuel rack index may be
QUCE QdLIotH 22 g A BZs duiro=z adjusted. Because a new fuel injection pump normally
CtE  Az2ige AlsE EZZrE %We dAzgsS injects more fuel than worn pumps of other cylinders,
A WiZoIch olZi2 AEg Aole =oSEt which results in unbalanced combustion between
A4S ZefstCh 20 oA Y 2= AHelfe cylinders. Check maximum cylinder press-ures and
ol Ot 2= gdetch 9y Aty Atolof exhaust gas temperatures of all cylinders. If the
AP =6, dE 20 A= #s2 -0t deviations between cylinders are excessive then fuel
stct. @ A41000 | @~ G01400 | rack should be adjusted by means of loosening the

lever. [@=] A41000 | @~ G01400 |
Az 1 oE gaEH N~ge e mzgn  ANWARNNG The adiustment of fuel linkage system
FEUAE FE S THEHOOF BHF TF EE2 should be carried out only by qualified and experience-

load approximately.

moll=, sty 2l Alel g
= YHol #ollMd gEA
o

JHH BOIHOIAM 2 =

5 S 0] U HYE ADE FYE £

overload and result serious accidents.

Normally, it is not necessary to adjust the linkages.
However, if a new governor or new fuel injection
pumps installed or the quality of fuel oil changed
significantly, the movement of linkages should be
checked and readjusted by a qualified person.

The arm length of governor terminal shaft influences
the mechanical link ratio between the governor and
every fuel rack. In general, the arm length shall be
adjusted in such a way that governor index of 80%
matches to the fuel rack index corresponding to 100%

When replacing the governor with new one, the
gain values of governor should be checked and
adjusted to avoid hunting, which should be carried out

ed personnel. Maladjustment may cause the engine

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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A A= A~ 2ot A G40000 | 2A
AT OFH A AH Engine Safety System

AMXEZ BYA0l 28 2Efol tiulolo] XS The engine has a safety system to protect the
2355t flet SHHIAAYHE U0t QLLt engine against abnormal operating condition.

A48 As A= AdE glgetdel 2 &4 The alarm and auto stop will be active electronically
of et Ao Sttt /@ Go1400 | according to the predetermined abnormal operating
RIEAZH H% RFM 2% | conditions.

| See separated manual for automation system. |

HAA Ats AMAaHM= He2, Aelgo] o=t Besides electronic automation system, a mechani-
Az ZAE 9| Sl JIAIA o= Het 2R Dt cal fuel limiter is installed on the engine to avoid ex-
A ACH cessive fuel injected into cylinders.

Az Mt ZAleE oty F9ol AAE0 U, The fuel limiter is installed near the governor and
Ch2at 22 5 JHAl Atehol tidlstol ds Hol=2 limits rotation of the lever on fuel control shaft against
e JIAH o= Hststtt two cases as below;

ol

~ETR

Folof d3Sols ¢H=

eltob ool st &

H AZ BHE

AR = I Bty |

Lever

1. Over load fuel limiter

When fuel control lever rotates toward maximum
fuel rack position by governor or manual lever, the
movement will be limited by piston as shown in fig
4. The limit values can be adjusted by the stopper,
which should be set to the index value of the fuel
racks corresponding to lower than 110% load.

Compressed Air for Stop

Air Cylinder

Fuel Control ShaA

Fig. 4 Mechanical fuel limiter against overload (Z/Zaf0f tht/st J/ 4% 212 A SHEIA])

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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[an

r

A G40000 | 2A

B = 92 zys 5 32 N5 2599

of Az HEEAE H2 FolE UE B, 25 YHE

Q

o
=
2 B0I5faA, HHHLE FolE SIIAF JaUiC) ZF

o

By

ZolLAIL.

BENEN ~=no yzy z8 o pe 28
HES ZoloF Bct YN g8 HEEAY S50

Holof Y2t AFIE Fafgt + ASLICH

2. NS AR A3t &
Cmelz  SH4 NS Solls  EHw
H0L WAHOR MEHA QOO 4Dl
FEO2 oo MEl NS Rusts 2 ¢4
Al 7 ECh OAE JHUE ASS0
I

wepA,  AdEol=  JhHu ERJol 2541810

NSAOZ ARE Hetols &R AR E 0 2UCH

Lever

After maintenance of automation system or
in the case of trial running, it is recommended to adjust
the limiter to be set to lower load point and to be
increased gradually by checking engine operating

conditions.

_ After final adjustment of the stopper, be
sure to fasten the lock nut. Otherwise, setting value of

the limiter may be changed, which may cause serious

accidents.

2. Starting fuel limiter

During starting period, the turbocharger is out of
normal operation and therefore diesel engine is
always in the incomplete combustion due to lack of
air, which results in heavy smoke. Digital
governors have fuel limiting function for starting,
while hydraulic governor normally has not.

However, the engine has adjustable fuel limiter

for starting period regardless of the governor type.

Compressed Air for Stop

Air Cylinder

Fuel Control Sha“/

Fig. 5 Mechanical fuel limiter for starting (A/&& J/ 4% 212 Algt SA)
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r

AZ ALSHOl NAHE ASA, NSE &2=0=

WOS HSAIF, 38 50ML 20l YFSIIIF A=

BEEN 2 97= 2umoz o 5% S
QLECL TEIL) AF AE TAS SA FAL 6F THY 2

ga2 2 W20, oY HE HAS O L2 Lol LEE
WS FOISAE NS0 YIECL LA, AS0/

OB} OIS =T E2 HolE NS OF HEt FAF
ZHaH0F B

The fuel limiter piston for over load is also used for
starting limiter to avoid excessive fuel injected into
cylinder during starting period to avoid heavy smoke.

During starting period, the engine automation system
activate starting solenoid valve to supply compressed
air to push the fuel limiter piston as shown in fig 5. The
limiting position can be adjusted by guide when
loosening locking screw. Be sure to lock the locking

screw after adjustment.

The limiting position is set to about 50%
load normally. However, engine starting condition
depends very much on the site condition and fuel
condition. If limiting position is set to lower load, then
smoke level will be lower but start ability will be worse.
It is recommended to adjust the starting fuel limiter
when starting is difficult or smoke level is too high

during starting.
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Hz Mol 23 FA ZEE | BF 55 A41000 2C
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11 O L ==
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EAR©FQ)

o

o_ /
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[
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@~ A41000 @ A41000 @ A41000
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Governor Linkage Assembly Assembly g
R —— A41000 2C
= T

D
Y 3 SR ojd=el ZTEE Y

Part List
Item No. Description Q'ty / Eng. W(iigg)ht Remarks / See Note
110 Governor complete 1
111 Governor terminal lever 1
112 Lever 1
113 Grip 1
155 Bolt 1
156 Bolt 1
157 Nut 2
158 Washer 2
159 Bolt 1
161 Bolt 1
162 Nut 1
163 Spring pin 1
164 Bolt 1
165 Locking plate 2
330 Support 1
332 Bolt 2
333 Washer 2
600 Elastic rod 1 See page 7/7
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A41000 2C

Governor Linkage Assembly Assembly

D g
MY Y3 ZR o el 2YT Y 9E 2=

Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
114 Lever

150 Air cylinder

151 Safety cover

152 Socket head bolt

153 Nut

154 Cap nut

160 Bolt

163 Spring pin

165 Locking plate

302 Stopper

303 Spacer

RlRr|NMN|RP|RP|IRP|RP|[MDM[R|[RL|R

305 Socket head bolt
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Governor Driving Gears Assembly Drawing & Part List Section - e

iy 2= 7101 ZEE ¥ 25 55 A41000 2C
Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note

200 Governor drive assembly 1 19.7 Iltem no.201~229

201 Housing 1

202 Gleason bevel gear 1

203 Bevel gear 1

204 O-ring 1

205 Cover 1

208 Ball bearing 1

209 Retaining ring 40 1

210 Washer 1

220 Socket head bolt 2

221 Socket head bolt 5

222 Socket head bolt 4

224 Socket head bolt 4

225 Socket head bolt 4

226 Shim for nut 2

227 Plug PF 1 1

228 Gasket 1
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ol o
344

Part List

em Description Qty /Eng. W(ekight Remarks
: 5cyl | 6¢cyl | 7cyl | 8cyl | 9cyl 9) / See Note

163 Spring pin 5 6 7 8 9
301 Shaft (L = 2020) 1
301 Shaft (L = 2350) 1
301 Shaft (L = 2680) 1
301 Shaft (L = 3010) 1
301 Shaft (L = 3340) 1
320 Shaft support with item no.322 6 7 8 9 10
322 Bush 6 7 8 9 10
323 Hex. socket head bolt 12 14 16 18 20
341 Linkage guide 5 6 7 8 9
342 Shaft guide 5 6 7 8 9
343 Linkage guide block 5 6 7 8 9
344 Tension spring 5 6 7 8 9
345 Pin 5 6 7 8 9
346 Pin 5 6 7 8 9
347 Pin 15 18 21 24 27
348 Hex. socket head bolt 5 6 7 8 9
350 Split pin 10 12 14 16 18
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A41000 2C

D g
Y Y3 i A YT Y RE 2=

@
e
@
A ®

609 Locking plate

610 Washer

/m

N

\] —
Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note

601 Ball joint 8 1
602 Ball joint 1
603 Nut 2
604 Pull rod 1
605 Guide ring 1
606 Set screw 1
607 Compression spring 1
608 Tube 1
1
1
1

611 Spring pin
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Starting Air Reducing Valve Assembly Drawing & Part List Section No- Rev:
o= A42000 1A

NE 27| 2ot we ZYUE U BE 55
Part List
Item No. Description Q’'ty / Eng. W(ilg)ht Remarks / See Note
202 Reducing valve complete

401 Locking nut

402 Spring washer

403 Manual handle

404 Locking nut

405 Adjust screw

406 Nut

407 Stud screw

408 Name plate

409 Spring case

410 T-spring seat

411 Spring

412 Stem lock nut

413 Spring washer

414 B-spring seat

415 Diaphragm

416 Dia washer

417 Stem guide

AlAalAaAalaAalAalalalalalalalalalalalalalalalalaloloo|lalalaldN]| |-

418 Stem

419 Body

420 Gauge

421 Seat

422 Disk lock cap
423 Disk

424 Disk Holder
425 O-ring

426 Guide

427 O-ring

428 Cover

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/DYJ
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Starting Air Strainer Assembly Drawing & Part List Section No- Rev:
A= 27| 27| ZEE U BE I35 A42000 1A

Part List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
201 Strainer complete 1
301 Body 1
302 Nut 4
303 Gasket 1
304 Screw 1
305 Screw 1
306 Gasket 1
307 Stop valve 1
308 Connector 1
309 Cover 1
310 Screw 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/DYJ
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H21/32 |3

Section No. Rev.

Starting System Assembly Drawing & Part List
Nas A" ZeE % 5 55

A42100

)

@ A33100 |

Crankshaft

@ A42300 |

Turning gear

@ A33300

Gear Rim

@ A19100 |
Flywheel
cover @
Part List
It ioti ) Weight
em No Description Q’'ty / Eng. (kg) Remarks / See Note
101 Starting air motor 1
109 Hex head bolt 3
110 Washer 3

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/JSC
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Turning Gear Assembly Assembly Drawing & Part List Section No- Rev:
EHd J10] ol =zl ZEE U BEF 55 A42300 1A

 —— 311
1<

i

Part List
Item No Description Q’'ty / Eng. W(iig)ht Remarks / See Note
301 Body
303 Shaft
304 Locking device
305 Pinion
306 Bush

307 Bush for gear wheel

308 Guide pin

309 Spring

311 Hex. socket head bolt

312 Hex. socket head bolt

313 Hex. head bolt

314 Locking bolt

315 Machine screw

316 Grease nipple

EEG BN B N T BN R R ('S T RS KN R R BEEG BSRG[N G EY

318 Limit switch

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/JSC
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Starting Box General Instruction Section No. rev
J|S g4 (With Local Control Panel) alotk X3 G45000 2B
e Description
s gAaeE XS HOoiskE ol AR The starting box is mounted on the engine’s
A ool = thE2l XAALE =8 BE0l ALt control side. On front of the box there are the
following indications/pushbuttons:
o QXL NgI| S5 KA  Indication of engine and turbocharger RPM
« S NS FE HE » Pushbutton for “Manual Start”
e 3 HA F8 HE » Pushbutton for “ Manual Stop”
e =22 T8 Hl= » Pushbutton for “ Blocking”
o Hlet XA +8 HE » Pushbutton for “ Emergency stop”
* )| HE2 F5 HE EAIE0 ACH * The function chosen is indicated in the push
button.

STARTING BOX

ENGINE RPN

@ START | STOP @

©

(RESET) STOP

'

Fig 1. Starting Box (7/ & 2/=%)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.05/VAH
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H21/32,H25/33 | 55

Starting Box

General Instruction

Section No. Rev.

J|S g4 (With Local Control Panel)

ALt X[

G45000 2B

Manual Start

CI& AZI0l T40RPMES =2t & uf ool Jls 2B =
s oz 2elElth. 2ok T X0l T40RPMOIl &

s Holl AlE HEO| 225 ™ IS Mo|22 Az

The engine can be started by means of the start

button, but only if the button “On engine” is selected.

The manual engine start is an electrical, pneumatic
Start, i.e. when activating the start button, a
solenoid valve opens for air to the air starter,
thereby engaging the starter and starting the diesel
engine.

Throughout the starting cycle, the start button must
be activated.

The air starter is automatically disengaged when
the diesel engine exceeds 140RPM. If the start butt-
-on is disengaged before the diesel engine has
exceeded 140RPM, further starting cycles are

blocked. Until 5sec. after the engine is at standstill.

Remote Start

A Ns2 “H{F 227 gE0| o =S W Jks

Remote start can only take place if the pushbutton

for “Remote” is selected.

Manual stop

SN RET U[E0] ME glo] S ujolCh,
S HAT HES Z&l Us HA SHlols
=]

Woo AZ= 0 ALCH

The engine can be stopped by means of the stop
button, but only if the button “On engine” is
selected.

The “Manual Stop” button is connected to the stop

solenoid valve on the governor.

Blocking

2227 0 245t Hol Yovl C™ Axe NS0

If “Blocking” is activated, it is not possible to start

the diesel engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 09.05/VAH
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Section No. Rev.

Starting Box General Instruction
J|S g4 (With Local Control Panel) alotk X3 G45000 2B

TS Hl "A Manual emergency Stop

TS Y A HEZ2 S0l Wael =570 A

U The “Manual emergency stop” button is connected

= A &0l

[
e
o
2
e
Y
o
2
o

to the emergency stop solenoid valve & stop

solenoid valve on the governor.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.05/VAH
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H21/32 |75

Speed Measuring Unit

General Instruction

Section No. Rev.

S= 53 Il

o5t A|7

G45001 1A

Engine RPM signal

AE S5 po
Axel o™ 555 5ok fldll ol wel Fup
£ £8ok= Y MM AREICH

Aol AMEl 2| S55S LIEFHTE

For measuring the engine’s RPM, a pick-up
sensor mounted on the engine is used giving a
frequency depending on the RPM. To be able to
show the engine’s RPM on a digital tachometer,
where the signal is transformed into a proportional
0-6V to 0-1200RPM.

Heb|ol= Chs AS=2 IRl UL Further, the converter has following signals:
s ASBE »  Over speed
s AN S5 * Engine speed
« ORI AIS » Safe start
s 55 359 @R »  Tacho fail
« 9= Mgt Mo *  Fuel limit control
(+)24v

TACHO METER  TACHO METER

ENG. START
ANV AIVANIVAIVAIVARW \
:>T <:>T
b b
116 17 18 19 20 25(+) 26(-) 27 28(+) 29(-) 30 11
TACHO  SAFE  ENG.  OVER N N
) B staRt UM speep MO (0~6Vdc) (0~6Vdc) START
ENC. RPM T/C RPN
OUTPUT QUTPUT
SPEED MEASURING UNIT
ENG. FREQUENCY
_ OUTPUT
(-)  SHELD MAX.12V MAX.12V
2 3 8(+) 9(-)
0 o o o

-)ov J

—

Fig 1. Speed measuring unit

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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H21/32 |55

Speed Measuring Unit

General Instruction

Section No. Rev.

&= 53 I

o5t X|7

G45001 1A

2

b=

Engine run

S

LS e S RPM (710RPM  for 720RPM,
880RPM for 900RPM)OIl =ESH{LE 200RPM + 10=

I =2 AU E= Al IS MEE WAl =ICh

2

B
{1
=l

When the engines speed reaches a certain PRM
(710RPM for 720RPM, 880RPM for 900RPM) or
200RPM + 10seconds, the converter gives an

“Engine run” signal

The “Engine run” signals will be given through a
relay. One for synchronizing and one for start /stop

of pre. lub. Oil pump or alarm blocking at start/stop.

/e~ Over speed

ARSI MO E5E Holl S23is i AHE= When the engine speed reach the set point for

A HA Moot o] oS Sol =T electric overspend the converter gives a shutdown
signal and an alarm signal through a relay.

s AN EES Safe start

Rl As =0t 2det HAS W A2 NS & When the safe start is activated the engine can start.

QUCE AMZFOl T40RPMOII =5t &= I Ns 2 When the engine reaches 140RPM the air starter

BHe SHEICh will be shut-off.

Lok 0P NS 2lsE 3d Al AMs Z2HO =222 9 Further, the safe start signal is a blocking function

a2 sttt for the air starter during rotation.

£ 5Y % Tacho fail

2= 20 oY o S5 5 M= 2l Efoltt The tacho signal will be on when everything is

LA AL HED|JE 04 UMAl ASDF bjgdat & normal. If the pick-up or the converter fails the

ct. signal will be off.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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H21/32 |55

Speed Measuring Unit

General Instruction

Section No. Rev.

&= 53 I

o5t X|7

G45001 1A

A2 At Mo

Fuel limit control

XL AlSA AE £ET1 25RPMOll 0l=H Heb)|=

‘A= HMet Mo” d=E WAl Ech

When the engine speed reach 25RPM the

converter gives a “fuel limit control signal”

Turbocharger RPM signal

#golel o 552 FgotJl flall ™ol wep

= Edol= 4 HAMIF AR ECh
0~60000RPMOIl et 0~6Vel Ygh s = CAE &
Sl 018 ld 552 LIEHHT

For measuring the turbocharger RPM, a pick-up
sensor mounted on the engine is used giving a
frequency depending on the RPM. To be able to
show the turbocharger's RPM on a digital
tachometer, where the signal is transformed into a
proportional 0-6V to 0-60000RPM.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC




s
Page
1I:IMSEN H21/32 1/1
Pressure Gauge Panel Assembly Drawing & Part List | =" Rev:
ore mu Y U 9E == A45100 | 1A

;i

Part List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
203 Pressure gauge(PI-71) 1
204 Pressure gauge(PI-75) 1
205 Pressure gauge(PI-61/62) 1
206 Pressure gauge(PI-63) 1
207 Pressure gauge(PI-21) 1
208 Pressure gauge(PI-51) 1
210 Needle valve 6
211 3-way valve 1
212 Flexible hose 3
213 Flexible hose 3
214 Damping rubber 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/DYJ
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H21/32 |

Thermometers Assembly Drawing & Part List | >*""" Rev.
2= ZUE U 2E 55 A45101 1B

|
I
—
L

g

-+ I
|
V-type (A) V-type (B)
Part List
It ioti , Weight
em No. Description Q’'ty / Eng. (kg) Remarks / See Note

101 Thermometer (PF1/2x120°Cx100L) * V-type (A)
102 Pocket (90L) *

103 Thermometer (PF3/4x650 C x100L) with pocket * V-type (B)
104 Thermometer (PF3/4x650 C x200L) with pocket * V-type (B)

* Please see “piping diagram on final plan” for the application of local thermometers.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.11/JDY




9
I.IMSEN
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Thermometers Assembly Drawing & Part List
2= ZEHE U 5 55

Section No. Rev.

A45101 1B

L-type (A) L-type (B)
Part List
It ioti , Weight

em No. Description Q’'ty / Eng. (kg) Remarks / See Note
201 Thermometer (PF1/2x120 Cx60L) *

202 Thermometer (PF1/2x200C x60L) * L-type (A)

203 Thermometer (PF1/2x120°Cx100L) *

204 Pocket (50L) *

205 Thermometer (PF3/4x650 C x200L) with pocket * L-type (B)

* Please see “piping diagram on final plan” for the application of local thermometers.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.11/JDY
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Pressure transmitter

Pressure switch

Differential pressure

switch
Part List
Item No. Description Q’'ty / Eng. W:(ig)ht Remarks / See Note
201 Fuel oil engine inlet (PT 51) 1
202 Lub. oil filter inlet (PT 61) 1
203 Lub. oil engine inlet (PT 62) 1
204 Lub. oil turbocharger inlet (PT 63) 1
Pressure transmitter
205 L.T-cooling water engine inlet (PT 71) 1
206 H.T-cooling water engine inlet (PT 75) 1
207 Compressed air engine inlet (PT 41) 1
208 Charge air cooler outlet (PT 21) 1
209 Fuel oil engine inlet (PAL 51) 1
210 Lub. oil filter inlet (PAL 61) 1
211 Lub. oil engine inlet (PSL 62) 1
212 Lub. oil turbocharger inlet (PAL 63) 1
Pressure switch
213 LT-cooling water engine inlet (PAL 71) 1
214 HT-cooling water engine inlet (PAL 75) 1
215 Compressed air engine inlet (PAL41) 1
216 Charge air cooler outlet (PAL 21) 1
217 Diff. pressure for F.O filter (PDAH 52-51) 1 Differential
218 Diff. pressure for L.O filter (PDAH 61-62) 1 pressure switch

* Please see “electrical drawing on final plan” for the application of electrical sensors.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Temperature Sensors Assembly Drawing & Part List Section No. Rev.
2% MA roc U Uz B2 A45200 1A

Temperature switch

Temperature transmitter

PT-100 Q (type A)

Temperature transmitter

PT-100 Q (type B)

Part List
Item No. Description Q’'ty / Eng. W(T(ig)ht Remarks / See Note
219 HT-water engine outlet (TSH 76) 1 Temperature switch
220 Fuel oil engine inlet (TE 51) 1
221 Lub. oil engine inlet (TE 62) 1
222 HT-water engine inlet (TE 75) 1
223 HT-water each cylinder outlet (TE 77) (a)
Type A
224 HT-water engine outlet (TE 76) 1
225 LT-water air cooler inlet (TE 71) 1
226 LT-water air cooler outlet (TE 72) 1
227 Charge air cooler outlet (TE 21) 1
228 Exhaust gas turbocharger inlet (TE 26) (b)
Type B
229 Exhaust gas turbocharger outlet (TE 27) 1

* (a) Q'ty of sensor is the same as the number of cylinder.
* (b) 2ea for 5,6,7,8 cyl. & 3ea for 9cyl

* Please see “electrical drawing on final plan” for the application of electrical sensors.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/PJH
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Temperature Sensors Assembly Drawing & Part List | >*"""* Rev:

= == = —

Thermo-couple
temperature
sensor(type C)

Thermo-couple

Thermo-couple
temperature
sensor(type D)

cccccc

Thermo-couple

temperature amplifier
sensor(type E)
Part List
Item No. Description Q’'ty / Eng. V\I(ekigg)ht Remarks / See Note

230 Exhaust gas each cylinder outlet (TE25) (c) Type C (L1: 160)
231 Exhaust gas turbocharger inlet (TE26) (d) Type D (L1: 55)
232 Exhaust gas turbocharger outlet (TE27) 1 Type D (L1: 55)
233 Main bearing (TE69) Type E
234 Thermo-couple amplifier

* (c) Q'ty of sensor is the same as the number of cylinder
* (d) 2ea for 5,6,7,8 cyl. & 3ea for 9cyl

* Please see “electrical drawing on final plan” for the application of electrical sensors.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Level Switches Assembly Drawing & Part List Section . R
e A9 ZYE Y RE 28 A45200 | 1A
0
(1 -
s L
T 71
Type F Type G
Type H
Part List
Item No. Description Q’'ty / Eng. V\I(ekigg)ht Remarks / See Note
235 Fuel oil leakage tank(LAH 54) 1 Type F
236 Prelub. Oil engine inlet(LAL 65) 1 Type G
237 Lub. oil sump tank(LAL/H 68 - 720rpm) 1
238 Lub. oil sump tank(900rpm, PPS 5~6c¢yl.) 1 Type H
239 Lub. oil sump tank(PPS 7~9cyl.) 1

* Please see “electrical drawing on final plan” for the application of electrical sensors.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/PJH
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Speed Pick-up Sensor Assembly Drawing & Part List | >*"""* Rev:

Speed pick-up sensor

Part List
Item No. Description Q’'ty / Eng. W(fg)ht Remarks / See Note
240 Engine control/safety RPM (SE 47) 2

* Please see “electrical drawing on final plan” for the application of electrical sensors.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Section No. Rev.

M45200 1A

Maintenance Procedure

gulgd 2x

Engine Analog Sensor

oFl P2 MIA

2t transmitter Pressure transmitter

Pressure transmittere &AM &S =E5t0, 216{E The pressure transmitter measures the actual

b g8E ANz e Wetetlh

pressure and converts the pressure to an electrical
0| pressure transmitter= compress air inlet, charge signal. This pressure transmitter is used for
air, HT&L.T water, fuel oil, Lub oil 2| &&HE =75}

=0 AFEECH

measuring the pressure of Compressed Air Inlet,
Charge Air , HT & LT water, Fuel oil, Lub oil.

F-L P

™ O o

FGIL

A
“ WITH FLANGE COMMECTION

Fig 1. Pressure transmitter

1. Pressure transmitter Z Al
Pressure transmitter?| J|s™ H2E= sS4 &

2ol el o F o &c

1 AN="e 28 s Atekettt

g

2) U8 24 F=E20 ANE dxRE Aot

fl

transmitter 2t Y9 oo etaig Y=Lt (Td2)

ro

1. Pressure transmitter test
The functional test of the pressure transmitter is

carried out according to the following procedure.

1) Shut of system pressure.

2) Connect the testing apparatus to the pressure
input part and input the pressure within the
working area of the transmitter. (Fig 2.)

3) Check that the measuring value indicated on
the Engine Control Panel is equal to the
testing apparatus measuring value

4) Remove the testing apparatus

5) Connect the sensor to the Engine system.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Engine Analog Sensor Maintenance Procedure Section No- Rev.

AZ Ord2 I MIA HNu|AA =a M45200 1A

2. Pressure transmitter =%

IR

Pressure transmitters= S2H0M =30]

P
2t

=
=
Z2A0] 2ot Ad20= chsodol wel

2. Pressure transmitter adjustment

The pressure transmitter has been factory calibrated,

i
0z
a

no further adjustment is normally required.

In case of adjustment, it is carried out according to

ra

ot

the following procedure:

1) Remove the screw and the cap, see Fig 3.

2) g 40iM 2= MY 29 B" Helol WE 2) Adjust the "span" screw see Fig 4, to change
O Az g2 YetAIIDl fIsh ¢ span” the value of the electrical signal according to
screws ZESHC} the pressure measurement area.

3) ¥ 50 20| screw®l caps MASH| To 3) Be careful not to insert Driver before remove

FF=%% F2I 7.7

Fig 2. Test of Pressure Transmitter

2.@

Fig 3. Remove screw and cap

the screw and the cap, see Fig 5.

)

J.
By
O
0
Q\/
V/
Fig 4. Adjustment of zero and span Fig 5. Attention

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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AZ Ord2 I MIA HNu|AA =a M45200 1A

2% HA

Temperature sensor

1.PT 10082 sensor (N28)
PT 1002 sensor = 250 Wz} M&to] Has}

rr

Ol

Mettes s ol

0

PT 1002 sensor = Charge Air, LT water and
Oil, Lub. Qil.o] 2= sHds5t=0dl ArZEIL}

(32)

2.PT 1002 sensor (1128)
of A= BliDIIIs 252

ArEE L (Fig.2)

Fig 1. PT100Temperature Sensor(1=)

1. PT 100Q sensor (for low temp.)

The PT 100 sensor consists of a resistance

wire which changes resistance depending on
Fuel the temperature.

The PT 100 sensor is used for measuring the

temperature of Charge Air, LT water and

Fuel Oil, Lub. Oil.(Fig.1)

2. PT 100Q sensor (for high temp.)
This sensor is used for measurement of the exhaust

gas temperature (FIG.2)

-~ i
=
e

LB

i
_ '\:'\.."'\.-"

ks |

Fig2 PT100Temperature Sensor(/=)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Engine Analog Sensor Maintenance Procedure eetion o o
AZ Ord2 I MIA HNu|AA =a M45200 1A

3. 2= dM A8 3. Temp. sensor test

PT 100 dIA2l J1sH A2 tsdt 22 2bdol Functional test of PT 100 sensor can be carried out

wet ojFold 4 2UCh

according to the following procedure.

1) Take the sensor out of the pocket.
=0 2) Test the measuring value by submerging the
sensor in the water bath, which is controlled by
a special testing apparatus producing a

constant temperature

ANEEA 3) Check that the measuring value indicated on

the Engine Control Panel is equal to the
testing apparatus measuring value
4) After the above test, the sensor is mounted

again.

\[e]] [e:

M2 &t 2LHAHE S5 AEd|olH Stdlof Yo 0f The test can also be made by special simulation
20/ XOF gt} 0] BHlE HA g@E FH & + 91 instruments for the temperature sensors.

Y NAHSOZ HANSE 2IYY & +

ct.

=3
8 BRO SHA 02l MPE ol L)l
S0lM Fobsel mEe Be girt

S10/0F &+ The instruments can measure the sensor value and

simulate a sensor signal for the alarm system.

4, Adjustment

20l At Since these types of sensor have been factory
calibrated and factory adjusted, more adjustment
0| ot does not need in site. In case of sensor adjustment,

the special tool and equipment needs for adjustment.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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AZ Ord2 I MIA HNu|AA =a M45200 1A

5. NiCr/NiAl 2= HIA

5. NiCr/NiAl Termocouple Temperatue Sensor

NiCr-NiAl 25 4dIM = LZ-a8/L2-dLilse=2 P The NiCr-NiAl Thermocouple consists of two wires of
el = dez PECh 5 Mol oo e HeE A Nickel-Chrome/Nickel-Aluminium. The amount of
Ol= Tt E9 ZCh voltage generated between the two wires is given in

the following tables.

Unit : mV

T 0 10 20 30 40 50 60 70 80 90

0 0 0.397 0.798 1.203 1.611 2.022 2.436 2.850 3.266 3.681
100 4.095 4.508 4,919 5.327 5.733 6.137 6.539 6.939 7.338 7.737
200 8.137 8.537 8.938 9.341 9.745 10.151 10.560 10.969 11.381 11.793
300 12.207 12.623 13.039 13.456 13.874 14.292 14.712 15.132 15.552 15.974
400 16.395 16.818 17.241 17.664 18.088 18.513 18.938 19.363 19.788 20.214
500 20.640 21.066 21.493 21.919 22.346 22.772 23.198 23.624 24.050 24476
600 24.902 25.327 25.751 26.176 26.599 27.022 27.445 27.867 28.288 28.709

6. PT 100 25 4N
PT 100 diM= 250 WE Mot dee=
AL 0l M= 0 ColM 100 Q2 Mets JHA= St

El=(Pt) thread= PFSOIMA PT 100 AA2t g 0]

7= 01 A

2Lk
Metol D= 2500 et Hotof, 2 Hol= g0l TS

Ol LIEFLE ACEH

6. PT 100 Temperature Sensor

The PT 100 sensor consists of a temperature
resistance wire. This sensor is made of a
platinum(Pt) thread with a resistance of 100 ohm at 0
ohm, hence the name is PT 100.

The amount of resistance is variable depending on

temperature and is given in the following tables.

Termperature
(0) 0 10 20 30 40 50 60 70 80 20 100
Resistance(Q) 100.00 | 103.90 | 107.79 | 111.67 | 115.54 | 119.40 | 123.24 | 127.08 | 130.90 | 134.71 | 138.51
Termperature
(0) 110 120 130 140 150 160 170 180 190 200
Resistance(Q) 142.29 | 146.07 | 149.83 | 153.58 | 157.33 | 161.05 | 164.77 | 168.48 | 172.17 | 175.86
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Fuel System General Instruction
- ot A A G50000 | 2A
e Description
AT Az A" dREDE ofUet &% =44 The engine fuel system is designed for a reliable

I Waste oil
, drain
.-~ F6

I, & =9, dg o
of en, of &A= &

combustion of heavy fuel oil as well as diesel fuel oil.
However, it should be flushed by diesel fuel oil before
maintenance to avoid clogging of the system. Fig 1
shows the internal fuel oil system.

The fuel injection equipment comprises an
injection pump, a connection block, an fuel high
pressure block and an injection valve, which are

installed on each cylinder in line.

| Dup

222X2.5

‘ 212x1.5

{on

lex 50u

210x1.5
222x2.5

Sea |l Pot

os l

T
s

218x2.0 /]

215x2.0

Recycling Fuel ofl
leakage alarm

tank

Fuel oil inlet

Fuel oil outlet

XU.USkg/cw

BN 22 2= g2 onst SHets Yy 61,

F2 S
I

Fuel oil
outlet

“F3
W
d
]

aste
rain

15

o F4
oil Recycling Fuel oil

to FO settling tank
15A

Fig.1 Diagram for the internal fuel oil system (Lf2 212 A/=El 415)

Sciot WaEo 2l

A HEZoll= glet

cE M HoR &

I

Al AEH H2E AHSET] flof EHESY CJ@8AN A/SE %

Etolt) TLAIL.

The fuel injection pump|@=] A51000 |has a roller

tappet with built-in roller. Each injection pump has
pneumatic cylinder for emergency stop. The fuel
injection pump should be overhauled partly or totally
at regular intervals.

If finding any problem about fuel oil pump,

please contact HHI's EMD A/S for the information.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel System

General Instruction

Section No. Rev.

g A"

bt x| &

G50000 2A

olg EA YW@= A52000 | = &0 dlltiel S

Foll ARSI, Weol g g2 FI|Mo=z A0

BN =2 =32 22 yN289 s88d 456
swsict ( BITHIA2).

o129 Ol HEE oE SA BZ ¥ HE9 2o HFH
g EUC)
A2z 1

Cfat, A el PIEAl 3E YEE 210/610{0F BiL/CL

oIE BN BZY o/E LEB0/E LHE HY

The fuel injection valve A52000 | is fitted in
the center of cylinder head. The pressure of valve

opening should be checked periodically.

The lubricating oil is supplied to each injection
pump via drilled hole of water jacket and returned as

dirty oil, which is mixed oil of fuel and lubricating oil.

The safety filter A56000 |can be mounted on

engine on request of the customer. The safety filter is
a duplex filter of the split type with a filter fineness of
50 micron. The filter is equipped with a common
three-way cock for manual change of both the inlet

and outlet side.

During normal operation both filters should be in
operation. Single operation only to be used when
dismantling one of the filters for manual cleaning or

inspection.

The quality of fuel oil is vital for the

reliability of fuel system (See G05100 |).

The filtration of fuel influences directly on the lifetime
of fuel injection pumps and valves.
A\ WARNING If any part of fuel system is dismantled,

be sure to check the cleanliness before remounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 09.11/SJH




9
I.IMSEN H21/32

Page
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Fuel Injection Pump Ass'y Assembly Drawing & Part List | ~""™ Rev:
IR A HZ oj4 =2 TYE Y 9T == A51000 11D
@ A52300

i

|fr‘u o)

@ 1

i
]
Part List
Item No. Description Q'ty / Cyl. W(?(igg)ht Remarks / See Note
100 Fuel Injection Pump Complete 1 32.0
911 Stud (M16) 4 0.13
912 Nut (M16) 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.04/YJB
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Fuel Injection Pump Ass'y Assembly Drawing & Part List | ~""™ Rev:
IR A HZ oj4 =2 TYE Y 9T == A51000 11D

) %

15

—31

33
34

-38
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Fuel Injection Pump Ass’y Assembly Drawing & Part List Section fo. e
g 2A EHZ od =2 Age U 22 =25 A51000 1D
Part List
Pos. No. Item No. Description Q'ty / Cyl. W(ilg)ht Remarks / See Note
1 101 Pump housing 1set
2 102 Bolt 1
3 103 Gasket 1
4 104 Socket head bolt 1
6 106 O-ring 3
8 108 Delivery valve ass'y 1set
8-1 181 Delivery valve case 1
8-2 182 Delivery valve 1
8-3 183 Spring 1
8-4 184 Return valve 1
8-5 185 Spring 1
8-6 186 Pin 1
14 114 Socket head bolt 6
15 115 Plunger ass'y 1set
16 116 O-ring 2
17 117 Back up ring 4
18 118 O-ring 2
19 119 Socket head bolt 4
20 120 Control rack 1
21 121 Seal ring 1
22 122 Control sleeve 1
23 123 Pointer 1
24 124 Shim 1
25 125 Bolt 2
26 126 Seal ring 1
27 127 Plug 1
28 128 Gasket 1
29 129 Deflector 2
30 130 Gasket 2
31 131 Spring seat 1
32 132 Spring 1
33 133 Spring seat 1
34 134 Plate 1
35 135 Tappet ass’y 1
36 136 Pin 1
37 137 Bolt 2
38 138 Shim 1
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.04/YJB
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Fuel Injection Pump Assembly Maintenance Procedure Section No- Rev:
o= BAF BT oj4=e HumY =R M51000 | 1A

Dismounting a Fuel Injection Pump from the engine

F2|AlZIC 1. Disconnect small pipes.

(Compressed air pipe and fuel oil drain pipe, etc)

Disconnect the fuel rack and the fuel control lever
by taking out the connecting pin as shown in fig. 1.

Detach the block [@-] A53000 | for fuel feed pipes
by unscrewing three bolts A53000

NOTICE

around fuel injection pump against fuel oil dropping

g 2o == A53000 |2 3 e =
S A53000 | =

FF HJ0/Z=SFE Ed/LfeE

=0l Chs =ttt
Prepare and attach clean rag on

Y50 O SAF BZ FHH WEE HHE

LIAP. from feed pipes.
3 [#-/A53000]
o =
@ |:> -ﬁ’ 3 @-[A53000
» ) -:u
\ —
2
Fig. 1 Take out the connection pin, and loosen the three bolts for fuel feed pipe block
(o2 H Y g FF7 52 HPE SE9 F2f)
T 29 &0l 279l nEE =& M8)E &Hlot Prepare two fixing bolts (M8), and screw fuel
o Ax ZAF HZ 9IE APIS 0FAZICH injection pump and water jacket by them as shown
in fig. 2.
m 0|72 T UEE Z%=2 o A= ZAf This is necessary to avoid fuel
BZI} ~zglof 9/of0] HECZ Fol LPlE AE YA/ injection pump extruded upward by its spring after

ZolH, T W2, 22 ufo]= £ loosening the fixing nuts for the fuel injection pump.

2 252 8] A E BHEAl 2o S 0f 20/0F giL] So, the high-pressure pipe block should be
ct. dismantled to avoid damages.

27hel He oF 27o] =E Detach the high pressure pipe block by
=2 ZolW g, Y golT 2 unscrewing two nuts [@= A52300 |and two bolts.

A52300

th 7t 6. Turn the crankshaft until the roller is in lowest

position on the fuel cam.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Fuel Injection Pump Assembly Maintenance Procedure Section No- Rev:
o= BAF BT oj4=e oY =R M51000 | 1A

S
s K.
',:>' - _.:- __ ==
| —
4 7 [@]A51000] 4 7 -]A51000)
(a) Exhaust side (b) Cam side

Fig. 2 Loosen the bolts for high pressure pipe block and fuel injection pump

(28 D] 55 U AZ S BE LS SEY £2))

7. Az 2Ab ®Zol 2= UE 4@ A51000 |=
ZojWLt.

8. o AL WZO 9IE| APIZS DG U= 24
o NHE BEM8)S Z0jdiC.

9. dm 2AL HZE ™™ol o5t S0l=elth

10. = ZAF EZE AUz 28toto] =4 s=0h

Unscrew four nuts on fuel injection
pump.

Loosen two fixing bolts (M8) for fixing the fuel
injection pump and the water jacket.

Lift up the fuel injection pump slowly and carefully.
Be careful not to be damaged by

touching adjacent parts.

10. Move and place the fuel injection pump on a

working stand.

Mounting a Fuel Injection Pump on the engine

< =of @xtel 9g=olch

Remounting procedure is basically reverse order of

dismounting procedure. The fuel injection pump should

be maintained completely and ready for normal service.

Lift up the fuel injection pump from working table
and clean the fuel injection pump and engine
block.

Coat the grease on the O-rings for fuel injection

pump.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Injection Pump Assembly Maintenance Procedure Section No- Rev:
o= BAF BT oj4=e oY =R M51000 | 1A

HZ £3 770 Nm (molycote =)
A52300 | ot FH
o ZE[@| A52300 | 2 thig= HMZdS &

IIAZIH A g1Z0F A Zetot.

DY 258 el Ye

HE &3 3EH O ZA 10 -> 30 -> 60 Nm

(molycote =%,

12 £A] M53000
m T E52 SAY W AR} F7
A Y=S FIY510{ SEE HFa0F Lick

Move and Lower the fuel injection pump slowly
down through the bore of the engine block.

Be careful not to be damaged by
touching adjacent parts.

Check the position of fuel cam and crankshaft.
Turn the crankshaft until the roller of fuel injection
pump is in lowest position of fuel cam.

This is necessary to reduce the spring
force of fuel injection pump for easier mounting.
Tighten the nuts for fuel injection pump with
increasing torque step by step and one by one
diagonally.

Tightening torque : 1770 Nm (with molycote)

Tighten two nuts and two bolts

for high pressure block with
increasing torque step by step alternatively.
Tightening torque :10 -> 30 -> 60 Nm by three steps
(with molycote)

Tightening orders :

When mounting high pressure block,
tighten the bolts carefully not to leak fuel oil.

Fix the block for fuel feed pipes by
screwing three bolts

Tightening torque : 40 Nm

Connect small pipes and fuel rack and fuel control
lever. Check movement of rack.

Close all covers.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Injection Pump Maintenance Procedure Section fo. Rev.
HE 2AI HI (Separate) wSlu] s e S NG M51100 1C

A= AL BZO| 2ol Disassembling a Fuel Injection Pump
Az 2AL HZS Zoliobolol M 2, s+, 3 Before attempting to disassemble the fuel injection
gl 0SS Ret dH= Fdlof =Ch 2ol pump, make certain that working table, tools and

MRS BoILE RE2 A2 9o &0 2ol =, RE fixtures are clean. Cover the working table with clean

£ES2 sHE2 dmet d= SHAIE &2 ML) paper or soft cloth. After disassembly, all the parts must

= AE35I0 2220] ot s=Ch be cleaned using clean kerosene (or gas oil) and a

hand brush (not a steel brush).
BN 22 oo 2497 Y55 79 A Be careful not to damage the sealing
2. surface.
B = 0-2 49 2 32/3 222 M Replace all O-rings, backup-rings, and
HoZ WAHHIAIL. gaskets with new ones.
B v 20 24 SES Eof YYAL Loosen the bolts in several steps.

1. 3% 13 2ol HZE 5Eo 2ol nd7ol = 1. Place the pump in a dismantling fixture in inverted
o, T 29 2ol B odEee sdeE 32 position [fig. 1], and press the roller of tappet
ol dakoz FE2 MHUAM SEE AHESH assembly into the pump housing and take out the
U= S0t pin with bolt [fig. 2].

2. HH oldselol st &s &ASHAIZICH 2. Release the force on the tappet assembly.

3. ¥ 31t 20| B3 ol seE S0l Take out the tappet assembly [fig. 3].

4. Y 42 20| =ML el ot ~Ze AMES 4. Lift the lower spring seat with the plunger out of
S0l=c HZ otd9 T2 W the pump housing [fig. 4].

B 290 280 1R Y=5 6ok o, Be sure not to damage the plunger
ZYE YAIoP ol EE=F CIE0/0F &L/} and keep it separately to prevent damage.

Fig. 3

Fig. 4

5. Lift the plunger spring [fig. 5] and the control
sleeve with the upper spring seat [fig. 6] out of

the pump housing.

/A HYUNDAI HEAVY INDUSTRIES CO.

, LTD.
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Fuel Injection Pump Maintenance Procedure Section No- Rev.

12 ZA HI (Separate) gulgd xR M51100 1€

6. 8 7 20| EB US HI ol9H AR 6
W A
7. 09 8 20| YEZS 44 Yo FHg 1y 7

|

Fig. 5

8. g 102 20| FIHe CISHHE S0iUol It 8.

rlo
=
~
Pl
S
O

b A W CE D2l JpAa2

9. ¥ 11t Zol Ypnel &% o

0 HZOAM T

= 2ES 20U 9.

Pull the control rack out of the pump housing [fig.
7].
Place the pump on a dismantling fixture in upright

position. Unscrew six socket head bolts [fig. 8] and

dismantle delivery valve case with the O-ring [fig.

9]

3 ¥

Fig. 7 Fig. 8

Unscrew two deflectors and pull out them with the
gaskets [fig. 10]. Throw away the gaskets.
Unscrew four socket head bolts and take out them

from the pump [fig. 11].

Fig. 11 Fig. 12
10. T8 122 Z0] ¢z 2A 2 ofd=2lE ud 10. Let fuel injection pump assembly lay down and
=1 dot ME=2 = Yo S= AESH WA hammer the barrel out by using soft material bar
2 ot WEES HZolM wch D2l O-dit etc [fig. 12]. Throw away the O-ring and the
WA= HOIAZICH backup rings.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Injection Pump Maintenance Procedure
HE 2AI HI (Separate) Huldd AR} M51100 1C

F4£359 4 Inspection of parts
R= 2ol FFS2 ofefol A== UAs JlE=0l Inspect all dismantled parts according to the
el A, ZAl M £322 WAGHIAI2.

following mentioned criteria, and replace the parts with

new ones if necessary.

Depth : 0.7 mm 5-3

£
g
5
A
Fig. 13 Inspection of parts (2559 &/2)
Hz of?d Pump housing
Al2tst OtZolLE &40 S WHUA 2= Replace the pump housing if symptoms of heavy

abrasion or damage can be observed on sliding
bore diameter.
St 0lE ¥ EiH ojd =2l Plate and Tappet assembly

J

Ol IA=E0] T3 20 Replace the plate and/or guide piston if

1. EEIXS A o/HEe] AEERY Sal0lEd 25 1. The indentation on the plunger and the plate

ol gatol gafA 0.25 mm 0/ 2 onto tappet’'s assembly seating surface is more

than 0.25 mm in total.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.08/YTY




9
IMSEN

H21/32 | 4e

Fuel Injection Pump Maintenance Procedure

Section No. Rev.

g A B (Separate)

M51100 1C

dulgd 2x

=YX olgSellt i3t 20 DA ISHYA <.
1. ZEXL WEA0/S 2450/ 15 um 0/&Y &7

2. EEIX9 HAFHZIF EA A 0.8 mm O/PHY &2

3. EEXo Y&E FHAof 95 20/7F 0.7 mm 0/

1S
g
J
]
N
g
N
g
N
0
N
i
I
fir
Q
Jo

sel2 9 HEE 0| S &0t

re
El

1. ZEE ze/=Jf JFHE HEoA HEEF Fol 0.2

mm 0[& S8 2

2. EEXIF uFE YL HEE 20/ 0.5 mmo/Y

2. Symptoms of heavy abrasion or damage can be
observed on bearing on sliding outside diameter.
Delivery valve and others
Replace the delivery valve if symptoms of heavy
abrasion or damage can be observed on the
seating or ball surface.
Deflector assembly
Replace the deflector if the size of the erosion is
more than @ 3.5 mm.
Plunger assembly
Replace the plunger assembly if
1. The clearance between the plunger and the
barrel is more than 15 um.
2. The erosion of the plunger is marked less than
0.8 mm from notch.
3. The depth of the erosion marked on the plunger
is more than 0.7 mm.
4. The depth of the erosion marked on the port of
the barrel is more than 0.5 mm.
5. Symptoms of heavy abrasion or damage can be
observed.
The plunger and the barrel are matched and

cannot be replaced individually.

Control sleeve and control rack

Replace the control sleeve and control rack if

1. The control rack’s movement is more than 0.2
mm on condition that the control sleeve is
firmed.

2. The control rack’s movement is more than 0.5

mm on condition that the plunger is firmed.

/A HYUNDAI HEAVY INDUSTRIES CO.,
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HE 2AI HI (Separate) Ho|Hd =X M51100 1C

10.

11.

gejtig] @2 Axelo| st 2ok wAlsh

A<,

1. 7E &= 50/ 2= R

2. FHo 2YEH IR

o-d 9

plra/l 10.

[
N
JN
]
N
g
N
g
N
0>
S
NS
I
n
M
W
Jo

11.

Plunger spring

Replace the plunger spring if

1. Cracked or nicked.

2. Corroded.

3. Surface coating is damaged.
Delivery valve spring

Replace the delivery valve spring if

1. Cracked or nicked.

2. Corroded.

O-rings

Replace all these o-rings in every disassembly in
addition to the specified overhauls.

Gaskets

Replace all these gaskets in every disassembly in
addition to the specified overhauls.

Other parts

Replace if

1. Cracked or nicked.

2. Corroded.

3. Symptoms of heavy abrasion or damage can be

observed.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Injection Pump Maintenance Procedure

Section No. Rev.

g A B (Separate)

M51100 1C

dulgd 2x

Assembling the Fuel Injection Pump

BN == =2 odse ¥ g7 odse S
2 WA JR0E o/efE PES S0/ YHRE S

AIE0I0] BIAGH Ao OF BfL/Ct. 22/11 Z=Elof/of g

S0

My

Al WZSHH FHE LAZ0N B S20f SLict
BN = 027 4o = @Asiofor gk 3
2|z OIAES WYL Hol HS %9 bi4E = 23 8

#FAo dfELICE

Mo

BB == 2= zAs0/0f B,
BN == /1eus axgxmE visU (g2
FE & PAE HE)

BN 2o vg o, gejel Y= ¥ dejel Y
G Ho|~E F0|2 Ha HZAH 0} B},

>

Ig/

K]

0l EYEF YEF FIYHIA2.
B = 172 20 £3 AXE A8 100 Nm
o £E32 olef B ZX SES HZH0F BL/Ct

(a) Socket head bolts for delivery valve case

Before attempting to assemble the fuel injection
pump, make certain that working table, tools and
fixtures are clean. Cover the working table with clean
paper or soft cloth. Before assembly, all the parts must
be cleaned using clean kerosene (or gas oil) and a
hand brush (not a steel brush).

Protective oil from new plunger assembly
and tappet assembly etc. should be removed in
kerosene thoroughly, when these parts are replaced.
And dip them in clean filtered fuel oil before assembly.
Replace all the O-rings and the backup
rings with new ones. And before insertion of them,
smear small quantity of Vaseline or petroleum jelly on its
surface.

Replace all the gaskets with new ones.

NOTICE Coat all the threads with anti-seize
compound (Molykote or similar).

Wipe and dry with paper the sealing

surface on the barrel, the delivery valve and the delivery

valve case.

Do not damage the sealing surface.
Fasten the bolts in several steps up to a

torque of 100 Nm with a torque wrench [fig. 14].
@
@

(b) Socket head bolts for plunger assembly

Fig. 14 Tightening order

/A HYUNDAI HEAVY INDUSTRIES CO.,

LTD. Engine & Machinery Division 09.08/YTY
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HE 2AI HI (Separate) wSlu] s e S NG M51100 1C

JES YS SolviA BT slRyoos U
St
6. 1 201t 20| AEES Ze|UE P 512 o

Insert new O-rings and new backup rings over the
barrel. Before insertion of the O-rings, smear small
quantity of Vaseline or petroleum jelly on the
surface of O-rings and backup rings. Insert the
barrel into the pump housing, and the groove of
the barrel is matched with the dowel pin [fig. 15].
After the barrel is lowered to its seat, examine that
the groove of the barrel and the dowel pin on the
pump housing are in the same position [fig. 16].
Tighten the socket head bolt into the pump
housing up to a torque of 100 Nm with a torque
wrench [fig. 17]. The gasket is to be replaced.
Insert the control rack with new O-ring into the
pump housing [fig. 18]. Check movement of the
rack. If the movement of the rack is not smooth,

recheck it after disassembling and reassembling.

Fig. 17 Fig. 18

Screw the plug with new gasket [fig. 19].

Slide the control rack into the pump housing
rotating it until the tooth becomes visible through
the bottom opening of the pump housing.

Lower the control sleeve into the pump housing
[fig. 20], and engage the control rack so that the
location of the teeth of the control rack and control

sleeve are indicated location in fig 21.

/A HYUNDAI HEAVY INDUSTRIES CO.,
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i
Control rack Control sleeve
Notched teeth of
control sleeve
e -
Plane surface
Fig. 19 Fig. 21

7. " 229 40| AR AZe ANES HE ot 7. Install the upper spring seat into the pump housing
o A& Bt [fig. 22].

8. % 231 Zo] UM ~zs "X ool 8. Install the plunger spring into the pump housing
M| st [fig. 23].

9. =SYAXNE otF ~Zd AMEN 2ol =0 7Y 24 9. Hang the plunger to the lower spring seat and
oF 20l SeAMl Hielo] HAES &2l2o sX1} insert the plunger with the lower spring seat into
wIees UE 2 ol 2z AESL @ = the barrel so that the vane of the plunger engages
HME ol e E=Ct the slots in the control sleeve [fig. 24].

BN z2701 28459K Y55 FY5HM2 Be sure to damage the plunger.

10. 28 259 20| B od=ele 82 otedol 10. Slide the tappet assembly into pump housing [fig.

20 &=L} 25].

Fig. 24 Fig. 25
11. Force the tappet assembly against spring force
making certain that the plunger engages the slots
of the control sleeve [fig. 26].
12, 08 273 Zo| €2 E= o= N =0t 12. Insert the pin into the pump housing [fig. 27].
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12 ZA HI (Separate) gulgd xR M51100 1€

13. BZE 9T gol== =2

4. M2

Fo
o
mo
obal
2
al
ue
o
=
o
3
T
)
=3
>
iy
=

15. H ol =2l

14.

15.

Fig. 28

Place the pump in upright position. Set the
delivery valve parts assembled on the barrel [fig.
28].

Set the delivery value case with new O-ring onto
the barrel. Fasten the socket head bolt up to a
torque of 100 Nm with a torque wrench [fig. 29].

Release the force on the tappet assembly.

16. ME2 JI2g Zakst

17. 28 %, 2ES o 2790| PERRKE HA
BICL O 1 BXE PRl HA AN A
Sk A IR SF010F BICL 01 el % g

18. z=gdel dm AL BZE dzlo dAlettt

Fig. 30

16.

17.

18.

Tighten the deflector with new gasket into the
pump housing up to a torque 60 Nm with a torque
wrench [fig. 30].

After assembling, the smooth motion of the control
rack must be checked, and the plunger must be
moved from the no-load stop to full-load stop. The
pump is now ready for calibration.

Mount the assembled fuel injection pump to the

engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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g A ADIS =3

Adjustment of Fuel Injection Timing

e AL ADIE et 20 g8l dets =Ch

I =l

= = [l

HolHAAM &=tol

=002 ZHGIA o 20| IR GIC,

LS

A Z 1

st &2 BLEA] A FHIZAISf &S/ ot4AIL.

LEAE ZH0IE FHE HEE T

glo

Z2/0/E +0.1mm = 2L 22 + 2 bar

4,

Fuel injection timing influences the maximum
cylinder pressure which is set properly by engine
maker and normally recommended not to be adjusted.

However, if new fuel injection pump has been
installed or if the deviation of each cylinder pressure is
out of tolerance, the injection timing should be checked
and adjusted, which can be adjusted by the thickness
of thrust plate as shown in fig 1.

When inserting thrust plate (increasing thickness),
the injection timing advanced and maximum cylinder
pressure increased.

® Thrust plate thickness+0.1mm=Cyl.pressure+2

bar

A\ WARNING Thrust plate thickness can be changed.But

please contact HHI's EMD A/S for it.

Thrust plate for adjusting

fuel injection timing

Fig.1 Thrust plate for adjusting fuel injection timing (%= &£A} AV 28E A/ E Z20/E)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Section No. Rev.

A52000 1B

Fuel Injection Valve Assembly

D g9
Az EAF ¥E (1-stud) T U Uz =2=2

@ @ A52300

195
196
Part List
Item No. Description Q'ty / Cyl. W(?(ig)ht Remarks / See Note
100 Fuel injection valve complete 3.0
191 Support 1.2

193 Stud (M16) =3 50Nm+Loctite243

194 Hexagon nut (M16)

195 Washer

RPlRr|Rr|Rr R |k

196 Washer

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.04/YJB
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Section No. Rev.

A52000 1B

Fuel Injection Valve Assembly

D ¢
HE A WS (1-stud) TEE U BEF S8
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Part List
Item No. Description Q'ty / Cyl. W(?(ig)ht Remarks / See Note
001 Fuel injection valve body 1
004 O-ring 4
005 Dowel pin 2
006 Nozzle nut 1
007 Adjust bolt 1
008 Spring 1
009 Spindle 1
010 O-ring 1
011 Nut 1
012 Atomizer assembly 1
013 Seal ring 1
014 Spring pin 1
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In case that the exhaust temperature of a
particular cylinder deviates considerably from the
others, dismount and inspect the fuel injection valve
carefully. The possible causes are an incorrect
mounting of fuel injection valve, or uneven injection
of fuel oil to combustion chamber, or wrong valve
opening pressure.

In order to check correct operation of the fuel
injection valve, functional test should be performed
by means of the hand pump before mounting the
fuel injection valve.

Dismantling Fuel Injection Valve from Cyl. Head

2. AAY B)E Az A BE0lM 2ol WLk

¥ The copaslip should not be coated

between seal ring and bush to prevent
the gas leak by uneven film thickness
of the copaslip.

Seal ring

Bush

1. Unscrew the nuts (A).

2. Dismantle the support (B) from fuel injection

valve. ﬂ ﬁ A

Fig.1 Dismantling of fuel injection valve (% & ZA} #E59 Fof)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 09.08/YTY




9
I.IMSEN

H21/32 | "%%

Fuel Injection Valve

Maintenance Procedure
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M52000 1E
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S deld Gl =olM HorHTE

6. A= AL WO === IMR0| MA et
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FIGHIN 2.
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O/0F giiCt.

Install the removal device on the fuel injection
valve as shown in fig 1.

Removal device :

Take out the injection pipe (C).

Pull out the fuel injection valve from the
cylinder head by rotating the nut (D) of removal
device.

Clean the fuel injection valve and nozzle.

NOTICE Take care not to damage or clog
the nozzle holes.

Function Test of Fuel Injection Valve

b

COCo0000]
0oo0o0000d

=

9

White Paper

High Pressure Pump

Mount the fuel injection valve on the testing

device as shown in fig 2.

Testing device : 91.340

The pin (E) should be fitted to the

groove in testing holder correctly.

Fig.2 Functional test of fuel injection valve (972 ZA} #E9 J/5 AlE)
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A3 1 AMEBE ZAIEE TR0 £= JHf0) of

Al ORIAIR. et E Qg AMAIF £8/8 T2 ASL/

HZE £3 : 100 Nm (molycote TZ

2. = PALYWEES g 3.4 £2 toololl &AfSHTE
3. =E (1)& A&, ' AL B2S HA2
Ct

4. ¥ HE (AHE =0 =Lh

5. &g 22l (K2 MIsh(OY 4 &x)

6. B3 AWU22 £ Z HE ()2 Z0juiCh
BN =0 svo yy8 32 58 =2
L{EJ} T3 0] Dowel pin0l ZfE=E 22/} 2ICt

Dowel pin Zf=0f £9/& 21,

2. Connect the high pressure pipe to the fuel
injection valve.

3. Pump slowly by hand, and check the valve
opening pressure and spray pattern.

Valve opening pressure : 450 bar

A\ WARNING Don’t put hands near spray area
during testing. High injection pressure may
damage to the human body.

Adjustment of Valve Opening Pressure

If the valve opening pressure is not 450 bar,
adjust opening pressure as following process.

1. Loosen the locking nut (F).

2. Turn the adjusting screw (G) slowly and check
valve opening pressure while pumping.

3. Adjust the valve opening pressure by the step
of 10 bar.

4. When pressure setting is finished, tighten the
nut (F) with a torque spanner to fix the
adjusting screw.

Tightening torque : 100 Nm (with molycote)

Dismantling of Fuel Valve Nozzle (optional tool)

Though the testing device can be used for
dismantling nozzles of fuel valve, it is convenient to
use optional dismantling tool.

1. Fix the tool on support.

2. Insert fuel valve on the tool as fig.3.

3. Fix fuel valve with bolt ().

4. Loosen the locking nut(F).

5. Remove the sealing gasket(K)(refer to fig.4)

6. Loosen the nozzle nut(J) with a torque

spanner.

NOTICE Carbon between nozzle and nozzle
nut can make Dowel pin broken when
dismantling nozzle. Be careful of damage of

dowel pin.
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oz SAH WY (Lstud) Hulgd "xf M52000 | 1E
-
: Dismantling
tool Dowel
Nozzle bin J
E -/ J g :

I
Fig.3 Dismantling of fuel valve nozzle( 7.2 ZA}F == #

)

Ag ZA =89 o Cleaning of Nozzle hole

AL L& P2Hol Y AgTiH, e =52 2ot If some of holes are clogged, the nozzle should
O 7§20 otct. be dismantled and cleaned.

L Z AL 7 Cleaning tool for nozzle :

EES MWRO0| 8 T, dr WU=S Mo, A After cleaning the nozzle, reassemble the fuel
ANgs ghtseotch o 2AF EH((RZ2H0] Haxe=2 valve and repeat the above function test. If the
LIEFLER] @{LE 0483 2ol 95Ut &2 1 spray pattern is not normal or still clogged, scrap
Jlot M 2ie= wxlsioF sttt the nozzle and replace with new ones.

SZE HER =50 22 IS W20l st Remove carbon, and clean the nozzle nut and

5], J8 62t &0l =& HUEY =& HE299 nozzle. Especially clean surface for contact
k22 M oto] @5l st It FAS DAl between the nozzle nut and nozzle as fig.6 in order
OF otCt. to prevent leakage of gas by abnormal contact

Ax AL =& T8 (HE9 Tool 018) Assembling of Fuel Valve Nozzle(optional tool)
Az AL YWY AR S 018010 =&2 AT A Though the testing device can be used for
Wwoo degter & dou, 945 3gE toolE 0/E6} assembling nozzles of fuel valve, it is convenient to
M S E7E0l E0lstck use optional dismantling tool.

1. Tool2 AlXUHoIl DHAIZICE 1. Fix the tool on support.

2. dx FALHEs 02 3.1 Z2 toololl EEFSHCL 2. Insert fuel valve on the tool as fig.3.

3. Z2E (1) MZsoto, ¢g AL W8S sttt 3. Fix fuel valve with bolt ().

4. Y HE (HE S0=Lh 4. Loosen the locking nut (F).

5. =0l dowel pin(2H 0 =& e ==8)2 5. Insert dowel pin(to be supplied with spare
At stct nozzles) in pin hole.

6. =& HUEE =Zu & AMZAsett. 6. Connect the nozzle nut with nozzle in fuel

7. E3 ~iyE =& HE ()E MZASIC valve body
(SW32 8 UWE 430 AIE) (3" 5 &x). 7. Tighten the nozzle nut(J) with a torque spanner.
91.630 (with SW32 Deep impact socket)(refer to fig.5)

-
&=

HZE £3 : 300 Nm (molycote 1000 copaslip =

Z)

91.630

Tightening torque : 300 Nm (with molycote 1000

or copaslip)
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PA A =7 91.350

8. Install seal ring(K) on nozzle(refer to fig.5)

Lapping of Fuel Injection Valve Bush

As shown in Fig.4, after coating with small amount
of a fine lapping compound on seating surface, rub
the surface by rotating the lapping tool manually
several times in order to remove carbon and clean
the bush before mounting the fuel injection valve on

the cylinder head.

Lapping tool for bush : 91.350

Fig.4 Position of The

Lapping Position

Fuel Injection Valve Lapping Tool

(012 S4B A E 59 A

™

(A)E J1EH A Zotod =Ch

BN - ©= Y2d dou 2= S0 F%
LF0{0} BILICH,

BN ¢750 =55 0-g0] 2457 ¥=5
FIYGHIA2.

HE (AE AZefth

HZ £33 200 Nm (molycote £Z,

Mounting Fuel Injection Valve on Cyl. Head

1. Replace the O-rings with new ones, and clean
fuel injection valve and cylinder head.

2. Mount the fuel injection valve on the cylinder
head, and tighten the nuts (A) slightly.
The pin (E) should be fitted to the
groove in cylinder head correctly.
Take care not to damage the nozzle
and O-rings during mounting.

3. Tighten the nuts (A).

Tightening torque : 200 Nm (with molycote)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.08/YTY
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1%! Sup 20l A TolZE 79 2ol Hehob Insert the injection pipe correctly as shown in
x fig. 8, and tighten the nut (H).

HE £3 : 3EYo ZH 10 Nm -> 30 Nm -> 60 Nm Tightening torque : 10 Nm -> 30 Nm -> 60 Nm by

(molycote £Z, three steps (with molycote)
HE A - M52300 Tightening orders : M52300

s

. i i 2= o] A )
Seal ring (K) Fig.6 SW32 Deep impact socket(& = 7.

= —

Fig.5 Seal ring(%/ &)

e Nozzle

=~ Contact surface

Contact surface

Nozzle nut

Fig.7 Nozzle nut and nozzle(:=& HE $ =5). Fig.8 Mounting of Fuel injection valve( %/.& #A} #WH Z&)
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M52001 1A

Reconditioning of Fuel Injection
valve

AE ZAL YWE

HZ 2AL WOl A

Purpose
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)
re
u
o
o

Mg o~ QUCH AtMlsh Atet= oo &

Lo

=

ol 2l5tod

It is generally recognized that atomization pattern

Ct. deteriorates gradually due to seat wear after a certain

period of diesel engine-running.
Though mal-injection pattern was observed, its

phenomena can be reconditioned by lapping in order

ct. to revive the performance for continuous re-use.

In this news, the details are described as below.

How to Lap on Seat

1. Necessary tools and material

OSSO el
=25, Ud53D|

Ay

2. EA}
B =2 A S WoS FEG
B RER0 Y BRUE Sie T US wo

B Drilling machine or electric drill
B | apping powder No. 1500 ~ No. 1800
B Cleaning oil, gas oil, lube. oil and

compressed air

2. Procedure

B Fit needle valve into drill chuck.

B Apply lapping powder dissolved in lube. oil
to needle valve seat.

B Insert needle valve into nozzle body. Fit
them by rotating for minimum lapping
(approx. 15 seconds) to find circumferential
contact-trace on needle seat. When
circumferential contact trace was not found
and/or demanded area due to foreign
substance was still remained, lapping is
more necessary.

B When circumferential contact-trace on
needle seat was found, clean by oil and do
air-blow. Then apply lube.oil to needle seat
and assemble it back.

B Reconditioning of fuel injection valve could

be available once or twice.
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Photos of needle valve seat before/after fit

Before

Refer to the following photos.

After
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I ZA

NENEN azsmee o 278 HOS 82 F
) PO S FU, HE FYS Y B,
AZEMNYE S H N2 S DOZ SHIE HES
AIBIC) PHF DO SHO| EI1510{ 250/ HFO AE &

Shut downE afOF of= &2 AZEAEE FE & Zof

=

& MEFE 0] 01 F0{4 0F BtCf.

NEEN a==/82 K82 Zgsgos s

b R4y 222 NSE

BEEN v 22 Ny 95 =2 ANA A
3] 72/oH0{0F SHCL TFA 2 I HLYE S0l
A A0 By + 2k NEYES 7HAZ EYol

Al & )

As atomizing condition of F.O has much effect on
the engine combustion, maintenance should be
observed according to regulated schedule.

G09100

Maintenance schedule:

Procedure of Checking Atomizing Condition

Carry out checking atomizing condition of fuel
injection valve according to the standard

maintenance procedure.

Maintenance procedure: M52000

_ Heavy fuel oil residues in injection

valves may adversely affect the test results and
impede cleaning. So we recommend operating
the engine on Diesel oil for approx. one hour
prior to dismantling injection valves. If this is
not possible and the engine has to be shut
down from operation on heavy fuel oil, the
injection valve has to be disassembled and
cleaned before the checks described here can
be carried out.

AXARNING only

corrosion oil should be used for testing the

absolutely clean  anti-

injection valves.

_ The hydraulic pressure has to be
increased slowly until the opening pressure is
reached, as otherwise faults will occur when
reading off the opening pressure. (The test

pressure must not exceed the regulated value.)

During the fuel injection valve test, the test criteria
are nozzle hole clogging and leaking F.O.
according to the checking point in the next page.
When the abnormal condition occurs after checking
atomizing condition, the fuel injection nozzle should

be changed by a new one.
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M E A M52001

Checking Atomizing Condition (1)

— The Nozzle Bores
1. Checking procedure

1) Open the pressure relief valve.

2) Loosen the hexagon nut of fuel injection valve, and
turn back the setting screw until the tension of the
compression spring has been released.

3) Close the pressure relief valve. Actuate the hand

pump evenly, and adjust the opening pressure to
30 bars by means of the setting screw.

2. Criterion of decision — All nozzle holes open

1) All nozzle holes open: normal

2) Partly clogged: Disassemble the fuel injection

valve and cleaning or changing to the new one.

Maintenance procedure: M52000

open, right : partly clogged)

Checking Atomizing Condition (2)

— Keeping the tightness
1. Checking procedure
1) Actuate the hand pump evenly until the pressure
gauge shows 250 bars.
2) The injection nozzle can be considered tight if no
drop falls within a period of 5 seconds.
2. Criterion of decision — All nozzle holes open
1) Keeping the tightness: normal
2) Dripping on nozzle: re-conditioning or changing to

a new one.

Re-conditioning procedure: M52001

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fig.2 Judging the tightness (left : tight, right : dripping)

Al AXPSHEL CIET] H20] AZ2A FEHIF 2E

SAZ2AIEE Al Al £F HZEOF &

HE YHE LEIE T 0L 0/ AF=20] YA S+
& LR Oo|=219 Aolof J/215t A=, AZZAIE
Zo Hegrol sAS So PtEI 0187 H20/
Lt Bref =ZEOA M= S&o/L) 2al 780/ 4,
It 228 Yl FH 20| JYFE JP S =

E2 HYN AFYSES LIEY 7 YL

When testing injection valves, it

may show the pattern of penetration because the
nozzle's behavior during engine operation
cannot be equal by means of the nozzle tester. It
is because the pressure gap between the
cylinder chamber and the atmosphere, and using
the hand pump is hard to make the similar
pattern such as fuel injection pump during the
engine running. If there is no dripping on the tip
of atomizer and no closed holes, and the
exhaust gas temperature and maximum
pressure in each cylinder is in the normal
condition, the nozzle can be expected to make

appropriate engine performance.
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AREAL THOIZ S5 (Mono) FYUE U PE 5= A52300 | 1A

A21100
) (ma) |0 O] Jorl |
©
©
107
105
116
Part List
Item No. Description Q’'ty / Cyl. W(iig)ht Remarks / See Note
105 Injection Pipe 1 0.36
106 Stud (M12) 2 0.07
107 Bush 1 0.1
108 Spherical Washer 2 0.12
109 Plugging Piece 1
114 Hex.Socket Bolt (M12) 2 0.06
115 Set Screw (M10) 1
116 O-ring 1
117 O-ring 2
118 Nut (M12) 2
200 Fuel High Pressure Block Ass’y(mono) 1 4.77
201 Fuel Delivery Block 1 3.51
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Fuel Injection Pipe Block Maintenance Procedure Section No- Rev.
o122l T0|Z 2% (Mono) TR M52300 1A

Tightening procedure

In case of overhauling or replacement of Fuel

© TYET IONmE

Pl => P2-> HZ2 =) HI
Y ET 30Nm=E
P2->P1=>HI =>H2
ZTYET 60Nm=Z
Pl ->P2->H2->HI

injection pump, Fuel injection valve, dismantling

and assembling Fuel injection pipe block is required.

Then, Tighten torque by 3-step according to the

position orders of the nut.

Tightening torque : T0Nm -> 30Nm -> 60Nm (3 steps)

Tightening orders :
1°': by tightening torque 10Nm
P1->P2->H2->H1

2" : by tightening torque 30Nm

P2-> P1->H1->H2
3" : by tightening torque 60Nm

P1->P2->H2->H1

© e

H1

H2

Fig.1 Bolting no. of Fuel injection pipe block(%& 72t ££9 £E U 3)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC



°
. Page
1iMSEN o T
Fuel Oil Feed Pipe Assembly Drawing & Part List | """ Rev.

AE Zg ool YT Y BT 2= A53000 2A

- . =
et ) - g o
il 4 .E*. ""-; .i"hh : ;F-1 “\( (108)
—— ) ; (1a
"'-u:l;l"1 (108 E-n-ﬂ 115) @ c;_: i )
g S e ST
&) u
e - a
e e —
L L |
(o) (1) () ()
o (2)()
Part List
I:\lem Description Qty/Eng. Weight Remarks /
0. 5Cyl |6Cyl | 7Cyl | 8Cyl | 9cyl (kg) See Note
101 Fuel oil inlet main pipe 1 1 1 1 1
102 Fuel oil return main pipe 1 1 1 1 1
105 Fuel oil inlet branch pipe 5 6 7 8 9 0.26
106 Fuel oil return branch pipe 5 6 7 8 9 0.15
108 Fuel oil leakage pipe 1 1 1 1 1
110 Intermediate pipe 4 5 6 7 8 1.00
115 Socket head bolt 15 18 21 24 27 0.05
117 Plug 1 1 1 1 1 0.02
118 Plug 1 1 1 1 1 0.10
119 O-Ring 10 12 14 16 18
121 Gasket 21 25 29 33 17
122 Gasket 3 3 3 3 3
123 Connection block 1 1 1 1 1
152 Connector g10XPF1/4 10 12 14 16 18
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.12/3CL
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Hs2 MSII

o5t A|7

Zd=0loF ofo,

Pulsation Damper && =9

01 5& LIEIHCE

Rg. 1)

Pulsation Damper2 =

Az elol Wl

Below Fig.1 shows

fluctuation before and after adjusting damper.

Fuel oil pressune

| (T

HF O Al st mt

Affer o gr=iment

Tirms

Tt
([ |

Adjusting the pulsation damper

Adjustable pulsation dampers are mounted on fuel oil
pipeline to protect the pressure instrument from the
damage influenced by fluctuation of fuel oil injection
pump. These dampers should be properly adjusted.

the variation of pressure

oy 2= 5

7S5 & HAE =50 gA= A2 &X 1.

2. WOl |ocking nutE 1UH}3

spindleg2 2F 20}3

Fig 2 1 SecBonad doawing

GEADH Zete = SlHotod

during engine running. (Fig. 3)

counter-clockwise (Fig. 4).

Install temporary pressure gauge on test block

2. Loosen locking nut on the damper for 1-turn

Check fluctuation

pressure after rotating the spindle about 2—turn

counter clockwise.

smrae T
ket I

e REL

Fi_ 50 Choin el ainad gofif 5 ie ffdine

Lzl ok

Fig. A Lacrsening lookdng ot
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General Instruction

Section No. Rev.

Hs2 MSII

o5t X|7

G56000 1A

A = 9 Spindle2 ZIE5LH S/ Al Spindle LIA
282 5510f GZR9 F2 HL0l #Y + oL, F9

ATES A Yeto 2 3|HoI0] 25 6| close Al

Ut € BHAI ete = Jleetit

m SpindleE closeA| &g Hsf 0fFI7F Zof
OF 310], /2 H3lAl Locking nutE Z0{ SpindleE M=

g ol0f close &EIE A &FoI5H],

A\ CAUTION Take care of fuel oil leak through the

thread of spindle by excessive loosening spindle.

3. Tighten spindle clockwise until closing (Fig.5),
Rotate the spindle 1 -turn counter-clockwise
(Fig. 6)

There should be no change of

pressure during the spindle is being closed. In case

of pressure variation, loosen the locking nut and
tighten the spindle. After that, check the closing

status.

Fig &) Teghtenimg the spindis

Flg &) Adiusting e spinde

Fig. T Tighiereng kecking nut

4.

A

o0l 0.3 bar OILHOIA hunting &l =Al =telst o,
GHok0l 0.3 bar O|AAl spindleS A 2t =,
Locking nutS A (33, 7)

= 9 locking nut dFA LI Spindle0] SZ0/X %

TZ SpindleES E2f0/EE TIFE [ocking nutE Z2ICL

AES A M2 = M AlSocto] =l esoll olet

o

o
A=l
0z
1o
=
nz
Pal
el
o

YAl DAlet BHAHE HASCL

4. Check

the pressure fluctuation variation
whether it is within 0.3 bar. If pressure
fluctuation is over 0.3 bar, adjusted the
spindle again. After that fix and tighten locking
nut. (Fig. 7)

A\ CAUTION After fixing the spindle by driver
without the move of spindle, tighten the locking
nut.

Checked the fuel oil pressure condition of

engine restart.

6. If low-pressure alarm happens, proceed to step

3 and 4, which re-adjust the spindle. After that,
repeat step 5.

Remove temporary pressure gauge.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
104 Fuel oil filter complete 1
105 Packing 1
106 Flange 1
107 Packing 1
108 Flange 1
500 Filter catridge 2
501 Hosuing 1
503 O-ring 1
505 O-ring 2
512 Stop screw 1
513 Washer 1
529 Stud bolt 8
530 Nut 8
532 Self closing valve 2
533 Spring washer 8

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Fuel Oil Leakage Alarm Tank Assembly Drawing & Part List
o FR J1 Y3 ZYE Y 2E S5 AS6000 118
; .-\."-{‘- -ﬁ# .' T
R T 1Y
i1l
Part List
Item No. Description Q'ty/Eng. W(iig)ht Remarks / See Note
105 Fuel oil leakage alarm tank ass’y 1
604 Plug 1
605 Gasket 1
606 Fuel oil leakage alarm tank(LAH54) 1 See Section A45200

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Maintenance Fuel Oil Filter

1.

During normal operation both filters should be in
operation, single operation only to be used
when dismantling one of the filters for manual

cleaning or inspection.

2. Normally the filters are cleaned during operation

6.
7.

by turning the handle,(1) see fig.1. on the filter
housing top a couple of turns.(clockwise)

Simultaneously with turning of the handle, the
drain cock, (2) in bottom of the filter housing
should be opened in order to drain of the dirt

being scraped of the filter element, (3).

. Position of the way cock, see fig.2.

Shut-off fuel oil, before dismantling

filter element.

. If no drainage occurs when the drain cock is

opened, the filter housing should be dismantled
for manual cleaning. Remove the nuts(5), and

take out the filter element(3).

. Clean the filter element in kerosene gas oil or

similar and blow it dry with working air.
Mount the filter element again.

The filter element itself should never be
dismantled, but has to be replaced if damage or

malfunction is experienced.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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SES AN2odl aldt XA G60000 1A

e Description
ATl = A0 M AAACT T 72w Al The engine has its own internal lubricating oil

AH0] QL HREe Y sS2= AT £3Uol It system with wet type oil sump. Most of the oil
S5O0 Qe ALYl FHASE2 el & Lol I passages are incorporated into the engine

components and the equipments of the system are
mounted directly on feed block without pipe
connections.

The lubricating oil (L.O) is pressurized by L.O pump
from oil sump and flows into thermostat valve directly
CdAE e (uncooled) or via L.O cooler (cooled). The cooled and

uncooled oil is mixed at the thermostat valve; hence

gn 25= MdYE 252 %50 Tt the temperature of L.O is set to the prespecified value
Azloll= FHe ZEdF Y=, 2 e Wwes as shown in fig. 1.

The engine has two main filters, which is

selectable by filter selection valve. Filtered and

Je2| UM EgRe AR ZE PSRE &g Y pressure controlled L.O flows into engine block and
d2o] sxoz IZgELh zE8Hor FgdReE @Y turbocharger. Then L.O supplied to all moving parts of

the engine as lubricant as well as coolant. Finally, L.O

returns to the oil sump.

To Turbocharger
L.O Filter Selection Valve
L
J i%/ L.O Filter

\
L.O Thermostat Valve

| L J

To Engine Block

——

L.O Main Pressure ———
Control Valve d

L.O Pump

N

Lubricating Oil Cooler

Fig.1 Circuit diagram for internal lubricating oil system (Lf7 222 &%)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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=857 A" olut X7 G60000 1A

2y 3o = 710 EfQoln, Azl The lubricating oil pump [@~] A61000 |is of a gear
o m= =50 A0 ACh HZ= MS0ME & type, mounted on the feed block of the engine. The
A5 st RS M3 & U= 3010|1K, o] & pump is dimensioned to provide sufficient flow even at
T= B2 010 22 Sl IWA MZEo 26 2 low speeds. It is driven by the crankshaft through an
SECL J10] AFZE= SE0l 2o Ax =S50 1Y intermediate gear wheel. The gear shaft is fastened to
&0 QUCH the engine block by screws.

gas W2| @ A62000 |= Zel0lE Eto|0f The lubricating oil cooler is of the
AFo = =5 ofeholl HREHO At SgdRe= W plate type, mounted below the feed block of the
2E5=0l ool W20, SH0IEQ £2 QPH=E & engine. The L.O is cooled down by means of the
2ROl =Zol wet ZYE 0TI 225 W20l o cooling water. The number of plate is determined
ot 2rAlet Atet2 AMZEALS] Y5 XAME E05H Al according to the lubricating oil temperature required.
Q. Details for the lubricating oil cooler are found in a

=2he 2 = 15mel ZYats It separate manual.
Z0lE "Holy FtER|A Ef0l0] AEIol T= S0 The lubricating oil filter is of the
MAEO QCE 2 Z2Eol= 60mel ZUsS Il &~ duplex paper cartridge type with a fineness of 15um,
Bl &~ 2o ok JIECXZ QUL =2 &4 A mounted on the feed block of the engine. Each filter
Sh= ZE 9 /=0l FAE0 A= & dAMol 26 has a safety cartridge of stainless steel with a
LIEFLED), 2hgfo ROIJF HE A 2O =2 ER0= fineness of 60um. The high pressure drop can be
42 NA"o| sECh 8225 ZE e ZE Y W indicated by the pressure transmitters which are fitted
goll ol deMoz AM=Ze 4 2k T8 2= ZH before and after filter. When the difference value of
el 2eRo a8 LI At the pressure is higher than the setting value, the

alarm system is activated. The lubricating oil filter is

used selectively by the oil filter selection valve. Fig 2

shows the lubricating oil flow in lubricating oil filter.

Fig.2 The lubricating oil flow in

the lubricating oil filter

=27 Ee 2257 85)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Lubricating Oil System

Section No. Rev.

General Instruction

=857 AMLH

G60000 1A

o5t X|7

Q1A ZE A67000 |= 7o @70 utet

Dol MAS 4% QUCh fAMEe 9 o
QAOJZICL $1& BEOl st AME Atete
T RAME ADGHIAR

sol AX=ol ot g/ e 2E 40

ol The centrifugal oil filter A67000 | can be

1o = fH mounted on the engine on request of the customers.
WESYNRS] A centrifugal force is taken from the oil pressure.
Details for the centrifugal oil filter are found in a

separate manual.

o The oil pressure regulating valve A64000
=2 adjusts inlet pressure of the lubricating oil filter at
= about 5 bar and is mounted on feed block of the

3 Ot2Lt engine. In addition, the regulating/safety valve should

be checked all moving parts for wear and any damage,
and replace worn and damaged parts.
E} The thermostat valves A64000 | are of the

M Zt=ot wax element type, working at fixed temperature range
= =50 of 60C~69C, and are installed inside cylindrical
0, Lot casings, which are mounted on the feed block of the
R0l d engine. The thermostat valve cannot be adjusted, and

O 32 normally no maintenance is required. However, in

some cases it is necessary to clean or replace valve
elements. Fig. 3 shows the lubricating oil flow in

thermostatic valve.

=

o ¢
|
g

=

1 /
ol
-
From L.O Pump Outlet From L.O Cooler
(Uncooled Oil) (Cooled Oil)
(a) Thermostat valve casing for L.O (b) For low temperature L.O (c) For high temperature L.O

Fig. 3 The lubricating oil flow in thermostatic valve (2% =& #Zf9o 227 55)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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My

BN = 0= 25 999 78 WEE HoiM =
/oA OIIAIL.

27 T Y2 FolYE F2 LA #F

5 TYolYAR. 2F T HY Fo/89 &x 90| =2

Y2, A2 Yo Y 287 2F St A7l W2
ct
B ==z 22 Ho82 £19 g7 Lo

OIS0 g AL/ch

ol &, RE ABLS0 TR U Tt AEAES
ddotu, RE ol E40] U=AE et Bt ot
otCt.

NOTICE

valves with different temperature

ranges.

Be careful not to mix the thermostat

Be careful not to mismounting thermostat

valve casings. The install diameters of thermostat valve

casings are same for H.T.W, L.T.W, and Lubricating oil.

Valve casing for lubricating oil has two

inlets of downward with same direction.

The prelubricating oil pump A65000 |is of the

electric motor driven gear type pump, which is

operated

automatically when

engine

stopped.

Prelubrication is recommended during engine stop

period if fuel oil is circulating. In case that the

automatic prelubrication has been switched off, the

engine must be prelubricated sufficiently before

starting-up. Details for the prelubricating oil pump are

found in a separate manual.

Always make sure of checking all connections for

leaks and all o-rings for

maintenance.

any damage during

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC
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Part List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
100 Lub.oil pump complete 1 85
191 Bolt 8
193 Tab.dowel w.var.length 2
194 Nut 2
201 Pump housing 1
202 Pump cover 1
203 Gear wheel(L) 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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L.O. Pump Assembly Assembly Drawing & Part List | >"""* Rev.
=25 5z ofd =2 =g U 8Z 2= A61000 1A

204 Gear wheel(S)

205 Bush
206 Bush
207 Bush

208 Spur gear

209 Washer

210 Bolt

211 Bolt

212 Parallel pin
213 O-ring

214 Bush housing

215 Bush housing

216 Bush housing

217 O-ring

218 Gasket

219 Main spool

220 Main spring

221 Valve body

222 Bolt cover

223 Bolt
224 Cover
225 Gasket
226 Plug

227 Gasket

228 Pilot spool

229 Pilot spring

230 Pusher

231 O-ring
232 Plug
233 Nut

234 Socket head bolt

235 Spring pin

236 Poppet

237 Collar

238 Poppet

AlalalalNI|mAlAlalalalaldININImRlAlalalalalalalalalNNl~INMOlmR[Alalalalw| -

239 Name plate

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/YJB



9
. Page
1I:-IMSEN H21/32 11
L.O. Pump Assembly Maintenance Procedure Section No. Rev.
28R HZ od=2 NH|AZ A A M61000 1A

dzol 2 FSS0 sl 0t=20F (A=EAE FI1H
o=z ddotn Ut2E £F2 wHGHoF stCt st i

Inspect all parts of lubricating oil pump for wear
periodically and replace worn parts. Inspection of the

bearing is also essential for lubricating oil pump.

Overhaul of Lubricating Oil Pump

1. g 10 200l 2B (AE 20dH =, =8 % 1.
AU J101E 2ol stet.
2. =E (B) € 20t =, =E U Y E 2ollstth 2
B

Loosen the bolt (A) as shown in fig. 1, and
dismount the bolt and the spur gear.
Loosen the bolts (B), and dismount the bolts and

the cover.

Fig.1 The lubricating oil pump

S0 T 3.

H4stet 4,

EEEn HolY LA FHEH SHE 0.06

~ 0.16 mm O/XBt SEMI} 0.26mmE ZZf6l8 MZ2

Hol PAIZ WA olAIL.

5. ZE2 101A 59 Y=o Wect 5.

B 0-2= 4 22z wHsnL.
BN 22 75 7y=s #=x 2300k g

ct

OSSO
7257

52)

Dismount the gear wheel shafts.

NOTICE

Clean all parts thoroughly.

Inspect the bearing bush for wear and any

damage.

NOTICE

bush is in range 0.06 to 0.16 mm. However if the

The normal clearance of the bearing

clearance exceeds 0.25mm, replace by new bearing
bush.
For assembling the lubricating oil pump, follow in

reverse order 5 to 1.

NOTICE

NOTICE

Replace O-rings with new ones.
Be sure to fit the hole to drain

lubricating oil.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/YJB
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Lub. Oil Cooler Assembly Assembly Drawing & Part List
=857 W2 oldsel 2EYET U B == A62000 1B

192{193

I f
Bl il
o O
o o .\ 5
°© g A o © . I 1
CTEE T2 [ g |
e ) e RITIIIIII] :
@ |6 46 @ *7*::*“*
= A= [ €9 |
Part List
Item No. Description Q'ty / Eng. W(ilg)ht Remarks / See Note
100 L.O.Cooler ass'y 1
120 Intermediate piece 4
121 Intermediate piece-HT Blank 1
191 O-ring 10
192 Socket head bolt 4
193 Nut 4
194 Socket head bolt 8
201 Assembly L.O.Cooler housing 1
202 Pressure plate assy 1
203 Tie bar 8
204 Plate for L.O.Cooler 1
205 Carrying bar 2
206 Distance piece 2
207 Guard 1
311 Plug 2
312 Gasket 2
313 L.O.Cooler housing 1
314 Plug 3
315 Gasket 3
341 Gasket for cooler plate 1
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.03/YJB
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Lube Oil Cooler Assembly Maintenance Procedure Section No- Rev:
sgs Wil ouee) Hulm2 2 M62000 | 1A

The lubricating oil cooler should be checked and

L, Bt 9 W59l ¢4y o| Aot dotsEE=E 4 cleaned at regular intervals. However, in case that the
F Y 2RI UEMAHC2 WAL A= AR0l= pressure on the oil and waterside is dropped
=25 WIS SA W0l MAGHOF StCt excessively, and the oil is cooled abnormally, the
lubricating oil cooler should be cleaned immediately.
=5 W29 o/ dd Overhaul of Lubricating Oil Cooler
1. 38 19 g2 H2)| st A= =23 1. Drain the lubricating oil by loosening the drain plug
B)E Z0{U0 =72 WEAZITH (B) on oil cooler housing as shown in fig 1
2. wegR W2 ofdAN A= SHIAE Z0{U 2. Drain the low temperature cooling water by
of Mz d424e-= tEAZICH loosening the drain plug (A) on oil cooler housing.
B 7= vz % 2225 yE2 oos (TSI L.T water and L.O can be left a little
L2 g Hof Jeoz ZFE Z&F oo S£0/E bit despite draining. So collect them by a tray under
ZHlof Fof £ ¥ 2FR2E 2ojof gL the front module.
E I‘ L — A
\k- . ||||m||m||m||m||m|||||||||||||||||||||||
C o) O O o
\ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
fog o) o
D—5p0 o m— /
o O O (o]
Fig.1 Dismounting of lubricating oil cooler (=257 42719 Zaf)
3. =Ew d2olo dAMlet =, g4, MA 8 =g 3. For detailed disassembling, inspection, cleaning

2,
BN =7 o 5 2 e 2= EH0/E
9 PR BHEAl EIId F0/0F EILICH

and assembling of the lubricating oil cooler, see a
separate manual.

Make sure that the position of the
plate at each end should be mark before

dismantling.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Lube Oil Cooler Assembly Maintenance Procedure Section No- Rev
=87 42| ol =2l Julgdd =l M62000 1A
m SC0/EE ME2 ZeZE WA J-R0 In case of replacing plates with new
= BIEA ME2 E80/E= 0/FZ S5t AF29 Zeff ones, make sure that the new plates are identical
OIEE Al OF BLICH. with the faulty ones.
m U Zo] ZH0/ET} LA FEF Take care not to damage the plates
7Y olHAIL. during maintenance.
m ZH0/EE FFAY ALAIEES PIEof Clean the plates with a suitable deter-
= It HEHE AEo0] HZ20] AHIF o of EIL/CH gent which conforms to supplier’s recommendation.
g2n W2 5lAS 2alolior & 2RI As A If it is necessary to dismount the oil cooler housing,
Fol=, e dAE Wad the procedure is as follows.

4. o=l EOXA 2Es 2eEs W2D| A2 4. Tie the oil cooler housing with a rope, and hook up

s et =, 32l HAEsHC| onto a crane not to fall down to the ground.

5. =B (D)E 20t =, ot9dut AE =55 A& 5. Unscrew the bolts (D) and the connection bolts (E)
of #= =E () S0{HiChL between oil cooler housing and engine block.

6. 72w W) o5tRES oLt 6. Dismount the oil cooler housing.
B > =39 280 7 255 FY51Y Be sure not to damage the parts.
A2
A F 9 Z&7 H2P] ofPE Zog Wo= A CAUTION Take care of your body, when
CIAAX] YEE FTY51A2. removing the oil cooler housing.

7. ZEZ2 40IM 69 Aol THECEH 7. For mounting the oil cooler housing, follow in

reverse order 4 to 6.

m TE H, WAL BIEAl M HoZE W Replace gasket with new one before
A oFAIL. mounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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[ 108 ) { 202 : T }o{ 20a ) | 108 3
|I E—_'-"ll L‘_\‘-
( 242 el | [
e = II
) I |

Part List
Item No. Description Q'ty / Eng. W(iig)ht Remarks / See Note
101 L.O Filter complete 2
102 L.O. filter control v/iv 1
103 O-ring 1
104 O-ring 2
105 O-ring 2
106 O-ring 2
108 Bolt 16
110 Plug 2 Included 241,242,243
111 Band 2
117 Intermediate Piece 1
201 Cover assembly 2
202 1'st Filter (Cartridge) 4
203 Secondary filter 2
204 Intermediate ring 2
241 Plug 2
242 O-ring 2
243 O-ring 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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=257 ZH od=d AEE Y BT 2 A63000 1=
/ (o
@\ o)
@—=
i:i
Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note

301 Filter cover 2

302 O-ring 4

303 Element flange assembly 2

304 Pin bolt 2

305 Cover spring 2

306 Flange spring 2

308 Cover flange 2

309 Flange boss 4

310 Bu-pass plug 6

311 By-pass cap 6

312 By-pass seat 6

313 By-pass spring 6

314 By-pass seal 6

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 10.01/SJH
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Lub. Oil Filter Assembly Maintenance Procedure Section No- Rev:
sus BE o422 Hulsd =R M63000 | 1B

AFol S oo FHME REFO THE
RAFMOR HAols AL WP BRSICL B AWl

possible. The

engine stop condition

It is important for the extension of the engine life to

inspect the lubricating oil filter regularly. If the alarm is
activated, which means pressure drop is too high,

exchange the filter cartridge by new one as soon as

life of the cartridge depends on

lubricating oil quality and operating condition. The oil

filter can be chosen by the filter selection valve.

It is recommended to use one of the filters normally

and the other for stand-by use.

The filter exchange should be carried out during

according to overhaul

procedure of lubricating oil filter as follows:

Exchange of Lubricating Oil Filter

=2 ZE WA Aol= BtEAl AZs HX = 0f
del 2oll/ddirdol wet wxaletck
=87 B2 wiH
1. oy Z2EHQ wen Uy de @We g Z)| WaE
MU= LSt ool 2E ™y 3712 E A

L2 ALTER
AR YEMT
WALVE

L Fl;TEF':
PREZSURE
SENSING VALVE

Fig. 1

Fig. 2

1. Open the pressure sensing valve and the air vent
valve of the stand-by filter chamber for air

ventilation. [Fig. 1]
If Lubricating oil flows out through air

vent valve, then close the air vent valve.

2. Change over operating filter chamber with stand-by
filter chamber by turning the filter selection valve.
[Fig. 2]

SELECTION wiLvE

Fig. 3

3. Close pressure sensing valve of the exchanged

filter chamber.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 06.05/IDY
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Lub. Oil Filter Assembly Maintenance Procedure ceren e .
=27 2H od=c Huldd A=xt M63000 1B
4. HE SO E 3 S0U B7ERsS WE A2 4. Unscrew the drain plug slightly to drain lubricating
Ch (0™ 3 oil. [Fig.3]
BN zc/2= £ O wmuzk, 28201 2545 Check the oil drainage finished by
A LEBHEAIE S1216HAAIL. pulling out the plug more.
5. 2E AHBE =odllotol JtELIA ¥ 2x ZHE A 5. Open the filter cover and remove the filter cartridge
Hetrh (28 4, 5) and the 2" filter. [Fig. 4, 5.,6]
ol HE AZ|A %= F? IAWARNING Insufficient drain may cause of spray.

Fig. b
6. The 2™ filter can be used again after clean with

detergent. The filter cartridge is to be exchanged

Fig. 4
6. 2x ZEe= MAEN=Z AHAE = M AHES & UCH
FtECIX= Bt=Al M A2 =2 WwH St
with new one.
BN ca7E arg Sttt The dismantled cartridge can not be
used again.
7. ZH WS E MWRs ddo=z H4L 2 ZEHE 9& 7. Clean the filter housing with a clean rug, and
o2 g 7 U E H=th reassemble in reverse order.
8. HiE WE 9 B & Wes =0 8. Close the drain valve and the air vent valve.

Engine & Machinery Division

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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— = oo A64000 | 1A

[S=s
= Te 55

w)

L.O. Thermostatic Valve Ass’y | Assembly

gg 2% 5 We =g

[
I

[0

-;:I _— 1":_ . : I.-_.i" "\-...
(211 _J L 102 .-Ik 105 .-I
— -\._T_,a- o S
a W
=] =5
L
.L'.-:' ™ . (] [ ]
g o "-.-':':I o a ™
= :I'- o ' 1-
N ]
£ o F 8
L1 ) o o Py ®
- e L
i i
2 ,—{" B l—..x e
& = . o W Y g N % P "‘u
| 210 || 2m ::[ 206 | | 203 | [ 212 |[ 204 |
n - "._____.-" k 1____.-"' "'._H_._. """\-\_-";
Part List
Item No. Description Q’'ty / Eng. V\I(T'(ig)ht Remarks / See Note
101 L.O thermostatic valve complete 1
102 Bolt 8
105 O-ring 1
201 L.O valve casing 1
202 L.O Thermostatic valve element 3
203 Washer 3
204 Thermostat valve guide 3
206 Bolt 3
207 Bolt 9
209 Bolt 8
210 Packing 1
211 Blind flange 1
212 O-ring 3

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/DYJ
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2gs 4 Y Yo o4 ZYE U RE =55 A64000 | 1A
@ (2; 228 231 225b
LT
221 226 230 224 221 229
Part List
tem No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note

103 Pressure control valve assembly 1

221 Body 1

222 Adjusting block 1

223 Guide block 1

224 Cover 1

225 Closing cap 1

226 Spring 1

227 Bolt 1

228 Gasket 1

229 Nut 1

230 O-ring 2

231 Bolt 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Pre-lubricating Oil Pump Assembly Drawing & Part List | *"*""™ Rev
ot 2R Gz YT W 2Z 2= A65000 1B

| S—

et

—

i 1
)
—

=
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IWiininm
[111]1]

i

-

e
| I

’

il

Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
101 Pre-Lub. Oil pump complete 1 See next page
107 Non-return valve 1

/A HYUNDAI HEAVY INDUSTRIES CO.,

LTD.
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Pre-lubricating Oil Pump Assembly Drawing & Part List eetion o .
ot 2ER HI YT Y BE 2= AB5000 1B
. 101
.".--'-..
i
g
R
212 211~ 216+ 201 S T 210 204 (36 - 202 215 i 2 Pt
] : J / ; ; 4 -
N -~
1 o g
-
j | b 'H.-:—'_H. EM"lf"':'- \_
% A R |
B R i NN
e
Part List
Item No. Description Q'ty / Eng. V\/(?(ig)ht Remarks / See Note
101 Pre-Lub. Oil pump complete 1
201 Driving cover 1
202 Gear casing 1
203 Pressure relief valve 1
204 Driving gear shaft 1
205 Gear shaft 1
209 Screw 4
210 Parallel pin 2
211 Circlip 1
212 Key 1
215 O-ring 2
216 Rotary shaft seal 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Pre-lubricating Oil Pump Assembly Drawing & Part List Section - e
ol 2w 8% ZEE | BF 55 A65000 1B

6 44

3{13 207 ;BGB
|/ / s

Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
301 End cover 1
302 Piston 1
303 Spindle 1
304 Cap nut 1
305 Compression spring 1
306 Pipe nut 1
307 Screwed plug 2
308 Small ring 2
309 Sealing ring 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.07/3CL
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Pump Drive L.O. Nozzle Ass’y | Assembly Drawing & Part List
I 1= 2gn « 5 od=e ol o BZ == A66000 (1A
(Without LT-C.W. Pump) e = Te
E
Led
E 13
o
o
/-"'-'_‘-""\-\
511 il 511
Part List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
510 L.O nozzle for pump drive gears 2
511 Bolt 6
512 Blind oval flange 1
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/DYJ
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Cooling Water System General Instruction cetion o o
A2t ALH- olut X7 G70000 1A

N Description

AZol= FHel e H2de o201 ded, 0] 2 The engine has two cooling water circuits internally,

2= M2UT) A" 9 e (HT) ANa"doe=z2 g of which are low temperature (LT) system and high

ULt 0] 329 RE dHE= ZE3F Hol U temperature (HT) system. Most of the elements of the

o, 2Ad &= =0 AXE0 AL circuits are modularized and directly mounted on the
feed block.

W2 NoHE2 24 UXNDIE &Otel duksol J The cooling water system is designed for using
T2 METIES AR QeH, M2 U D2 AL normal fresh water with corrosion inhibitor. Both the
H 25 Mol 2o W2s0f ATt low and the high temperature system are cooled by

fresh water.

J8 1 20l Mz WeE M2 W2 gzl 9 The low temperature cooling water circulates by L.T

of =t X0 WeRo2 g WZI|(CAC) ¥ & pump and flows through charge air cooler (CAC) and

gr WAI(LO0)E sl S Lt Mz dUeE 25 lubricating oil cooler (LOC) internally. L.T.W thermostat
Y WE= W d2ArE 2R9 HAee wetgto valve controls the water temperature by exchanging
M 28 dstct water with external circuit as shown in fig. 1.

LTW Pump
(if Applied) HTW Pump
LTW Thermostat Valve HTW Thermostat Valve

(if Applied)

Supply Supply
Return —PReturn

Lubricating Oil Cooler

Fig.1 Circuit diagram for internal cooling water system (Lf 2 Y2t+ HEE)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Cooling Water System General Instruction Section No- Rev
Wzie A2 o0} A|7 G70000 (1A

e Wae=E WRAO e "=l oo &2tE o, The high temperature cooling water circulates by
Azih = AE M2AS Sof SECL e W2y H.T pump internally and flows through cylinder head
g 25 3 YWE= e dAes o WL and water jacket under normal operation. H.T.W
veteteg ) frs Tdsttt thermostat valve controls the water temperature by

exchanging water with external circuit.

T oo Wzs HZ = ealgT g The two cooling water pumps|®=| A71000 | are of a
20l04, Arol RzLholl MAE0 A= J10f 2ol 2 centrifugal type and are driven by the gear wheel at the
of P=EICh 0 FUe d2e o= st Bge free end of the engine. These two pumps are identical,
£ oLl 1= HWALE00], ChE stk M2 W2 but one is for circulating high temperature cooling
T BOo=2 MBELCL BZ St WALsSs1 g water and the other is for low temperature cooling
735 MOJUIAM F57 XTIt == A4S 90| Sl A water. Sealing rings are provided to avoid leakage
o ol A0 Ch between water side and oil side in the pump housing.
m 42t gre= I8 29 20l 77 2 FIF Cooling water pump has a check hole
UEXNE Bolgt + Y= &2 20/ Y&L/L) o] 58 E5 A against leakage as shown in fig. 2. Watch the check hole
T HEfYAIL. P HZtLf 28570 0/80/2tE 4 &P frequently. If there is any leakage of cooling water or
W= 42+ Z2ZE 2o ¥ ZZol0F gL/CH lubricating oil, overhaul the cooling water pump.

L.O plug

Sealing rings

(Water or Oil)

Fig.2 Check hole for leakage and cooling water flow in water pump

(Xf}ii al
oo = =

BT Y27 58)

Check hole for leakage

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC




L)
i Page
1I:-IMSEN H21/32 3/4
Cooling Water System General Instruction Section No- Rev
Wzie A2 o0} A|7 G70000 (1A

Sol @5 =Y We (@] A74000 |= 22 D&
o M2 32RO AIRED AdF9 I= 220 AX|
S0 QCL 0] Wose 20 dyUE BN =X
2 2Jlssltth I8 33 20| 2F AN wWos W2t

I

l To Engine Inside
N\

I~ |
%ﬂ; — E From Engine
c.w I ‘ ET\ (for HTW)
Suppl 1/ <
i <\~— = From Cooler
. ( for LTW)

(a) Low temperature cooling water

The two thermostat valves for HT and
LT water circuits respectively are mounted on the feed
block of the engine. They are of the wax element type
and cannot be adjusted. The thermostat valve controls
the flow direction of the cooling water depending on
the water temperature in the engine block
appropriately as shown in fig. 3.

The thermostat valve cannot be adjusted, and
normally no maintenance is required. However, in

some cases it is necessary to clean or replace valve

elements.
To Engine Inside
: I
| From Engine

c.w \ (for HTW)
Supply D

‘" From Cooler

\ ( for LTW)

/

/

To Engine Outside

(b) High temperature cooling water

Fig. 3 Cooling water flow in thermostat valve (2= =& 229 H2}+ 55)

B = 77 22 o= 2ag Zeds ¢
SAl Y278 WENZ|Z LA ATO0| 4 BIA f]5
Al

BENEN 42+t =2l THHYAL.

NOTICE When dismantling thermostat valve

housing, drain cooling water and wait until the engine
cooled down.

A\ WARNING Be careful of hot water.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Cooling Water System

General Instruction

Y25 A2H

o5t X|7

G70000

1A

LIC) 2= #E0] #AEH0 U= 25

M2 Y27, 22 Y2+ ¥ 2879 22

el FEE + U

=Y gPE b= 2

IGIYAIL. HTHE ofPHY #E A HESL {0/ FEF

T ot A2,

B = vy 22 Y3+ ¥ 2879 2=

Y 51952 SUs FFo0|o2 ==
TEE + YLk 3 WE G20

TE 48 BT oltAIL.

X 2tolH AAGHAIL.

NOTICE

All the valves for L.TW, H.TW and

lubricating oil have same dimensions and mountable on

the other housings. Check control temperature range

marked on each valve. Do not mix the valve elements on

a housing.

NOTICE

All the valve housings for L.TW, HTW

and lubricating oil have same diameter and mountable

into the other holes of the front block. Be sure to mount

each valve housing correctly [See fig. 4].

Position Markings

Thermostat Valve

Casing for L.TW

(if Applied)

Thermostat Valve
Casing for H. TW

Fig. 4 Mounting of thermostat valve housings for L.TW and H.TW

K2 9 12 25 TH U op2E9 gl

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC
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C.W. Pump Assembly Assembly Drawing & Part List Section No. Rev

2 92 old = . A71000 | 1B
(Without LT-C.W. Pump) et x 7T 595

zy

2

o
7

G I IS 7222222277724

) i <y
2 % ////>é

772 N\

e (T2
y =
=% .P///”"
% / 285 /;-‘iy//////é"

] §
=2\ S
=8 N\

gﬂ?///’\'\’;{‘%i A

7 WWW > . G

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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C.W. Pump Assembly Assembly Drawing & Part List Seetion - e
W2t HE oM 2] rale Ol U o= A71000 1B
(Without LT-C.W. Pump) eSS s e
Part List
Item No. Description Q'ty / Eng. W(?(igg)ht Remarks / See Note

100 H.T.Pump complete 1
193 Tab.dowel w.var.length 1
194 Nut 1
201 Pump casing 1
202 Pump cover 1
203 Shaft 1
204 Spur gear 1
205 Impeller 1
206 Retaining ring 1
209 Bearing 1
210 Bearing 1
211 Socket head bolt 8
212 O-ring 2
213 O-ring 3
214 Mechanical seal 1
215 Oil seal 1
217 Set screw 1
218 Bolt 5
219 Parallel pin 1
220 Plug screw 2
222 Plug 1
223 Washer 1
224 Washer 1
225 Bolt 1
226 Bolt 1
300 L.T.Blank 1
401 Pump casing 1
402 Pump cover 1
411 Socket head bolt 8
412 O-ring 2
413 O-ring 3
417 Set screw 2
418 Bolt 5
419 Parallel pin 1
500 Intermediate piece 2
591 O-ring 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

06.04/YJB
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Engine driven C.W. Pump Maintenance Procedure st =
A7 7= Uzs BT MmN =A (£2) M71000 | 1A
AMEPE FrdZo =g Assembly of Engine driven C.W.Pump
1. Holg lso JelAs S=xote 22455 st 1. The inner bearing should be greased and
ZA0IM HoE S e stth assembled on the press in consideration of right
angle.
BEEE 2 1o zol 2 Hupor gy %S The seal cover of 1Z bearing should be
oot = Ui Alotof Zgletct assembled toward impeller as shown in Fig.1
POS No.209 POS No0.210
Bearing 1Z Bearing
POS No.205
Impeller side
Seal cover
toward impeller
Fig.1 Bearings mounted on shaft (#/o/% Z& £/%))
2. 2U 43 Tl 29t E2 HE ZTE AFE AES5H0] 2. The oil seal which has a groove on the upper
gz otedo =elote 0| A= dekol f= direction is mounted on pump housing by tool as
oot = et shown in Fig.2.
BEEEE -2 2 2o oo D2|~s When assembly, the outside of oil seal
EXotn 0g 2 Md 0F YA E 0[8010] 2L otE is greased and should be carefully fitted by rubber
Felgh Aol HA gfEs & 2

Fig.2 Assembly of oil seal (-2

hammer, not to be deformed or damaged.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.01/YJB
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Engine driven C.W. Pump Maintenance Procedure Section No- Rev
Al PE Wi B Huldd =R (£2) M71000 | 1A
3. 110 SEIOIE 6208 &%

3. The plug is coated with loctite 620 and tighten as
shown in Fig.3.

Fig.3 Plugging with Loctite 620 (FE;0/E 620 ZEF Z2/7)

4, HiFtLZ Eol AE o 2[4 D2lAs &X

4. The seat ring of mechanical seal is greased on
g 49 2ol retct

outside and inserted as shown in Fig.4.

S5.1¢0lM 21N =g

5. The shaft which is sub-assembled together with
52 20| BZ ofdol =g ettt

bearing is mounted on pump housing by rubber
hammer as shown in Fig.5.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.01/YJB
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Engine driven C.W. Pump Maintenance Procedure eetton Mo ®
Al PE Wi B Huldd =R (£2) M71000 | 1A
6. B otdo 2~ s e 3 3 61 20l 6. The snap ring is inserted into pump housing and

then pump housing is turned as shown in Fig.6.

Fig.6 Assembly of snap ring into pump housing (#Z &}-2%o] =% % £%)

7. HIPtLZ Aol SEAE D” 71 20l &=

=2

%
o

7. The rotating part of mechanical seal is assembled

=

as shown in Fig.7.

Eoll =01 8. In order to remove oil on shaft thread and bolt
IS %2l before loctite coating, degreaser should be sprayed
SE0 and dried. The impeller is assembled and the bolt is

coated with loctite 242 and tighten as shown in Fig.8.

Fig.8 Assembly of impeller and bolt & washer (¥ # &/, EE Z2/7 9449 F )

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.01/YJB
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. . . Secti No. Rev.
Engine driven C.W. Pump Maintenance Procedure eetion 7o e
Al PE Wi B Huldd =R (£2) M71000 | 1A
9. 24 JIE 0ol VY HE ANFE AMS6Ho] 28
99} 20| 280Nm= HZ iCt.

9. The spur gear is assembled and the bolt is coated

with loctite 242 and tighten by torque 280Nm as
shown in Fig.9.

Fig.9 Assembly of spur gear and bolt & washer (23 7/o), BE 22/ 9/4]9] F &)
10. 29 J|0f Mg Hg A2 AUl
oo

£33 120Nm=

10. The impeller is tightened by torque 120Nm as
shown in Fig.10.

Fig.10 Tightening impeller by torque 120Nm ( &/ = ¢/)

=] gles 9

Qli

=
e

F2 A 11. O-ring is coated with grease and carefully

inserted into groove without damage.

Fig.11 Insertion of O-ring and end products (

L8 =g} )
/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 08.01/YJB
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Engine driven C.W. Pump Maintenance Procedure Section - Rev
AT P WS P HulHZ 2 (22 M71000 | 1A
12. 3= oteds Adxo Z2E A= S=hol|l ZAste). 12. The pump housing is mounted on the front end
Dl A% SER Z2E e 22 g2 olAS block.of the engine. And tighten the socket head bolt
M &etct. on the pump housing.

-

‘lﬁ

e,

-
—
Fig.12 Assembly of C.W.Pump housing( %5 #Z /-3 £ &)
13. X HHE BZ otdol =gttt Ol 2 13. The pump cover is mounted on the pump housing.

And tighten the hex. bolt on the pump cover.

Fig.13 Assembly of C.W.Pump cover and the assembled C.W.Pump
(F= H=Z Av 287 F+ HZ 2Y2H )

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.01/YJB
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C.W. Thermostatic Valve Ass’y | Assembly Drawing & Part List
e 22 Y WE xalC O U 2= A74000 1A
(Without LT-Thermostatic Valve) e s e

Al

Part List
Item No. Description Q’'ty / Eng. V\I(ekig)ht Remarks / See Note

101 Blank piece ass’y (For L. T thermo. v/v) 1

102 H.T thermostatic valve complete 1 29.9
104 O-ring 2

105 Bolt 16

203 Washer 3

204 Thermostat valve guide 3

205 Bolt 3

206 Bolt 9

207 O-ring 3

221 H.T valve casing 1

222 Thermostatic element 3

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/DYJ
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HT-C.W. Flow Control Valve Assembly Drawing & Part List
2 YL R Aol we ZYE Y BE 8= A74000 1A
a1 ;
e v
J ";; :I::I' |I
.— ‘-\-\.\;H. |
] 4 |
:,“_*--h |
N -'.“;.n'i.:' - 1
L 1.4
'\;-u-?_;_. \
Rt 3
Part List
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
105 Bolt 4
106 Gasket 1
109 Spring washer 4
131 Control valve ass'y 1
231 Valve spindle 1
232 Flange 1
233 Guide plate 1
234 Nut 1
235 Spring pin 1
237 O-ring 1

* This part is only available if the nozzle cooling system is applied.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Cooling Water Connection Assembly Drawing & Part List Section No- Rev:
W2t AL ZEE U BE 58 AT7000 1A
5 | |.:|.:|

106 15 I LA} ,' 111

1\1

i 1
Rl ||J|,

1if/

I. -
| ) |
)
"'f I,
1-r;| |
Part List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
101 Jacket water inlet pipe 1
102 Jacket water outlet pipe 1 1
103 Jacket water outlet pipe 2 1
104 Packing 1
105 Flange 1
106 Stop piece 1
109 O-ring 3
111 Bolt 10
112 Bolt 4
113 Packing 1
115 Bolt 1
121 Packing 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/DYJ
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Cooling Water Connection Assembly Drawing & Part List
d2tr AR 2EYET U B == A 78000 1B

C/W Outlet Pipe Assembly
1.78.500

Q#
i

F?% Front Block
******* j R
oM in\e%.%;??ogssemb\y
Part List

Item Descrintion Qty /Eng. Weight Remarks /
No. P (kg) See Note

S5cyl | 6¢cyl | 7cyl | 8cyl | 9cyl
711 Connection piece, Cyl. head 4 5 6 7 8
712 O-ring 18 22 26 30 34
713 Stop piece 8 10 12 14 16
716 Bolt 15 17 19 21 23

721 Connection piece, Water jacket 4 5 6 7 8

731 Blind flange - upper 1 1 1 1 1
732 Blind flange - lower 1 1 1 1 1
736 Washer 15 17 19 21 23
255 Inner piece 5 6 7 8 9

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.05/SJH
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Supercharging System

General Instruction

Section No. Rev.

= A2H

G80000 1A

o5t A|7

Description

& SUWolA B 2S00

FaEl ZHE Sl sgElth a4 3J|= oflg, BXA

BEds)l= doe ud2) daee o9&
Axel m= =590 AR J2ln 4E

The air required for combustion is taken from the
engine room through a filter fitted on the turbocharger.
It is imperative that the combustion air is free from sea

water, dust and fumes etc.

The turbocharger is a radial uncooled type with high
efficiency and mounted on the feed block of the engine.
And the water washing systems for the compressor
and turbine are supplied as standard. The turbocharger
is cooled and lubricated with lubricating oil from the
main lubricating oil system. For detailed description,
inspection and maintenances of the turbocharger, see

a separate manual.

Exhaust Gas Outlet

l
J L % Charger Air Inlet
&
N

Water Drain

Charger Air Cooler
With Water Mist Catcher

Fig.1 Diagram for combustion air and exhaust gas system (&7 & tj7] = AI=E 415)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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H21/32 "

Turbocharger Maintenance Procedure

Section No. Rev.

Bl 57| (ABB made)

M80000 2E

guldd 2xl

During operation, compressor of turbocharger may
accumulate deposits of dirt. Therefore the compressor
should be cleaned while in operation by water injection
at regular intervals. Hereby the deposits are removed
mechanically by the impact of the droplets.

The combustion of heavy fuel oil in diesel engines
causes contamination of turbine blades and nozzle
rings of turbocharger. The results are low turbine
efficiency, increased exhaust gas temperature, higher
charging and firing pressures and lower engine output.
Therefore wet cleaning of the turbine blades and

nozzle rings should be done at regular intervals.

Cleaning of Compressor

BN =4 975 sid 3702 AS6 T &

O 25420/ 878 S8 AMEIA OHIAI2.

1. In order to cleaning the compressor wheel,
unscrew the plug in the side cover of water
container as shown in fig 1.

2. Fill the water container with cleaning water, and
screw the plug.

NOTICE In order to prevent corrosion, use

only pure water and never salt water.

Air Pipe

Plug

Water Pipe

Fig.1 Pipe arrangement for cleaning the compressor side (2/Z7/ A& & 12/0/Z A& Ef)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 10.04/JDH
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Turbocharger Maintenance Procedure Seetion No. Rev.
EI2 243J] (ABB made) M| =) M80000 2E

© Lo} £275 MEY B FLULL

B z2v o &8 o 458 F20s =
Il HEE 102 50 BHS5HIA 2.
BN y2522 MFS o 24K2H04 484
2te) 28 2ol Y ok Lt

B 2=/= 452 2

Al 1562 014 FolE Z 2 2&60F gfLIC}

2K

Al

AL

iy A

Zol= 1000

3. Open the valve for about 10 seconds in air pipe.
4. Close the valves in air pipe after cleaning the
compressor side.

NOTICE

be done as high load as possible. Higher load

Make sure that water cleaning should

makes better cleaning effect.

NOTICE Re-cleaning process can be repeated

after interval of 10 minutes at the earliest, if

necessary one more.

NOTICE As a rule cleaning should be

performed every 24 to 48 hours of operation.

NOTICE

should run under load for at least 10 to 15 minutes.

After cleaning compressor, engine

Cleaning of Turbine Components

o1z 51},
B 77 == 2025 #2590 AXN &
2 Y2 BHPOI2 MEH0F BLich

o= off bl et
AZE 0] As MA UHRESS0|

NSl =

2. HEl =Sd0l=E MAsPI
I 10

et dggo =t =XE oyl

U A

i

ol

-

B = =/ Y 55 29 Py 2 HY 27
og2r) X0/ 1.50ar 018 0/0/0F BIC) 2FSF Pyr— Pr
< 1.5 bar0]®, AFNELL 245 0{0F BLICE 0174 Pr

= HE Y79 o 252 LI U AsL/C)

Pur © EI8 A0/ & &7 2

- Pr D HEN X WL 2

1. Supply the pipe arrangement for cleaning the
turbine components by the engine maker as
shown in fig 2.

NOTICE

NOTICE

agents or solvents should be used.

Connect the fresh water line.

Clean fresh water without cleaning

2. Before cleaning the turbine blade, make sure that
the necessary settings of the cleaning parameters
in table 1 as below should be made during a
preliminary test.

NOTICE

water connection on the turbine casing must be at

The water pressure, Pyt before the

least 1.5bar above the turbine inlet pressure(Put —
P+ 2 1.5 bar) when water is being injected. The
engine output must be reduced if Pyt — Py < 1.5 bar.

Where Py is absolute static pressure before turbine.

- Puwr :water pressure before turbine casing

- Pri :exhaust gas pressure before turbine

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 10.04/JDH
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H21/32 | 353

Turbocharger

Maintenance Procedure

Section No. Rev.

Bl 57| (ABB made)

guldd 2xl

M80000 2E

Fig 2 Pipe arrangement for cleaning of the turbine side (£/2/ A5/ & 2/0/Z Hf A/ &HEH)

B ~ 7 - 00T =268 =68, 2
£E JpSEt ot 4 THa0F BLiLt
B 22 224 A5F HE 27 255

Tri = 450CE =2fofA] ¥=F afoF &L/},

Table 1 Cleaning parameter (4/& of 7} 21

If Tri = 400 T can not be reached, the
temperature should be adjusted as high as possible.
Be sure not to exceed the temperature
before the turbine Tt = 450 U during cleaning for

reasons of material strength

Temperature Absolute water Injection time per | Water volume per | Interval between
Type before tuibine pressure injection injection injectio?s Number of water
Tri [C] | Pwr? [bar] t [s] Mw 2 [1] t, [min] njections
TPS 48 400 ~ 450 3.5~6.0 15~30 15~35 3 3
TPS 52 400 ~ 450 3.5~6.0 15~30 20~5.0 3 3
TPS 57 400 ~ 450 3.5~6.0 15~30 35~8.0 3 3
TPS 61 400 ~ 450 3.5~6.0 15~30 45~10.0 3 3
1. before the water connection on the turbine casing during the cleaning
2. water volume depends on pressure before turbine, water injection pressure and injection time

BB =2 ¢= 92220 108 J/F22 &
zEof At

B o2 =22 28K20] T 2004 2t0f
CF 0| HZ a0 ELICH.

B /72 = 255 20-40CE #A54]

o
.

Water volume rate is specified per
turbocharger.

The turbine components should be
cleaned approx. every 200 operating hours.

The recommended temp range for the
washing water is 20 Cto 40 C.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 10.04/JDH
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Intake Air System Ass’y Assembly Drawing & Part List | """ Rev.
291 N2 ol e B A81000 1A

==

al

143

=
=i
& @
(43
o o o o o o a
i

vvvvv

7 Y
hd

&l

A

Part List (for 5H21/32)

141)

905(90

111

110

90:

31

901

90:

90:

Item No. Description Q’'ty /Eng. W(iig)ht Remarks / See Note
000 Intake air duct ass’y 1
110 Interpiece diffuser 1
111 Gasket for compressor outlet 1
140 Air inlet box 1
141 Gasket 1
142 Gasket 1
143 Cover 1
310 Axial compensator 1
901 Bolt (M16x60). 16
902 Nut (M16) 16
903 Bolt (M12x35) 24
904 Bolt (M12x25) 4
905 Bolt (M12x45) 4
906 Nut (M12) 4
910 Bolt(M16x55) 8
9N Washer 8
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Part List (for 5H21/32)
Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note
000 Exhaust system ass’y 1
280 Exhaust pipe 1
281 Exhaust pipe 2
282 Exhaust pipe 2
284 Gasket 7
287 Gasket for connection flange 5
289 Connection pipe 5
290 Exhaust pipe 1
291 Exhaust pipe 1
292 Exhaust pipe 1
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/YGS
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Item No. Description Q'ty / Eng. W(?(ig)ht Remarks / See Note

294 Exhaust pipe 1

295 Exhaust pipe 1

330 Compensator 4

340 Compensator 2

414 Support 1

419 Connection piece 1

420 Exh. Duct support 5

421 Blind FInage 5

422 Packing 5

425 Support 4

901 Bolt (M12x55) 66

902 Bolt (M12x60) 12

903 Bolt (M12x25) 36

904 Bolt (M12x35) 20

905 Stud M12 8

906 Nut (M12) 104

907 Bolt (M16x45) 2

908 Bolt (M10x25) 12

909 Plug (PF3/4) 5

910 Gasket (d27xd35) 5

For 5H21/32
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Part List
Item No Description Q’'ty / Eng. W(iig)ht Remarks / See Note
010 Turbocharger 1 See Detail T/C manual
110 Support for T/C gas outlet 1
18 / 5cyl
16/ 6 cyl
111 Bolt 20/ 7 cyl
20/ 8 cyl
20/9cyl
121 Support for turbocharger 1 35.3
124 Plug 2
125 Gasket 2
128 O-ring 1
129 O-ring 1
130 O-ring 1
131 Diffuser for Turbocharger 1
133 Bolt 12
134 Nut 12
135 Parallel Pin 1
139 Packing 1
Bolt for high temperature (M16) 2
901 Bolt for high temperature (M20) 2
Bolt for high temperature (M24) 2

*) Depending on turbocharger type
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Part List
Item No. Description Q’'ty / Eng. W(iig)ht Remarks / See Note
100 Air cooler 1
110 Water mist catcher 1
111 Gasket for air cooler 1
119 Bolt 4
120 Cover for air cooler 1
122 Gasket for air cooler cover 1
191 Bolt 18
192 Nut 6
193 Plug 2
194 Gasket 2
198 Stud bolt 6
199 O-ring 8
210 Plug 1
211 Gasket 1
292 Socket head bolt 8
810 Intermediate piece 4
811 Intermediate piece 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/YJB




9
I.IMSEN

Page

H21/32 12

Charge Air Cooler Maintenance Procedure Section Ne- Rev
B3 w2l U™ =A M84000 | 1A

S22 FOU9 Wl ol

E 9 FEE dAlot IWR0| MAlol= 22 e &
0ottt et Mg d2lol s JHA3ie MEl= gt

The air flowing between fins is cooled by cooling

water in the tube. It is important to check and clean the

heat exchange side plates and tubes to transfer the

heat properly. Also be sure to inspect the gasket

condition in the charge air cooler.

Inspect the charger air cooler at regular intervals for

a long service life of the engine.

Overhaul of Charge Air Cooler

1. M2 Y D2 W42 yisstet
S0t

1. Drain the cooling water (L.T and H.T)

2. Unscrew the bolts for the air cooler cover as

shown in fig. 1.
Dismount the air cooler cover and gasket.

4. Dismount the air cooler using the lifting tool.

Gasket

Fig 1 Dismantling of Charger Air Cooler (Z/

2119 2of)

Uy
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5.

Clean and put the cooler elements on air and

water sides in the cleaning bath with detergent.

NOTICE

damaged during the maintenance. Damaged fins

Pay attention that the fins are not

result in an increased the pressure drop across air

cooler.

NOTICE
NOTICE

the intermediate piece should be removed.

Check for corrosion.

Make sure that fouling and deposits in

Mount the air cooler in reverse order 2 to 5.

NOTICE

grease.

Make sure that new gasket should be

Coat the intermediate piece with the

replaced before reassembling the air cooler.
Before the engine starting, check the
tightening of the bolts. See G09400
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