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G01300 AME s Engine Performance
G01310 g £29 2% Correction of Fuel Consumption
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G01330 HASHAA O WE Pmax A0l Pmax difference depending on measuring point
G01400 el 2% dlolg Normal Operating Data
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&t 28 Normal Operation
002100 UUEALRE 9 O At General Precaution and Warning
002200 MR 2% Commissioning
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002600 AME et 27 Engine Normal Operation
002700 ALX HA Engine Stopping
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002900 N OIAE AT & Engine preservation for long term disuse
&4 28 Special Operations
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A98380 ZEHE Y 2E 55 Assembly Drawing & Part List
M98380 gulgd 2R Maintenance Procedure
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.03/CES




)
Page
I:-IMSEN All type |7
General Introduction Sheet Information Section No. Rev:
out Abst ANE HE G00200 1H

2 AEAMel dye =2 dE 2 AEo|H, Ao This instruction manual describes mainly on the
HrtEl AR S5 250 2oiME 2 H2E o] engine proper. As for the some special components
H KEME EHZoIAID| vhEh mounted on the engine, please refer to the additional

manual provided separately.

= AFME digel 2H, 24 91 olu|Soll ket X1 This book includes instructions for engine
AeotSS Zeotn, otefiet 22 AMEMSE =tolgt £ operation, maintenance and assembly drawings,
A&t which can be identified by sheet number as follows.
ANEBS Sheet Number

2 el 2 AMEE O% NEUvS=2 =150, A Each sheet of this manual has its own Sheet No.
AHS, HolXis U IIgHS 2 2HE AIEHSE A} for identification, which consists of Section No., Page
SOIAH A ool AH et Al&et dFA2|0 =50] E No. and Revision Number. It is recommended to use
L Ct this Sheet No. whenever communicating with engine

maker for quicker response.
1. AHHS 1. Section No.
OO0 [l CT O
_I_—ér—?l I8 &= 8 U= Sub Group or Part Number
285 Group Number
00~09 : AZ 2MZo et Aot 2 00~09 : Group for Engine Complete
10~99 « ANZl St AlAof 25t 2HAl A2 10~99 : Group for Engine Sub Section
— G : 2 MM fEr Lut X E — G : General Instruction for each section
A2 Aldo thet 2 e o 355 (H21/32) A : Assembly Drawing & Part List (for H21/32)
AC : 2f MM thet 2lE 9 £Z=2= (H210) AC : Assembly Drawing & Part List (for H21C)
ACDF : ZF MMl tfet malT o YZ=2=2 (H22CDF) ACDF : Assembly Drawing & Part list(for H22CDF)
__|c: 2t MM OBt mElE O BEZes (H25/33) |__| C : Assembly Drawing & Part List (for H25/33)
CDF : 2} MAMof| 8t =2l 9 9Z== (427DF) CDF : Assembly Drawing & Part List (for H27DF)
S ;“\; - that S~ = o ngg ) S : Assembly Drawing & Part List (for H17/28)
S:2p M dnl el REE 5 Fem s (17728 L : Assembly Drawing & Part List (for H32/40)
Lz 2t Aol thet mels S 2555 (H32/40) LDF : Assembly Drawing & Part List (for H35DF)
LDF : 2} MMofl st 28l Y 2F5S (H35DF) LG : Assembly Drawing & Part List (for H35G)
LG : 2} Aldol tie =8l & £&35 (H350) B : Assembly Drawing & Part List(for H46/60)
B: 2 MMl thet ZBE U $ESS(HA6/60)
| M "o =R — M : Maintenance Procedure
— 0 2/ 2 Als — 0 : Information for Engine Operation
2. iy Y= 2. Rev.No
CIC] CIC]
T—JHéiuJé A~Z T—Rewsmn No.:A~Z
MEIALYE Ge= MAAE P& Ws 1 1~9 Alternative or Design Application No. : 1 ~ 9

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Symbol for ‘Safety’

NOTICE

g0t AEl zAN MASH 2HS 9IS FoUAS It explains precautions for proper operation and

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

A2z 1 A WARNING

HU|ad = AP SUtElE FoAAMSOZA], It describes precautions that should be followed for
AgsS et =2dA. Lot e AUXSNE 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.
&= o WAL offYdoll theh dEkol He S Additionally, it must be followed general law for safety
=LA 2 or precaution of the accident.
‘Fxco| st VsdY Symbol for ‘Reference’

‘@=‘ Mxxxxx \ ‘@=\ Mxxxxx

MAHet WES 2I| fldl Y AMEWS = £33 Refer to the sheet or part corresponding section
HASHIN 2. number for more information.
‘LIAE 220l tigt D[S Y Symbol for ‘Screw fastening’

D) L 4E A > : Manual tightening

XY A 3 : Hydraulic tightening

Il th89 AgesE AME ER3 = AHES LIEY The value followed by the symbol means tightening
LI Ch torque or pressure.
‘=2E % YHE g0l tiet J|=HY Symbol for ‘Bolt and nut dimension’

@ O] @

Ares e dA £== ~yol st =50 == The dimension shows the size of bolt head or nut

for corresponding wrench or spanner.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.05/TKW
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ol E gt=

) HBZA 5) MMEs
2) SIEtx} 6) oluEHS
3) B 7 ouEY
4) AFHs g) mose

deiot diolgel &

ag

FollA YL
(=]
CF

When ordering, the following data must be filled in

ordering sheet.

1) Nameofplant 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 descriptions 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”

[ = Engine Type
st Bearing: Assembly Drawing & Part List
. _ \ Page No.
\ Revision No.
Section No.
lllustration =~ —— |
Description
|_— Quantity
Part Ngt _—
tern Description O /Eng [ilggin et
Item No. R B R i oV
51 eari 7 8|8 f ]/
252 Thrustwasher 2 2 2 2
A form of order sheet for spare parts
Name of Engine
Plant Type
Engine
Consignee
Number
Sheet no. Spare part no. Description Qty
=L —
7/ TN
\\Q—‘ L—

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 13.08/KCM
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OEItlj_} /\|.§>|- olﬂjﬂ jli G00400 1A
Cylinder and Main Bearing Numbering (2210 % 0ol #l0{d HS AHAH)
Cylinder and Camshaft Bearing Numbering (&2 ¥ A= #|0{2 HESAA)
N N+
@) E?—\‘
0
U
?
05.04/KJC

/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 (27l 3|7 85k

Clockwise Engine : Clockwise viewed from Driving End (S2t0|¥ Al=0|AM AlAIYEH)
Counterclockwise viewed from Free End (X2 21=0jA] PIAI A &t af)
Counter-Clockwise Engine : Counterclockwise viewed from Driving End (=2101% A =0jAM YA &)
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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AT MA I ¥ 2% 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?® 1.1

Mean Piston Speed m/s 7.7 80 96 107
Mean Effective Pressure bar 241 231 241 21.7
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

7H21/32 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
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Eng'gepgfast'igg 8:::"e & Engine Cross Section 501210 1A
oalF AA e Y 2 HolE ANZFl &THH
@ Mm80 | o W

Air/Gas System

P i

0
Q

@ M.10
Engine Structure

(o)e]

Combustion System

@ M50 |
Fuel Injection System

@ M40 |
Eng. Control System

@] M.30
Power Driving System

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Eng"(')epgfast'i?‘; gztta"'"e & Engine Longitudinal Section 501220 1A
a7 AN HR U A ColH oIFl 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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Eng'ge gr?tli?ln g:ttgne & Engine Performance
P d G01300 | 1B
AR MA e ¥ 24X do|H AME Ms

Recording Engine Performance Data

ANE Hds2 28 A0 gl Z=2i0 wet Yetct. W
ShAl A&l AIE MUlA2p o Ess & ¢ UES
ds HO0IHE Jiset AFHE ois) J|salof ettt
AZ BloIAHL S N ZotMeb 01 olleh A2 At
2E J|A2 ool ds Holy JISS0ll tet dg 24
S Asee=z2 Al HEE detol oot o 4 e,
Aot A oY= AE S FE 4 QAL oY IS
UAl2 ZE AE 2D EOM = RAF UAS AISE
Ct.

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
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As the engine produces power by burning fuel with
continuous breathing air and exhaust gas, the
performance data are influenced by the change of
such combustion parameters as ambient condition or
fouled components for fuel injection, air and gas flow
system. If there is any deviation from normal
operating condition, the exhaust gas temperature and
fuel consumption appear to be increased generally,
which eventually influence on reliability of the engine
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. Ambient Condition
Engine room atmospheric temperature and
pressure,

cooing water temperature, etc.

influence engine power, fuel consumption,

exhaust gas temperature and so on.
'@~ G01310 | |@ G01320 |
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2. 3| &89 ¢ Amount of air-flow
S 3J0l= A ¥t ofuet 2 PH @49 Intake air contributes not only to the
Aol Aok=s 0|Tch 28 AZHo| FARESsS combustion but also to the cooling of
ANAES @ 20 7] R0l 201== d20] surrounding components. The amount of air-flow
ACL SI1 R oIt S22 2EE ol e tends to be reduced due to fouling of the system
YE FFE0l 3719 582 Yollstol 252 & by operating hours. Any one or some fouled
o 4ot SIEUAM, 371 wEES doARICH Y components regarding air and exhaust gas
g 2ot Bote g 37128 U4E 0|6t passage can increase air-flow resistance and
ditdoz At P80 O HoiX1 ¢ M2 o consequently causes increased pressure drop
7 ~REs RZALL S| 28 U9 dahes ¢ and reduced amount of air flow. Increased
2 RS SINI10, ol Jteet del 2359 pressure drop means reduction of charge air
=25 BJ= ZTdetth @YED| 42 #3552 U pressure, which results lower cylinder pressure
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m\J
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457

el ninr=

IR ©foll A

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.
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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.

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
back pressure provides useful information for
the reliable operation of the plant. Normally
the backpressure of exhaust system in total
should not exceed 300 mmWC. The
measuring position is approx. 1~2m after the
turbocharger gas outlet casing not

turbocharger gas outlet casing.

3. HE 2ZAe Z 3. Quality of fuel injection.
Az SZY 2AS S42 Hul )| &8 ot Fuel quality and Injection characteristics affect
et AT Hso det=s olTCh engine performance as well as maintenance
interval.
o Ng ¢m= AN BiJ] AA"-S ¢ 0ot ® Bad fuel quality increases not only wear of

the injection equipment but the fouling of
combustion chamber and exhaust system,
which will finally increase the exhaust gas

temperature and fuel consumption.

G05200
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e 01ZQo| wdzke g FAF HIZOol 24 old A ® Calorific heat value of fuel influences rack
Aeoks Ot D2, wdeto] 2ol v index of fuel injection pump. Therefore, when
CtH ot Mt ZAE =ge uf, old Hots adjusting load limiter, this influence should be
oM A st O"A o™, dIXE considered and readjusted if the heat value

changed considerably. Otherwise, engine
may be operated in overloaded condition or
lack of power.

Fuel quality and worn fuel system affects the
maximum firing pressure which is one of the
critical parameters not only for engine
reliability but also for fuel consumption and
NOy emission. In general, higher maximum
firing pressure reduces fuel consumption but
increases NO, emission, and vise versa.
Whenever changing the fuel, maximum firing
pressure should be measured and readjusted

or reconditioned if out of normal operating

range. M51101
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Correction for Ambient Condition
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SFOCamp = SFOCiso * dSFOC

dSFOC =[100 + (Tamp-25)*0.05 - (Pamb-1000)*0.007
+ (Tcw-25)*0.07]/100* (42700/LCV)

SFOCamp : Al 223 =AM HAR2AL2E [glkWh]

SFOCis0: I1SO 3046/12] #£&F Z2HAM A4 =
[9/kWh]

dSFOC : g4~ g2 HA}

Tamp : &H S8 Z2H0IM =8 J|2 [TC)

Pamb : &M 27 Z=210IA 81 I [mbar]

Tow: &M 27 ZA0M D5 $2D] grol Y

LCV: o=l N Z=e| gt [kkg]

ofl I
T J|2 (Tamp) : 30 [TC]
Taturbiso: 335 [C] at 720 [rpm], MCR
W2t 25 (Tew):30[TC]

24 (LCV) : 42700 [kJ/kg]
SFOCiso : 182 [g/kWh] at 720 [rpm], MCR

>

.| 9kea|

= 1

Je{2=,dSFOC = 1.006 0|0{, XA ZAHAM A= 4=

UO
—&

184.1 [g/kWh]2 Z7t8t 240},

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

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

estimated according to the below mentioned formula.

SFOCam» = SFOCis0 * dSFOC
dSFOC = [100 + (Tamp-25)*0.05 - (Pamp-1000)*0.007
+ (Tow-25)*0.07]/100* (42700/LCV)

SFOCamb : Specific fuel oil consumption at actual
operating condition [g/kWh]
SFOCso : 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]
Taturbiso: 335 [C] at 720 [rpm], MCR
Cooling water temperature(Tcw) : 30 [C]
Lower Calorie Value(LCV) : 42700 [kJ/kg]
SFOCso : 182 [g/kWh] at 720 [rpm], MCR

Then, dSFOC = 1.006 and the SFOC at site
condition will be increased to 184.1 [g/kWh]

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Correction of Exhaust Gas Temp. after Turbine

Taturbexn = Taturbiso + dTaturb
dTaturb = (Tintake-25)*1.5 + (Tcw-25)*0.7

Taturbexn : 2 All

Taturbiso ; 1ISO 3046/129 =&
8ol Jb~ 2% (C)

ZTA0M EE &2

i
i
(@)

dTaturb : E{Yl &2 UiD| It~ 25£2

Tintake : &K 28 Z2H0IAM AZ0of A==

o
~
0

25 (C)

Tew: &AM 28 =A40AM g A2 Lo d2s

R ZISE (Tamb) : 35[C]
W2th @& (Teow): 35[C]

Taturbiso : 290 [TC] at 720 [rpm], MCR

2S£, dTaturb =

Taturbexn = 312 [C]2

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.

Taturbexn = Taturbiso + dTaturb

dTaturb = (Tintake-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]
Tintake : Intake air temperature at actual operating
condition [C]
Tew : Cooling water temperature before charge air

cooler(CAC) at actual operating condition [C]

Example
Intake air temperature(Tamb) : 35 [C]
Cooling water temperature(Tcw) : 35 [C]
Taturbiso : 290 [C] at 720 [rpm], MCR

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

operating condition will be increased to 312 [TC]
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Pmax difference depending on measuring points
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250
240
230
220
210
200
180
180
170
160
150
140
130
120
110

@ indicator cock [bar]

In the development stage of engine, the pressure in
combustion chamber is directly measured by special
machining. At the same time, the pressure is
measured through indicating cock located on the top

of cylinder head.

In case of production engine, it is difficult to adapt
the special machining. Therefore, indicating cock is

widely used in measuring cylinder pressure.

However, indicating cock is positioned on the top of
cylinder head with connected through a narrow and
long hole, which leads to pressure signal distortion in

measuring the pressure at indicating cock.

In case of H32/40(V) for example, the measured
pressure in indicating cock is 200[bar] when the
pressure measured in combustion chamber is 190[bar].
The overall tendency according to pressure in

combustion chamber is like the below chart.

80 100 110 120 130 140 150 1680 170 180 190 200 210 220 230 240
@& Combustion chamber [bar]

< Fig.1 Pressure comparison between combustion chamber and indicating cock >
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Specification of Fuel Oil Drain Rate
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The fuel oil drain from the diesel engine contains
various impurities such as lube oil, cooling water
during operation and maintenance, and normally
some amount of fuel oil is drained from diesel engine
using conventional fuel injection equipment. So the

drain rate of fuel oil cannot be free from fuel oil quality.

The specification of fuel oil drain rate for HIMSEN
engines is shown below table, and it depends on the

fuel oil type.

No. Drainage from

Total drain rate

Disposal (liter / cyl. hour)

High pressure block
(Fuel injection valve and its connection)

2 | Fuel injection pump

a) H17/28: 0.20 x C; "

3 Engine block

(F.O & L.O & C.W during overhaul)
4 F.O safety filter

(F.O during overhaul)
5 F.O safety filter

(Periodical drained F.O from filter)

Recycling | b) H21/32, H21C: 0.23 x C; "

fuel oil c) H25/33(V): 0.30 x C; "

d) H32/40(V): 0.30 x C;"

e) H35DF: 0.30 x C; "

f) H27DF: 0.30 x C; "

g) H22CDF: 0.23 x C; "
Waste - Tolerance: 50%
fuel oll

Y C;:HFO=0.5, MDO = 1.0, MGO = 2.0

If the sealing condition is bad or the crack occurred
on the surface, the fuel oil is spilt too much with
higher flow rate due to high fuel oil injection pressure.
If so, the fuel leakage alarm tank’s level will become
higher then it will alarm. In that case, should be
overhauled and inspected fuel injection valve, high
pressure pipe(block), connection piece and fuel
injection pump regarding sealing of each connection

and crack of their components.
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Measurement of Fuel Oil Drain Rate

25 ARl M

SeolE=E de=

eols Sdal 20t EE0, 2

L= =elloleo] is2

g setel U MALE The fuel oil drain from each cylinder is gathered
eiolo] EHe 5 together and drained to waste oil drain line and
delt] rEe= U

recycling fuel oil line, and the drain rate of each line

can be evaluated by total amount of fuel oil drain

volume per hour divided by cylinder number.

The ratio between waste oil and recycling fuel oil of

total drain rate can be different by fuel oil type.

below figure.

The internal fuel oil system diagram is shown on

Drain from fuel \ ,ﬁf\
injection pump \

Drain line from

fuel injection pump

T To be installed

N\ by shipyard
\_ (Pressure Transmitter
\ & Pulse damper)

PULSE DAMPER” J_—LL
P L

I
i 7 W

Safety fi Iter—
supplied by
HHI

i

26x 1

Drain line from

le20:2.0

~
.
__@10x1.,5

“—High pressure
pipe

~——Fuel injection

pump

| fuel injection valve
220x2.0
©20%x2.0 7 T
17
_ I _ -
I 218x2.0 a2 T
Recycling fuel oil— ]
i leokage olarm tank \ . . /)
777777777 :\_SAI:1: Fuel oil inlet /r /
! \ I Fuel oil outlet /
T BT PTyTH Leak from fuel —
50U S0 s /lsu ‘ ‘ Tnjection pump &
high pressure pipe
| 220x2.0 &
| %fj
P = F3
Running-in filter 50u g%tagéi
5. (to be removed before 5/ = )
*I sea trial) E 215
T Fl “TF2 T T4 D2
Jfﬁ;“’“ JFue\ oil 2 Fuel oil I 0il drain
= - outlet ¢ recycling 15A
25A 254 ©15A '

[ Internal FO System Diagram (Sample) ]
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AT HA e R 24 dlolg

e 28 Hiolg

dotso=z dEol HMat 27 dole= ofefel ot Normal operating data of the engine are generally
ZCh 2L, ol & 27= Ue o5 A=, e listed as below table. However, some data may be
Z2ME wet 959 oIt MaEch a2 d subject to change and shall be informed separately
O 2A2 T AOoIE olaicte 8 Hel oA for specific project. Therefore, engine operator should
A= 27dahof stCt understand the difference and run the engine within
the specified range.
s N?rmal Autostop
System Descriptions Operation Range Alarm & Sensor R
at Rated power of Engine
speed | ENGine speed SUT | osorm SSHAT | 150 )
Control | 1irbochager rpm Si2 SAH42 Rated of
speed
For continuous HFO operation
- Press. inlet engine (HFO) PI51 8 ji bar (a) | PAL51 6 bar
- Press. inlet engine (MDO) PI151 4~8 bar PAL51 1 bar
) For continuous MDO operation
g;zlte-or: - Press. inlet engine (MDO) PI51 7~8 bar PAL51 6 bar
Temp. inlet engine (HFO) TI51 110~150 0 | TAH51 155
Temp. inlet engine (MDO) TI51 30~45
Fuel leakage LAH54 High level
F.O. safety filter diff. press. PDAH52-51 1.5 bar
Press. drop across filter (D) 0.1~1.0 bar |PDAH61-62 1.5 bar 2.0 bar™)
Press. before filter Pl61 4.2~6 bar
Press. inlet engine Pl62 4~5 bar PAL62 3.5 bar PSL62 |3 bar
) Press. priming L.O. PAL65 0.1 bar
;l;/t;tg: Temp. inlet engine, SAE40 TI62 60~70 O TAH62 80O
Press. inlet T/C PI63 (E) PAL63 (E)
Lub. oil level in base frame LAL/HB8 |Low/High level
Temp. main bearing™’ TI69 TAHG9 950 TSHE9 (100 O
Oil mist detector”) LAH92  |Highlevel [LSH92 |High level
LT water press. inlet engine PI71 1.0~4.5 bar | PAL71 0.4+(B) bar
LT water temp. inlet engine TI71 30~40 O TAHT71 45
Cooling LT water temp. A/C outlet TI72 35~50 O
Water HT water press. inlet engine PI75 2.5~4.5bar | PAL75 0.4+(B) bar
System HT water temp. inlet engine TI75 70~80 O
HT water temp. each cyl. out?) | TI77 75~85
HT water temp. outlet engine TI76 75~85 TAH76 900 TSH76 950
Cylinder pressure (C) Max.210 bar
Cylinder pressure deviation Max. +5 bar
from average of cylinders
Combustion | Charge air press. after cooler PI21 3.3~5.1 bar
Gas/Air Charge air temp. after cooler TI21 35~55[]
System Exh. Gas temperature deviation
TI25 +500 TDAH25 [+70Q
from average of cylinders
Exh. gas temp. inlet T/C 420~580 0 | TAH26 620 O
Exh. gas temp. outlet T/C TI27 230~410 0 | TAH27 450 O
Compressed | Compressed air inlet press. Pla1 5~7 bar PALAT 4.5 bar For 5, 6, 7 cylinder
Air system (after reducing valve) 8~10 bar 7.5 bar For 8, 9 cylinder

* Temperature deviation between thermometer and thermocouple can be max.60°C 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.

Remark : (A)F.O pressure not to be maintained below 6 bar at any case to avoid gasification of hot fuel.

(B) Depend on the height of expansion tank(static pressure).
(C) Measured at indicator cock

(D) Based on standard cartridge type filter

(E). Depending on cylinder No. and T/C maker and type

H
1
T
1

*) Can be applied as option.

v
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ool AEl 2 oS otel ol 2ot 22 Usually fill out and file the engine operating data at
SHAlZD, AlElofl 2Dt Wisis o= 2HdE ofel below table, and make a claim with below filled table if
Zo e SdYS BLSHAID] bRt a problem occurred at engine.

Measuring Record Sheet for In-line Type

Engine Serial No. No.
Date DDMMYY
Total Operating Hours Hours
Ambient Press. / Temp. mbar/°C
Load Point %
Engine Speed rpm
Generator Load KW
Governor Indicator Position %
Turbocharger Speed rpm
Fuel Qil Engine Inlet kg/an
P Lube Qil Filter/Engine Inlet | g/ ¢y
R Lube Qil T/C Inlet kg/ar
E H.T. Water Engine Inlet kg/an
: L.T. Water A/C Inlet kg/art
Starting Air Engine Inlet kg
Charge Air A/C Outlet kg/ar
Fuel Oil Engine Inlet °C
T Lube Oil Engine Inlet °C
E H.T. Water Inlet / Outlet °C
M [ L.T. water Inlet / Outlet °C
P Charge Air A/C Outlet °C
Gen.Bearing (prive/Free end) °C
Ef‘e'nfzs Pump Index |Firing Press. MaT”;ri:‘G' CylNo.| °C |mm|bar| °C | °C |mm|bar| °C | °C | mm|bar| °C | °C [ mm|bar | °C
Cylinder Unit No.1
No.2
No.3
No.4
No.5
No.6
No.7
No.8
No.9
mean
Exhaust Gas Temp. T/C Inlet °C
Exhaust Gas Temp. T/C Outlet °C

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 14.02/YTY
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Measuring Record Sheet for Vee Type
Engine Serial No. No.
Date DDMMYY
Total Operating Hours Hours
Ambient Press. / Temp. mbar/C
Load Point %
Engine Speed rpm
Generator Load KW
Governor Indicator Position %
Turbocharger Speed (A/B Bank) rpm
Fuel Oil Engine Inlet kg/cn
) Lube Oil Filter/Engine Inlet | kq/cnr
R Lube Oil T/C Inlet (B Bank) kg/cn
E H.T. Water Engine Inlet kg/cn
S [L.T. Water A/C Inlet ko/ont
S Starting Air Engine Inlet kg/cn
Charge Air A/C Outlet kg/cnt
Fuel Qil Engine Inlet C
T Lube Oil Engine Inlet C
E H.T. Water Inlet / Outlet C
M L.T. Water Inlet / Outlet c
P Charge Air A/C Outlet C
Gen.Bearing (Drive/Free end) c
E_thénfzs Pump Index |Firing Press. N'aT'ZEgG cyNo. | ¢ |mm|bar| ¢ | ¢ |mm|bar| ¢ | ¢ |mm|bar| ¢ | ¢ |mm]|bar| ¢
Cylinder Unit No.1
A - Bank No.2
No.3
No.4
No.5
No.6
No.7
No.8
No.9
No.10
mean
Cylinder Unit No.1
B - Bank No.2
No.3
No.4
No.5
No.6
No.7
No.8
No.9
No.10
mean
Exhaust Gas Temp. T/C Inlet (a8 Bank) C
Exhaust Gas Temp. T/C Outlet (a/B Bank) T

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 14.02/YTY
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The engine is a complicated power-generating
machine by means of burning fuel and the engine
room normally has various other equipment, 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

et XAS dulet obd H=2Jtoll 2lai A Hai M oF &t
Ct
of AFME At 28 % Fulol &M didls 2

Ax 2HALE X HAMAH flels =Xl6llOF otod,
ofelioll AeEl FofMets Eget AT 28 W Hu|A

The engine system should be operated and
maintained only by qualified personnel who can
understand engine 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.
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S ol =X Fire Precaution
Il 55| Al =2 otel HAot M= 7AIGH Engine room, especially around the engine should

AXS 2o HolLh FulA o= adlp 2
FHol & HJHE A= =elstn 0]ef0l §LojoF ef
Ct.

So| AEo] 28 So[AL 881l 20l £A0AE 7
2otz FElAY sole T2 S Jtan olatd

be kept always clean and bright to avoid any
possibility of fire and for easier checking of fuel
leakage or any abnormalities.

Cleanness of the engine and below floor plate
around the engine should be checked frequently and
ensured before the engine operating and after
maintenance work.

Engine room should be always free from any
explosive gases or inflammable fluid especially
during engine running or any repair works which

cause spark such as welding work or similar.

Hot !

2 F9 |

NF Y Y IS0 HEE AP wE AX0| B
26| MX 2 APU EEIIAL KA X6 WA
2ol EOIAL olet FRUE HUIE 2ol LA
Z0lME ED 0l DR JtAL RAE RE A
& o

Opening of covers or loosening of some screws is
not allowed during operation of the engine or related
other equipment or before ensuring the engine
cooled and fluid circuits drained, which may cause
escape of hot gas or fluid.

Temperature sensing by hand touch is not allowed
only except for authorized personnel. Non-contact
infrared type thermometer is recommendable for

checking surface temperature of the engine body

Freezing

2 ord e, Azl

—, o,

U7

When the engine is out of service and the
temperature in the engine room is below the freezing
point (0O ), the water in the engine, pumps, coolers,
and pipe systems should be drained to prevent

freezing.
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=7 S Genuine Part

LE WM £FS2 A o YIS UHEA All the parts for replacements should be genuine
A EolloF EICH JHA 42 4 A7 uoHH=E =83 parts from the engine maker. Otherwise the engine
= AMESHA Yse=z UdE & U= MAA &4 L= maker will be free from any responsibility for any
dolol &ololl oAM= HAXIAl =Tt damage or bodily injury induced from not using

genuine parts.
2L 9 MESA Do not use for any other purpose.

PE PEU ARIE2 ozl =20 ALE HOj0F All parts and articles of consumption should be
ottt 8E2 AHEL2= Qlsh MAA Eab o= Yoo & only used in designated purpose. Otherwise the
ofl ol CHol M= M UAXIK| d=Ct engine maker will be free from any responsibility for

any damage or bodily injury induced from use of
other usage.
A0 Language

ol ol CHol ot 2HIE S 42 doj=z2 & =2 We recognize only English text in case of having
MBts QUFBICH ot A= Al et=50159 HOlsS trouble with something about this book. The Korean
A HMSE EoICt S22 2A19 9ol Z2xE of 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.
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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
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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.
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Be sure to make it a rule to check the readiness for

every starting of the engine according to the following

procedures. More careful checking of the readiness is

required for the starting initially after installation or

overhaul or a period of standstill.

1. Preparation of the Engine for Starting

O

Check the last date when the Crank Case
Cover opened for ensuring everything
cleared after inspection or maintenance.
Check the date when the last tightening of
major fasteners.

Check if there is any loosened part and
correct them, if any.

Check all covers are closed.

A\ WARNING Do not open the covers of the
engine during running.

Check cleanness around the engine.

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

O o o d

Check cooling water tank level and fill, if
needed.

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.

Check water pressure and temperature.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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® HFO(=57) AISAl - 60C 0/
® MDO(E7) AISAl - 40C 0/&
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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.

_ 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.
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Operate fuel supply system, if stopped.
Check valves and set to operating position.
Check any leakages and correct them.

Check air venting in the circuit.

O o o o d

Check fuel oil temperature, viscosity and

pressure.

Preparation of Lubricating Oil System

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

O 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 about 40C by
circulating L.O through L.O purifier or
enough jacket water preheating.
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.

O Check oil pressure rise and pre-lubricating

condition.
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BN vy 282 /s & 58 018 X2E Prelubricating should be con-
OfOF of04, ZIo] ZII2F ZAIEAH L) Fbof tinued at least for 5 minutes before starting.
LRE FJRoE Hlog, Z Ecf, 27 Y2EFEH If the engine has been stopped for a period
Z&857I) EC/LISEA BIEAl B0/5J0F gfL/Lt. of time or overhauled, make sure that oil
HE|Sol 235t H/0/ZI @Y EEE 42 + comes out from bearings, rollers on cam and
=N rocker arms on cylinder heads. Tapes
attached during maintenance may block the
oil passages.

O QITAOIE F& JHYstet. O Open Indicator Cock.

BN 220 2ou2 zs so) Azt & If there is any doubt about dry

el o E FRolE 2IC/AHO0IE FE SalA < condition on running surface of cylinder liner,

S0cc E9 R&FE FYAI|I L, HAE 5/F0 7 drop lubricating oil about 50cc through

E2J) BAl & AFE S0 UL indicator cock and spray lubricating oil under
the piston before turning the engine.

o Hd oo =2 2 ZEZS 222014 O Engage turning gear and rotate crankshaft
F522 ATAAM = P90t et manually at least two turns to ensure engine
o2 As6tn YA=EAE 2eloti, Lk oAAA moving parts are in order and combustion
of nofle &% A= L rE RER, A chambers are free from any excessive fluid,
= 52 Mo stC i.e, water or lubricating oil or fuel oil.
B vo0e 22 S 204 45 If there is any sign of escaping
= J&0/ QE molEs 20 0E FE FE2F 2 fluid through indicator cock, wrap the
MA 2ATE ZLEEA = ofof afct. e/ indicator cock with cleaning rags to avoid the
LEILZRE A9 250/ O 014 HE HIA = fluid scattering over. And turn the crankshaft
#3 F=2 A% S50F gL/t to ensure no escape of fluids from cylinder.
m AT ANE FHol MElH 2ol Lok NSISl Fuel remained inside cylinder
= AZE MNSA 2= 21813 Lot fSE 7E AlZ before starting may cause over pressure and
= Ql&L/ch heavy smoke during starting.

O H< J0=2FH 22AM2IT O Disengage from turning gear.

7. Ns 37| NL"el FH| 7. Preparation of Starting Air System

O 3701 930 0o == o Z2esS ddst O Drain air tank for water and check filters.
ct.

o oo = A="s HAHo ZRA 255t O Check air tank pressure and fill, if needed.
(20 ~ 30 bar) (20 ~ 30bar)

o Mol 37| ¢=ls "Ast). O  Check control air pressure.[@ G01400 |
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O Check valves and set to operating position.

O 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.

Check ‘Stop’ and ‘Max’ position for both

Governor Load Index and Fuel Pump rack.

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.

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.

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.

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.
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O 321 &J1 % HiJ] Jt~9 S=20F Jetelx 8 O Check air intake and exhaust gas passages
sttt are free.

O ‘A% Zd] (Start Ready) @ZJF AN (On) O Check ‘Start Ready’ lamp ‘ON’.
=X MAstct

O AXLsE MARA=AE =olstet. Oty O Check if engine load is removed. (Set
o 55 xE ET0IE ABIE SO Uk governor speed knob to prevent the fuel
s 9kECh) from entering)

O ‘A% (Start) HHES T2 €35 37| 24 O Press ‘Start’ button and check air running

AtE| S H A ST},

o

BN v 227 4
a7 SN HsorE 25

2E 20/ b1/,

r
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Kl
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condition.
Close indicator cock.
Press ‘Start’ button again and check air-

running condition.

= TU AletEE 5o/ NOTICE Air running is recommended to

SIIE dAE 28 of ensure pre-lubrication and readiness for

starting, if only possible.
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1. AT NS 1. Starting the Engine
o ooole 5= ge=th O Check indicator cock closed.
O ‘Start Ready &=} HM UK & HstCh O Check ‘Start Ready’ lamp ‘On’.
O ‘Start’ HHE=S FECLL O Press ‘Start’ button.

m A AZL BFEAl Xgtst ISRt

ol L 0{0F BICF

BENEN o0/ ZaFO LN B BAIA
2 ARE Aol uE AXZ Kol AIZHA Y+

SOF AISof0F o). ot SHAE AN 28 L

My

HEols S0 BRAl SAl AXZ FAAE + 2

fr

2IA 2L0/0F BHCF

‘Remote Start’ & Z-ROI= HIEA] AF FHE FZ

aHoF BHCH.
2. NS % 3A ®Y 2
O 2XdF Az 22|12 Fo2 o2t
BEEN =y oy 22/t AL YA~

CIE W= ANS Al BF 1, FHEet TAIE Al

Of &ttt

O o o o

This should be done by

authorized personnel only.

_ Except starting after short period

of ‘Stop’ with normal engine condition, the
engine should be started manually by ‘Local’
control system (‘Local’ mode) and the
operator should be ready to stop the engine
immediately, if needed during checking the
condition of engine running.

Be sure to check the surroundings of the

engine in case of ‘Remote Start’

Checking immediately after Starting

O

O o o d

Listen to the engine running sound carefully.
_ If unusual noise detected or
anything suspected, stop the engine
immediately and proper investigation should
be carried out.

Check pre-lubricating pump stopped and oll
pressure rising as soon as the engine runs.
Check water pressure and air venting.
Check fuel feed pressure.

Check turbocharger speed.

Check exhaust gas temperature of each
cylinder whether firing occurs.

Check any leakages around the engine and
feed system.

Check all shutdowns and alarms function

correctly.
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3. A ANs =2 MHE 3. Rechecking after Initial Starting
AT AR, ZAIZE OIALE = Hu| 2o AxS For the case of first starting after installation or

a period of standstill or overhaul, it is strongly

required to check the condition of engine rotating

parts again before loading up the engine.
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Stop the engine after idle running for about 5
minutes.

Open the covers on engine block to inspect
the

overheating due to friction.

internal sliding parts for abnormal
Inspect bearings (for main, big end, small
end, camshaft, and alternator), gear wheels,
cams and rollers visually and check surface
temperatures by means of hand touch or
non- contact type (infrared ray type)

temperature measuring devices.

Start again and run the engine for about 30
minutes at idle speed, then stop the engine and

repeat the inspection of internal sliding parts as

same manner as above mentioned.
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Play the video to understand the

maintenance after engine running.
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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
_ 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.

_ 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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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.

Check drain pipe for fuel oil and dirty oll,
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.

Normal Stop Procedure

® Change over heavy fuel to marine diesel oll,
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.

® |oad down to idle gradually (by releasing
generator load for generator application)
and idle running within five minutes and stop
the engine.
Do not run the engine more
than five minutes at low load before stopping
to avoid contamination of exhaust gas
system.

® Press ‘STOP’ button on remote or local
control panel, which activates governor lever
to ‘STOP’ position and fuel rack to ‘STOP’
position consequently.
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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.04/CBK



s
Page

LIMSEN Ao T
Normal Operation Engine Stopping Section No- Rev.

AZ 1 aAxol At FHE, FHIT FHo/~
FO0/E e L LfE FESS ZalofiE oHEL
Lt gfitotd, 029 FAHIF 2EH0/ A =4

£ T 2 g2gdc.

o
Hr
®
2
>
o
ON
Ral
Dl
nw
+
30
o
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G01400

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
governor lever, which is independent of engine
control system. The engine can be stopped by
turning the governor lever to fuel lack “0” stop
position manually. The manual stop should be
done as same procedure as normal stop.
A\ WARNING Keep the governor lever 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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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.

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

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

starting.
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1. Application

This standard generally applies to HIMSEN engine
for the protection against corrosion during long term
disuse(Filled with fuel oil, lube oil, and cooling water).
This standard should be used as guidance only. The

owner has responsibility to preserve the engine.

2. Prior to preservation

2.1. Turbocharger

Clean both compressor and turbine side of the
turbocharger according to the instruction manual
or the maker’s instruction manual.
2.2. Fuel oil system

Change-over the fuel oil from HFO to MDO or MGO.
Operate the engine on MDO or MGO at minimum
70% load for 2 hours to flush out heavy fuel oil from
the fuel oil system and to clean the combustion

chambers and the exhaust system.

3. Preservation
3.1.  Fuel oil system
® Close the fuel oil inlet and outlet valves with
filled with MDO or MGO in the fuel olil
system.
® The water contents of the fuels inside of the
engine should be kept under 0.3%(volume)
during long term disuse.
® Once every six month, open the fuel oil inlet
and outlet valves and circulate the fuel oil
system with MDO or MGO is recommended
for one hour. Ensure that the fuel oil inlet
and outlet valves are closed after circulating
the system.
3.2. Lubricating oil system
® Dismantle the flexible hose at the oil mist
outlet pipe and seal up with covers. Close

the valve for drain line for oil mist outlet pipe.
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3.3.
[ ]

3.4.
[ J

3.5.
o

3.6.

The water contents of the lube oil inside of the
engine should be kept under 0.3%(volume)
during long term disuse.

Once a month, turning of the crankshaft is
recommended for 2 ~ 3 revolutions. Before
turning of the crankshaft, the lubricating oil
purifier and the purifier pre-heater should be
operated about 24 hours, then the pre-
lubricating oil pump should be operated

about 1 hour.

Timing gear

Apply corrosion preventing fluid(BW-70PSJ,
Mobilarama524 or similar) is recommended

every month.

Inside the crankcase

Apply corrosion preventing  fluid(BW-70PSJ,
Mobilarama524 or similar) onto the surfaces of
the inside reciprocating parts, gear wheels and

machined surfaces is recommended every month.

Camshaft

preventing fluid(BW-70PSJ,

Mobilarama524 or similar) onto the camshaft

Apply  corrosion

including cams, rollers and roller guides is

recommended every month.

Cooling water system

® The treatment and the condition of the

3.7.

cooling water should be kept according to
the instruction manual
during long term disuse.

Once a month, circulating the cooling water
system, both LTCW and HTCW, is recommended

for one hour.

Compressed air supply system

® Close the compressed inlet valve and drain

the system for any condensate water.
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3.8. Combustion chamber
g F L= AL YWE ® Once a month, inject corrosion preventing
o U7 BW-70PS, fluid(BW-70PSJ, Mobilarama524 or similar)
A HIB)S Ad U in a quantity of 0.5 liter per each cylinder
a7 Fdst 2 U3 into the combustion chambers through the
Ct. indicator valves, and then turn the
crankshaft by 2~3 revolutions.
3.9. Charge air chamber
A otAn =20lS ® Place a bag of Silica gel with a collecting
=Cl tray inside the charge air chamber and close
the blind cover.
= wAH st ® Once a month, replace the bag of Silica gel

and empty the tray.

3.10. Turbocharger

Follow the turbocharger maker’s instruction
manual or contact the maker regarding the
internal parts of the turbocharger.

Cover up the turbocharger air filter with a

Dismantle the expansion joint at the turbocharger

gas outlet, then seal up with a plate.

e HEXAM UWE 2222 UolAH rds W=A L]
LE ololA Rt 2 = 2ESHY
e EHR2AKANO O0ZHE gxdoz UMM U2 °
StCt. sheet.
® CIZAN D] =7 &9 AAHM RQEES °
Fofiet 5 Y] £ A4S gEte= dsettt
e CIZAKN2 9 =Seld = wes g2t L

3.1, Iy

e Ity mlolH UweEs

Keep the turbocharger drain valve closed.

3.11. Governor

Follow the alternator maker’s instruction

manual or contact the maker.

3.12. Alternator

Follow the alternator maker’s instruction

manual or contact the maker.

3.13. External machined surface

o HeE 228 4 °
-506, Mobilarma
HE 374 0iCt ot ®

Clean up all unpainted area of external
machined surfaces and then coat them with
a layer of protective agent(TECTYL-506,
Mobilarma 247 or similar).

Once three months, Check the condition of

the above surfaces is recommended.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.01/YSY




s
. Page
I.IMSEN Alltype | oo
Normal Operation Engine preservation for long term disuse | """ Rev.
By 2 217 DAL IRlel B 002900 | 1B

3.14. JIE}
o 2A HIT U 2|8 HES 0 B YU S
o HEP U 2F YRS LA F Mobil |

e M7 AE= YA 9 HOlE 9o 1T A,
JdE MY 5 U5 ME ol ofRE Y
Stk

3.15. HI&7|

o HMUESI 60% 0latel A2 MEI = e
o2 Mg £ 9t

e ity At OpA|9r Aelgel a3 A0
2 Aol dol 33 Aol HHeL SHA
£ 345 0180510 M&EIIE MRS

e Xl WO U&= 50% O0lohIt A==
= ME&I| 222 MEGof st
RPEH=E HESI 82 =2 JteAld ol=
MN&Jl 2201 2o 252 550 wet &
2tRID] WEZO0ICt. ofoll, 2teF Al~EO0] Ut=H
MAERA=UE, AT HE S 550t 60%
o|atol A Aoz HE&I| 2 A M
ol OF STt

o StOel ME&IIE ofgl te Ax a3 Hol
A HUo] SUME TAS 0|2510] 2 ©
=Yg ddg 2 dr

e 2ol P20 2 UHRs Sxote &
H=S o= St ME&oIE HAlst

o ASU|9 MM 2F YwgHE oolHe AES

3.14. The others

Grease all hinging parts with Mobil 1

Synthetic Grease or similar, and apply
protective agent TECTYL-506, Mobilarma
247 or similar to the rest parts of control
linkage between the fuel pumps and
governor after thoroughly cleaning up.

Check the sealed condition of the packing
and gland seals of the electric control and

terminal boxes.

3.15. Dehumidifier

The dehumidifier might be an option when
the humidity is over than 60% RH(Relative
Humidity).

Dehumidifier is to be connected at the first
and last crank case cover with use dummy
crankcase covers and flexible hoses.

The capacity of dehumidifier is chosen to keep
the humidity in the engine below 50%
RH(Relative Humidity). The required capacity of
the dehumidifier may vary since the efficiency of
the dehumidifier is depending on the ambient
temperature and humidity. Therefore, the
capacity of dehumidifier has to be changed by
experience if the humidity is over than 60% RH in
engine despite of the correct connection of the
system.

Crank cases of several engines can be
connected by flexible hoses in a series or in
a parallel with one dehumidifier.

Only stop the dehumidifier during works of
applying corrosion preventing fluid at each
reciprocating parts.

Detail should be

followed according to the dehumidifier’s

operational method

instruction.
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4. Prior to initial starting

AZIO 2R E MARE ASoHO] A St ® Clean up the outside of the engine with
turpentine or petroleum.

AX RO e UHFeE 52 AMAL ® |t is not necessary to remove preservation

eIt gict oil coated inside of the engine.

AR offof "ulel AMe|orAat EdolE MAHet ® Remove the silica gel and tray in the charge

Ct. air chamber.

FeRE FAGI0 AldZ ol wet RARS o ® Analysis of the lubricating oil in the engine

FE moisttt should be carried out, and follow the
instruction of the result regarding re-use of it.

AZE D=5 Qofl of=et FelEl »E oAdn ® Re-install all the connecting lines which

= Syetth were dismantled due to the engine
preservation.

ALAMO Tt eU=S Aoty 215t ool ® Air-running should be done to remove any

ds sttt preservation oil residue in the combustion
chamber.

4.7 M Of 002300 | (U7 Als = ® Follow up the instruction manual

002400 | (A7 AlS)o XS

r

Cl.

(Preparations for engine starting), @~ 002310 |

(Engine starting condition), and
(Engine starting).
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OasE o, Aelt 2loly == wogdel wAlL e After renewal or repair of piston rings or cylinder

S0l M22 #s% 23552 dlgaHol 0l2s m6h| liners or bearings, the new sliding parts need to fit to

i 2t 250 99E Zed0| QACt wets chsat & mating parts to avoid any abnormal wear. Therefore,

MU=z dS0)] 22 5tofoF stet the engine should have running in operation step by

step as follows :

o A ANs 2o A @ao Axt of O Make sure that there is no abnormality by
et s o= dlde 2Eot gles =0l checking according to procedure of ‘Recheck-
StCt. ings after initial starting’.

O S22 HIHoZ2 JISAHA HASZU YA O Speed up to rated speed gradually by manual.
21CE Py RIEA EE [See Instruction Manual for Governor]

O oY ZEs6] AT0] olDEof UX L™, M O If not sufficiently warmed up, run the engine
24 ceel ==t ol E WA ERA = until temperatures and pressures to be in
Hot0l 2d sttt normal operating condition and adjust them, if

needed.

O oAzl PotE 22 FUIE stih (2R 2=0 O Prepare for putting load on the engine
Aot} (Connect to switch board).

o 2% 12 22 A8 2H ZHAo wets Az O Load up the engine according to following
o $5tE ASAZICE running-in procedures [See fig. 1].

. Fol0AM 25% oA 2F 2020 & A I.  Load up from idle to 25% load gradually
o2 MAsl et for about 20 minutes.

. 25% ot 2ejollM o 302 =0 HS 24 II. Run at 25% load continuously for about
StCt. 30 minutes.

. 25%0IlM 50%7tXl f£3t= MAM3S| =elch lll. Load up from 25% to 50% load gradually.

IV. 50% 3ot 2ejollM o 502 =0 HS 24 IV. Run at 50% load continuously for about
StCt. 50 minutes.

V. 50%00IM 75%IHX £35tS MAGB| Z2ICh V. Load up from 50% to 75% load gradually.

VI. 75% ot &EjolA < 502 S AS 24 VI. Run at 75% load continuously for about
StCt. 50 minutes.

VII. 75%0IA 100%7tAl £35S MA 5l SgICh VII. Load up from 75% to 100% load gradually.

VIIL. 100% ot 2EfollA 2 402 s HS 2 VIII. Run at 100% load continuously for about

40 minutes.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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100%

5t)

75% |

50% r

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 (22 A/ZtZ2} £ 3f)
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O
a2

Time Limits for Low-load Operation

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-in operation) : 1min(max. 5

running (Exception: Safety test,
min)

¢ Running below 15% on MDO/MGO or
below 20% on HFO : See below graph

O Flushing operating duration at not less than
70% of full load : See below graph
cleaning of turbine is

O More frequent

recommended.

Minimum Duration of Flushing Operation

25
= HFO

20 e e

1 10 100

<Example> Time(hours)

1000 o 1 2 3

Time(hours)

® Time Limits for low load operation : HFO 17 hours(Line A), MDO/MGO 37 hours(Line A)
® Minimum Duration of flushing operation : HFO 1.15 hours(line B), MDO/MGO 0.75 hours(Line B’)

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Ogt o gl= g oo 42, 5|29 fttoz A d In case of very unavoidable emergency situation

A2 110% FolollAl ZlTh 12A12bek TAIZEO[ LY
o A£R2HO0l Jbsoltt. Jefut, 0lAg 2t Aol
Lo RMAl TSR 22 Meh Aol Ol oF
gtch.

o A ot Met dAE 2dshiu, de =2

O 2= 24 UoleH= gd 28 ol Aol

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)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.02/KJC
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B v /5 Alos AR somst 28
S0/ #Y48 £E 220, oYy 22 HAE S 2
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LI2 NS HEE 2= + 20}

O Jtyel £ot Mgt ZA = AzHol &3
dAlE Hss HY A2 2ttt (2F 50%
Fole =4d).

TSo2 NS WEs FEU

dzlof Fob FY Holl Fot Mgt YA L£E=
Aol dIAYAE H==S del HA=2 =2t
otCt.

Emergency starting

In case of an electric power failure in
emergency situation, the engine can be started
by pushing the emergency starting valve

manually on the compressed air system.

During the emergency starting,

unstable running noise could be happened to the
engine, and the following procedures provide

better starting conditions.

O Adjust the index of load limit on the governor
or handle for fuel rack linkage at a certain
position (Set to about 50% load) .

Push the emergency starting valve manually.
Return the index of load limit or handle for
fuel rack linkage to the original position

before loadingup the engine.
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oIzl

1.

0l NSEIX = 87

IZ10] *Als =0l eI Obe i

v 'START READY "@ZJ} AZ =, NS0l A=
SR elgict.
© NSE2 Fulstn 2lMsi.

v OHIOL Al2ED o9 D152 HAsi

=clol2 0] 2Hs5HA b=
& STRAT BlE=S s=z=UE 37| ZH=ZFH

<

v 3J| 2HE Seols ¥WEo Jss ©
dstch. 371 26 AYM F3xE |

N& 3J| 2Bt 3|HGHA 42 W

v 27| BEHO &£YLolE wWeo Jss ®
dstch (371 26 HgM FxE |

N&s 371 2B} alHe
Voo ouet Jjoiet & J10lE ddettt
© Tu J10{JF U=eX el Als

= CHAl ol =Lk

© J10] ZtE Ao, wAlste
v ARl R s £9= "ddsttt
© HWoZolL TA=0] DEEH 2L

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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© 95 A, 9z WAaAZs M2t
© Yoo, g Ty dYHES

©@ A= Mgt ZXE 20 £592 UAl Al

© dZFHI FEEN SH0A @2
=
=

(e}
o e

© FHADL HHEACHA, HHE ZH et

)

A41000

© US0l A5 2L0HA, wH S}

v R 2A ®HZES ®ASHC A51000

© OAEJLL Dol DR E[RACHH,

WA

No firing of cylinders.

v" Check fuel oil circulating.

© Charge fuel tank, if empty.

© Clean or replace fuel oil filter element, if
clogged

Check if first starting after maintenance.

(Incomplete air venting of fuel injection

pump)

© Release starting fuel limiter and start
again manually.

Check movement of fuel rack, control shaft

and governor lever.

®© Press ‘Reset’ button, if fuel rack
blocked by stop signal.

© Lubricate linkages, if stiff.

© Adjust the levers, if distorted.

Check if fuel oil drained too much.

© Tightening of fuel high pressure block, if
loosened.

Check fuel injection valve by tester.

(Opening pressure and Spray pattern)

© Adjust valve opening pressure, if
changed.

© Clean nozzle, if clogged by heavy fuel
oil.

®© Replace, if needle sticked.

Check fuel injection pump. A51000

© Replace, if sticked or worn excessively.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC




C
[ | Page
I:IMSEN All type 1/1
Troubleshooting Stop Failure Section Ne- R
AZIO] YRIGHA &= Engine does not stop
1. Mol Aol 2foh et A=l 1. Normal stop by control system failed.

v MO A2"RE O 9 D)

A41000

2. ek A =A 4=

v
v o
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3. 4592 HA HA %2
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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.

FCF. v" Check function of emergency stop solenoid

=4 v Check movement of fuel rack, control shaft
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2H 2 24 £t 004300 (1A
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SOl AP A 32

Engine stopped suddenly
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v HY J10E8 2I0E 29(A %
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SEOR ANS HHAY 5 AS 1)

v oHHAeE A IO AIAEIS F st
Vool i HY B3 AaEES HA
voOoR A ANAH 9 HANAS HABC
v AR DPSOF 2RISRl MAGICL
voodIIRL 2D AR Tete Al

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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Engine power is reduced than usual
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1.

Misfiring of a cylinder(s).

v" Check if alarmed due to high deviation of
exhaust gas temperature.

v' Check if fuel injection pump stuck.

v Check if fuel injection valve and nozzle
clogged.

v" Check if fuel rack stuck or disengaged.

v" Check if intake and exhaust valves stuck
Insufficient power of all cylinders.
& Mechanical fuel limiter is in limiting position.
v' Check starting fuel limiter active.
v" Check fuel quality and fuel rack index.
v Check fuel filters and clean them.
v" Check engine loading condition.
& Mechanical fuel limiter is in free position.
v" Check fuel high pressure block and
pipe.
© Retighten, if loosened and leaked.

v" Check fuel injection pump and valve.

© Replace, if worn or stuck.
'@~ A51000 | (@~ A52000 |

v" Check fuel control linkages.
© Retighten, if loosened.
® Lubricate, if malfunctions.

v" Check if engine moving parts (piston
and bearing) scorched.

v" Check color of exhaust gas.

® Recondition, if abnormal.

004700
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25012 BN RER A 004500 | 1A
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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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Troubleshooting Abnormal Lubricating Oil Condition | """ Rev.
25512 BN RER A 004500 | 1A

IAE 2 A31100 |7} 2told WHS &
Astet. A15100

© OFRE| Lt E200] ATHH WA etch

voOOR RAL HIO AR 2o WaHs
Hotrt
© o9, HHa| 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 |~ ov
Mol 2 HIA AP Ol W2k ALE) 004600 1A
1. 425 220t U2 =2 W Cooling water temperature is too high.
o dAs dd Y 2t UR =2 0 & Temperature of cooling water engine inlet is

Ct.
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el &t
vl e 25 W ARl 261 A E =t
olstC}

\
e
[l
10
O(‘
S
4>
os
j [l
-
oH
~
k=)
¥
o
F
P

O]
=l
e
=
s
O
FG
B
o
15
rr
£l
>
gl
O

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.

& Cooling water contains oil or blackened.

v" Check cooling water supply pump.

Check oil cooler.

v
v" Check cylinder heads, if cracked.
v

Check feed block, if cracked.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Troubleshooting Abnormal Combustion Section No- Rev
=Ml & o] s B g ol i e 004700 1A
1. HiJ| Jt2 220 U2 =2 0 1. Exhaust gas temperature is too high.
& S =250t =2 i <& Intake air temperature is high.
v 3 ZJ| 2%JF =24 ZoIs] v" Check if ambient air temperature is high.
A0l HEACHH, £ot= =Lt Reduce load, if engine overheated.
v o g W2 £ 37| 258 ddstt v" Check air temperature after charge air
cooler.
ClEsiM AcHH, MASHEALE el &t Clean or repair, if fouled.
Ct.
& AEG Wit~ &P 2501 ME UE W <& Different temperatures of exhaust gas

cylinder outlet.

v g HI el oldiA~s AALSCE v' Check fuel pump rack index.
nsot 2L TS Adjust for even distribution.
v o2l =4 ades 2ottt v" Check maximum firing pressure.
AL ADIE ZF ettt Adjust injection timing.
v g WES RAINEIIZ dAlStCh v" Check fuel valve by injection tester.
YA L OLR2EATHH, TH20| 5HA Clean or replace, if clogged or
Lh WAl S, worn.
WY Y Aels et Adjust valve opening pressure.
v g ZA HZE Fdetth v" Check fuel injection pump.
Ot2 = OAEQACHA, WA ST Replace, if worn or stuck.
v B ® oo ¥2E "dstict v" Check intake and exhaust valves.
Ot2 L= OAEQACHA, WA ST Replace, if worn or stuck.
v AT =E0 Hgetes ®ASHL v' Check fuel oil pressure at engine inlet.
& HYl =4 W] It 2EJF =2 W & Temperatures of exhaust gas after
v HR2ugI|E @astth turbine is high.
ClEsi M CtH, 220l stk v" Check turbocharger.
Clean, if fouled.

M80000
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2HoZ HI A Ol of & 004700 1A

2. BiJ| JkA MO HIFARY Of

2. Exhaust gas color is unusual.

& FALL £E AJJt L= W &  White or blue smoke.
v IR0l M2 AEf0AM 2FED JAERE v' Check if the engine is running at cold
=olottt condition.
v AIElol ZOI2E KM&Ro A5 AEKE v" Check if the engine is running at low
=olottt load for long time.
v U] Helt)t 2AEEAS =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 FHUEA A v Check piston rings if broken or
L A31100 damaged.
& AALL ZM AJ|Jt LiE <& Black or Brown smoke.
v AR ZAZS HAlsiCt (@] G05100 | v Check fuel quality.
v Bl Ot 2S5 dAbetth v" Check exhaust gas temperature.
v g WEES 2AL A= AAStCE v' Check fuel valves by injection tester.
v o EJ Y Ui WeIt 9o Q=Al "Gt v Check intake and exhaust valves if
clogged.
v HEUSIDE dEH AR HASC v' Check turbocharger if fouled.
3. = 4Z2JF XUXH BHe O Fuel consumption is excessive.

LSRN N NN

A52000

v" Check fuel quality.
ZAtetCt 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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Troubleshooting Abnormal Noise Section No. Rev
=HMloll 2 I aA el &3 004800 1A
1. St 2 X 28 48 1. Unstable intermittent running noise.
v oY Al~" S A2sict (@] A41000 | v Check governor system.
v oz Mo @3 ZXIL ALSl SA0l=XE v" Check if fuel control linkages move smoothly.
sttt
v g 39 B HEJF Us UK HHetth v" Check fuel feed pump and filter if clogged.
v oz ZAEZ Y S B0l A6t 28 v" Check if fuel injection pump and roller tappet
20| =A1E dAtettt hitching.
v oAz IE AU MO AU=XS Akt v" Check if fuel leaks excessively.
2. HSHO HIZY 2™ &3 2. Continuous unusual running noise
v IR0 IHPSE AR Q1K S HAbSHCE v" Check if engine overloaded.
v dE S "HZe 1018 dAHsth 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] UEHAA FGRMEASE v" Check if engine stopped suddenly under
oISk} load.
Aol Z2rag 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.

|S A AtstCh. Check fuel injection nozzle if fouled.

AN N N RN

Check intake and exhaust valves if sealing
failed.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Fuel Oil and Its Control Fuel Oil Specification Section No. Rev.
1. LPtAlet 1. General

700cSt at 50C2 HEE K ThAb
42 1S08217(2017)0ll et

Fsoltl. 0] g2
Ssool aigslch of ax2 M 452 28

RMK7002]

AZzEo ofLlet AT MDO/MCO)E2E 2% JHsalth
2EE=E "Hsw MDO/MGO)2l F&2 1508217

(2017) wioll 1SO-F-DMA, DFA, DMZ, DFZ, DMB,

DFB D2l RMA10 S0l 210 QICh

Ame= ofeflet 2ol Ao Ss=0 & FHED of
JE[0f0F et
2. 92 Al 2y
1 A
CtAbs = ebel oA AL
=0l AT 2o Hed2er2 v

o{0F etCt.

Je2e Matst 22 A AR dAg AlIAY
TEAFR(HFO/MDO(RMA)) 2
HHolM 2 @Y=D]

of &X=0{0F &tCh.
R 57 (MCO/MDO)

=20|Ct.

rr

A=z9

=Lt

2

it

slEel= de=2eD] uiolA olFLo

HT

The engine can be operated on Residual fuel oil
(HFO) of viscosity up to 700cSt at 50T, which
corresponds to the grades of 1SO8217(2017). It can
be also operated on blended fuels of lower viscosity
as well as distillate fuel oil (MDO/MGO).

The quality requirements for MDO/MGO shall be
in accordance with ISO-F-DMA, DFA, DMZ, DFZ,
DMB, DFB and RMA10 grade in 1ISO8217(2017).

The fuel should be cleaned and preheated before

entering the engine as follows.

2. Fuel Treatment
1) Purification
Residual 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 oil
system not only for HFO/MDO(RMA) but also
for MDO/MGO which is easily contaminated on
board.

Fuel oil separation should be carried out

accordance with separator maker's manual.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery(HHI-EMD)
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HiIMSEN. All type | 3
Fuel Oil and Its Control Fuel Oil Specification Section No- R
Pop— T G05100 | 1M
2) Jid 2) Heating
AZo=2 =0{Jh= RMB30 0]4t RMK700 0|l The viscosity of residual fuel oil(HFO)
o THALF(HFO)= 12 ~ 18 cSte] =S R AlotL between RMB30 and RMK700 to the engine
A0{0F StCE. (BF, HHIST Y RMA10 ZHART(MDO) should be kept within the value of 12 ~ 18 cSt.
Of olF APUME QF HT:2~14 cSt(AZEE = (Viscosity range at engine inlet for distillate fuel
OPM AL AFl AP ME @ F 4 3 cSt) DLt A oil and RMA10 fuel 0il(MDO) :2~14
Te U=l 2dA S 250 Wep Hetth S5 cSt(Recommended stable viscosity at engine
(HFO)el Z) ol¥ =5= 155C2 MstE o] 9 inlet: Min. 3 cSt)) However, the viscosity varies
on, 0l= YR ALHOUAM ARO J|ZeMS ot depending on the properties and the
Il 9IsHA OlCh WetM, AR ZgXtel H o) temperature of the fuel oil. Maximum
2 7125 0{0F o} preheating temperature of HFO is limited up to
155C to avoid vaporing in fuel system.
Therefore, the fuel should be heated according
to the suppliers’ recommendation.
250 st dgo YuAol ME MEI S A typical fuel oil viscosity diagram regarding
H O] Xlofl LIEFLL QUCH. temperature is next page.
3) ™Y A OI(THALIST) 3) Viscosity Control(Residual fuel oil)

12~ 18 cSto 2AF ®&E 7AIo| flall, 712
Jle d=ob Azl g AlAgol S0 dol

Ats A= 22000 Qs M o{E[0o0F Btk

BN U HE = K HEZ ol

AlZEo &2t 24 Fajgt + USL/IC

In order to ensure correct injection viscosity
of 12 ~ 18 cSt, the heater are to be controlled
by an automatic viscosity controller before the
fuel enters into the engine fuel system.

4N WARNING Higher or lower viscosity may cause

serious damages on fuel injection system.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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3. Guidance of using Low sulfur fuels

1) Low sulfur fuels(max. 0.5% sulfur fuels) show
high to
viscosity, density and pour point) from batch to
batch.

2) Ensure that the viscometer before the engine is

diverse characteristics(e.g. low

installed and working properly.
3) Ensure that heating and cooling equipment is
installed and working properly.
4) Do not mix different fuel batches to avoid
compatibility issues.
If mixing cannot be avoided, check
compatibility(ASTM D4740, "spot-test”)of the

different fuel batches.
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Fuel Oil and Its Control Fuel Oil Specification Section No- R
Pop— T G05100 | 1M
5) Afolst HE?2F 05% S M R&Rel Wil 2 A 5) For change-over between 0.5% S VLSFO
o2 l7d G05300 = #HZAsotrt. with different viscosity, see the manual Sec.

No. G05300.

6) ¢ER QE W Z¢ld Zge H4A FIIF S0t 6) When the number of cleaning cycles for the
SHOHH, AIXl P55 2ol BtEA A=2R XMl Al automatic back flushing filter increased, the

SR
s210) Y4 g0l C

fuel oil treatment system must be optimized

to protect engine.

4. Standard Fuel Oil Characteristics

The engine is designed to operate continuously on

Ct. the fuels with the following specifications without

reduction of the rated output.

Typical viscosity(cSt)
Q (at 50°C for residual fuels & .
Fuel grade Sulfur content(%) 40°C for distillate fuels) ISO 8217:2017
Minimum Maximum
HSFO 1.0<S < 35
(High Sulfur Fuel Oil) (or even higher) Residual marine fuels
10 700 (RMB,RMD,RME,RMG,
LSFO 05<S £ 1.0 RMK)
(Low Sulfur Fuel Oil) ) =
HFO
(Heavy Fuel Oil) VLSFO
(Very Low Sulfur Fuel 01<S <05 2 ~ 380 (Not decided yet)
Oil)
Not defined
ULSFO
(Ultra Low Sulfur Fuel S <01 9 ~ 67 (Not decided yet)
Qil)
MGO S <10 2 6 Distillate Marine fuels
(Marine Gas QOil) = (DMA,DFA,-DMZ,DFZ)
Distillate Marine fuels
MDO (DMB,DFB)
. . . S <15 2 11
(Marine Diesel Oil) Residual marine fuels
(RMA10)

Designation of fuel grades

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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. . g . Section No. Rev.
Fuel Oil and Its Control Fuel Oil Specification
Distillate Fuel Oil
Category ISO-F-
Test Method
Characteristics Unit Limit DMX DFA DMZ
~— | DMA| — | - | DFZ | bMB | DFB Reference
DMz DMB
max. 5.5 6.0 6.0 11.0
Kinematic viscosity at 40°C mm?/s @ ISO 3104
min. 14 2.0 3.0 2.0
) 1ISO 3675 or
Density at 15°C kg/m?® max. - 890.0 890.0 900.0 ISO 12185
Cetane index - min. 45 40 40 35 ISO 4264
ISO 8754
Sulfur mass % max. 1.0 1.50 1.50 21.05 ISO 14596
ASTM D4294
Flash point °C min. 43.0 60.0 60.0 60.0 ISO 2719
Hydrogen sulfide mg/kg max. 2.0 2.0 2.0 2.0 IP 570
Acid number mg KOH/g max. 0.5 0.5 0.5 0.5 ASTM D664
Total sediment by hot filtration mass % max. - - - 0.109 ISO 10307-1
Oxidation stability g/m? max. 25 25 25 259 ISO 12205
. ASTM D7963
Fatty acid methyl ester(FAME)® volume % max - - 7.0 - 7.0 7.0 or IP579
Carbon residue: micro method
on the 10% volume distillation mass % max. 0.3 0.30 0.30 - I1SO 10370
residue
Carbon residue: micro method mass % max. - - - 0.30 1ISO 10370
Winter °C max. -16 report report -
Cloud point ? ISO 3015
summer °C min -16 - - -
Cold filter Winter °C max. - report report - IP 309 OR
. I
plugging point summer c min ) ) ) ) IP 612
Pour point Winter °C max. - -6 -6 0
(Uppen) ! IS0 3016
summer °C max. - 0 0 6
Appearance - - Clear and bright 9 o
Water volume % max. - - - 0.30° ISO 3733
Ash mass % max. 0.01 0.01 0.01 0.01 ISO 6245
Lubricity, corrected wear scar "
diameter (WSD 1,4) at 60°C P um max. 520 520 520 520 ISO 12156-1

a 1mm%s =1cSt

b)

limitations. See Introduction of ISO 8217:2017.

Notwithstanding the limits given, a purchaser shall define the maximum sulfur content in accordance with relevant statutory

° If the sample is not clear and bright, the total sediment by hot filtration and water tests shall be required. See 6.8 and 6.12 of ISO

8217:2017.

d

e See 5.1 and Annex A ISO 8217:2017.

If the sample is not clear and bright, the test cannot be undertaken and therefore, compliance with this limit cannot be shown.

U Pour point cannot guarantee operability for all ships in all climates. The purchaser should confirm that the cold flow characteristics
(pour point, cloud point, cold filter plugging point) are suitable for the ship’s design and intended voyage. See 6.11 ISO 8217:2017.

9 If the sample is dyed and not transparent, then the water limit and test method as given in 6.12. ISO 8217:2017 shall apply.

h)

This requirement is applicable to fuels with a sulfur content below 500 mg/kg (0.050 mass %).
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Residual Fuel Oil
Category ISO-F-
Test method
Characteristics Unit Limit | RMA | RMB | RMD | RME RMG RMK
reference
10 30 80 180 | 180 : 380 : 500 : 700 | 380 : 500 : 700
Kinematic
o mm?%s® | max. | 10.0 | 30.0 | 80.0 | 180.0 | 180.0 i 380.0 : 500.0 : 700.0 | 380.0 i 500.0 :700.0 ISO 3104
viscosity at 50°C
ISO 3675 or
Density at 15°C kg/m? max. | 920.0 | 960.0 | 975.0 | 991.0 991.0 1,010.0
ISO 12185
CCAl - max. | 850 860 860 860 870 870
mass ISO 8754
Sulfur ® max. Statutory requirements * ISO 14596
% ASTM D4294
Flash point °C min. | 60.0 | 60.0 | 60.0 | 60.0 60.0 60.0 1ISO 2719
Hydrogen sulfide mg/kg max. 2.0 2.0 2.0 2.0 2.0 2.0 IP 570
Acid number © mg KOH/g| max. | 2.5 25 2.5 25 25 2.5 ASTM D664
Total sediment mass
aged % max. | 0.1 0.1 0.1 0.1 0.1 0.1 ISO 10307-2
Carbon residue: mass
micro method % max. | 2.5 | 10.0 | 14.0 | 15.0 18.0 20.0 ISO 10370
Pour point winter °C max. 0 0 30 30 30 30
p ISO 3016
(upper) ¥ | summer| °C max. | 6 6 30 30 30 30
volume
Water % max. | 0.30 | 0.50 | 0.50 | 0.50 0.50 0.50 ISO 3733
mass
Ash % max. | 0.04 | 0.07 | 0.07 | 0.07 0.10 0.15 ISO 6245
IP 501,
Vanadium mg/kg | max. | 50 | 150 | 150 | 150 350 450 IP 470 or
ISO 14597
Sodium mg/kg max. 50 100 100 50 100 100 IP 501, IP 470
: IP501
Aluminum plus ’

- P mg/kg | max. | 25 40 40 50 60 60 IP 470 or
silicon 1ISO 10478
kJL;sLeg)lubncatlng oils Do not use if -
calcium and zinc: calcium > 30 and zinc > 15 IP 501 or IP 470
or calcium and ’ makg ) or IP 500

calcium > 30 and phosphorus > 15
phosphorus
a 1 mm?/s=1 ¢St

b The purchaser shall define the maximum sulfur content in accordance with relevant statutory limitations.

° See Annex H of ISO 8217:2017.

9 The purchaser should confirm that this pour point is suitable [or the ship’s intended area of operation.

K International statutory requirements

This document specifies allowable minimum flash point limits following the provisions given in the SOLAS convention. MARPOL
Annex VI, which controls air pollution from ships, includes a requirement that either the fuel shall not exceed a specified maximum
sulfur content or an approved equivalent alternative means be used. During the lifetime of this document, regional and/or national
bodies may introduce their own local emission requirements, which can impact the allowable sulfur content, for example, the EU
Sulphur Directive. It is the purchaser’s and the user’s responsibility to establish which statutory requirements are to be met and
specify on that basis the corresponding maximum fuel sulfur content to the supplier.
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1. dz EM 1. Fuel Characteristics
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1)

2)

3)

4)

Viscosity

The viscosity of fuel oil to the engine
should be kept within the value of 12 ~18 ¢St
(Heavy fuel oil) and 2~14 cSt (Diesel fuel oil)
which could be achieved by proper heating
recommended by fuel supplier as the
viscosity varies depending on the properties
of the fuel oil.
Density

If the density of the fuel oil is above the
maximum density (991 kg/m® at 15C), the
fuel cannot be used because of water and
solid contaminants which are not removed by
a centrifuging. The special centrifuging sys-
tem should be installed to use the fuel oil with
the maximum density (1010 kg/m> at 15C).
Sulfur

It is important to keep proper sulfur
contents in the fuel oil. The high sulfur
content in the fuel may increase the risk of
low temperature corrosion in the combustion
chamber and contribute to the formation of
high temperature deposit. It is also
recommended to keep the proper alkalinity of
the lubricating oil for neutralizing.
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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5)

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 contribute 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) Water
The water content can be measured by a
standardized distillation test. The water
causes corrosion and cavitations of the fuel
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 aluminium and silicon.
If the efficient fuel treatment is not applied,
these fine catalysts can cause abnormal wear
on injection system and cylinder liners /
piston rings. The aluminium plus silicon
should be reduced to maximum 15 mg/kg

before engine inlet.

2. Ignition Quality

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
CCAl (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 150 )
Vi = viscosity (cSt at 50)

CCAl =D - 81— 141 log [ log (Vi + 0.85) ]
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N = (46.704 - 8.802p?10° + 3.167p107) x [1 — 0.01(w + a +
s)] + 0.0942s - 0.02449w
G = (52.190 - 8.802p%10-°) x [1 - 0.01(w + a + s)] + 0.0942s

=290 (&)

N = (46.423 - 8.792p*10-° + 3.170p10°) x [1 - 0.01(w + a +

s)] + 0.0942s - 0.02449w
G = (51.916 - 8.792p*10°) x [1 - 0.01(w + a + s)] + 0.0942s

\[e)i[ /f the value of CCAI is increased, the
ignition quality has decreased value. The fuel oil
with high CCAIl value may be happened a

combustion problem.

To prevent any troubles about poor ignition quality,
engine should be preheated sufficiently before
starting and has proper functions of cooling

system and injection system.

The CCAI guidelines are specified in G05100 (Fuel

oil specification).

3. Specific Energy
From light distillates to residual fuels, net &
gross specific energy can be tested or calculated
according to various international standards.
Basically, the specific energy value provided by
fuel supplier is adapted for the determination of
the heat of combustion. If it is not supplied from
fuel supplier, it can be calculated by the
specification of other properties as the equations

given below.

For residual fuels,

N = (46.704 - 8.802p*10° + 3.167p107°) x [1
0.01(w+ a + s)] + 0.0942s - 0.02449w

G = (52.190 - 8.802p*10°) x [1 - 0.01(w + a + s)] +
0.0942s

For marine distillate fuels,

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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(CPIVSH where
N= & d] ol AlI[MJ/kg] N = Net specific_t_anergy [MJ/kg]
G= & tl OlLIXI[MJ/kg] G = Gross specific energy [MJ/kg]
p=15C U %[kg/m3] p = Density at 15C [kg/m’]

w = Water content [mass %]
a = Ash content [mass %]
s = Sulfur content [mass %]

w= S2 SR %]

a= M SR %]

s = Sulfur content [mass %]

1) Ref. 1SO 8217:2017(E) Ref. ISO 8217:2017(E)

* AA "] oAl HISH (O A, ASTM D240)0] {0l * Refer to that the actual specific energy test
M OHIAIED d oY ARl A A WHAIDCE M4 A 2E method (for example ASTM D 240) takes priority over
C}. the secific energy calculation method as above
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s U e HFO/DO WA &KX} G05300 1B
A2 A HIZL g A Weo| Dal/Ed, =21 It is very important to follow the temperature/load
A S8 YAlob| $oll HFO/DO wAH EAL| 2%=/% requirement of the change-over procedure in order to
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ANEl L5I2 30~70 %= F A
A7 AAHOl Steam tracingZlt Auto filter
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HEES 12~18 cStoll Setting StC}.

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 C 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.
(Temperature gradient must not exceed
2 C/min.)

AN WARNING Maintain the F.O viscosity over 4
cSt because F.O viscosity is the first priority
than temperature. And maintain the cylinder
outlet

75~85 C.

cooling water temperature with

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 ¢St on viscosity controller.
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2. Change-over from HFO to DO

O

O

3. Change-over

Reduce the engine load below 50 %.
Close the steam in/out valve slowly in F.O

heater until 25 cSt viscosity in viscosity

controller to protect the F.O injection
equipment against rapid temperature
changes.

Close the steam tracing and auto filter
steam inlet valve in F.O system.
(Temperature gradient must not exceed
2 C/min.)
Change-over from HFO to DO using
HFO/DO change-over valve.
Confirm that DO viscosity is 4~5 cSt when
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 C.
_ 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.

between high and Ilow

viscosity fuels.

O

O Be careful

Refer to the procedure as above 1 and 2.
about engine inlet viscosity
because F.O viscosity is the first priority than
temperature.

_ Temperature gradient must not

exceed 2 U/min.
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1. 779 32 1. Quality of Lubricating Oil
Fere X A" A0M S8 =S of Lubricating oil has significant roles for the
0 Ct2dt #0] o4d & AChL engine system, which can be summarized as
below;
e [Oj&dH 0I2E =0[7] st 0lnd F29 ® Lubrication of the sliding parts to reduce
et friction and wear.
o X RIZ=9] W2 (I~E, Hod ) ® Cooling of the engine parts (piston, bearing,
etc).
o I~E S A ® Sealing of piston ring.
o AHIHHC =it ® Dispersion of detergent.
o Oio PrhE9 9t ® Neutralization of combustion by products.
et AE Alog U2 A8 Re XA Therefore, engine system oil should be finally
of et olddet Jlss ES5NIIES 27w SaXt selected to fulfill these functions depending on
= HUEZIteb 2Holsto =& HEISHH{0F sttt =+ the fuel used and the operating condition after
M ftet 2R s Y52 350 =Hol A0 consulting with lubricating oil supplier or

M22 22R9 J|280 Fu|=AHE ofelof ZCt specialist. The recommendable brand names of
the lubricants are listed separately and the basic

requirements of new oil are as follows:

Oil grade QPI servicg grade CD (MIL-L/2104C and D) for heavy duty marine
iesel engine.
Viscosity SAE 40(120-180 cSt @ 40 C)
Flash Point Over220 C
Pour Point -15 C
BNZ ofeli et 22 24 Zls msh| 9ol =t BN (Base Number, Alkalinity) should be
72 BNt A=9| & otRetol #dES 0|F= 20 selected carefully because it is important that
SR2ot8=2 MG M8 = ofof st proper balance is maintained between the BN
-0 s AR + 4 BN €% coming from the lube oil and the fuel sulfur level
- 55t 4] 012 by choosing proper lube oil in order to avoid
- AN »g =g + 0 BN 2% following problems.
- UaE PO UEot EAE oY - High sulfur fuel + Low BN lube oil
- A2h 2toly ool A ol el el -~ Excessive corrosive wear

- Low sulfur fuel + High BN lube oil
— Excessive top land deposit formation

- Lacquering formation on cylinder liner surface
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Do not mix the lubricating oil with

different brands, which may cause serious

problem on the engine.

® Typical recommended BN depending on the fuel sulfur contents and SLOC (g/kWh) only for guidance
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Fuel Sulphur (%)

[Reference: CIMAC recommendation number 29/2008 ‘Guide lines for the lubrication of medium speed diesel engine’]
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2. Checking of Lubricating Oil Condition

The quality of the lubricating oil will be
changed slowly due to ageing and contamination
via various sources. The typical contaminators
are soot and particles from combustion chamber,
penetrated or condensed water and salt, wear

particles, and oxidation of oil itself, etc.

Therefore, regular checking of lubricating oil
condition by supplier or specialist, at least every
three months interval, is strongly recommended.
In this case, the checking should include at least
the analysis of Viscosity, Flash point, BN,

insoluble, and water content and the nature.
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During the intervals between laboratory
checking, a simple test method proposed by oil
supplier will be also informative on the quality of

oil.

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.

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

reliable engine operation.

Condition of Lubricating Oil
The condition of lubricating oil inside the
engine is recommended to be within the

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

meRol ctfe s WLt otuet dAH Al
©2 "It =Holof oo}, R0l WA L= B

ol Adutoll Jl=gt @Y AL AAHE 255

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.

As a sudden change of parameters may
indicate abnormal operating condition or
malfunction of the system, investigating the
cause and remedying the fault should precede

replacing the lubricating oil.
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NOTICE Lubricating oil should be replaced
when BN value is below 50% of initial value and it is
important to refill with (top-up) dissipated amounts

of lubricating oil periodically.

If any parameter reaches tolerable limit, some
measures instead of entire replacement of the oil
may be effective for recovering the oil to normal
condition. In some cases, this can be achieved
by proper treatment or by intensive purification or

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

A WARNING | If flash point is below 150 U, there

may be a risk of crank case explosion.

Purifying of Lubricating Oil

In addition to engine filter, it is recommended
to install a purifying device for the lubricating oil.

A built on centrifugal filter is recommended for
the engine running on marine diesel oil. A
centrifugal type purifier is required for the engine
running on heavy fuel oil.

Continuous centrifuging with heated lubricating
oil for lower viscosity is recommended for more
effective purifying. It is recommended to follow
the purifier maker’s recommendation for the flow
rate and preheating temperature (normally 85-
95 ).

It is recommended to separate the oil on the
engine while operating. In this way, the dirt can
be removed immediately when it is supplied to
the engine. At the same time energy is saved
because it is necessary to warm up the oil only

by a little.
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If only one separator is installed to several

engine, it is only connected with one

engine at a

time. This is to ensure that there is no suction

and discharging from one engine to another. It is

recommended to split up the time so
separation on all engines, which are

turns.

NOTICE

that there is

operating in

In any case, cleaning the lubricating

oil by water is not allowed to avoid contamination

and decreasing of BN value.

5. Lubricating Oil for Other Machinery

The engine system oil covers moving parts of

the engine and turbocharger. However, hydraulic

governor requires own specification

the manual for the governor.

and refer to
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Oil brand Engine system lubricating oil Governor oil
Oil company Brand name SAE | BN?
Mysella S3 N40 5
Mysella S5 N40 4.5
Shell Gadinia S3 40 12
Shell Shell Argina S2 40 40 20
Shell Argina S3 40 30
Shell Argina S4 40 40
Shell Argina S5 40 2 50
Aurelia LNG )
Nateria X 405 5.2
DISOLA M 4012 12
TOTAL DISOLA M 4015 o M ”::;‘::ea:ystem
(Lubmarine) AURELIATI 4020 20 LO
AURELIA TI 4030 30 | 2)Referto the
AURELIA TI 4040 40 governor
AURELIA TI 4055 2 55 ;”eatz;l‘:;for
Geotex LA 5.2 LO
DELO SHP 40 12 specification,
DELO 1000 Marine 40 12 volume of
(Taxgzsrlg);tex) TARO 20 DP 40(X) 40 20 3) ?r::':/izlr:iﬁ;g:
TARO 30 DP 40(X) 30 Oil filled
TARO 40 XL 40(X) 40 | 4) Electrical
TARO 50 XL 40(X) ? 50 (Digital)
Pegasus 705 5.3 ﬁz:/:g:j;;d
Pegasus 805 6.2
Pegasus 905 6.2
Pegasus 1 6.5
ExxonMobil Mobilgard ADL 40, Mobil Delvac 1640 40 12
Mobilgard 412 15
Mobilgard M420 20
Mobilgard M430 30
Mobilgard M440 40
CASTROL Duratex L 4.5
CASTROL MLC 40 12
BP CASTROL MHP 154 40 15
CASTROL TLX Xtra 204 20
CASTROL TLX Xtra 304 30
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Oil brand Engine system lubricating oil Governor oil
Oil company Brand name SAE | BN?
CASTROL TLX Xtra 404 40
BP CASTROL TLX Xtra 504 40 50
CASTROL TLX Xtra 554 55
SUPERMAR 13TP 40 13
SUPERMAR 24TP 40 24
SK Lubricants 40
SUPERMAR 30TP 40 30
SUPERMAR 40TP 40 40
Navigo TPEO 12/40 12
Navigo TPEO 15/40 15
Navigo TPEO 20/40 20
LUKOIL Navigo TPEO 30/40 40 30
Navigo TPEO 40/40 40 | 4y same as
Navigo TPEO 50/40 2 50 Engine system
Navigo TPEO 55/40 2) 55 L.O
GulfSea Power MDO 4012, SeaLub Power MDO 4012 12 | 2)Refertothe
governor
GulfSea Power MDO 4015, SealLub Power MDO 4015 15 manual for
GulfSea Power MDO 4020, SealL.ub Power MDO 4020 20 detailed
Gulf Oil Marine 40
GulfSea Power 4030, SealL.ub Power 4030 30 L.O
GulfSea Power 4040, Seal.ub Power 4040 40 specification,
volume of
GulfSea Power 4055, SealLub Power 4055 2 55 governor.
AGIP CLADIUM 120 12 3) Initial filling:
5 AGIP CLADIUM 300 30 Oil filled
ENI S.p.A. 40 i
P AGIP CLADIUM 400 49 | 4 Electrical
(Digital)
AGIP CLADIUM 5008 50 | Governor:
PETRONAS Disrol 50 6 Not applied
PETRONAS Disrol 120 12
Petronas PETRONAS Disrol 300 40 32
PETRONAS Disrol 400 42
PETRONAS Disrol 500 51
ALFAMAR 430 30
ALFAMAR 440 40
AEGEAN 40
ALFAMAR 450 2 50
ALFAMAR 4552 55
SINOPEC TPEO 4012 12
SINOPEC SINOPEC TPEO 4015 40 15
TPEO
SINOPEC TPEO 4020 20
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Oil brand Engine system lubricating oil Governor oil
Oil company Brand name SAE | BN?
SINOPEC TPEO 4030 30 1) Same as
SINOPEC "o N OPEC TPEO 4040 40 | 40 | Enginesystem
TPEO 2 LO
SINOPEC TPEO 4050 50 2) Refer to the
Hyundai XTeer HGSL 40 4.5 governor
Hyundai XTeer TPEO 4012 12 manual for
Hyundai XTeer TPEO 4015 15 | detailed
L.O
Hyundai Oilbank | Hyundai XTeer TPEO 4020 40 20 I
specification,
Hyundai XTeer TPEO 4030 30 volume of
Hyundai XTeer TPEO 4040 40 governor.
Hyundai XTeer TPEO 4050 2 50 | 3)Initial filling:
Oil filled
4) Electrical
Petro-Canada | Sentinel 445 40 4.7 (Digital)
Governor:
Not applied
Oil volume See the separate data for sump volume as per each engine type. UG-25+: 2.1 Liter

" See P.06.300 “Lubricating Oil Specification” when selecting the BN value.

2 For the dual fuel engine with alternating fuel gas and heavy fuel oil operation, please contact to HHI-EMD.

This list is given as guidance only.

*) Refer to Sheet No. G06100 when BN value selected

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

: Please see the drawing for "L.O in baseframe" in Approval/Working/Final drawing
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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 CaCOs3 max. 75 ppm(mg/l)
Chlorides CI” max. 80 ppm(mg/l)
Sulphates as SO4* max. 100 ppm(mg/l)
Silica as SiO2 max. 60 ppm(mg/l)
Residue after evaporation max. 400 ppm(mg/l)
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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 D:Ic;\:;ry Recclajrgsmaegneded
Chevron (FAMM) DELO XLI(Havoline XLlI) Carboxylates Liquid 75 liter / 1,000 liter
VECOM Cooltreat NCLT Nitrite Liquid 48 liter / 1,000 liter
Wilhelmsen Chemicals Rocor NB Nitrite, Borate Liquid 63 liter / 1,000 liter
NALCOOL2000 Nitrite, Borate Liquid 128 liter / 1,000 liter
NALCO TRAC100 Molybdate, silicate | Liquid 17.5 liter / 1,000 liter
TRAC108 Nitrite, Borate Liquid 28 liter / 1,000 liter
Water & ProcgsETechnoIogies CorrShield NT4200 Nitrite Liquid | 30 liter / 1,000 liter
Shell Shipcare Cooling Water Treat Nitrite, Borate Liquid 128 liter / 1,000 liter

B =270 &0tE Y2 Bals SN YR
HZEANG AEHE GSLAL.

BN =& 27As 42 200 2350 42 220
g2 UASZ 0|22 YZ+82Z M8E + YU otFY
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BN /= 379 AZ0/0 582 15 YRAHE A
2 ZBt510] AR OIIAL

BEEN = 27 sS850 2A HEE + YdeoE

75 Al, &35t 7HIF EL28/L/LL

NOTICE Follow the guidelines of corrosion

inhibitor manufacturer for cooling water treatment.

Oily inhibitors adhere to cooling surface

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

NOTICE Do not mix the inhibitors of different

types or properties.

_ Some inhibitors may be toxic and

hazardous. Strict control is required when handling

inhibitors.
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Use of Antifreeze
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If the cooling water of the engine is exposed to the
environment below a certain point of temperature,
antifreeze should be added. Before adding antifreeze,
the engine line must be cleaned. In accordance with
cooling water usage, the corrosion inhibitor should be

used with antifreeze and the reaction between two

F2 U E Soll =felaioF etCh must be checked before use by each maker. The
f3dol = Az Ethylene Glycol2 AMS s=0| We main ingredient of antifreeze is Ethylene Glycol which
Ol=% Wat= otefl et 2Tt has different freezing points according to its content
rates as follows:
Antifreeze (Volume %) 20 25 30 35 40 45 50 55
Water (Volume %) 80 75 70 65 60 55 50 45
Freezing Points (C) -10.5 -13.5 -16.5 -20.5 -26.5 -31.5 -37.5 -43.5
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In case of using antifreeze, it makes it
difficult for engine to cool down due to change in
cooling water’s properties (specific heat decrease,
pressure loss increase due to viscosity increase, heat
exchanger efficiency decrease due to low heat
conduction coefficient). Also, engine’s thermal load will
increase because increased boiling point will restrain
the cooling effect of nucleate boiling. For such a
reason, antifreeze is not recommended to use unless it
is absolutely necessary. When using antifreeze
inevitably, it is not recommended to use antifreeze
more than 55% of the total mixture since it does not
affect further decrease of freezing point. Thus, it is
recommended to use up to 50% maximum. Starting
from 20% antifreeze, engine power is to be de-rated
0.22% per 1% antifreeze in the cooling water. (Ex. When
using 40% antifreeze, maximum engine power is
95.6 %.) Corrosion inhibitor must be used regardless of

antifreeze in the cooling water.
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5% S0 220 MW, ol=2s g If there are impurities in antifreeze, it cannot
Al =5 20 8= 22[(NAS1638 / 1S04406)7t = decrease the freezing points accurately, so antifreeze

= AEZESH0{0F oto, 2e|Se2 NAS8(1S019/17/14) must be managed by Cleanness Level (NAS1638 /
== Foeith I0S4406) with the specification level below NASS8
(1ISO19/17/14). Some recommended products are
HEE 2ot == okl MSS Fdettt listed as follows:
Manufacturer Brand Name Delivery Form
Petrobank -
(Offshore Petrochemicals & Service) Tectyl EG(NASS) Liquid

Checking Cooling Water and the System
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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

months.

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.
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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.

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

H2bpr N2H"HO Has= S5 et Z <HANYU
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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 <HANYU CLEAN TECH RR-R/RR-RO>or
equivalent 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.

_ Descaling process by acid is hazardous,
which needs protective equipment for 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 process. 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.

Waste cooling water should be treated in

compliance with governing laws.
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Fig. 1 Condensation in charge air cooler (&7] 42/7] £%)

=%, &5 ®0 otuet Condensation of water in the charge air is related
Uxst 2D UCH 37| with not only humidity and temperature of the

HollMd= 12 2ds

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
dUsEIH A

30 C,
0.021 kg/kg

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.

0.016 kg/kg &=

If the charge air pressure is 2.8 bar and charge air

temperature is 45 C, maximum water content of

YoM 2 4 ULk
ol 3= olgotol, ol TaE 42 H3 Il
TEE £22 UEHE HES MOR A § Ote

0 &%, S dZloMe S5E2

0.005 kg/kg 0l

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
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Major Overhaul Guidance for Marine Engine

Overhaul Interval (hours)
Section Description ® SR EEE Remark
No. sl=lgle|e|E|E[E|E|E]E
AN NEEBENHEEE
Major Fasteners - Confirmation
M11100 A11100 Bolt for Base Frame and Resilient Mount A *
G11100 - Nut for Resilient Mount and Foundation A *
A13000 Bolt for Engine Block and Base Frame * *
M13250 A13000 Hyd. Nut for Main Bearing Cap * *
M21100 A13000 Hyd. Nut for Cylinder Head * *
M25000 A25000 Bolt and Nut for Camshaft A *
M31000 A32000 Hyd. Nut for Con-Rod (Shaft) * *
M31000 A32000 Hyd. Nut for Con-Rod (Big-end) * *
M33200 A33100 Hyd. Nut for Counter Weight ¢ ¢
M35300 A35000 Bolt and Nut for Timing Gear A ¢
- A81000 Bolt and Nut for Turbocharger Mounting A ¢
Major Bearing
M13250 A13250 Main Bearing N w
M13250 A13250 Thrust Washer : Axial Clearance © m
M25000/M25300 A25300 Camshaft Bearing : Clearance N @] O]
M32120 A32000 Con-Rod Bearing (Big-end) N ] m
M32130 A32000 Con-Rod Bearing (Small-end) N ] Ol
M35300 A35000 Bearing Bush for Idle Gear : Clearance O
Resilient Mount
M11100 A11100 Resilent Mount | | .| | | .| | | | | | |
Cylinder Unit and Con. Rod
M15100 A15000 Cylinder Liner N ]
M15100 A15000 Flame Ring N m
M21100 A15000/A21100 V?I/;:a(:i;:i:td éoling Water Space v n
A e IRCEE
M21210 A21200 Intake/Exhaust v/v : Clearance ol
M21210 A21200 Rocker Arm Shaft and Bush N ]
M21220 A21200 Rotocap O |
- A22000 Indicator Valve O
M31100 A31100 Piston Rings Y m
M31100 A31100 Piston and Piston Pin N ]
M31100/M31101 A32000 Con-Rod Bore (Big-end) N ]
M31100/M32130 A32000 Piston Pin & Con-Rod (Small-end) : Clearance N ]
- A32000 Shim Plate for Con-Rod N O]
- A32000 Stud for Con-Rod Shaft w
m Expected life ime y 1 Cylinder overhaul. If not good, check all cylinders.
W Overhaul inspection 4 Confirm tightening: Tighten with specified torque or hyd.pressure. Do not loosen!
@ Check & adjustment © Measuring or sampling without dismantling
O Function test A Visual Inspection

*) 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.

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

The overhaul intervals and expected life ime 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.
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Major Overhaul Guidance for Marine Engine

Overhaul Interval (hours)
Section .
Description 2lelololal8]slg]g8]8]8 Remark
No. 2lslslslslalalalalale
sl g Cclele|lad]|lo|lolf|o |
N N < @ -~ -~ N N N @
Crankshaft and Gears
M33100 A33100 Crankshaft : Deflection O
- A33300/A42300 Gear Teeth on Flyw heel & Turning Gear A
Torsional Vibration Damper : Fluid sampling _
- A3341 (@) I for TV
33400 (Only for Viscous Damper) © (See Manual for Damper)
- A33500 Flexible Coupling (If applied) A (See Manual for Flex.Coupling)
V35300 A35000 Timing Gear and Pump Driving Gear o
: Clearance and Backlash =
Valve Operating Mechanism
M23000 A23000 Swing Arm Roller Shaft and Bush ] m
V25000 A23000/A25000 Contact Faces pf Camand Swing Arm Roller . N
Camshaft Bearing
Control System
(340000 A41000 Fuel Control Linkage : Movement Check @) Weekly
G40001 - Safety Device : Function Check @] Monthly
) A41000 Governor Oil LeV§I . a Daily
(Only for Mechanical Hydraulic Governor) (See Manual for Governor)
M45200 A45200 Engine RPM Pick-up Sensor : Clearance ()
M45200 A45200 Temperature / Pressure Sensor O In case of necessity
Fuel System
G05100 - Analyze Fuel Oil Properties : Sampling @] Every Bunkering
Fuel Injection Pump
- Deflector : Erossion olm
- Plunger Assembl
M51100 A51000 9 Y u L
- Delivery Valve Assembly (except case) ] O
- Delivery Valve Case | ] m]
- Roller Bush for Tappet ] m
M52000/M52002 A52000 Fuel Injection Valve : Opening Pressure ol 0 Ol Atomizer life time
/M52003
M98380 A98380 Fuel Qil Shock Absorber (If applied) ]
- If pressure drop reaches limit
A Fuel il Filt
M56000 56000 uel Oil Filter ] (See G01400)
Lubricating Oil System
G06200 - Analyze Lub. Oil Properties : Sampling © Every 3 month
M61000 A61000 Lubricating Oil Pump ]
M62000 A62000 Lubricating Oil Cooler ] (See Manual for LO Cooler)
- - . If pressure drop reaches limit
A Li i | Filt t T
M63000 63000 ubricating Oil Filter (Cartridge Type) ] Ol (See G01400)
- AB3000 Auto Backw ashing Filter (If applied) ] (See Manual for Auto Filter)
- A64000 Thermostatic Valve : Clean & Check Hements ] (See Manual for Thermo.v/v)
M67000 A67000 Lubricating Oil Centrifugal Filter ] (See Manual for Centrifugal Filter)

] Expected life time

W Overhaul inspection
@ Check & adjustment
O Function test

v 1 Cylinder overhaul. If not good, check all cylinders.
4 Confirm tightening: Tighten with specified torque or hyd.pressure. Do notloosen!
© Measuring or sampling without dismantling

A Visual Inspection

*) 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.

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

The overhaul intervals and expected life time 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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2015.03/KJH
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Engine Maintenance General

Maintenance Schedule

AZ Hu| LUK

gu|gd A=

G09100

1M

Major Overhaul Guidance for Marine Engine

Overhaul Interval (hours)

Section L
Description el-ololalalgslglgslgslsgsls Remark
No. 2lsls|sls|alalalala]le
=lolele|l@|lad|lo]lo|lg|o |
[©] M Kl D T R T R
Cooling Water System
. . " , Weekly : Test Kit
G07100 - Analyze Cooling Water Properties : Sampl @)
nalyze Cooling Water Properties : Sampling @) Every 3 month : Lab, Test
M71000 A71000 Cooling Water Pump ]
- A74000 Thermostatic Valve : Clean & Check Eements [ (See Manual for Thermo.V/v)
M75000 A75000 Water Drain Line : Cleaning [ Weekly (Depend on condition)
Compressed Air System
002300 - Air Running @) Monthly
. Weekly
G40000 . Check Starting & Stop Syatem (Over a Week Stand-stil Condition)
- A42100 Starting Air Motor [ (See Manual for Starting Air Motor)
Supercharging System
Turbocharger ] (See Manual for Turbocharger)
- Clean Air Filter .
Every 500hi
M80000 A83000 (Only for Filter Silencer type) u = ery S00hrs running
- Turbine : Water-w ashing [ Every 200hrs running
- Compressor : Water-w ashing [ Every 24~50hrs running
M84000 A84000 Charge Air Cooler [

m] Expected life time

M Overhaul inspection
@ Check & adjustment
O Function test

4 1 Cylinder overhaul. If not good, check all cylinders.
4 Confirm tightening: Tighten with specified torque or hyd.pressure. Do notloosen!
© Measuring or sampling without dismantling

A Visual Inspection

*) 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.

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

The overhaul intervals and expected life time 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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2015.03/KJH
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Engine Maintenance General Recommended Wearing Parts
AT HH| UYrALSS 22 25 3 55 G09101 1D

List of Consumable Parts for One Engine

C=Number of cylinder / U=Number of unit

) Quantity for the operating hours
Section -
No. Parts Description
set/ea | 0-4000 | 0-8000 | 0-12000 | 0-16000 | 0-20000 | 0-24000 | 0-28000 | 0-32000
Covers for Engine Block
ﬁ;ggg Gaskets for gear case cover set - 1 1 2 2 3 3 4
A19300 O-ring for crankcase cover ea - 2xC 2xC 4xC 4xC 6xC 6xC 8xC
A19300 O-ring for camshatft cover set - 1xC 1xC 2xC 2xC 3xC 3xC 4xC
A21100 O-rings for cylinder head cover ea 05xC | 1xC |15xC| 2xC | 25xC | 3xC | 35xC| 4xC
Bearings
A13250 Main bearing (upper & lower) set - - - - IXC+2 | IxC+2 | 1xC+2
A13250 Thrust washer ea - - - - - - 2
A25300 Camshatft bearing ea - - - - - - 1xC+1
A32000 Big-end bearing (upper & lower) set - - - - 1xC 1xC 1xC
A32000 Small-end bearing ea - - - - - - 1xC
A35000 Bearing bush for idle gear ea - - - - - - 1
Cylinder Unit and Con-Rod
A15000 B F_Ian_we_rina ____________ ea - - - 1xC 1xC 1xC 1xC 2xC
A15000 O-rir.lgs & gaslket forcylinder finer / set - 1 1 IXC+1l | IxC+1l | 2xC+1 | 2xC+1 | 3xC+l
cooling water jacket
A21100 O-ring for cylinder head ea - 1 1 IXC+1l | 1xC+l | 2xC+l | 2xC+l | 3xC+l
A21100 Bush & O-ring for fuel valve set - - - 1xC 1xC 1xC 1xC 2xC
A21100 S;'hgaﬁvf;gﬁ::'de & set : . : 1xc | 1xc | 2xc | 2xc | 3xc
ﬁi;gg Intake vivspindle, seatring and vivguide set - - - - 1xC 1xC 1xC
ziégg Exhaust vivspindle, seatring and viv guide set - - - - 1xC 1xC 1xC
A22000 Indicator vivcomplete set - - - 1xC 1xC 1xC 1xC 2xC
A23000 Roller bush for swing arm ea - - - - - - 1xC
ps1100 | Pistontopring/2ndring / set . . - | 1xc | 1xc | 1xc | 1xc | 2xc
scraper ring
A32000 Shim plate for con-rod ea - - - 1xC 1xC 1xC 1xC 2xC
A32000 Stud for con-rod shaft ea - - - - - - 4xC
Fuel System
A51000 _Plang;ar;sgea bE/fgr fael_pu?np_ _____ ea - - - - - - 1xC
A51000 O-rings & seal ring for plunger ass'y set - 1xC 1xC 2xC 2xC 3xC 3xC 4xC
A51000 Gskets & seal ring for fuel pump set - - - - - - 1xC
A51000 Deflector & gasket for fuel pump set 1xC 2xC 3xC 4xC 5xC 6xC 7xC 8xC
A51000 Delivery valve assembly (except case) set - - - 1xC 1xC 1xC 1xC 2xC
A51000 Delivery valve case ea - - - - - - 1xC
A51000 O-ring for fuel pump set - 1xC 1xC 2xC 2xC 3xC 3xC 4xC
A51000 O-ring for fuel pump drive ea - - - - - - 1xC
A52000 Fuel injection nozzle with dowel pin set - 1xC 1xC 2xC 2xC 3xC 3xC 4xC
A52000 O-rings & gasket for fuel injection valve set 2xC 4xC 6xC 8xC 10xC | 12xC | 14xC | 16xC
A52300 O-rings for fuel injection pipe block set 2xC 4xC 6xC 8xC 10xC | 12xC | 14xC | 16xC
A53000 O-rings for fuel feed pipe connection set - 1 1 2 2 3 3 4
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 14.05/YTY
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. . . Section No. Rev.
Engine Maintenance General Recommended Wearing Parts
ol Fl AH| AUBIA}SE L0 9T =Xy 22 G09101 1D

List of Consumable Parts for One Engine

C=Number of cylinder / U=Number of unit

Quantity for the operating hours

Section -
No Parts Description
. set/ea | 0-4000 | 0-8000 | 0-12000 | 0-16000 | 0-20000 | 0-24000 | 0-28000 | 0-32000
Lubricating Oil System_ __ _ _ _ _ |

A61000 Bushes for lub. oil pump set - - - 1xU 1xU 1xU 1xU 2xU

A61000 O-rings for lub. oil pump set - - - 1xU 1xU 1xU 1xU 2xU

A62000 O-ring for lub. oil copler §onnect|on set i i i 10 10 10 10 20
(Installation on engine side)
Lub. oil filter cartridge

A63000 . ea 2xU 4xU 6xU 8xU 10x U 12xU 14x U 16x U
(Paper cartridge type)
O-rings for lub. oil filter assembly

A63000 . set 1xU 2xU 3xU 4xU 5xU 6xU 7xU 8xU
(Paper cartridge type)

A64000 | O-ring for lub. oil thermostat valve ea - - - 1xU 1xU 1xU 1xU 2xU

AB4000 | Gasketfor thermostatic valve cover ea - - - 1 1 1 1 2

AG7000 Spare parts for centrifugal filter set

(See manual for centrifugal filter)

Cooling Water System

A71000 Oil seal, mechanical seal & set - - - 1xu 1xu 1xUu 1xU 2xU

O-ring for HT and LT-pump

O-ring for C.W thermostat valve
A74 . . - - - 1xU 1xU 1xU 1xU 2xU
000 (Wax type installed on engine) ea

O-ring for thermostatic valve housing

A74000 ) . ea - - - 1xU 1xU 1xU 1xU 2xU
(Wax type installed on engine)

A77000 O-ring for cooling water connection ea - 3 3 6 6 9 9 12

A78000 O-ring for cyl.head cooling water connection ea - 8 8 4XC+6 | 4xC+6 | 4xC+14 | 4xC+14 | 8xC+12

Supercharging System

A81000 Gaskets and O-ring for compressor out set - - - 1 1 1 1 2
A82000 Gasket for connection flange ea - 1 1 IxC+1 | IxC+l | 2xC+l | 2xC+l | 3xC+l
A83000 O-rings and gaskets for T/C connection set - - - 1 1 1 1 2

Charge Air Cooler

A84000 O-rings and gaskets for air cooler set - - - 1 1 1 1 2
_Turbocharger  _ _ _ _ _ _ _ _ _ _
Spare parts for turbocharger
set
(See manual for turbocharger)
Air filter mat ea 2 4 6 8 10 12 14 16

(Engine room air suction)

* 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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 14.05/YTY
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Engine Maintenance General Preparations for Maintenance Seetion No- e
AITIHH| LY EALSE Hu|» A ZH| AL G09110 1€
Jul1gd o Akt Before Maintenance
= gulEd o UEA o] oo deso e ™ = Read and understand maintenance procedures
g d 2AME 2rMal 200 olaiai OF 2fLlCh. mentioned in this manual thoroughly.
" 3P Y e 23552 AT FU|SHIAI R = Prepare required tools and commodities in
advance.
= Ot &0l 2 WOl thIISHI Al L. = Wait until

v" Engine stopped and cooled

= Check if the following points are satisfied,

v NSs 37| - At v/ Start air - shut off
v HZpe - AR 9 Ui v' Cooling water - shut off and drain
v Az - At Ul F v Fuel oil — shut off and drain
v zER et - A 9 oile v' Lubricating oil circulation — stopped and drain
v o gy (dg, Bes, W2, 300 - oA v' Pressure (FO, L.O, H.T, L.T, Air) - released
M| Algol 228 O olE Data for Maintenance Planning
AL 2FS2 APAM dt=2 2ol & AUXLH O 2 Some components can be dismantled directly from
of FF=2 ASAo=2 AR 2ol ¥ MEES ol the engine and the others should be dismantled and
OF etch. A= ALSsSHI| o, "ol A< o 2 remounted step by step in sequence. As guidance,
2t Y%E 22 Us Z2 2= HAlsttt o & summarized information for planning of overhaul is
oA LHER D e FeabAel "ozt 2o, dd, M listed as a table to the next page. Normal overhaul in
9 rg S2 et A2 9olsttt this sheet includes dismounting, inspection, cleaning
and remounting etc.
m 01419 218 AlZk2 &2l X2l atF of Manhours are only for reference value
oA EZI0F Fatet S7E AIEoI0 et R ZIHE based on normal working conditions by qualified

ot W20 Etzol I LY.

persons with suitable tools.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.Engine & Machinery Division 2015.03/PJK
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Engine Maintenance General Preparations for Maintenance Seetion No- e
AZHY| LYALSY HU|"d A& A G09110 1c
List of overhaul man-hours for one unit and related special tools
Working Sequence Maint Special Tools moe:/ne-rhhoauurls
> . Next Dismantling Step aglhzgflsnce for one unit
t - Next Remounting Step Tool No. Description Man | Hours
91.400 Hydraulic jack (M39x2)
91.460 Hydraulic jack support (M39x2)
@ Main Bearing M13250 91.510 | Hydraulic jack extension screw (M39x2) 2 25
91.290 Lifting device for main bearing cap
91.300 Fitting device for main bearing
91.410 Hydraulic jack (M30x2)
91.470 Hydraulic jack support (M30x2)
@ Big End Bearing M32120 2 2.0
91.200 Guide support for con-rod mounting
91.220 Turing bracket for con-rod
@ Camshaft Bearing M25300 91.860 | Camshaft bush removal device 2 3.0
91.510 Extension screw (M39x2)
91.420 Hydraulic jack (M22x1.5)
91.500 Hydraulic jack support (M20x1.5)
91.530 Hydraulic jack extension screw (M20x1.5)
@ Cylinder Unit M15000 2 4.0
91.400 | Hydraulic jack (M39x2)
91.490 Hydraulic jack support (M39x2)
91.210 Turing bracket for con-rod
91.230 Support device for con-rod & piston
91.400 Hydraulic jack (M39x2)
91.490 Hydraulic jack support (M39x2)
M21000 2 2.0
@ Cylinder Head 91.510 | Hydraulic jack extension screw (M39x2)
91.110 Lifting tool for cylinder head
M15100 91.140 | Grinding tool 1 1.0
4 »@ Intake/Exhaust Valve M21200 91.120 | Fit/removal device for valve cone/spring 1 1.0
91.650 Fitting device for exhaust seat ring
1‘ »@ Valve Seat Ring M21120 91.660 Fitting device for intake seat ring 1 15
91.580 Removal device for exhaust valve seat
4 »@ Valve Guide M21130 91.670 | FittRemoval device for valve guide 1 0.5
/A HYUNDAI HEAVY INDUSTRIES CO., LTD.Engine & Machinery Division 2015.03/PJK
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Engine Maintenance General Preparations for Maintenance Section No- e
AT Y| LAl HU|"d A& A G09110 1c
Working Sequence Mai Special Tools moavn?;]hoauurls
> . Next Dismantling Step aglrtlzr;?snce for one unit
t - Next Remounting Step Tool No. Description Man | Hours
91.420 Hydraulic jack (M20x1.5)
91.500 Hydraulic jack support (M20x1.5)
91.530 Hydraulic jack extension screw (M20x1.5)
t . @ piston + Connecting Rod M31000 91.170 |Piston lifting 2 2.0
91.160 | Piston Guide
91.210 Turing bracket for con-rod
91.220 Clamping support for con-rod
A ~@ Piston, Piston Rings M31100 91.250 | Plier for piston ring 1 0.5
4 ~@® Con Rod, Piston Pin M31100 91.240 | Plier for piston pin lock ring (plier 85) 1 0.5
4 »® Small End Bearing M32130 91.910 | Removal Device for Piston Pin Bush 1 1.0
91.140 Grinding tool
4 »@ Cylinder Liner M15100 91.150 | Extract./suspension device 1 1.0
91.260 Cylinder bore gauge
t - @ Water Jacket + Cylinder Liner M15100 - 1 1.0
@ Fuel Injection Valve 91.130 | Removal device for fuel injection valve
91.340 Nozzle tester
91.390 Nozzle removing tool
M52000 1 2.0
t- @ Fuel Injection Nozzle 91.630 | Tool for nozzle
91.370 Cleaning tool for fuel injection nozzles
91.350 Lapping device for injection valve bush
@ Fuel Injection Pump M51000 - 1 1.0
@ 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 - 2 6.0
@ Cooling Water Pump M71000 - 1 1.0
@ Cooling Water Thermostat Valve - - 1 2.0
@ Air Cooler M84000 - 2 6.0
/A HYUNDAI HEAVY INDUSTRIES CO., LTD.Engine & Machinery Division 2015.03/PJK
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Engine Maintenance General Clearances and Wear Limits
ATl HH| LUtAtet k= % o0t=2 FlehtA G09200 3F
(Unit: mm)
Section 8 1 s . Wear and
No. Part Schematic Drawing Nominal Size Clearance Repair Limit
|
Inner diameter . ‘ _ +0.046
of cylinder liner f D=@210 o 22104
B
\ ]
M15000 | Cylinder Wall thickness A Max=4.98 475
M15100 | liner of flame ring g Min =4.93 '
D
Cylinder liner A=13
Water jacket | B=69
15t rin _n-0.01 - -
g A=6333s a=0.13~0.185 | 0.5
1% groove A1=61915 6.35
a
T1A A1
2" ring b B=4.9820 935 b=0.12~0.165 | 0.5
M31100 | Piston ring B1
and groove |
2" groove c1 B1=51042 5.35
Oil scraper ring C=6j8;8§5 ¢=0.05~0.085 0.3
3" groove Cc1=633% 6.20
Piston pin and _ -
boss bi+ w 1 f % a=0.05~0.085 0.12
. . A _ b=0.08~0.149
Piston pin A=@100 (for Miba) 0.25
Piston pin and
bush U B=0.07~0.137
M31000 (for I.DiBE). 0.25
M32130
a=0.133~0.231
(for Miba)
Big-end bearing . Aw A=3190 0.3
clay
. ' a=0.135~0.231
| . (for DIBE)
i \ﬂ b=0.187~0.285
AL (for Miba)
Main
Crankshaft bearing Chieml B=@220 0.3
] a=0.190~0.286
(o (for DIBE)
M13250 qe
phrust : Cc=179 ¢=0.3~0.6 0.8
earing
(o]

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.09/CES




9
[ | Page
1I.IMSEN H21/32 |33
. . . . Section No. Rev.
Engine Maintenance General Clearances and Wear Limits
AT Ul YPHALE 242 9 012 AEHA G09200 | 3F
(Unit: mm)
Section . . . . Wear and
No. Part Schematic Drawing Nominal Size Clearance Repair Limit
a=0.161~0.245 03
(for Miba) ’
Cam‘shaft A=3179
bearing
a=0.179~0.271 03
(for DIBE) ’
M25000 B=109 b=0.1~0.15 0.2
Camshaft ; ;
Camshaft thrust Gov. side mounting
bearing
B=84 b=0.2~0.4 0.6
Gov. top mounting
Gov. dive
M41000 bevel gear 0.15~0.25
Back-lash
a=0.2~0.7
Intake/exhaust V"
rocker arm shaft A=25 a'=0.2~0.7
and bearing Shaft & cyl. head
clearance 0~0.2
M21210
Rocker arm Rocker arm
and B=@50 b=0.025~0.08 0.2
- and shaft
swing arm
L
Swing arm Lol lell "o C=@30 ¢=0.083~0.129
M23000 roller, shaft and per=iji=in Do45 970.050°0 991
bearing 1 ins © F= 238 70.08-0.135
Intake valve ‘:
(stem part) and A=016 a=0.06~0.143 0.3
guide
M21130
Exhaust valve
(stem part) and A=016 a=0.08~0.161 0.3
Intake and guide
exhaust
valve
B
b
M21210 Guide pin for B=020 b=0.031~0.065 | 0.2
yoke

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.09/CES
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Engine Maintenance General Clearances and Wear Limits
AT Ul YPHALE 242 9 012 AEHA G09200 | 3F
(Unit: mm)
Section . . . . Wear and
No. Part Schematic Drawing Nominal Size Clearance Repair Limit
C=6
Intake valve L0 _
(face part) 7&# R1=30" -5 C=4.5
R1
Intake valve % R2=30° 80181
seat
Intake and R2
M21200 | exhaust
valve _
Exhaust valve E=6 o E=45
(face part) E R3=30" -5 :
R3
Exhaust valve F=0.38 015
seat R4=30° g-1¢r
R4LX g
Idle gear shaft B ip
and gbearin = A=3100 a=0.156~0.262 a=0.4
9 B=117 b=0.150~0.350 | b=0.5
bush
Timing gear a*
g9 A
M35000 Backlash :’E c=0.15~0.4 0.5
Other gears | Backlash ¢c=0.15~0.4 0.7
Intake Setting : 0.5
| Clearance (a) Allowable : 1) Valve
valve 0.4~0.6 clearance is
with engine
cold.
M21210 2) (b) should
be set at ‘0’
prior to the
Setting : 0.5 adjustment
EQQZUSt Clearance (a) Allowable : of (a)
0.4~0.6
A
RPM pick-
M45200 | up Clearance Q 2.0+0.5
sensor

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.09/CES
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Engine Maintenance General Assessment of Bearings Section No. R
AF Hul LINE ol ot G09210 1B
oldt Alat General
S5 4 Ay X2 Chdet 25 20 theet %7 Various sliding bearing are applied on moving parts

o Dlny Holgds Aot Qo gt

Hold et AEol 2doll wet Fig. 12f

N =2 2=

MO

Solid lining
(Bearing alloy)

Solid
bearing and bushing

BT QoM AoiE ofzl HlolYS

o £2 #Hod SF= Ol Table 124 &Ch

Bi-metal
bearing and bushing

1 according to the composition of materials.

Lining
(Bearing alloy)

! <«4—— Steel back

Fig. 1 Bearing types

AMEdst U

_—

Tri-metal
bearing and bushing

Overlay

<«4— (Electroplating or

Sputtering)
Lining

(Bearing alloy)
<«4—— Steel back

Description

Bearing material

Main bearing

Steel-backed Aluminium-base bi-metal

Big-end bearing

Steel-backed Aluminium-base bi-metal

Main bearing and Big-end
bearing of several type

Steel-backed Aluminium-base grooved tri-metal (Rillenlager®)

Camshaft bush

Steel-backed Aluminium-base bi-metal

Small-end bush

Steel-backed Leaded bronze bi-metal

Idle Gear Bush

Steel-backed Leaded bronze bi-metal

Thrust washer

Solid form Aluminium-base or Solid form Leaded bronze

(depend on bearing maker)

Table 1 HIMSEN Bearings

Moz 0lnd of the medium speed 4 stroke engine. Generally the

sliding bearings are classified 3 types like below Fig.

HIMSEN also adopts various bearings described

above and major bearings are listed on blow Table 1.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2017.10/NHM
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Engine Maintenance General Assessment of Bearings Section No. Rev.

A7 Hul LAt oz =t Gos210 | 1B

LNEE

Wi J|E=

Bearing shells are to be checked or replaced
regularly according to maintenance schedule Section
G09100. However the opening frequently the bearing

shell without a specific reason is not advisable

Criteria for bi-metal bearing replacement

Dats Ko

=
= [u

vholol & dlof2l <l

. ECIOIHE o]

of

i

=

)
T

A otRE2 "ol FAE ASstHU HSE HIof

A= MS ME gt Bl E Soto] Bt Jhsotth

od 2= 2k2 G09200 & =)

ot=etlofl SEL, ts 84 o 28012 & 0t

ghllol == Jiez oldsEle dF= Hods WAl

OF gtct

gL, Aol 23 SEfolA o220l ol A,
ctold MESl ef2tel HapoF LEHLEAL 28T wZoll Bf
OIIE Hiojele g2 +H =52 P22l 847
ojgLt

olol groloil e sloledle G09100 =2 GO91010] weE
FIAQL WA E HEBT

Visual evaluation of the wear is impossible for bi-
metal bearings, since they have no visual indication
for wear on lead area, in contrast with tri-metal
bearing.

Actual wear can be determined by measuring wall
thickness or via clearance measurements in
comparison to the specification for bearing in new

condition. (See G09200 for bearing clearance)

A bearing should be replaced if the wear limit is
reached or can be expected to be reached during the

next period of operation before the planned overhaul.

However the remaining lifetime of bi-metal bearing is
very difficult to judge mostly since the wear of bearing
is very minor and a change in the visual appearance
of the lining material over the whole lifetime cannot
be seen under normal operating condition.

So the regular replacement of bi-metal bearing is
recommended according to G09100 or G09101.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2017.10/NHM
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[ wolE ol we 2l ofst Zept sex
o ge A0S HolY Msil P2 AN
ot
LS o

Ug. PEH YA B2 oY

AL HBE LGHS H0Y (Fig. 4)

Ob RolE w0l e Rsll BAIE AR
HEHol Yyso RE0| Sofd

Fig. 4 Normal running pattern of small-end bush

B Normal running pattern — Reusable

Without flash (Fig. 2)

Slightly polished mark in the most loaded zone.

Isolated and minor scoring has no influence on
bearing performance.

With flash (Fig. 3)

Slightly polished mark in the most loaded zone.
Isolated and minor scoring has no influence on
bearing performance. Flash is partly removed.
Leaded bronze bearing with flash (Fig. 4)

The typical appearance of leaded bronze is
revealed after partly removal of flash in the

most loaded zone.

Fig. 3 Normal running pattern with flash

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2017.10/NHM
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A7 Hul LAt oz =t Gos210 | 1B
oSt 2 Me|R otE (Fig. 5) — MAIS B Minor edge loading (Fig. 5) — Reusable

DAl 1 SEROl ofst ofpt e,

sl
I
=
il

0 FEHXA 42 9= ALE Jbs.

IFHoz 2told MAEO0l sl =5 (Fig. 6) -

Slightly polished stripes along the side face.
Minor edge loading is allowed if it is not

pronounced.

Localized heavy smearing of lining material
(Fig. 6) - Replace

An evidence of a disturbance of oil film in
bearing operation in the past (most probably in
a single occurrence).

Causes :

v' Short time lack of oil/loss of oil pressure.

v A bulk of small foreign particles was floated

into the bearing.

Fig. 6 Localized heavy smearing of lining material

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fig. 7 Extensive area of damage with seizure

Extensive area of damage with seizure

(Fig. 7) - Replace

An evidence of a heavy disturbance of oil film

in bearing operation in the past.

Causes :

v’ Lack of oil/loss of oil pressure for a certain
time.

v A bulk of foreign particles was floated in.

Localized separation of lining material on
aluminum-base bi-metal bearing (Fig. 8) -
Replace

Due to overheating of the lining material
(Thermal influences combined with excessive
shear forces)

Causes of overheating :

v’ Lack of oil/loss of oil pressure for a certain
time
v A bulk of foreign particles was floated in.

v Engine overspeed

Fig. 8 Localized separation of lining material
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m O|SZ0 ot X2 AT0NE 032} FoE LA % B Shallow scoring and/or a few imprints in
= Yoo wst ®MEl K= (Fig. 9) - MALE unloaded area due to foreign particles
(Fig. 9) — Reusable
= O|=Fol 2ot U2 9 £230/8 013 52 U9 B Many scoring or multiple deep grooves
U2 By PolE Y= JAolM st HE A= and/or imprints in loaded area due to
(Fig. 10 & Fig. 11) — Al foreign particles (Fig. 10 & Fig. 11) -
Replace

Fig. 10 Deep scoring and imprints
Lining material locally smeared.

Fig. 9 Shallow scoring and a few imprints

Fig. 11 Many deep imprints

2017.10/NHM

Engine & Machinery Division
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S5 ot =2 dYsS soldt 22 JHleolM B Minor and shallow cavitation outside the
(Fig. 12 & Fig. 13) - MALS most loaded zone (Fig. 12 & Fig. 13) -

Reusable

B 22 M3 HulEolE (Fig. 14) — wAl B Deep puncture cavitation (Fig.14) - Replace
et 4 FHE ALK Ul ols 0l A E5Hol, il In severe cases the cavitation extends to the
o Ao ~E= Ato] AAHE wet dot steel back, spreads along the interface

between steel back and lining material.

Fig. 13 Minor cavitation off oil groove

Fig. 14 Deep puncture cavitation
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Grooved tri-metal bearing replacement

The running surface of new bearings consists of
approx. 75% electroplated overlay and approx.25%

bearing alloy ridges.

Overlay (~75%)

Bearing alloy (~25%)

Ni intermediate layer (max. 5 %)

Fig. 15 Composition of grooved tri-metal bearing

obl SlahAlE =tth (214 SHHol b )0l 2 otct
IOl 8l AMOFS B2t AES "otet of, 259 2
EHOL AED RAISE O1E 22 RolE we 99} s
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In case aluminum-base groove tri-metal bearing,
overlay is recognizable as a dark zone and bearing
alloy ridge as light zone.

The ratio of the bearing alloy ridge width to the
groove width, as well as the size of the worn surface,
is the important factor for evaluating the degree of
wear in loaded area. So, a magnifying glass
(minimum magnification 5x) is required for precise
evaluation of the degree of wear of the running
surface.

For every assessment of the condition of the ridges,
the benchmark should be the running surface in the

least loaded area, where is almost new condition.

This bearing can still function when the overlay in the
grooves has partly worn away. Moreover, in actual
practice, it has been proven that its function can be
continued without any ill effects, even with partially

empty grooves.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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J=22 40| dIF It &l (Fig. 16)
=

B Normal running pattern — Reusable

The geometry of the qroove is as new

(Fig. 16)

J22 U9 @y oIt 285 22X sH AtEl. @ud
ool Zal 24 Hs2 Hee @Y 33~ X}

Holel =t uiefol = Hl=0l 25%2 75% &

22 o 2ddoot w5 2F 0.005mm Ot2

= e (Fig. 17)

Hole g= ootE deke2 0t2el d+ gls. @4
dlojofl 2e 424 HE2 U2 Y A3~
=Y.

ufdlole] o2 2lsto] Hod &= It L

&l LHERE.

i
B
|

i

i

The overlay inside the groove is fully intact.
The dark spots embedded in overlay are
mostly oil coke particles.

The ratio between the bearing alloy ridges and
the overlay is 25 % to 75 %.

The overlay in the grooves has worn

uniformly by about 0.005 mm. (Fiq. 17)

The bearing alloy ridges show no sign of wear.
The dark spots are predominantly embedded
oil coke particles.

As a result of overlay wear, the bearing alloy

ridges appear slightly wider.

Fig. 17 Wear of overlay in groove

Small foreign particles are spread over the

entire running surface. (Fig. 18)

No significant alteration of the bearing alloy

ridges

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2017.10/NHM
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g The overlay has been locally displaced and

25 2oyt IAREE HolL WY &fs 9
HS (Fig. 19)

22 LM B 2f=0] 222 =2LEX] %8.

Fig. 18 Small foreign particle
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smeared over the bearing alloy ridges.
Fig. 19

The bearing alloy ridges can no longer be seen

in some places.

Fig. 19 Displacement of overlay

B Wear of bearing alloy and overlay — Replace

depending on condition

Wear (Fig. 20)

In some places the bearing has been worn
down to such an extent that the bearing alloy
ridges and the overlay grooves have reached a
ratio of 1:1. The width of the bearing alloy
ridges has increased from 25 % (when new) to
50 %. The overlay still exists in the grooves.

The bearing is to be replaced when the extent

of wear reaches the limit described in Fig. 22.

Wear and local leveling of the ridge (Fig. 21)

The bearing alloy ridges are worn locally to be
no groove.
The bearing is to be replaced when the extent

of wear reaches the limit described in Fig. 22.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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mﬂmﬂmﬂﬂmﬂmﬂl Wear of 1:1 - Bearing alloy ridges worm

A: max. 30% of circumference E: max. 20% of width

B: max. 70% of width F: max. 5% of circumference
C: max. 50% of circumference G: max. 10% of width

D: max. 35% of width H: max. 35% of circumference

I: max. 10% of width

Fig. 22 Criteria of wear
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B Wear of bearing ally and overlay — Replace

depending on condition

Cracks in overlay (Fiq. 23)

Fatigue of the electroplated overlay due to
local overload.
The bearing is to be replaced when the extent

of wear reaches the limit described in Fig. 25.

Cracks in overlay and empty groove (Fig.

24)

Empty grooves are visible due to a washing

out of the broken overlay. Local wear of the
bearing alloy ridges may be visible.
The bearing is to be replaced when the extent

of wear reaches the limit described in Fig. 25.

Cavitation outside loaded zone (Fig. 26) —
Reusable
A cavitation next to oil groove out of loaded

zone, the bearing is functional.

A portion of shallow cavitation spreading
on the loaded zone (Fig. 27) — Replace
depending on condition

Shallow cavitation off the oil groove is mostly
found at main bearings. This cavitation makes
erosion similar to wear, cracks in overlay or
empty groove, so the bearing is reusable
according to the criteria described in Fig.22
and Fig.25 when the cavitation spreads on the

loaded zone.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fig. 23 Cracks in overlay Fig. 24 Empty groove

i
\

If

I
I

M Cracks in overlay ﬂﬂﬂmﬂﬂlﬂﬂﬂmﬂmﬂmﬂl Empty grooves

- Bearing alloy ridges worm

A: max. 25% of circumference E: max. 40% of width
B: max. 70% of width F: max. 10% of circumference
C: max. 50% of circumference G: max. 30% of width
D: max. 35% of width H: max. 40% of circumference

I: max. 15% of width

Fig. 25 Criteria of cracks in overlay and empty groove
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Fig. 26 Cavitation next to oil groove
BN 2 cfs Mo 12k o/Fo H0lE SN

Fig. 22 2} Fig. 250] E&& Yo & H2Z of&s

= 7P Y 0I7F Ho/S2 WA= 0]0F L

Hiojg &9l T2l AZe =

Fig. 27 Cavitation next to oil groove

NOTICE If a condition as described criteria in
Fig.22 and Fig.25 is anticipated within the next
interval,

service then the bearing should be

replaced for safety reasons.

Free spread of bearing shell

golel de stedo zgd o sHe9 s4Us

2ol Aol gma Aol ola ZE WMoY WS 2
Hole St ol HE ze| Amy eI FojEC)

Helel A wAEE 5 Z2| AZxY == 52
ch.

Bearing shell must have a positive spread to provide
that the bearings can be assembled into the housing
without lateral play. All bearing shells are losing a
certain amount of free spread during operation
because of the thermal expansion differential
between the back steel and lining materials when
bearings are installed and run up to normal working
temperature.

If the free spread is bigger than housing bore and
keeps in place during handling, the loss of free

spread is acceptable.

Bearing diameter + spread

>

Fig. 28 Free spread of bearing

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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General

In 4-stroke engine, Rollers are applied on the fuel injection
pump drive and the swing arm(or tappet) of the valve
spindle to change the rotational motion to reciprocating
motion. This roller is high loaded component, and made
with the rolled or forged round steel and polishing process is
applied during manufacturing to decrease the surface

roughness to prevent sliding.

Normal mark during engine initial running

oA Aot ==o

B 20| 22 EU0 RYP & o0, ol A

H

ra

HME2 AE Z2S017] 28 Al A AZEN U= of
S ged o/gd & Atk o W olHEet exes
Jl= L ool AM o= S 2 glgetAel &
doz HUEX o, FAZ 28 folE JEEA
4=Ch WetM (Fig. 12 20]) SzZHol olelet =5
0| AtetT Sdl= JAE0| Jhsottt

Generally, the component of abrasive wheel can be
attached on roller surface during abrasive machining of
roller, and it can be dropped out when receiving the load
from camshaft during initial running of engine and then it
may make a mark on roller. This little scratch mark on roller
is not judged as abnormal damage, and is not expanded
during long period of engine operation. So if there is mark or
minor scratch (similar to Fig. 1) on roller surface, it is
acceptable to use continuously and there is no effect to

engine operation.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fig. 1 Mark on roller after initial running of engine (Fig.1)

Spednn 55

Fig. 3 FIP drive roller (8,900h / 18,000h operation) - not expanded scratch mark
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Cylinder unit
Approx. 404kg

Cylinder liner

Approx. 70kg

579

ﬂm%‘)ﬂ

Cylinder head and rocker arms assembly Connecting rod shaft

Approx. 165kg

Approx. 22.5kg
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500

254

Air Cooler
Approx. 252kg

Piston
Approx. 25kg

770

Air Cooler Cover

Approx. 80kg

Turbocharger (ABB made)

Turbocharger .

type B H L Weight (kg)
TPS48 448 511 926 129
TPS52 518 589 1074 187
TPS57 631 720 1311 300

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 07.07/CJC
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Description Size (gnpeat:::r/ Tlgz:::leng g::;:g: I:f: Remarks
Wrench) (Nm)
Bolt for engine block M24x3.0 36 550 Nm A11000 0k k| + Molykote
Bolt for base frame m20x25 | (O) |30 w A11100 | 001 | **)SeeA11100
Bolt for yard foundation m20x25 | (O) |30 w A11100 | 005 | *)SeeA11100
Nut for rocker arm adjusting Miex15 | (O) |24 130 Nm A21200 | 314 + Molykote
Nut for valve bridge setting M12x1.25 | (O) [19 70 Nm A21200 | 419 + Molykote
Nut for rocker arm support M16x2.0 24 180 Nm A21200 902 + Molykote
Socket head bolt for swing arm support | M12x1.75 @l 10 70 Nm A23000 391 + Molykote
Nut for camshaft joint M12x1.25 <O> 19 90 Nm A25000 116 + Loctite 243
Miex15 | (O) |24 270 Nm
Bolt for gear rim M16x2.0 @l 14 170 Nm A33300 335 + Molykote
Bolt for generator m24x30 | (O [36 600 Nm A33300 | 336 + Molykote
Nut for T/V damper me2x25 | () |34 600 Nm A33400 | 493 + Molykote
Bolt for pump drive gear M20x2.5 @l 17 500 Nm A33400 496 + Molykote
Bolt for crankshaft gear wheel Ass’y M16x2.0 @l 14 170 Nm A35000 115 + Molykote
Bolt for crankshaft gear wheel m20x2.5 | (O) |30 340 Nm A35000 | 191 + Loctite 243
Bolt for idle gear wheel M16x2.0 @l 14 170 Nm A35000 291 + Loctite 243
Tightening of camshaft gearwheel bolt | M16x2.0 | (O) |36 230 Nm A35000 | 393 + Molykote
Bolt of Gleason bevel gear M10x1.5 @l 8 50 Nm AC41000 222 + Loctite 243
Socket head bolt for fuel injection | 126175 | (@)110 | 100Nm | A51000 | 114 | +Molykote
pump M14x2.0 l 12 100 Nm A51000 119 + Molykote
Nut for fuel injection pump Miex2.0 | () |24 170 Nm A51000 | 912 + Molykote
Nut for nozzle 300 Nm A52000 006 + Molykote
Nut for nozzle adjust migx1s | (O) |27 100 Nm A52000 | 011 + Molykote
Nut for fuel injection valve miex20 | (O) |24 200 Nm A52000 | 194 + Molykote
Socket head bolt for H.P block M12x1.75 @l 10 10 50 A52300 | 114 | . oK
Nut for high pressure block M12x1.75 | (O) [19 o= | A52300 | 118 *);2";,'\)"';3‘;00
Socket head bolt for fuel oil feed block M10x1.5 8 50 Nm A53000 112
Nut for fuel oil filter mix125 | () [19 60 Nm A56000 | 530 | +Loctite 243
Bolt for fuel oil filter M12x1.25 60 Nm A56000 529 + Loctite 243
Bolt for L.O pump cover miex2o | (O) [36 170 Nm AB1000 | 211 | +Loctite 242
Bolt for exhaust pipe to cylinder head | M12x1.75 | (D) 19 100 Nm AB2000 | | L s;“ﬁgzooo
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o _ Method Tightening Related | Item
Description Size (Spanner/ Torque - Remarks
Section | No.
Wrench) (Nm)
Bolt for exhaust pipe Miex2.0 | (O) |24 80 Nm A82000 | 901 + MH
M24x3.0 | (O [10 960 Nm + Molykote
Bolt for T/C support m20x25 | (O) [30 455 Nm A83000 | 901 + Molykote
Mi6x2.0 | (O) |24 230 Nm + Molykote

mex1.0 | (O) [10 10 Nm 7 Nm

mex1.25 | (O) [13 25 Nm 20 Nm

mioxt5 | (O) [17 50 Nm 40 Nm

m12x1.75 | (O) [19 80 Nm 70 Nm

General bolts and nuts

(Strongih arade 8.8) Mi14x2.0 | (O) |21 120 Nm 110 Nm
M16x2.0 | (O) |24 200 Nm 170 Nm
Migx25 | (O) |27 280 Nm 240 Nm
M20x2.5 30 400 Nm 340 Nm
m22x25 | (O) |32 550 Nm 450 Nm

mex1.0 | (O) [10 14 Nm 10 Nm

mex1.25 | (O) [13 35 Nm 25 Nm

mioxt5 | (O) [17 70 Nm 50 Nm

M12x1.75 | (O) 19 120 Nm 85 Nm

General bolts and nuts M14x2.0 @’ 190 Nm 130 Nm
(Strength grade 10.9) M16x2.0 @, » 280 Nm 200 Nm
Migx25 | (O) |27 390 Nm 280 Nm

m2ox25 | (O) [30 560 Nm 380 Nm

me2x25 | (O) [32 800 Nm 700 Nm

M24x3.0 | (O) |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.
+ Molykote : lubricating paste up to 400 C (Ex. GLEITMO 100)
+ MH : high-temperature lubricating up to 1100 ~ 1150 C (Ex. Molykote 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. Engine & Machinery Division 2020.09/CES
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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

7 3P MHMEE RY HZ, s~ 9 [rECRY
ol PEE0 A0, 0|42 LIAF 20(12F 2HA 80|
ABEM Ol AHZ0] JhSolCh HRES 7Y SEE o=
HAEH, o|Hd2 sdst JZ ¢45E tAEeRY 1ol
A2 L= ottt OE e ZEE IRl + 874
CUEgRY To|£J Ak O 22 32+ 20| Azl
IS0l U= LIAbE 419 ZEZ Ze=2 5t O uhe

T2 LIAISS 219 TES "oz i)

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

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

(4 2E [JE2/7E TJAZ2 AE

at e HE 7 AME)

= o T

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

(2 ZE [EoFE IJ~Z A& 78 HE 7 HE)

2 LAb= Aol weh A SE LAE 2010

2R o= Each screw needs own set of hydraulic jack and
ARU HMEI 226ttt 2 ofoll wet, AL A L support for the corresponding screw size. Depending
ADE D 42b Zol Mol FIHECE

on the working condition, extension screw should be
added for the jack as shown in fig 4.
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Jack ——

Stud
Nut

Extension
Screw

Fig. 4 Two types of supports (F& 579 A A/LH)

2} LIAHOl= BEEAl &2alioF obk= dwel A& 2™

e MEE UALRL IolH S

2@ G09510 | ofl o

NN o 529 39 gzog olst 244 ojb)st0]
2oHEZ FHENAL..

YEEZ JpepI Hof HEA LAY
5 GoF gt HHH
HIZ 52 ~E[E EFYE 75E A9 15 bar /4o S

= o gt

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

The screws and data for hydraulic tightening are

listed in

_ 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

ME HA Tightening Procedure
1. 2HES oyl MZA MefsS g2sto ¢ =3 oH 1_ |
dlX| = A Zstct wrench, if loosened.
2. 2HE, HE 9 ANEFHES HED| ettt 2. Clean studs, nuts and around seats.
3. UEJ AMER 1A de WAl HEESE &=
Zolct the seat closely.
4. 7 37 NMEQ HHE Aot AEILs dt=s 4.
ZHlgtct make them ready to use.
5. AAU(LLHMA LAHE dAlotn &ex Mz T 5.
=L jack by hand.
6. =225 HZOAM tU~EemE T0|A~S Soto] M 6.
o2 HHsi} the distributing piece.
7. we HIO HEsUWEE 20 7. Close the release valve of the hydraulic pump.
8. Aol ollo] HE =2{0E sty HIol st o 8.
oHUd s Astet venting by pumping.
9. Wg Z0E B0, UEE xM&AoH| ol HAIE 9.
LA TS specified pressure for tightening the nut.
10. AAIHE &2 Sl £22 HE ASstol Ash 10.
HES Z=0ICt manually through the hole of the support.
1. RYEZo =W s HUtec=2M RS oM st 11.
ct release valve of the hydraulic pump.
12. ¢elE gtgxo2 Jiotn UEDL S-=A =olet 12.
Ct. 2t ZEgo™ HEE CHA| Z0ICt, Retighten the nut, if loosened.
BN ccv vESs M 222 wAg o, =)
HE A AEL2 33 BFEEILICL 0] B ZA2 LIAILEY
AEIEIIE Plof E28L/CH
the settlement of the threads.
13. RS &0, 37 HMEES 2dlsttt 13.

Release the hydraulic pressure and dismount the

tool set.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2020.06/KJH
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Engine Maintenance General Hydraulic Screw Tightenings Section Ne. R
AR Hol LA Set LA A2 =N G09s00 | 1C
=ofl Ext Loosening Procedure
1. AEL} LIAKHS H&E0] sith 1. Clean seat and threads.
2. U 37 MEQ MEHHE @AGSIY AMBIIs otES 2. Check condition of the hydraulic tool set and
&l etct make them ready to use.
3. RIAH(L~HM LIAHQE Me AR ST Mount support (extension screw) and jack.
4. S5 HZOM UxELRY T0|~E S5t0f A 4. Connect hoses from the pump to the jacks via
o=z Attt the distributing piece.
5. UEJL UAE WA Mol IAES =2 £, I 5. Turn the piston of jack until contacting the nut
=2 dikyE Z0&ECh 022 WES 27| 9lst and then unscrew the piston by about half turn.

7. Mol ool WE Sel0E ooty Bdol st of 7. Open air venting plug of
oHgls =S, venting by pumping..

8. WY =18 Y1 HUES 27| 9lolM YA= & 8. Close the venting plug and pressurize up to the
LAl Jttetct specified pressure for loosening the nut.

9. AAUL =22 Sil &2 s AMSstof UEESE 9. Unscrew the nut by half turn manually by means
ot Y= FCh of a pin through the hole of the support.

10. 28 UEDL Mol u|~g1l @HoHA &% AtRai 10. Be sure to check that loosened nut moves freely
BE0l=A BtEAl st A 2ew [t without contacting the piston of the
= ofiMlet 2ol M HE= M=2 aztd & Ut Otherwise, jack and the nut may be stuck each
ot DEEH Rts A3M SIAIIIL UEDL M other after releasing hydraulic pressure. If stuck,
OAg0M Se=s A Yate=z of 1/485 3 increase hydraulic pressure slightly and turn the
ZIAIZICE nut about 1/4 turn clockwise for loosening from

the piston of the jack.
1. 7= aiMsto, 3+ MES siAetct 11. Release the hydraulic pre

This is important to provi

the nut.

de space for loosening

6. Open the release valve of the hydraulic pump.

tool set.

the jack and check air

jack.

ssure and dismount the

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.06/KJH
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Engine Maintenance General Hydraulic Screw Tightenings
Ax Bul YeAE SoF LA AIZ 2 RtAl G09500 1€
BN =2 = vsa gz oas s A of Play the following video to help you
S S Y oML understand the use of the hydraulic tool

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.06/KJH
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Engine Maintenance General List of Hydraulic Jack Sets
AT Ul YPHALE Qo ME 22 G09510 | 1D
Required tool Torque
Stud length
Section | 5. cription Screw Pre- Hydraulic Hydraulic _ after
no. Tool no Tool parts Size tightening Tightening Untightening Tightening
: P for Stud for Nut for Nut (H mm)
(Nm) (bar) (bar)
Stud for 91.400 i 4 50 1200 3
H i 23 +
main M39x 2.0 + loctite 243 1200 + 20 bﬁr 11475
bearing cap _ (max. 5%)
91.460 |E =
e
91.410 & 41
M13250 %
Side bolt for | 91520 A 50 850
main £ 3 M30x2.0 | o 850 + 20 bar 80*7
bearing cap 1 Y (max. 5%)
| I |
91480 | |«
p | T
o |
91.400 & Aj
studfor | 91510 % 50 1100
M15000 cylinder F i M39x 2.0 + Loctite 1100 + 20 bar 113_5f%
head L _‘ 243 (max. 5%)
| I |
91490 | |
p | T
91.421 N,
il
|
91.420 & 41
Stud for 91.530 % 50 1150
M31000 | connecting i M20x 15 | oo o 1150 +20 bar 502
rod shaft L ‘ Y (max. 5%)
|
91.500 | ?
p | T
<Next>
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.02/JDH
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Engine Maintenance General List of Hydraulic Jack Sets
N7 HU| AL o8 HE == G09510 | 1D
Required tool Torque
Stud length
Section Description Sg_rew Pre- Hydraulic Hydraulic " ;‘tﬂer_
oy Tool no Tool parts iz tightening Tightening | Untightening ightening
: P for Stud for Nut for Nut (H mm)
(Nm) (bar) (bar)
£
gt 91.410 Efi‘?; »
ud for . 1
M31000 | hnecting e s M30x 2.0 50 950 +20 bar 802
M32120 ; + Molycote o 1
rod big end 91.470 R (max. 5%)
r
—
91410 | | ﬁ
F
Stud for N 850
M33200 |  counter 91.520 [ J mM30x20 | , %0 850 +20 bar 80*2
weight Y (max. 5%)
| I |
91.480 P 3
__ &
91.410 & ‘j
\ 1050
Studfor )\ 91.520 [ | M30x 2.0 %0 1050 +20 bar 80*3
flywheel + Molycote (max. 5%) 1
| T |
91480 | § o

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) -
If doubt, Please contact Hyundai Global Service Co., Ltd.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.02/JDH
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Engine Maintenance General List of Maintenance tools Section No- R
Al Y| LiALa Hul 27 2= G09600 | 1D
a) List of Standard Tools
No. Description g:::at:gg Q'ty W(T(i:)ht Tool No. | Remarks
1 Max. Pressure Indicator All Cases 1 3.8 91.100
2 Lifting Tool for Cylinder Head m;ggg 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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/CHM
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Engine Maintenance General List of Maintenance tools eetion No Rev
AT Hu| LYAret Hul 37 =58 G09600 | 1D
No. Description gz::at:zﬁ Q'ty W(T(I:)ht 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 1.5 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 2020.01/CHM
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Engine Maintenance General List of Maintenance tools eetion No Rev
AT Hu| LYAret Hul 37 =58 G09600 | 1D
A Related . Weight
No. Description Section Q'ty k) 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 1.5 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 | "neoee
59 | T/V Damper Tool 1 91.930
60 | Extension Bar 20 1 91.931
61 | Extension Bar (S=19) 1 91.932 | "t
62 | Socket Head Bolt M10 2 91.933

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/CHM
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Engine Maintenance General List of Maintenance tools eetion No Rev
AT FH| ABEAEL Hul 37 88 G09600 | 1D
Weight
No. Description Egﬁgﬂ Q'ty (k g) Tool No. | Remarks
g
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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.01/CHM
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AX Hoyl LYttt Ju| 37 25 G09600 1D
b) List of Optional Tools
No. Description g:::at:gg Q'ty W(iij)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 | Cylinder head Working Stand M21120 1 91.746
11 | Turning Tool for Cylinder head Assembly M21120 1 212 91.747
12 | Testing Mandrel for Piston Ring Grooves (5.35) M31100 1 91.750
13 | Testing Mandrel for Scraper Ring Grooves (6.20) M31100 1 91.760
14 | Testing Mandrel for Scraper Ring Grooves (6.35) M31100 1 91.770
15 | Honing Brush for Cylinder Liner 1 91.780
16 | Lifting Device for Flywheel (incl. eye bolt) 1 91.790
17 | Grease Gun (Ball type) M41100 1 91.800
18 | Torque Spanner (80-360Nm) All case 1 91.810
19 | Torque Spanner (20-120Nm) All case 1 91.820
20 | Torque Spanner (140-760Nm) All case 1 91.830
21 | Torque Spanner (750-2000Nm) All case 1 91.840
22 | Camshaft Bush Removal Device M35300 1 91.860
23 | Lifting Jig for Engine General 1 91.870
24 | Lifting Strap General 1 91.890
25 | Removal Device for Piston Pin Bush M31100 1 91.910
26 | Torque wrench for camshatft joint nut M25000 1 91.970
27 | Interchangeable head (S19) for camshaft M25000 1 91.971
28 | Interchangeable head (S24) for camshaft M25000 1 91.972

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/CHM
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Engine Maintenance General List of Hyd.Jack Spare Part eeen™e .
AT Hy| LPrAet T APE 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
M30x2 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 Section No- Rev.
Ol Rl XMH| UYiAlst SOt AQZ G09610 1B
Size Item Part

Angle piece
Angle for Hydraulic Jack M20x1.5 (Tool No.: 91.421)
Piece
(for Part No. Description Qty
Hyd.jack 91.421 Angle piece 1
M20x1.5)

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 08.06/KGM
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Common Base Frame

Assembly Drawing & Part List

Section No. Rev.

HAU Z=El&E

TYUE U B 22

A11000 2B

VIEW “A”

Part List
Item No. Description 'ty [Eng. W(T(igg)ht %Z':ﬂzfel
5cyl |6cyl |7cyl |8cyl |9cyl
001 Base frame 1 1 1 1 1
011 Bolt 26 30 34 38 42 | Approx.0.63
012 Washer 26 30 34 38 42 Approx.0.03
019 O-ring 1 1 1 1 1
021 Gasket 2 2 2 2 2
022 Plug 2 2 2 2 2 Approx.0.06
044 Blind flange 1 1 1 1 1 Approx.1.38
045 Packing 1 1 1 1 1
046 Bolt 4 4 4 4 4 Approx.0.04
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.04/SJH
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Resilient Mounting Ass’y Assembly Drawing & Part List Section No. R
EHd RIXL == ZEE A BF 525 A11100 1B

)6

S

s Tightening Torque
Maker Description (Nm)
) Bolt for base frame 250 Nm
Rubber Design :

Bolt for yard foundation 400 Nm

Loaqers Bolt for base frame 130 Nm

99 Bolt for yard foundation 350 Nm

Bolt for base frame 400 Nm

Vulkan-DMR Bolt for yard foundation 400 Nm

Part List
Item no. Description MQ; Lynlt. V\I(ekig)ht Remarks / See Note
001 Bolt 4
002 Washer 4
004 Resilient Mounting 1 12.8

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2016.01/CJH
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Installation of Resilient Mounting General Instruction eetion o °

EM XA S| A (Rubber D. made) gt X2 G11100 2C
HNe SUMMARY

LHI| MEE= AR UHT| DD 0ls2 AA The Generating Set is composed with a diesel engine,

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

ool o AN SYHe

=

=
o
1IN
t}
I
10
I
0l
1o
ju

Common Base Frame2| 2T

A ARl 2ol Jlz=off 2R &

EFAAIAIU S =0l= FolAl 7 5ol el 5-1Tmm

=9 AOIIF Lk

BHAXIAIT Y AL 2HA2 WHT] MEL g2 2

Meash MRl k2 ollY projectl Conical mounting

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
5-11mm 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.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 13.08/CIG
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Installation of Resilient Mounting General Instruction Section No. R
EM XA S| A (Rubber D. made) gt X2 G11100 2C

2 9

Method of installation

e

EHARIAIL S X5l Ydoll=

i

Al ZEol Ack

ofefoll A== 27t

mounting.

There are two methods for installation of the resilient

1.

A= He=tsl oo &AF =[0{0F 5t =4
St 25mmJt & 0{0F ShCt.
Method 1
Steel
Shim AT
2. J|Z=2 Bottom flangeAlOl0ll 27H2| Steel shim 2

ettt 12l shim2 zE0| JHsotooF otof

Ch=f

Bt AIAITHO 5801 =0

min.25mm
10mm

N

% mann|

Supporting A
Steel Shim

Steel Shim

T
min.

Al

Note : Pt oz Y7

Base frameOll Z&tol0d =3 =IC)

Al

o
[

Eo] B XAl= d=lol 01F0f BAUALH AES

M5t Mol YF=A] Crank shaft deflection 40|

1.

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

measured and extended at least 25mm.

Method 1

4 SSSY
NS——7 2 0 i

Foundation

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

min.25mm
10mm

Supporting
Steel Shim
Steel Shim

zuw—!/'
NI

T
min.

Foundation

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
Although the

mounted generating set is exactly measured by

and base frame. resiliently

ol &R Ctoll ==X =01 501 0F SHCt. the factory, check the crankshaft deflection is
under allowable tolerances before the
generating set operate.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 13.08/CIG
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Installation of Resilient Mounting General Instruction Section No. R
EM XA S| A (Rubber D. made) gt X2 G11100 2C

Hol SsEdh of dole of2fel 2. PE Aoty gt

BracketoOll Et

Method Of Installation 1

If the resilient mountings have been mounted to the

common base frame (It's normal), perform the
following procedure from No.2. Otherwise perform
from No.1 after attaching the resilient mountings to

the common base frame.

Pos. 1 Base casting
Pos. 2 Internal buffer
Pos. 3 Synthetic bush
Pos. 4 Rubber element
Pos. & Top casting
Pos. 6 Top lock ring
Pos. 7 Fixing bolt
Pos. 8 Spring washer
Pos. 9 Tapped hole M14

1. EMAXIAINC]  Top casting?t Base frame<]
Bracket 2 412| bolt= IS

2. Fixing bolt, Spring washer2}t Top lock ringS Al

roh

tCt.
3. Jacking bolt2 g 12| 9% Holeol A XSt} O]
af J1Z=2b BHAAIAITY AtOlQ] 2HH 2 | A5H 25mm

Jb Elojof st (38 2)

4. 2& Jacking bolt7} J|Z=0 &tH o] YEEAHE=X]

fo
fu
Il

folotn TS Wed=E = Internal buffer

J

-

A s S0b=Al 2RIt

CIH O BRAAAIU O] =940 oSS MAHet Ths
2

of Adlgetes =d 28 &EiJF =01 ettt

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

2. Remove the fixing bolt, spring washer and top
lock ring.

3. Install the jacking bolt at tapped hole.(9) At this
time, the distance between the foundation and
resilient mounting should be at least 25mm.
(Fig.2)

4. Check all jacking bolts are in completely contact
with the foundation. And confirm that the internal
buffer could be turned freely after getting down
the engine.

NOTE : If the internal buffer is not turned freely,
make it release by turning it clock wise direction
after removing the partial load of those resilient

mounting.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 13.08/CIG
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Installation of Resilient Mounting General Instruction Section No. R
EM XA S| A (Rubber D. made) gt X2 G11100 2C

5. EHMXIXUDE BE6l WH0| H=S Z4 48A12H0] 5. Measure the height of each conical mounting
At = =0 HE st (08 2) after min.48 hours to ensure that resilient
mounting is fully deflected. (Fig.2)
Bracket | _ o H»
Bracket I
T _
T = -
@ ! =
Jacking bolt—= N e :
L f ‘ £ Jacking bolt—= N
Foundation JE] L £ 1 / c
N Foundation E
. Q
&, & c
oy :
Foundation ‘ €
{O>, Foundation
Jacking bolt SECTION A-A
— Jacking bolt/ gEcTON A-A
Fig 2.
Fig 2.

6. oigl = Stutel BHEAIA UL HREHE WAl % 6. The variation in laden height should not be
s 2 B XXte =0lE Ylwstol 3 A0t exceed 4mm and should ideally be less to
4mmE H0olM= b =T st Buf:iddseah) 9f ensure that individual mountings are not
Ba(a: dolgahel Ao[Jt 0.6mmE YolM= ot & overloaded. Also the difference between Bg(f:
Ct. forward direction) and B,(a: afterward direction)

should not be more than 0.6mm.

7. BEE k2 PrASE Steel shim0l Hole Jta2 = 7. Drill the mounting hole at the steel shim which
FAHBICE Hole?l SA % Aees BEXAUC reflect the measured variation. The dimension
Base casting?| A4+E FOSHC) 0|Wf Steel shim and position of the hole are referred to the base

9l =0l= BHLAIRIC

256mmJt &0 0f

tCF.

roh

casting dimension. The height of steel shim
should be more than at least 25mm for a future

replacement of resilient mounting.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction Section No. R
EFS ARl X (Rubber D. made) gk A& G11100 2C

8. Internal buffer& AlAl Pt YWete=2 =& Base 8. Lift the generating set by means of a crane or a
casting0ll &EAI21 Chs 2eQlolLE FUHAS 0] hydraulic jack after turning the internal buffer
Zot0] I MES S0 =gIth counter clock wise direction to contact on a

base casting

9. Jacking boltE M At Steel shim2 2IA AlZ! Ct 9. Remove the jacking bolt and place the steel
= 280 MES Ui &Y XXt Steel shima shim. And then assemble the resilient mounting
Z g stk and the steel shim by getting down the

generating set.

10. Internal bufferS AAYtC= =2| Steel shimol 10. Bring the internal buffer into contact with the
25 & st steel shim completely by rotating it clockwise

direction.

11. Internal bufferS 8t Aot = 20t7] =& Shim 11. Make the gap distance between internal buffer
ool Heldtk 4mmIt & Sek and steel shim become 4mm by rotating two

turns.

12. Feeler gauge2 Shima}t Bufferltel He|Jt bt2H 12. Confirm the gap distance is proper by using a
2 EQ=X 2kelstet. feeler gauge.

13. Top lock ringg Zgst = &d A 2Yol 4= 13. Fix the internal buffer by reassembling the top
Fixing bolt2t Spring washerS Z&5t0{ Internal lock ring and match it to thread hole then
buffere 17 SHCt. constrain it with fixing bolt and spring washer.

14. B XA Steel shimQ| AL AAEHS # 14. Mark the position of mounting hole at the
5tol Jlz=ol Z2ets U9 $IAS EAlSL foundation according to the dimension of the

supporting steel shim or the installation drawings.

15. Hole JI8zHd s ¢loll €xJ| MESE w110 29U 15. Assemble the resilient mounting, steel shim and
JAgs ot & BERAAIAIUQE Steel shimS J1z=0f the generating set by means of four bolts after
47HS] BoltE AHETHOl Z2tAlZICt drilling foundation with removing the generating

set.

16. 2= zds 2A=s s Z2ol EMXAUe 16. After completing all installations, reconfirm that

upporting Steel shimQ| 2t=&

Internal bufferll S
CIAl 4mmJt E|£2 & tolstct

the clearance between the internal buffer and

steel shim be 4mm.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction eetion No Rev
EM XA S| A (Rubber D. made) gt X2 G11100 2C

2
ot oz B AA|H= Common base framelll 2
Ze| Sz ECh 0 ol= ofeiel 2. 2E Aldot

BracketOf|

BHARIAILH Sl WA Ags Pl

>

I25%= Supporting
steel shim = 0{0F ot 302
Jacking bolt2 $lgt Tap Holelt EFAX|X|THCO Base

casting®| X0 2/ AHEH ZetE HoleO| E L 6tC

Method Of Installation 2

If the resilient mountings have been mounted to the

common base frame (It's normal), perform the
following procedure from No.2. Otherwise perform
from No.1 after attaching the resilient mountings to
the common 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.

Pos. 1 Base casting
Pos. 2 Internal buffer
Pos. 3 Synthetic bush
Pos. 4 Rubber element
Pos. 5 Top casting
Pos. 6 Top lock ring
Pos. 7 Fixing bolt
Pos. 8 Spring washer
Pos. 9 Tapped hole M14

1. EMIXIAILC]  Top casting(5)2t Base frame?2
Bracket= 4702l bolt= 7St

2. Fixing bolt, Spring washer?}t Top lock ring2 M| A&t
Ct.

3. Supporting steel shim2 & 22} 20| Dowel pin
oz BHIXIXol FAretct.

4. Jacking boltZ Supporting steel shim2| Tap Hole0l|

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

1. Fix the top casting(5) to the bracket of base

frame by using 4 bolts.

2. Remove the fixing bolt, spring washer and top

lock ring.
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)

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction Section No. R
EPS XA ] AR (Rubber D. made) algt A& G11100 2C

5. Check all jacking bolts are in contact with the
UXI| MEE UWdd ZE Jacking boltdt J|Z=0 2 foundation completely. And confirm that the
ol AL A=Al 216t Internal buffers =t internal buffer could be turned freely after getting
A& S01It=X] =holetct down the engine.
NOTE : If the internal buffer is not turned freely,
NOTE : Internal bufferdt Atz & SO0LIHAl &&= make it release by turning it clock wise direction
CHH O BRAAIRITH S s 2A 01 Gt=2 Moet t=s after remove the partial load of those resilient
of MAYetez e 28 Mot =A sttt mounting.
6. Measure the height of each conical mounting
EVIXIAIUOL B20l HHO| H=5 &4 48A12H0] after min.48 hours to ensure that resilient
At = =0 HE Bt (28 2) mounting is fully deflected. (Fig.2)
Bracket || ~ Bracket ~
Al 1
EQA
' 55:»/1:\\\\\_\ |
Jacking bo\/t—j | Jacking bo\/t—j |
Foundation ’ ‘ E Foundation ’ ‘ E
“. B
Foundation {e% Foundation
Jacking bolt SECTION A-A Jacking bolt SECTION A-A
Fig 2. Fig 2.
17. The variation in laden height should not be

exceed 4mm and should ideally be less to

ensure that individual mountings are not
overloaded. Also the difference between B(f:
forward direction) and B,(a: afterward direction)

should not be more than 0.6mm.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Installation of Resilient Mounting General Instruction Section No. R
EM XA S| A (Rubber D. made) gt X2 G11100 2C

8. SBHE 42 YrAS Steel shimOll Hole IS4 S 7. Drill the mounting hole at the steel shim. The
LolltCh Hole2l $9IAl Y A= BHARIX|ITHE dimension and position of the hole are
Base casting? |42t Supporting steel shim2| # accordance with the dimension of base casting
£2 #stth ollf Steel shim@ =0l= Z|46h and the supporting steel shim. The height of
10mm>} = 0{0F StCh. steel shim should be more than at least 10mm.

9. Ml JHQl Jacking boltZ2 LXJ| MEE WAMAC= 8. Lift the generating set totally 1mm by means of
Tmm S Steel shim& AXAst TS CHAl EE)| three jacking bolts then install the steel shim.
MEZS W Jlz=0ll 2085 LAFAIZICH And then bring the generating set completely

contact with the foundation by getting down the
generating set.

10. Internal buffer& AAZete= =2l Steel shimofl 9. Be contacted the internal buffer with the steel
25| Al st shim by rotating it to clock wise direction.

11. Internal buffer& gt AAYde= 2017 =9 10. Be sure that the distance between internal buffer
Supporting steel shim2t2| HelJt 4mmIt =Al st and supporting steel shim become 4mm by
Ct. rotating two turns to counter clockwise direction.

12. Feeler gauge2 Shimi} Buffer2te| HelJh BiEA| 11. Confirm the gap distance is proper by using a
& = Q=R =tolstt feeler gauge.

13. Top lock ringS Zglet £ =& 1F Holeoll %= 12. Fix the internal buffer by reassembling the top
1) Fixing bolt2t Spring washerS Zg&o5t0 lock ring and rotating it to thread hole, then
Internal buffers 17 SHCt. constrain it with fixing bolt and spring washer

14. Dowel pin2 Mot EHd KA} Supporting 13. After removing the dowel bolt, mark the position
steel shim@ ALt HAAEHE FHO5H0] J1=0 of mounting hole at the foundation in
& Holel $IAIS IAlStCE accordance with the dimension of the supporting

steel shim or the installation drawings.

15. Holet7] 2= Sloll &I HMEESE &I11) Hole 14. Assemble the resilient mounting, supporting steel
olzgls gt = B ARIAIUIRE Supporting steel shim, steel shim and the generating set by
shim, 32|10 Steel shimZ J|Z=0ll 4702 BoltE Al means of four bolts after drilling foundation with
2501 ZerAlZICh removing the generating set.

16. OFeHQ Steel shimE& J|=0l 8&& k2 242tel E 15. Weld the bottom steel shim to the foundation

PNPNIS S buffert

shim@| 2t52 CAl dmmDt & =5 A

Internal Supporting steel

O]

[ully

Jook

rol

tCF.

and reconfirm that the clearance between the
internal buffer and supporting steel shim be

4mm.
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EFSRIXItHe WAl (Rubber D. made) Huldd @Al M11100 2B

EMEAIAIU S WA

1. BEAXNUE ANAste e 2= Bolte ZLh

2. Base frame2| OlEfOl D12t 20| JackS 7I2CH.
Steel shim
Foundation
Deck
777,
Jack
o1
3. Steel shim2 22 & &S UHI| MEE =0
ol &4E BHIXAIHE 22 & A= 52
2= =2 oto{oF stCt
4,  ERbE BVAAIXE wAH ST
9 EPAAIAHE wAE Hol= stet DL eE
sk Aol sAlol WA E[ofoF stot (O 2)
jaE] b
\ \
— 71 |ONE PAIRS
| 1
= 3
oo 2
5. XD MEEZE Weln UHHHo EMMXIXNE &2
gtHo 2 WAl otCh,
6. &AHE CIE XA E 2 22 &AM =2 WAlst
Ct.
7. EEXANUE BPIAAG AR KEO oA At

(_‘

.

1. Loosen all bolts which are fixed between the
resilient mountings and common base frame.

Insert a jack under the bottom of base frame.

(Fig. 1)

R
Z.

Steel shim
Foundation

Deck

777777777 J77 7777 AL 77 777 77 7777777,

Jack

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

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

whenever a resilient mounting is

Ja8

ONE PAIRS

! |
i
H i

35

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.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Replacement of Resilient Mount.

Maintenance Procedure

ESXIRI Sl WA (Rubber D. made)

guldd 2xl

M11100 2B

o Al
dA g=
1. 0% 249 ol EX=
2. HZ LMo =9
3. DPRL0 £
&= A
AA 21} Z=A
2 ElAM =l
PE K0F AAMAE U5 Lhs EFdAATE ZAL
IF QA9 oild 2 oil MA
ME LSl =S¢ Mz LA =2
ol e EFEAIAITE WA
(BRI RIAITH A 2 Aol
DT Q40 & =)
212 UM

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

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

g n

1. Fixing bolt
. Spring washer
. Top locking ling

. Top casting

5. Rubber element

6. Internal buffer

7. Base casting

(_A.

W‘——B. Steel shim

Clearance check point

10. Foundation

Feeler Gauge

@D 1)

Visual Inspection

Inspection list

1. Qil deposits on a rubber element.
2. Loose mounting bolt.
3.  Damages on a rubber element.

Follow-Up Measures

Results of a Inspection

Follow-Up Measures

Everything is O.K.

Continue to next mounting

Oil deposits on a rubber
element

Remove oil deposits on a
rubber element

Loose mounting bolt

Fasten a mounting bolt

Damages on a rubber
element

Replace that resilient
mounting (by instruction
for installation of resilient
mounting)

Clearance Inspection

Inspect a gap, between a

buffer, should be 4mm

gauge.(Fig. 1)

steel shim and a internal

by means of a feeler

1. Fixing bolt
. Spring washer
. Top locking ling

4. Top casting

5. Rubber element

6. Internal buffer

7. Base casting

Clearance check point

—8. Steel shim

10. Foundation

Feeler Gauge

Fig.1)

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Replacement of Resilient Mount. Maintenance Procedure Section No- Rev.
EFSRIXItHe WAl (Rubber D. made) Huldd @Al M11100 2B

= A Follow-Up Measures
A A1} 7= Results of a Inspection Follow-Up Measures
DE 2153 AA ¢S HAI 202 Everything is O.K. Continue to next mounting
Adjust a clearance
12 AR 22 ERAXIAILH AR ARl Clearance condition is according to instruction
= =< oA 2= =3 Bad for installation of
resilient mounting
ot eV R AT A _ . Replace that resilient
2 mx 29} (EFA XA @A = = ol Impossible to adjust a mounting (by instruction
- e [['_EC’ = Clearance for replacement of resilient
=) mounting)

@ Fixing bolt(1)2} Top locking ring(3)S
@ Buffer(6)2 Steel shimOll ZZ wf JEX| AIAH gt

stlo® =gict

M et

245

& Pt 2 Buffers gt 2HH
=d] EMdXIAIU 2| Base castingdll E%
@ Bufferg AlA Yato= 2017
2} Internal buffer2l 2t=01 4mm2Jt =2 SHCL

@ CHAl 2= BHEAAU e 2t=55 dAtetch

ANAS

]

O =2
=5

44}
tC}.

Ll
roh

=t] Steel shim

@ Top locking ring, Fixing bolt, Protective cap=2

ol 2

12

A~
Tog X

™
roh

tC}.

Ha

Clearance Adjustment Procedure

O Remove a fixing bolt(1) and top locking ring(3).

Turn a buffer(6) to clockwise direction until it is

contacted with a steel shim.

O Turn a buffer full 4 turns to counter clockwise

direction until it is contacted with a base casting.

O Make sure a clearance become 4mm by rotating

a buffer 2 turns.

Recheck clearance of all resilient mountings.

Assemble a top locking ring, fixing bolt, and a

protective cap.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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oAz 2= uut x| G13000 | 1A
MNe Description
A 252 FE=2 US0 Man, WRol AL 37| The engine block is made of cast iron and has
S22 R=2JF dEE0 Ch X =52 ditdo=s combustion air chamber and lubricating oil channel.

ool ol A13250 |2 0|9l ¢
HME0] Qonf, 2H2o] wQl ol MES T ~AHE=
2 e DHED, wot AR 222 ol woj2 ol

)

DHE = FHe AO|E ~HEZ YUELC

AYAE Ho2 A13250 |2 323 Jjof =9
oF ZHO| MAE0] IWAFO Husk SZQS YA G

o — = Tm oo

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% £</)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Engine Block Assembly Drawing & Part List Section No. Rev.

am o= g A13000 | 00

Section G-G

5 © G

Camshaft side

OO0

coc
/

Section D-D

@@
%.;

|

V\\\“\\:\,\J‘ : ////

Section F-F
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Engine Block Assembly Drawing & Part List | >*"""* R
am == T o oz o= A13000 | 00
Part List
I:‘lem Description Q’ty / Eng. Weight Remarks /
o. 5Cyl |6Cyl |7Cyl | 8Cyl | 9Cyl (kg) See Note
105 Engine block 1
106 Engine block 1
107 Engine block 1
108 Engine block 1
109 Engine block 1
211 Main bearing cap 5 6 7 8 9 Approx.43.30
212 Thrust bearing cap 1 1 1 1 1 Approx.43.02
213 Thrust bearing cap 1 1 1 1 1 Approx.42.60
231 Stud 14 16 18 20 22 Approx.3.70
232 Nut 14 16 18 20 22 Approx.0.70
241 Side bolt 14 16 18 20 22 Approx.1.50
242 Nut 14 16 18 20 22 Approx.0.41
249 | O-ring 14 16 18 20 22
291 Cylindrical pin 7 8 9 10 11
311 Stud 20 24 28 32 36 Approx.5.30
312 Nut 20 24 28 32 36 Approx.0.70
903 Cover - - - - 1 Approx.9.0
904 Gasket 1 1 1 1 2 Approx.0.20
905 Cover 1 1 1 1 1 Approx.9.10
911 Plug 7 8 9 10 11 Approx.1.05
912 Plug 1 1 1 1 1 Approx.0.07
913 | Gasket 7 8 9 10 1
914 Gasket 1 1 1 1 1
917 | Orifice 1 1 1 1 1
918 Cylindrical pin 2 2 2 2 2
921 Bolt 8 8 8 8 16
922 Bolt 2 2 2 2 2 Approx.0.03
923 | O-ring 1 1 1 1 1
924 | O-ring 1 1 1 1 1
925 Protective cap 20 24 28 32 36 Approx.0.05

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.
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Engine Block Assembly Drawing & Part List | >*"""* R
i oe T A13000 | 00
I:‘lem Description Q’ty / Eng. Weight Remarks /
o. 5Cyl |6Cyl |7Cyl | 8Cyl | 9Cyl (kg) See Note
926 Protective cap 14 16 18 20 22
927 Cover 1 1 1 1 1 Approx.13.05
930 Bolt 17 17 17 17 17
965 O-ring 20 24 28 32 36
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Main/Thrust Bearings Assembly Drawing & Part List Section No- Rev:
BIQUARIAE 0l zUc o 92 == A13250 | 2A
@ A25300

@O O@O ,
7
rl
251
Part List

Item Description Q’ty / Eng. Weight Remarks /
No. Scyl | 6cyl | 7cyl | 8cyl | 9cyl (kg) See Note
251 Main bearing 7 8 9 10 11
252 Thrust washer 2 2 2 2 2
253 Bolt 4 4 4 4 4 | Approx.0.01
254 Stopper 4 4 4 4 4 | Approx.0.03
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Main/Thrust Bearings Maintenance Procedure Section No. R
H oA AE O Hulgdd ARl M13250 H

ol 18 0 2 2 =5l Dismantling of Main Bearings

1. 38 13 20l 3% 2HE9 FIHe HEo 7 1. Install the hydraulic tool set on two nuts of side
H&E MES AR st studs as shown in fig 1.

2. FMe UEES SNl mgfe=z S0{HLt 2. Loosen the two nuts hydraulically at the same

time.
ol A - Loosening procedure :
Zoff 2% 1 870 bar (max. 893 bar) Loosening pressure : 870 bar (max. 893 bar)
oo =z : @ 91.410 |[@- 91.480 | Hydraulic tool : : (@ 91.410 |[@~ 91.480 |
@ 91.520 | <= 91.520
TTT~ .
r mr»-)
1
!
Fig. 1 Install the hydraulic tightening tool (& #Z &9 &)

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

4. T 29t 20| 2l=E RS HXotD ol Hoje 4. Install lifting device and hydraulic tool set on two
Hol FIe HEO 72 37 NMES MX St nuts of main bearing cap studs as shown fig.2.
e/zg &4 : @ 91.290 | Lifting device : @ 91.290 |
2o 27 |91 91.400 |[® 91.460 | Hydraulic tool : [®| 91.400 |[@ 91.460 |

G09500

Fig. 2 Mount the lifting device (/=& &4 £4])

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.02/CJH
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Main/Thrust Bearings Maintenance Procedure Section No. Rev.
Ol QA AE HI0fY XU|&Z =R M13250 | 1H

5. FIY UEES SAlol 2= Z0{HCL 5. Loosen the two nuts hydraulically at the same
time.

2ol FAA G09500 Loosening procedure : G09500

Zof 8t 11220 bar (max. 1260 bar) Loosening pressure : 1220 bar (max. 1260 bar)
6. 7 37E S0{WCh 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 ZTaoiA wict 8. Take out lower bearing from the cap carefully.
9. € 31U Z0| 2WHI MZEES 2UANZ = HLe 9. Turn the crankshaft and mount the fitting plug on

YU =20 S22 HAett the oil hole of the journal as shown in fig 3.

e/ ¢ @] 91.300 | Fitting plug : |@~ 91.300 |

‘ Exhaust side ‘ Cam side
/ -
< 91.300 |
O Oli
91.290
Fig. 3 Lower the bearing cap and mount the fitting plug (#/0/&/ 2429/ ot5F 2 o/ =2/ 39 & 4/)

10. WA AIZES AMA date=s HMEG SelUM Ao 10. Dismantle upper bearing by turning the

F oo s Folist = wjhCh crankshaft clockwise slowly and take out the

bearing.
m A2 RE HO/EE MU= S0+ £45 Be careful not to drop or damage the

[o) Y =u—}

&L =7

L EE ZOJAIA]

T oHIAI L.

bearing during taking out from the engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Main/Thrust Bearings

Maintenance Procedure

oA~ AE HY

guldd il

Section No. Rev.

M13250 1H

Inspection of Main Bearings and Journal

Inspect the journal carefully by turning the

Put tapes on the oil hole of journal to keep clean

against dirt. Be sure to put off the tape before

Inspect the engine block around journal and

Inspect the bearings and measure the thickness

of bearings by means of a ball anvil micrometer

and check the wear limit.

ool A Mdel FA
WA AZES ATAIIUM Z46M MEsS H 1.
ettt crankshaftt.
MY9l @ =0 2+20] SO ET= HAU2 2.
2 Y 22 =0t T YEA HUS Wo
LHo{OF stCt reassembling.
M L odlolg Y FHo AN =52 Fdsttt 3.
bearing cap.
Hiolgle @dst = Y 00|22 20|EHE AHE6t 4.
o vlolde =HE sdsttt T2l ks 4
INEW
=Y Y @A Z2UEsE J|Ssst & YESH 5.

B o ~12 % #olgo olgst /=82l
ZH0/21E ActH, AF0| Y2 HEIP) TA X $2E

af OfgtL/CH.

A Z 1 MHEE 2| AL HEHS G2 9t A7/

U FHYT AZEY H2et £4E OPINE 52 ASULCH

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

Md, diod, dod A s ME o dd W

= MRS SHOpHCE

1.

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

Pre tightening torque : 50 Nm (with loctite 243)
Clean the journal, main bearing, bearing cap and
inside the engine around the journal carefully.
Put off the covering tapes on the oil holes of
journal.

Turn the crankshaft and mount the fitting plug on

the oil hole of the journal as same as dismantling.

Fitting plug :

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.02/CJH
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Main/Thrust Bearings Maintenance Procedure Section No. Rev.

Ol QA AE HI0fY XU|&Z =R M13250 | 1H

10.

11.

12.

13.

14.

15.

B 7022 o= 2519 woigz 2855
YES FYGYNL. HoYS SUIE B #OZ YA

F{OF gLt

H A AE).

el AZ 28 : 250 bar

ool wole AE=E FHe HES SAl A&Zst
Ct.

el AZ 28 : 250 bar

AHE 25 11200 bar (33 BHS =2))

d= MOIE 2HEE HEES oulAlZ

ro
o

ol AMZ &2 : 250 bar

AOIE 2HEE TSl UEESE SAlofl A Zetct
AZ e : 850 bar (38 IS =)

(=¥
IT =

o

- HEZ 2ol stct.

t

5.

10.

11.

12.

13.

14.

15.

Coat running surface of the upper bearing with
clean lubricating oil.

(Back side of the bearing keeps dry without oil)
Mount upper bearing by turning the crankshaft
counter clockwise slowly.

Coat running surface of the lower bearing with
clean lubricating oil.

Mount lower bearing on the main bearing cap.
(Between back side of the bearing and housing
keeps dry without oil)

Do not mix the bearings with other
counter part. The bearings should be matched
with correct pairs.

Tighten the side stud.

Pre tightening torque : 50 Nm (with Molycote)
Mount hydraulic tool sets for side studs and main
bearing studs.

Tighten the nuts for side studs of exhaust side
only (preliminary tightening).

Preliminary tightening pressure : 250 bar

Tighten the two nuts for main bearing studs
simultaneously.

Preliminary tightening pressure : 250 bar
Tightening pressure : 1200 bar (repeat 3 times).
Tighten the nut for side stud of cam side
(preliminary tightening)

Preliminary tightening pressure : 250 bar

Tighten the two nuts for side studs
simultaneously.

Tightening pressure : 850 bar (repeat 3 times).

Dismount the hydraulic tool sets.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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oA~ AE HY

M13250 1H

guldd il

£ S0{uCt
2. O AZEZE YHZ ZYsto 2 URA|IZICE
3. AYAE o TWI AFZE A0l =52

BB 2o oxe 532 o, 2o/2E 4o/

80| EHEHA =5 TIYoHIAI2.

2HAE HI01E 9 26l /8

AAE WD A AFZE AL0| Q)
SNl slER0(Uol 2L0{0F stCt.

& -

2 2501 ol BXAE WL, D= o2l et Z0|

N
Ju
rlo

o

1. 222E Hods ool Hole ds 2olletct

A13000

2. 0HE =BJI At 2200 ~H~E dod
= =efoll Wk
3. 2H2E Hode EME dAlstl Z2RA FE

BN ¢ 35 250 8720 52,

5. ool ol WS Azol EAstct.

A13000

Checking Axial Clearance of Thrust Bearing_js

1. Open two crankcase covers for both sides of

flywheel end.

2. Move crankshaft 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 if they exist.
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. Assemble the thrust bearings.
O If fixing bolts exist, coat loctite 243 on them
before assembling the thrust bearings.

5. Mount the main bearing cap on the engine.

A13000

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.02/CJH
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e Description

Cylinder Head

@ A21100 | ' 2
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
. @ A52300

Fuel Injection Pump
@ A51000

00 o 2

Valve Train
|® A23000

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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.07/CJC
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Cylinder Unit General Instruction Section No- Rev.
ARY RUE alut | G15000 1B

MRIL RUEE U821 22
o MR I
o uwo 9 23 9

® 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.

Engine & Machinery Division
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ANXS22E Alelr] RLIEQ =l Dismounting a Cylinder Unit from the Engine
O 14 20| HZ2E e Yako= Z4 Disconnect connection pipes by moving axially
oA =2|olf WHC} (the direction of arrow) as shown in fig 1.

A2iM o= )| HE dAAAS 2EES Z0o| 2 Detach the exhaust duct connection piece from

cylinder head by unscrewing bolts.

Fig. 1 Disconnect connection pipes (¢/Z'#9 £2/)

P2 A T = MIAZ 0|0jE 2e|Al2IC. 3. Disconnect small pipes and wirings for sensors.

(&%= 37| mhol= U g =gfol Tiol=Z 5) (Compressed air pipe and fuel oil drain pipe, etc)

,ﬁ S _— - 5]
. v — mg
| _ \ =
O —
[#91.230]
IZ [@]91.210]

Fig. 2 Mount support device & turning bracket (x/ X/ &tx & T& 29 &)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.05/KNS
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a2l fFUE XU|&Z =R M15000 1B
9 20IMeH 20l AAUS HOIM A =i A Disconnect fuel rack and fuel control lever by
MOt et = = el AIRICE taking out connecting pin as shown in fig 2.

2

=

SHC. A53000

== =
=ES

e Ho/|Z=FE

=0 of

=2

Se/Lf2E Az of

Yiatof AE SA BEZ FHO WEE FHS HIAY S

AlL2

6. ZofiolAb oh= ARl A0 Q= U
Ol AU = HYstct

HUE 2= AL AHEE 419 HES Koo
Z0lUH = HEY ~HEESE 22|56t

2 1170 bar (max. 1208 bar)

@91.420] [@191.500] [@491.530]

20

F/HEYAZ @ 91.210
AIA BA 91.230

SIHMUKPE HERel IleE
=oHel AA A

aelt 2tolH el

9 0l
7y

=

Il

Detach the block for fuel feed pipes by

unscrewing three bolts. A53000

NOTICE

around fuel

Prepare and attach clean rag on
injection pump against fuel oil
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 : and
Loosening pressure : 1170 bar (max. 1208 bar)
Hydraulic tool : [@791.420//@-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 :

n D B— - 0 3
=
=

$~|A15000) $~-|A51000]

@=|A51000) @=|A15000) 13 12 10 12
10 12 12
(a) Cam side (b) Exhaust side
Fig. 3 Fix water jacket to cylinder head with screws (¥/£/ A28 &2/ of =9 &)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.05/KNS
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Section No. Rev.

Cylinder Unit Maintenance Procedure

M15000 1B

a8l 7UE Huldd @Al

11.

8 34 20l el ol AHEE UE ANE Loosen and dismount four nuts for cylinder head

SA Fgoe=z Z0{U o Ze|stCh studs hydraulically at the same time as shown in
fig 3.

Zall ZAA - Loosening procedure :

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

72 &7 ¢ [@91.400] [@-91.510] [@91.490] Hydraulic tool : [@-[91.400 | (@9 91.510] (@7 91.490]

219 088 =E (M3)E FH|otod A= AL ¥ Prepare two fixing bolts (M8), and screw fuel

et 9IE APES 7 AIZICH injection pump and water jacket by them.

m 0|12 1Y UEE EAS 0 92 ZA/ This is necessary to avoid fuel

B 22l 9ot ECE Fof LIk=E HE BAIof injection pump extruded upward by its spring after

Jl flet H+ FHo/of, T2 g2, 12 Do/Z EF=2 loosening the fixing nuts for the fuel injection

ZYEE AE YAI6LT] 2ofA BFEAl Zafaf F0/0F gL/ pump. So, the high-pressure pipe block should be

ct. dismantled to avoid damages.

sciJt og UM It 92 SA=E 2 WA 11. Turn the crankshaft until the roller is in lowest

WA AMZES WA ZICH position on the fuel cam.

QIEl KO Q= DH=E 4) = Unscrew four fixing bolts [@- A15000 |on water

ZO0{U D, o7 A HZo A= HE 4HE Z0] jacket and four nuts on fuel

LhC}, injection pump.

it

EMI12) = &Edlotol 22t sl=S RIE X 13| Prepare four bolts (M12) and screw cylinder

Zholl 0 AIRICH head to water jacket by screwing them.

91.110

Fig. 4 Place the cylinder unit on the stable working stand (&/2/L/ FUEE Z2/fo) Lici=ES)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.05/KNS
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Agd FUE M| ==} M15000 1B

14.

UK T : 91.110

14. Install lifting tool on the studs for fuel injection
valve and hook up onto a crane. Lift up the

cylinder unit slowly and carefully.

Lifting Tool : 91.110

(& AY LEHE ~HE VHIE 2dllote 2PXTI= (After remounting a stud for top cover support
MAg A) and Install the lifting jig.)

B 2za 2= 225 5560 2497 % Be careful not to be damaged by
£F FIYolLA2 touching adjacent parts.

15. T8 49 Z0| AHH wUEES okdE AU (S 15. Move and place the cylinder unit on a stable
M= 2ot =d s=d working stand (Optional) as shown in fig 4.

Algif RLUIEE AT EAY Mounting a Cylinder Unit on the Engine

M =g HAab= 128 ez 2ol ARl 9&=0|ch A Remounting procedure is basically reverse order of

O RUE=E H&H MUl&~S 9o 28 2& 9 dismounting procedure. The cylinder unit should be

|50l L0{0F SO $7HE HOIZ L= [FAS 57 maintained completely and ready for normal service.

o 12 GYt=Al wojuior stk 2E O-82 ©EHE0]0F Make sure that covering tapes or the like removed.

ot ZeA MZe=z wiE0{oF sttt et Ml & All O-rings should be checked and replaced by new

LUES Zgsb| & R0l 52 & Jelas Yet 50 ones, which also should be cleaned and greased

OF stct before mounting the cylinder unit.

1. 92 2AL YE 0EE AHE=H 28 A2 A 1. Install lifting tool on the studs for fuel injection
St =i Qloll of thCt valve and hook up onto a crane.

2. Ay wUEES AYUUoM Solsel 2 RLUER} 2. Lift up the cylinder unit from working stand and
eSS Ao ettt 5ol RIE XPlel otf clean the unit and engine block. Especially the
i A =59 2ARUsS ot "SI st = N bottom of the water jacket and top surface of the
Rot FE2RE It vt2Ct engine block should be cleaned thoroughly and

coated slightly by clean lubricating oil.

3. d= 2Ab HzZo O-"ol Je|~E diEcdt 3. Coat the grease on the O-rings for fuel injection

pump.

4. AT =59 O-dES HHED E ARL0| H=to} 4. Check O-rings on engine block, and water jacket
A $ARIGHRA=A HH STt positioned correctly.

5. = Wit AW AFZEQ A E =folsitt, I 5. Check the position of fuel cam and crankshaft.
I AIZEZ SHAIH A7 2AF HZol 282 3 Turn the crankshaft until the roller of fuel
MEO $IAIAIRZICEH injection pump is in lowest position of fuel cam.
m 0/Z2 Y EA BT ~Tmgge o= This is necessary to reduce the

Ol BE9 HAE 20 gH o] 25t ET AlrgtLL).

spring force of fuel injection pump for easier

mounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Agd FUE M| ==} M15000 1B

re
]
%
39
iy
31[[
g
it}
Iy
Qﬂ
AN
I
0
o
A
§O
i

B o 2= 2= =29 sA0F 39 JIEZo
PG UK Y| W20l HEIL RUES M o Y

g ~xzgo gEE EAIop] #lat ZELCH

AMRIM RUEE AN 25

e

o

=2

| %

|.1 ol

AN

)

INEL

1
o
Ral

o

)

7

>
r
a
%\\
a
i
Kl

rr

2|

o]l

4
om
i
M

BENEN o sE5 Boiyx oo, AN 2HZ

HE AHE BTt 222 Blof 248 + &L/
g 2A HT2 UHE 419 fH APIE =2E 4

BN /7= a7 S50 Y210 RUES 585}

0z
0o
i
iy

e
=
fu

Il

A
o
S
I
I
Ral

AE £3 : 50 Nm (molycote £3)

CHZe=z 2719 AYE 2= AHES HUES RY

o2 M&oty LAl FIHel HEE A Zett

Az A4 [ @ A31000 |2 [@] G09500 |

AE & 11150 bar (33 #I5Z2)

el SIEE DHe] AHE tiet &S B3 A

|\

S ddotn 22A =t

&S E3 50 Nm (loctite 243 £XF)

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.

_ 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.

NOTICE This is only for ensuring complete

landing of the cylinder unit on the engine block.

Dismount two support devices 91.230 |for
connecting rod and turning bracket. 91.210

Check pre tightening of four studs for connecting
rod shatft, 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 09.05/KNS
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4. 449 Al dl= ~HEE HES SA0l 722 14. Tighten four nuts for cylinder head stud
= HZgtth hydraulically at the same time.
AE FHAA - Tightening procedure :
AZ e 11100 bar (38 PHSZ2) Tightening pressure : 1100 bar (repeat 3 times)
15. 918 A HZE UEES oL (lztdtste= okd 15. Tighten the nuts for fuel injection pump with
g2 Hady=2 SIAA MEsHt increasing torque step by step and one by one
diagonally.
HZE £3 1170 Nm Tightening torque : 170 Nm
16. 871 % =0l A= Y APIE 2 ES StLM W 16. Tighten the bolts for water jacket step by step
U= A sttt and in turn for exhaust side and cam side.
AHZ E3 170 Nm Tightening torque : 170 Nm
17. AZ¢ts sYAe= 0lsAH AASHL 17. Connect connection pipes by moving axially.
18. AEIT ofl=9 HIHEN Y= V-SHZL} @SZ 18. Mount V clamp and insulation on exhaust duct of
AE HAsHh cylinder head.
19. ol 3322 2= [@] A53000 |2 32 2 19. Fix the block [@ A53000 |for fuel feed pipes
@] A53000 |2 AMZECZH UHAIZIC by screwing three bolts.[®~] A53000 |
HE E3F 40 Nm Tightening torque : 40 Nm
20. 724 To|Zep MIME 2t0j0jE AZANZICH 20. Connect small pipes and wirings for sensors.
21, 3 g =Y S AASHY o FHUS A 21. Connect rack and fuel control lever. Check
astth movement of rack.
22. WA AIZES Se|UAM W3 J0|L9 oEES 22. Clean and check inside crankcase by turning the
20l S sttt crankshaft.
23. &/ BiD| Yol et W 2= ettt 23. Adjust valve lash for both intake and exhaust
valves.
24, St CHE FUl Aol 2A=zEAL 2A=EH 2oll= 24. If other maintenance works are completed or
Ctsdt &2 2A= HS Aldstct after completion, continue to proceed followings.
25, W2 A g No"ES JlsAIIL 52 2 57 25. Operate cooling water and fuel oil system and
It A=AE HAs check leakages.
26. olul-2& HZE= JISAIID 2gxIt OoE, Y 26. Operate prelubricating pump and check
=c % =27 ¥ ez SduUeEA gdsttt lubricating oil flowing out of piston, cam roller
and rocker arm.
27. 2= AW E =t 27. Close all covers.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 09.05/KNS
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A2 2ol % e A 2ot X G15100 1B

Algig 2ol A RIE A Cylinder Liner and Water Jacket

A 2loldeE =2 02 NertdsS JHAD| slal S Cylinder liner is made of special alloy cast iron for
T e FE=Z MAEHACH, 2told=E fIE Aple=z high wear resistance, which is cooled by fresh water
so| 40l M0 Hez WHED only on upper part surrounded by water jacket.

St d2 Ay 2tolgel ool HAEN b= Flame ring is mounted on the upper part of the
AXME W ofLet magE DehRol UEst RERE cylinder liner and scrapes carbon deposit as well as
FH0U LD, 2R 225 UoAI|l= I st excessive lubricating oil on piston crown, which

contributes to reduce lubricating oil consumption.

el AP FasAFAE=Z NAEACH, AR =25 Water jacket is made of ductile cast iron and
S0l AXIEICH el APlol= Ao Atolel W2ty & mounted on the engine block. The water jacket
EQ AT =S0M HEIH l=NKe 4 3| =2 provides not only cooling water flow channel between
E Zototn Lt fIH A2 Lot RetR 38 82 cylinders but also combustion air passage from
b JlSEo e, o] S22 Soll 38 12f Zol AFE engine block to cylinder head. The water jacket also
=SSCO=2RH su&E 2RIt AHEld 6=, 2~ o H has drilled holes for lubricating oil passage, where

Cooling Water

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

L.O to Cylinder Head

L.O to Fuel Pump

" LOto Swing Arm

Fig. 1 Cylinder Liner and Water Jacket (&/2/t] 2fo/f 2 HE AF2H)

B 2o crode e a2

moick, & = Yy oo

= —1

aa—)

HA BEHoF ofg, Ao &5t Hof O/REE

ol OF BfL/LC}.

AZI0fA 2o e

o EXE Fo

Exfol Al

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 11.05/KIK
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Cylinder Liner & Water Jacket Assembly Drawing & Part List
ARIC 2t0lY W HUEIREL THUE Y 28 =5 A15000 11D
= i !
=) e ¢ @
Wi o
[/-_ )
i i
Part List
It ioti ) Weight
em No. Description Q’ty / Cyl. (kg) Remarks / See Note
211 Cooling water jacket 1 Approx.62.0
901 O-ring 1
902 O-ring 1
906 Hex. head bolt 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

2016.12/PMU
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Cylinder Liner & Water Jacket | Assembly Drawing & Part List Section No. Rev
A15000 1D

agig 2old H HE R

cC g ==y
—|—7_<I_I_E

2=
=

-

Parts List
Item No. Description Q’ty / Cyl. V\I(T'('g)h t Remarks / See Note
111 Cylinder liner 1 Approx.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
932 O-ring 2
941 Connection Piece 1
942 O-ring 1
943 O-ring 1
935 Plug 2
936 Gasket 2

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division

2016.12/PMU
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Cylinder Liner & Water Jacket Maintenance Procedure Section No. Rev.
Al2ig 2holu Y e A Ho|lHd Rl M15100 1E

Lifting Cylinder Liner

s YUE RIS Ao 2ol 6l040F St
([@] M15000 | o «“orrIo=LEl AEIL RUIES &

a FES FRSHIANL)

[
=

(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 |)

(b) Lifting of cylinder liner by lifting tool

Fig. 1 Lifting of the cylinder liner (&/2/Cf 2/0/L12] Zaf)

el 2to|HE HEl AZlol AX

Mounting Cylinder Liner on Water Jacket

A Hol gelr 2ol HE ABPLE

2. A2 gtolyel O-<oll 7=et JelA~E dhELH

_

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 2019.02/KJH
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Cylinder Liner & Water Jacket Maintenance Procedure Section No. Rev.
Al2ig 2holu Y e A Ho|lHd Rl M15100 1E

3. A 2oldE HE AU =2 Wel= sol, 78 2 3. During lowering the cylinder liner into water
oF Z0| A Hut == UF0{0} SHCL jacket, match the positioning pin and groove as
shown in fig 2.
[/m Groove
©®| Pin
Fig. 2 Lowering of cylinder liner (&2/tf 2/0/L449 o] ==
4. HBA 22 2, 9IE ALY Atto22FH ARiY 2t 4. After mounting, check the height of cylinder liner
OlLIIXIS] =012 2 AlEiCE (@] G09200 from top of the water jacket. @~ G09200
Alglg 2ol 20{9 5% Measurement of Cylinder Liner Bore
Agd 2toly 209 X858 Hilde=s 585t | Measure the diameter of the cylinder liner bore at
Soll F0{0F stCh. 20{J} 0F2 HgtA] "ol A=A regular interval and keep the records. Check the bore
£ HAsHt G09200 is within the wear limit. G09200
53 ZEE D% 31 Zo| AHzd ety =0l The measurements for both diameters of trans-
ofol 3RO, &5 W EF9 XNE ZLF= ol 0f verse and longitudinal direction should be taken at
stct. three points of the cylinder liner as shown in fig 3.

WEREN 5= @, =0 07 @] 91.260 | &e/f

cfojHe 2= S oF giLCt

BN == 5 v20 epoid 209 x50l 042 AE
wofrs, el 2fo/io ~517] ol £

B SZHAE/6 of S2folof THAIL.

o2 AoS

S TaeE

AE

A/

When 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

Hyundai Global Service Co., Ltd for more information.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.02/KJH
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Cylinder Liner & Water Jacket

Maintenance Procedure

Section No. Rev.

MRIG 2ol 2 9IE A

guldd il

M15100 1E

B ., e

Fig 3 Measuring positions (& $/4/)

Grinding of Sealing Faces

lefoly g H4aE
1. el efoly (a)
&ald &= )

3 AN == ()

2er01g 27

BB 27s5= 72098 gos 7 515004

AFE ol OF BIL/CH.

BN v20 cous zer09g gos 42 g2
L4 0/ OF E1LICH

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 :

When grinding the engine block, turn

over the tool.

When grinding the cylinder liner, take

out sealing ring.

@ 91.140

(a) Cylinder Liner

(b) Cylinder Head

(c) Engine Block

Fig. 4 Mounting of the grinding tool (Z2f21s &9 44])

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.02/KJH
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Cylinder Liner & Water Jacket Maintenance Procedure Section No- R
A2- 2toly 3 2y At Hu|»d ARt M15100 1E

Al g2holy sy Honing the Cylinder Liner

plaue A2y 2f0|Uo SEMS x=7| AAAQ Re-honing will restore the original state of

To2 2ost 2 9} 0] sUHe Rstok)] = roughness of the cylinder liner running surface. This

D5l g2 MAGH SXE & As2 MEC 5 roughness is needed to ensure a sufficiently thick

U o039l 22 OlMEArS 23791 J1S5lX| o Ef and properly adhering lubricating film. While the

B0l 22 HlmE 2 SALS Ul Al Qer) original micro geometry can be restored, the wear

SU0| QA 2H0]Y ARl TAA EA2S 20lA profile, the macro geometry of the cylinder liner,

AHBID 0iRE olsiol LIER % 9 efolld spio)  cannotbe altered.

U2 e DASS M S 0j0F sHo). Prior to honing, deposits of coke and possible wear
edges at the top of the liner must be removed by
scraping.

= [! =

|

——

e

i
:‘J

il
||..

Fig 5. Re-honing in cylinder liner (&/'2/C] 210/ 2/5Y)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.02/KJH



)
I.1IMSEN H21/32 |5
Cylinder Liner & Water Jacket Maintenance Procedure Section No. R
Agg 2ol % I A3t Sl ESPARES PN M15100 1E
BEEE 0 Meote Zddee sdAad 3 A8 A used flame ring must be used during
=IO U ZeY S EA 22 MIEGSHD etolyof the honing process. The used flame ring must be
MZeglstol =dads sallsttt cleaned in water. Subsequently, the flame ring is
remounted in the cylinder liner before carrying out the
honing process.

BEEEE -2 2090 2ups Ass Zy ge Upon completion of the honing process
OISt Dl~g 2 WA ot M= FEfSHT the used flame ring is discarded. A new flame ring is
sdE2 Chris-marine?] HONS and Hunger PHM 24! always mounted in the cylinder liner when replacing
ANES Fdett the piston rings.

Chris-marine HONS or Hunger PHM machine is
recommended for cylinder liner re-honing.
cleds et ¥ 0] @d 2288 &l Yol Re-honing must be continued until the cylinder wall
ZOui bRl HSE0{0F SHof O EHE ZEo| A5 I gl is covered by honing grooves and the surface has a
= Aot ES0] LIEHLLOF Sttt slightly matt appearance without any signs of glaze.
s Iy S0 5d @Y L= Y AUA=S ZF29 During the honing it is important to lubricate freely
meols Jl0] SRofth od Jp-0l 25 ZUl 20l with honing oil or cutting oil. After the honing, the liner
U= die ~d2ae MA6of etk 0l =&=2E s carefully cleaned with gas oil. Make sure that all
ettt abrasive particles are removed.

2019.02/KJH

Engine & Machinery Division
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I.IMSEN H21/32 |
Feed Block Assembly General Instruction Section - Rev
e =5 od=el QX[ G17000 1A

e Description
ANF2 HetMol 2HE glof ASHOl AT A The engine needs continuous feeding of
2t 9 RebRol 50| Zeolch A= o= 2 combustion air, cooling water and lubricating oil for
=0/2t oh= 2EeteEl Il= AAHEO0| FHIE 0 QUCH normal operation. The engine has modularized feed

system which called Feed Module.

e 22 1= =5 9@ 2 55 AMLYEE dXsS Feed Module consists of feed block and

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/ & 259 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 210t 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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Front End Block Assembly Assembly Drawing & Part List Section No. Rev
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100

2017.09/JWH

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



9
[ | Page
I.IMSEN H21/32 | '35
. . Section No. Rev.
Front End Block Assembly Assembly Drawing & Part List
ZEE dE 22 o4 e Y= ¥ 2F 55 A17000 3C
897
927
861
910
909
908
907
850
849
View "B"
Part List
Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
100 Front end block 1
849 O-ring 1
850 Cover 1 Approx.1.42
851 Cover 2 Approx.5.26
852 Cover 1 Approx.4.63
853 Cover 1 Approx.1.39
854 Cover assembly 1 Approx.3.43
855 Packing 2 Approx.0.09
856 Cover 1 Approx.2.78
857 Packing 1 Approx.0.05
858 Packing 1 Approx.0.04

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

2017.09/JWH
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H21/32

Page
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Front End Block Assembly

Assembly Drawing & Part List

m2E dc= 22 oyea

il

c g o Xz
ZEHE 4 735 S5

Section No.

A17000

Rev.

3C

Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
860 Cover 1 Approx.2.82
861 Packing 1 Approx.0.02
870 Cover 1 Approx.2.11
871 Packing 1 Approx.0.02
891 Packing 1 Approx.0.08
892 Packing 1 Approx.0.05
893 Protection cover 1 Approx.7.80
896 Cover 1 Approx.22.5
897 Gasket 1 Approx.0.34
901 Plug 5 Approx.0.44
902 Gasket 5
905 Plug 1 Approx.0.17
906 Gasket 1
907 Plug 6 Approx.0.09
908 Gasket 6
909 Plug 12 Approx.0.03
910 Gasket 12
912 Bolt 16 Approx.0.04
913 Bolt 4 Approx.0.04
914 Bolt 10 Approx.0.09
915 Bolt 6 Approx.0.03
916 Bolt 10 Approx.0.08
917 Bolt 21 Approx.0.11
918 Bolt 10 Approx.0.08
919 Bolt 4 Approx.0.12
920 Bolt 6 Approx.0.16
921 Bolt 17 Approx.0.02
924 Bolt 6
925 Plug 1 Approx.0.05
926 Gasket 1

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

2017.09/JWH
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Front End Block Assembly Assembly Drawing & Part List Section No. R
TEE JdE= E5 oldEel s ¢ 2= A17000 3C

[S k=4
= = = TS T4

Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
927 Bolt 24 Approx.0.05
928 Bolt 3 Approx.0.04
929 Bolt 1 Approx.0.04
930 Washer 4 Approx.0.01
931 Nut 4 Approx.0.02

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.09/JWH
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Flywheel Cover Assembly Assembly Drawing & Part List Section Ne. R
=ctolg HY ofd =2l ZEE E 2F gaE A19100 4A
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Flywheel Cover Assembly

=218 HY od=el

Section No. Rev.

A19100 4A

Part List
Item No. Description Q’ty / Eng. W(ekig)ht Remarks / See Note

110 Assembly of oil sealing cover 1 Incl.item 111~126
111 Oil sealing cover(lower) 1 Approx.180.88
112 Oil sealing cover(upper) 1 Approx.27.50
113 Oil protector plate 2
115 Oil protector housing 1 Approx.28.09
117 Washer 4 Approx.0.21
118 Bolt 4 Approx.0.01
119 Taper pin 2 Approx.0.01
120 Bolt 4 Approx.0.05
121 STEEL cover 1 Approx.0.25
122 Acrill cover 1 Approx.0.05
123 Indicator plate 1 Approx.0.01
124 Bolt 8 Approx.0.46
125 Bolt 4 Approx.0.01
126 Washer 4 Approx.0.11
116 Oil protector 1 Approx.0.18
192 Bolt 14 Approx.0.19
193 Bolt 18
195 Bolt 7 Approx.0.1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.12/CHM
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391 396 331 395

384 320 394
360 393
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Arr. Of Cam/Crankcase Cover Assembly Drawing & Part List Section No- R
IERE T ENE TR EY zYT Y P =25 A19300 | 1E
Part List
I:\le: Description 5Cyl | 6 Cyl Q,ty7lclzs;|g' 8 Cyl | 9 Cyl W(ekig'?)ht Féi':?«'ﬁfe'
310 | Cover 8 10 11 13 14
320 | Cover 2 2 3 3 4 Approx.7.3
330 | Cover 1 1 1 1 1 Approx.4.7
331 | Cover 1 1 1 1 1 Approx.14.7
340 | Cover 4 5 6 7 8 Approx.4.9
345 | Cover 1 1 1 1 1 Approx.4.9
350 | Cover 1 1 1 1 1 Approx.4.0
360 | Relief valve 2 2 3 3 4
364 | caution plate 2 2 3 3 4
381 | Bolt 42 50 58 66 74
382 | Nut 42 50 58 66 74
384 | Sealing ring 10 12 14 16 18
385 | Bolt 22 26 30 34 38
386 | Nut 22 26 30 34 38
387 | Nut 2 2 2 2 2
388 | Sealing ring 5 6 7 8 9
389 | Sealing ring 1 1 1 1 1
390 | Bolt 2 2 2 2 2
391 | Sealing ring 2 2 2 2 2
392 | Bolt 12 12 18 18 24
393 | Washer 12 12 18 18 24
394 | O-ring 2 2 3 3 4
395 | Bolt 5 5 5 5 5
396 | Bolt 1 1 1 1 1
910 | Check tightening plate 2 2 2 2 2
Remark) Refer to position of cover with relief valve ass’y(P0S.320)
Engine NO. of Cylinder
type 1 2 5 6 7 8 9
5H21/32 o -
6H21/32 o (0] -
7H21/32 o o -
8H21/32 o o -
9H21/32 (0] o o
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.02/KMK
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Cylinder Head Assembly

General Instruction

Section No. Rev.

a2 o= od =1

ot x| 2

G21000 1B

Description

e
MEld SIS ojEels MRl SIS, 29 Y, &)
9y Jlas WeR PYE0l YO0, R BA WE

J
oF QICP0IE W= deld ol =ol EX =0 {Act

S20| oAM= M23000 | 2 EZGHAAIR)

(\r\ﬁr\/)

Fig.1 The cooling water flow in cylinder head

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.

S

(Y20 G ELfo Y240 52)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.05/KIK
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Cylinder Head Assembly

General Instruction

Section No. Rev.

a2 o= od =1

ot x| 2

G21000 1B

I % Uil e ANEE deld =2 steo
dE0o len, o2 s

BEEW 220 dss o280 oF

BH PHE PlAE ZIIF2 2o/EE ¥ U/} 0/F0/%0F

IS4 TS0 pl

BB 220 d=0s 38 29 20 Y2id 652
210l APOIS EEENA FL0| AEXE FoAY + 2= BHE
20/ J&UICt 0] HY B S BHSYINL. BY A% TS
L} YZof OjoletE & FR SA ANES AT HEIH

E Zof & &HZooF g/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.

NOTICE

chamber, which should be overhauled and maintained

Cylinder head is a part of combustion

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.

Cvlinder Head

|

Cooling Water

Check Hole

Combustion gas

Fig.2 Check hole in cylinder head (&/2/0f o= &2 =)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.05/KIK
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Cylinder Head Assembly Assembly D
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dgld o= ol =<
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° —(
N [T AL
I
|

Engine & Machinery Division 2016.12/GJW
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Cylinder Head Assembly Assembly Drawing & Part List Section No- R
Ay FS oM YT U BE == A21100 1D
Part List
Item No. Description Q’'ty / Cyl. V\I(ekig)ht Remarks / See Note

100 Cylinder head complete 1

111 Intake valve seat ring 2

112 Exhaust valve seat ring 2

113 Valve guide 4

114 Bush 1

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

134 Gasket 1

150 Orifice pipe in cylinder head 1

291 O-ring 4

903 O-ring 1

904 Set screw 1

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2016.12/GJW
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Cylinder Head Assembly Assembly Drawing & Part List Section No. Rev.
daig e oM el 2T U BE 2= A21100 | 1D

801

4
A |
Part List
Item No. Description Q’ty / Cyl. V\I(ekig)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

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2016.12/GJW
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Cylinder Head Assembly

Maintenance Procedure

Section No. Rev.

a2 o= od =1

guldd il

M21100 1B

Dismounting a Cylinder Head from the Engine

C2FH A2H =2 =
aelt ol = =dlioby| flet ddx=AS HHett

SgF Eef LfE Ao djb/otof A=z 172

=5 T WRet FLE U/AoII 0] gH2FE EF

Mo

2A40F BILICH
BN o= 72 558 A8 # 92 SM 8
T Y YN YEF OF SA HEZO SR

O ZE PEol4AI2L.

>

gt §l= AHEE 12 HES SA0l »Ye

L

Z0|W $ 2e|Al2ich

o FAM

o &2 : 1120 bar (max. 1155 bar)

22 Z7 : [@]91.400] [@]91.490] [@791.510]
HZ FAI WEE AHE
S| elof o).

SHIX[T - 91.110

N

N

@]

29 A0 E dAstn

(8 HY 2UEE ~HE 12 2dctn 2UtX 32
MAE A)
Alg|

1.

Check prerequisites to dismount a cylinder head.
Cooling water, lubricating oil and fuel oil should
be drained from the engine. (See “Preparations
for Maintenance” in [@] G09110 |)

Dismount insulations and V-clamps on exhaust
duct of cylinder head.

Disconnect cooling water pipes by moving axially
toward driving end.

Dismount side cover and cover on the cylinder
head.

Dismount high pressure block from the cylinder
head and the fuel injection pump.

NOTICE

pressure block and wrap the block against fuel oil

Put on clean rag around fuel high

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).

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.11/MHL
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Cylinder Head Assembly Maintenance Procedure Section fo- Rev:
A2 = ofjd=el Hu|™d =R M21100 1B
Dismounting a Cylinder Head from the

HT

ofl &l &2t RUEZFH

2eld o =9

dismantled Cylinder Unit

=

AlRIC] 2foll o

e RS
4 (M12)2

g SA ¢=

Melt oS0l nEAYE elzY BE

—

Z0{HCh
=

AEH S0 2P A T3E dAstn
g 29F 20| Zelol of ek

SHIX[T - 91.110

(& HY a2 A= 1S

AR 2
A2l dl=E S0 =28 = otdE YU (AL

(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).

e

(b) From the engine block

Fig. 2 Dismantling of the cylinder head (&'2/L/ of = Faff)

HE APlo| &2t §l= =g

Mounting a Cylinder Head on the Cylinder

—_

iz
)

Tl

SN Y=
S e

Hoto{0F etet.

A AP WEE ~HEo

HOl=Z

rr

ALt

3 elofl Of Tt
(& Hyl HEE AHE 1S

)

Liner and Water Jacket

1.

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.)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.11/MHL
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Cylinder Head Assembly

Maintenance Procedure

Section No. Rev.

a2 o= od =1

guldd il

M21100 1B

3. FaUoAM Aeld dl=e =0l =2 & 22d ol

E9] o}FE ROl SHOorHCE.

N

6. A

o

i
H
(&)1
o
o
o
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>
r&
5
%0
I
E
Iy

Aot M, HEEH= 222 ddota R0l 5

HEIh §l= 5189 O-2
HEl AL 299 Blo]=9 O-

el efojs o-g
B0 2ol ARl M 2AZ W20 B F oy

= I

A2l H 0| ~E(COPASLIP)E UIELE

RO GIS2 I ALO Rol2 0ISAH A
2 WECL 0 1l RER L WAL 4H 1

FI5HIN 2
2t =2 Y APl S2d=2 7, ogE o
g H®Astch

arziof EAP

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
jacket

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 |)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.11/MHL
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Valve Seat Ring Assembly

Section No. Rev.

Maintenance Procedure

W AE Y o e

M21120 1C

guldd il

Replacement of the Valve Seat Rings

=3
s
=
[m
o
S
0z
ol
=
a
ta
mn
~
°
Ik
0z
m
2
a
(]

HolEl WEE AFEoto] wAlg & ASUCHL

| & If a valve seat ring is so worn or damaged that

(=}
i
O

cannot be reconditioned any more, then the valve

1A
rr

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. HolE We ~mss FHloho], WEet AE 89 1. Prepare a scrapped valve spindle and machine
Y0l U= O gd=5 W X852 2o 2 k3 the valve diameter to be smaller for easier
Stk welding of the valve and the seat ring.

2. "ol ge ~pss Aeld §l=ol A Ct. 2. Mount the scrapped valve spindle on the head.

O
Lt
B
M
v
{Q
%
L
g
It
X
Im

%
K
N
Ok

BE Wty HEE 2oL

O ATls 3. Weld the valve spindle to the seat ring

diagonally by means of electric beam welding.
(\[)[[- Protect the machined surface around
valve seat of the cylinder head by shielding

noninflammable material against welding.

I

4. NME 2 HHPI ol DFUAE AHESHH WE 4. Press or knock the valve spindle by means of

1SS F20L F=elth

2

I

soft hammer to extract the seat ring.

m e Jloj= RAI9 HEIH dl=of =40/ Be careful not to damage the valve

I Y=F T oHIAIL.

guide bush and cylinder head.

HEESFE 0|3g WE ANE YO A Extracting the Old Valve Seat Ring by Tool
1. 8 104 20| ¥E AMEd NHE S (AL 1. Mount the extracting tool (optional) @~ 91.580

on the valve seat as shown in fig 1.

ZIC 2. Clamp valve seat ring tightly by turning nut (A).

Extract the valve seat ring by turning nut (B).

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.02/JDH
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W AE Y o e

guldd il

M21120 1C

A2l =0l Ml 71 ®E ANE & )IED]

Fitting a New Intake Valve Seat Ring_j into the

—_

o

e ws= Sl Al

BN 220 5152 NE 2 Mol XS gzt
ZHIE2 0.049-0.093 mm I} & 0/0F afL/Ct.

il

Mo
i

PSkel i

o

Mo

M AIE 2ot el sI=S oFF 20| sttt
B v2o 0=9 =0 250 2848 580
Lf SEFE A otAIL

NE S D8 29 20| W2t o s Jgte=

Hoeeld sl =oll NIHe =Lt
R ME S Y5 HLE -190 T £

£2 Y2z y2

91.660 | (A1EALZY)

A2l sl =0l Al UiDI ®E AIE & ))|ED]

Cylinder Head

1.

Measure the diameters for pressure fitting.

\[el[[1-00 /nterference 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 [J by

means of liquid nitrogen.

use tool
91.660 | (Optional)
Grind the seat ring by valve grinding tool.

(See “Grinding of the
in @~ M21200 |)

When pressing :

seating surface”

Fitting a New Exhaust Valve Seat Ring_l into

—_

o

~

lgd Ut
= (=]

= =

B 220 959 20/ AE & Ao/8 A
01 st 2HIS 0.049-0.093 mmIF £ 0{0F ELICH

Flall Al

o

Mo
I

tCE.

flo
rol

M AE 2D ARt §=Z2 05 JH220] it
GIE 20l o £atE SFOILS

0to| =2 YWZIAII| K|

m Y1 32 0-g0] 248 + AUt

D ANE glo A= Ho| 2E}

= = 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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.02/JDH
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W AE Y o e

guldd il

-

y

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)

Tool for exhaust valve seat ring (Optional)

5

[ ]

Fig. 2 Mounting of intake and exhaust valve seat rings (Z7/ % 7] #E2 AIE &9 F&)

* 2 ZAf :0.049~0.093, Xl

2t £ 0.030, AE2=

2t
oA

6. W2 T2old L2 AKESHN AIE 22 Tetel= 6. Grind the seat ring by valve grinding tool.
=I5} (@] M21200 | o “A/5 1o T2jolg (See “Grinding of the seating surface”
AP L22 HZAGHIANR) in [@ M21200 |)

7. YU NS HAISHO A HE AIE FHO Sy 7. Check water leakage around the new valve seat
BE ddstet by hydraulic pressure test.

AlE 28 17 - 10 bar Test pressure : 7 - 10 bar

* 2 A0|Z= WY ANE B= 0|8¢t 3 * Repair by using oversize valve seat rings

WO AE & I Held = M (KIS2=)t 0f If the interference between a valve seat ring and a

il =4 e ¢k x=dlotd Sdst XS ol oF ettt cylinder head exceeds the following minimum limit, a

%, S| I WE ANE 2 MAsto Aeld d= special action should be taken, i.e. using a specially

ol WY ANE & HFESE MIIS 5H0{0F st oversized seat ring and re-machining cylinder head.

(ahMIsH Atet2 sil=29AMul2@l 22lutaie ) (For detail, please contact Hyundai Global Service

Co., Ltd)* Nominal interference : 0.049~0.093, in
diameter

* Minimum limit : 0.030, in diameter

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.02/JDH
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Wy A@s J10|1=

guldd il

M21130 1B

Replacement of the Valve Guide

J10l =0t 0t2 HIeHAl (@~ G09200 | &%=)E =
DoIHLE EAE 24, Wo Jl0|=2 A o2 wH 6

O{0F StCL WE J10|=5 EotHAL VIHES wf, Od

TE U FECL

Fig. 3 Dismounting of valve guide
(¥ Jlo[=9 Fof)

3. &gl sl=o 2oiet M w2 JI=EE 0FF MR
0] SH=C
BEEE 220 d59 2o o=y 248 S50/

L} SEFE A 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.
Fit/Removal device : [@791.670] , (Optional)
2. Press or knock the tool by means of soft

hammer to extract the valve guide.

@~91.670

Fig. 4 Mounting of valve guide

(B Jf0j=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.

Engine & Machinery Division 11.05/KIK
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Wy A@s J10|1=

guldd il

M21130 1B

FECIE FoF BE JI0/=0F SHEHA ¥

8 FYHIAL.

6. L ¥WE AUs T 52 UYUHE AKESHH W
gotol=el 2ofetsso Ml O-els detch

e T

237 SCfo/ue 22 L0/ of2|Et BIE AFS oAl OF

3¢
fr

~

AlL.

4. Cool down the valve guide to —70 C by liquid

nitrogen.

5.  Fit valve guide by means of the tool [®/91.670

with hammering softy on the tool as shown in fig
4,

Be careful not to damage the valve
guide during hammering.

6. 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.

Grinding of Sealing Faces

Tafolgl 2 91.140

Whenever cylinder head is dismantled, check the
sealing faces carefully and, if necessary, grinds the
surfaces. (See M15100)

Grinding tool : 91.140

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.05/KIK
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R Hul™Y =R M21140 | 1B
g WE 2A 2ol / =8 Dismounting/Assembling of the Fuel Valve Bush
1. T8 114 &0l 375 AR sttt} 1.  Mount the tool as shown in fig 1.
AHE 27 [ @91.940 Removal device : [@-]91.940
2. % 29} Z0|] 372 Locking Ring ZttS Z0{A 2. Hook the edge of locking ring and extract the

locking ring by tool as shown in fig 2.

Fig. 1 Locking Ring removal tool Fig. 2 Dismounting of Locking Ring

(Locking RingSl 2ol &+
s e 7 (Locking Ring< £df)

3. ¢ 3 &0l 375 AR 3. Mount the tool as shown in flg 3.
HAHE F7 - Removal device :

4. WY 2AIS MG 2ol DFURE AHESHH = 4. Press or knock the tool by means of soft
TE TENL F=elth hammer to extract the valve bush.

5. Zge 2o d&+=oe=z ott, 2= Al Loctite620 5. Assemble the fuel valve bush in the reverse
52 ZEEMZS TEo0 &Y Yes & A, order of dismounting. To be press fitted with

Loctite 620 or equivalent.

91.720

Fig. 3 Dismounting of valve bush
(HDZAI9 Foff)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 14.05/YTY
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Valve & Rocker Arm Assembly | Assembly Drawing & Part List Section No- R
We 9 23 & odESc T U2 2= A21200 1H
Part List
Item No. Description Q’ty / Cyl. W(iig)ht Remarks / See Note

201 Intake valve spindle 2 Approx. 0.93

202 Exhaust valve spindle 2 Approx. 0.85

203 Valve spring(Intake / Exhaust) 4 Approx. 0.38

204 Roto cap 4 Approx. 0.30 | Incl. item no. 001~006
001 Body 1

002 Retainer 1

003 Disc spring 1

004 Stop ring 1

005 Steel ball 6

006 Coil spring 6

206 Conical clamping piece 4 Approx.0.02

311 Rocket arm-intake 1 Approx. 2.11

312 Adjust screw 1 Approx. 0.12

313 Ball seat 1 Approx. 0.09

314 Nut 1 Approx. 0.03

315 Clip spring 1

316 Fine threaded plug 2

317 Bush 1

321 Rocker arm-exhaust 1 Approx. 2.10

322 Adjusting screw 1 Approx. 0.12

323 Ball seat 1 Approx. 0.09

324 Nut 1 Approx.0.03

325 Clip spring 1

326 Fine threaded plug 2

327 Bush 1

331 Rocker arm shaft 1 Approx. 2.30

332 Fine threaded plug 1

411 Yoke-intake 1 Approx. 0.83

412 Fine threaded plug 2

415 Adjust screw 1 Approx. 0.07

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.11/KIM
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Valve & Rocker Arm Assembly | Assembly Drawing & Part List Section No- R
we A =3 2 ojd=el ZEE Y 23 2S5 A21200 1H
Item No. Description Q’ty / Cyl. W(iig)ht Remarks / See Note
419 Nut 1 Approx. 0.02
416 Shaft pin 2 Approx. 0.26
421 Yoke-exhaust 1 Approx. 0.83
422 Fine threaded plug 2
425 Adjusting screw 1 Approx. 0.07
429 Nut 1 Approx. 0.01
901 Stud 2 Approx. 0.16
902 Nut 2 Approx. 0.03
907 Spacer 2 Approx.0.04

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.11/KIM




°
[ | Page
1I:IMSEN H21/32 |76
Intake & Exhaust Valve Ass’y Maintenance Procedure Section No. R
PTE— M21200 | 1D

7 % Hio ¥ o=z

Dismantling of Intake and Exhaust Valves

S % oo W=o| ol

S0 % )] WwEeE Jksst A AEAe IR # The intake and exhaust valves should be
off & 2ishoF gfLiCh. overhauled and checked at regular interval as

frequently as possible.

WUZS 2oliohy] o, HRlY =2 A2 RH =l Before dismantling the valves, cylinder head
oln, 2H &, 3 Y g FAF WS Lok Aig should be dismantled from the engine and rocker
ol == FE 2ol stet arms, yokes and fuel injection valve also should be

dismantled from the cylinder head.

TolE & Wotch Hel WE RFE SA0 2o & Whenever dismantling, it is recommended to
sttt Jel, WY 2alE 37S AMSsHEAIRL. overhaul the four valves at the same time. Hence, the

tool for dismantling valves is adequate for this
purpose.

1. g 12t 20| 2olls =+ AAlettt 1. Mount tool for dismantle as shown in fig 1.

&3 Y AHHE FFP - FitRemoval device : @ 91.120 |
2. g 29 #0| 379 HEE = ~ZEE =d 2. Press and lower the spring by turning the nut of
Ot = Lygict the tool as shown in fig 2.
@ B
L
Rl iR
= = BB
al D
R
U P
Fig. 1 Mounting of tool Fig. 2 Dismantling of conical clamping piece
(F79 EA) (ZLz 28 7o/~ Fof)
3. RBE YA UL IS wjHCh 3. Take out all conical clamping pieces.
4. SFE ZH0jdict 4. Dismount the tool.
5, Wy ~xel g 28 MS 256t 5. Dismantle valves, springs and roto caps.
=of &, #Ee9 A HANE B2lop7| o Before dismantling, each valve should

AE 2219 HEo FNEAE oL FF 52 HI/

). A ZE A, BEE Saf MO Hef YA EAHYA

2.

be marked to ensure the original location of the
When

the

valve (cam side or exhaust side).

remounting, the valve should be fitted at

same position as it was.

2018.07/TKW

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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24 X

A2 SSol &7 W by ool gl

Assembling of Intake and Exhaust Valves on

the Cylinder Head

o o

0 MIA =010 etk

M e M, 2 HEY AE o= YHY 74
0l &0/0F gtLIC) O/F Ploff 4= EF & 2AF S8 &2 b/

a8 ZAIE BLEAl HAIGHIAI2.

1. WY Jlo|=QF A|E2IZ M220] MIAsHCE.
2. WY Jlo|= YRl MRs 2ERS Ul2C|
3. wWo Jlo|=9 O-2 [@]A21100] S wH S

BN 0-5= w2 ~msg o /52000t
M HLZ WAHIAIL2. EtY BE AEE Sof II2IF +
£50, 0-g0| HLE + 220, 0] R PIEA M O-

goZ WHHIAIL.

4. @2 A" i Ret 22RE UEH
5. 2ol A FAIMY IAIE 2relsttt

7. 2o Ao Al slSol Az 28 A
st

The valves, springs and rotocaps should be
maintained and cleaned before remounting.
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.

1. Clean the valve guides and seat rings
thoroughly.

2. Coat clean lubricating oil inside valve guide.
Replace O-rings [@7A21100] on the valve guide.
The O-rings should be replaced by
new one at every overhaul of valve spindle. If
there is any blow-by through the valve seats, the
O-ring may be overheated and also should be
replaced by a new one.

4. Coat clean lubricating oil on the valve stem.

5. Check location mark which has been done
before dismantling.
The valve should be fitted at the
original position.

6. Insert valve spindle into valve guide carefully
and then check its smooth movement.

7. 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

=
I
o
>
M
u

1. Check the deposits on the valves and around
seat rings. If unusual deposits are found, contact
the engine manufacturer.

2.  Remove carbon deposits on the valves and seat

rings and clean them thoroughly.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.07/TKW
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S| % by ¢e od=e Hu|»d "Xt M21200 1D

3. WE ~0=9 HEU =02 5Heh 3. Measure the contacting face height of valve
(/= G09200 | . M21200, C & E) spindle.

RN 222259 5530 012 ASAE =5 (=] G09200 |, M21200, C & F)

g 7 YENESH AE = SAlo F7] X WA S If valve spindle measurements
exceed the wear limit, both valve and seat ring
should be scrapped and replaced by new ones.

4. WY Az 91 AE o RE FUHE 9 A 4. Inspect all around valve spindles and seat rings
HAstct carefully.

5, WY ~HSi AE 2o 2= FUHS S S0 M 5. Check crack on all around valve spindles and
Z AT i dAlR 7Y RFE2 AASCL ®E2 seat rings by means of, for example, dye
wHolets AW I IJ|GHI A L. penetration test. Any crack is not allowed.

85 oo Mxd Reconditioning of the Seating Surface

HE U MEHS THS] fIoiM ¥ HF ol 42t In order to judge the condition of the seating

o OlMlsH ADIMIE bl2 £22 oy ¢ Wwes g|F surface, coat small amount of a fine lapping

ANHA WS OtEAIZICHL O3 oS, W2 20| ot o compound on both seating surfaces and rub the

MEE ©Hettt surfaces by rotating valve manually several times.

Then clean the surfaces and check the conditions.
& U Efoll TetM tHEM 2 Chsdh & Depending on the condition of the seating surface,
the countermeasures are as follows.
1) 00 00 00 00 (00 000 G09100 1) Criteria for major overhaul (Refer to G09100
ono) for overhaul interval)
B EF [0 ASF0/8, HEY AEE FHL A8 Jf5of B [f the surface has continuous contact area, the
ct valve and seat can be used more.
m 2 & &= 4 FE B Black Spot or Minor Dent
ZE0| 2010} A fE FE & £= O/A4 Helo) UE In case of black spots or minor dents on contact
&R EZ0| oXNCE g FY F X AE JIS0I) surface, it can be reused after lapping until the
&Z HHol ol FoE 2o MAZ ERE ) Y surface is clean. It is not essential to remove all

O/Het EXE2 6/& Jfsolct

f=3
<

marks in noncontact area. Minor marks after

lapping can be acceptable.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.07/TKW
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B Dent

Jefoly R E FHE W IS0t M AIE IF It can be reused after reconditioning until the
o/Ct Zt2 P, U/Aat Hal Af=2 6/& IfS5 oIt surface is clean by grinding. Minor mark left after
reconditioning can be acceptable.

&Z Aoy F e o 2 miol 2ol ciE, 3240/ If the surface has several small shallow pits,

K]

lapping is recommended instead of grinding.

Lapping device for inlet/exhaust valve :

g ZY oir g F= AZE/L

ey g reniey

(optional)
&F Hs JfEdel 25 9ol Zo/uf 0] 0HH T2f
If the surface has pits all around or grooves,
org zgol Ee/LCt.
grinding by machine is required.

m A EE
B Gas passage
TZ Aol 1/3 0/4 20/9 It E2 =S50/ U= F2
If there is a gas passage more than 1/3 length on
YWY &= ANEE WAofoF S
contact surface, valves or seats are to be
replaced.

2018.07/TKW

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division
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2) OO0 OO0 OO0

w5 g0/ I~ S2 25 0/ ASH0/H WEY KE

£ A AIE JlsofL).

|
it
by

50// 22 5 FoH /l’(/

o o,

w

S0] gAagoets Ax
2 GJ0/E/(GOT400)7} B& Ezlol =8, [hS FI/

HE VA WA L£= FU| Z0] HE AMEE T LULCf

2) Criteria for aperiodic inspection

B /f the surface has continuous contact area
without gas passage, the valves and seats can

be used more.

B If the engine operating data(G01400) are within
normal range, the valves and seats which found
black spots or dents on contact area can be

overhaul without

used until next major

replacement or maintenance.

Grinding of the Seating Surface

Yo AZZE :50° 00/-0°5'

WO AE & :30° +0°5'/0°

5.5(C, EDmm

G09200 | , M27200)

HE AIE & 0.12mm

2 FoayAR. Te108 YL HEH FHAN F0/ US of

JefelgeE olat LAS =40 FHLef HE

L
S

JIX B E0fOF BILICE.
ZFE0/0F BILICE
m Tepolg A Bol= AE Pl 7L AE, of

o, Mz FFE & HAE THaof &ILICE AE B

Tepory BYSoE 2P 20l Aol

=
=

Uy

YH8 &0/ YofoF afL/CH

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.

The grinding dimensions are as follows.
Grinding angle
Valve spindle : 30 ° 0°/-0°5'

Valve seat ring : 30 ° +0°5'/0°

Grinding limit

Valve spindle: 5.5(C, E) mm

(=] G09200 | , M21200)

Valve seatring : 0.12 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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.07/TKW
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Checking of the Seating Surfaces after

Reconditioning

Jefeld A 2 WeoL AIE ol A4 AY O After grinding, the contact of both seating surfaces
= s Aol oF st of valve and seat ring should be checked.
1. WO AlY Holl HM AZHE A =6t

2 WE AU detolA s 87, £e=2 2
SENOIM HotAlZ 4 QUCE

surface of the valve.

3. Drop valve at around 5cm in height.

1. Coat blue compound to be thin layer on the seating

2. Mount valve into the valve guide of cylinder head.

4. Drop valve 3~5 times in the same way with rotating

Hde valve about 1/3 turn. Drop valve with using your hand

seat ring.

NOTICE

when o-ring was interfere with valve free falling.

5. Pull the valve and check the contact mark on the

The theoretical contact mark is

y

AH
Al

gBHS g tfel, 0/EF N HE 2O G LIEFELE

YHE FHY FBA o 95t HEA A G2 ATEA

&F #HX0] & 0.5mm 0/4/0/8 ECL

continuous line contact from outer circumference
area. By the above method, the result of the
contact mark width can be wider than theoretical
concept, due to amount of blue compound. In
actual, contact width by blue compound is
acceptable, if the value is more than about 0.5mm

width at all outer circumference.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.07/TKW
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A & od=a

guldd il

M21210 1C

27 ¥ odscle uiRE s Py TEEHE FEL
2 S0 Ach WetM golde= #@ddoF ot Aeld

ole 2H=Al ME HalloF et

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
head

remounted and check again after about 50 running

out the adjustment whenever cylinder

hours firstly at least.

The adjustment procedures are same for both

intake and exhaust valve systems.

293 239 TFH YL 2970 ExIHs
BIZ RYAZLICE 0|22 2239 Jf0|= H a
LIZYFO 0129 =4S Fefotd, 0[S HO/Lt 22T &
& B2 g =0/, We ~FE9 preEol 7S5 250/
Yo ~pso oje Y AN NSt £4E OPINE + ASU

ct

Adjustment for balancing Yoke

As two intake or exhaust valves are pressed by
one yoke simultaneously, the yoke should be well

balanced by precise adjustment as follows.

_ 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 2020.06/SSJ
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23 o olgza Hulzd 2 M21210 | 1C
1. WEIt 2H5| Yofdl YRDIE SIS W MNZE 1. Rotate crankshaft so that the valves are in fully
S SITAZICE Ol AMBIC=E AAMETDC)S =% closed position. The corresponding cylinder
g 2o siAg ziolct needs to be at around firing TDC.
2. A% F3 2E0F A~z de @Al ¢4 k501 2. Check both push rods are free from spring
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5. W
(B)O| A2} HESH WAl 2= LIAF ()2 3| F Al
2ICk
BN =55 =20 21 2700 53 Y 26
OIEIO) CIOIS HOIXIE LAGT CI0IY HOIA Hl=9 2
XojS FHZHsl= HO| HIEE SHICE

= O

6. 0¥ HE ()& JHHZSh

8. SA H=0 ot Lte® ZFHUA ()5 MZEEoH0

5.

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.

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.

Pre-tighten the lock nut (1).

In order to check the simultaneous contact of
both valve stems, coat blue compound after
dismantling yoke and check the contact after
remounting yoke.

If the both valve stems were not contacted
simultaneously, check the contact after

readjusting the lock nut (2).

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2020.06/SSJ



\’
Page
I.IMSEN H21/32 |35
. Section No. Rev.
Rocker Arm Assembly Maintenance Procedure

ok k=501 st UioE, Ws 2= 25 “07)0l 9. Repeat the adjustment until the both clearances
2 WK =y zdes Ytsstn W 2 Y LA (2) are same value(both exhaust and cam side
s20el e300l oH=E SAlol s 301 107 clearance to be “0”), and then draw a line with
HE (1) A& & Z=F LA (2)7F S0Ih=Al =l paint marker on hexagonal head of adjusting
2 & UES st 2F LA (2)JF S0P x5t screw (2) and yoke simultaneously to check if
5 g Y= oM 0" HE (1)S M&Eetth adjusting screw (2) is rotating during tightening
of lock nut(1). Tighten the lock nut (1) while
holding the adjusting screw (2) not to be turned.
B 2c=2 s & wojg 21522 8% This repeat is necessary because
g FE U, 223F J/20/& + L0 W20 0] BrEEEY the yoke can be tilted when pressing one side due
2 HLHOE LAl OF BIL/CH to clearance between yoke and guide pin.
10. 0% = =talot MEfE =225 9o A2 2= (0l 10. After locking, measure the both clearances(both
N5, 8= 2t5 25 “0M= CHAl ot =dstet exhaust and cam side clearance to be “0”) again
for confirmation.
H 213 3 Adjustment of Valve Clearance
2RI 7 MO = 2, U2 20| WE 259 After adjustment of the yoke balancing, continue to
q2 AS DSt adjust valve clearance as follows;
2 ¢ ojdlselg ot2E £F20] SHIEA FH|E 1. Check the wearing parts of rocker arm assembly
A=EANSE HHetth maintained correctly.
=7 & 188 UE G)It Sdt=EA MEE0 2= 2.  Check the nut (5) for fixing rocker arm tightened
AS ddotn TR QCH CHAl et Al Z sttt correctly or tighten them again.
AHZ £33 180 Nm (molycote £X) Tightening torque: 180 Nm (with molycote)
£ g9 ¥ HE )b = LA ()E Z0H 3. Loosen the lock nut (3) and adjusting screw (4)
Ct. of rocker arm.
3o cttold AOIXNE dAsty 2H ¢t 2 4. Put a dial gage on the yoke and insert a feeler
= (D) Aololl 21 HOIXE ettt gauge between rocker arm and yoke (D).
el A0/A18 FA 0.5 mm Thickness of feeler gauge : 0.5 mm
T LAYl oIt T4 == HEE WAl & 5. Rotate the adjusting screw (4) until bottom of the
q UAL (DS =21 AMZICH (Col AI0IR2] Uh=0] adjusting contacting with push rod. (Watch the
S21017] AMZshk= NS 2HEGHI A L) needle of dial gage starts to move)
= UAE ()DF slI™GHA otes ED Q= MEfol 6. Tighten the lock nut (3) while holding the
M 7 HE (3)2 A&ttt adjusting screw (4) not to be turned.
0 F 2 g9 T4 2= 52 MG +210 7. After locking, measure the clearances again for
Uz LElollA CHAl St =telsty] floll 2t5s = confirmation while pressing the push rod side of
detth 2RA, M Z=ZF st rocker arm firmly. If necessary, readjust.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Roto Cap Maintenance Procedure Section e e

2E 2 HulHY SR M21220 | 1A
E& W2 Held d= W SJ1 iyl W Attt The roto cap is installed on the intake and exhaust
TEEHY, W A2 AMAHGH TPANATE JlsS valves in the cylinder head and the function of roto
otch otof 28 Mol MU= 2HoHA et Wy x5 cap is making proper rotation of valve spindles.
Mol Jh= FAS 2o £ Qon, WE AmEi WY Incorrect rotation of the roto cap may cause carbon
NEQ £UZS thEAZE £ QUCH WetMd Hul Z2H A= bite-in on the valve seating surface and shorten the
of S "AJ1A¢0l Jls HAE 9 2l 40| sl =0 service lifetime of the valve spindles and valve seats.
OF etch. Therefore the function test and overhaul inspection of

the roto cap should be done regularly according to

the maintenance schedule.

FHI|EHZ A2 G09100 Maintenance Interval: G09100
=E Mo =7 AT Motion Mechanism of Roto Cap
Valve Spindle

Conical Clamping Piece

Valve Spring

Body

Disc Spring

Retainer

Stop Ring

% Coil Spring

Steel Ball

p Q W/\M\

We ~ES0| 2H o e300 2o HUEHMH ZE  When the valve spindle is opened by rocker arm and
Yol Uz czma2 Wwe ~xm2lo BZotEl ol 2ol yoke, the disk spring located in the roto cap is
A& dgaoiTIch (D) flattened out by the increasing force of the valve

spring [Fig.1].
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In the process, it applies a load to the steel balls
inserted in the pockets of the body, forcing them to
roll on their sloping ways, and rolls on the balls itself.
On the other hand, disk spring, retainer, and valve
spring are engaged frictionally, so that they cannot
rotate relative to on another. The relative rotation
between the disk spring, retainer and body is
transmitted via the body of roto cap to the valve
spindle, so the body and valve spindle rotate. When
the valve closes, the load on the disk spring is
relieved, and thus the steel balls are then pushed
back into their initial position by the coil springs,

without rolling.

Function Test of Roto Cap

1. M0 SISHA A0 SIS AWE e

5. ook OpAol Xt 2= EI|et i SYst A,
2~33| du| 2H= MEAoto] 0rd Al Hatolw

HuIFZ ZA: M21200

1. Dismantle the cylinder head cover from cylinder
head.

2. Put the marking between roto cap and yoke with
same direction. [Fig.2]

3.  Mount the cylinder head cover, start the engine
and run with idle condition for 1~2 minutes.

4. Stop the engine, and open the cover to check
the moved marking position. [Fig.3]

5. If the marking position is same with initial one,
operate the test running 2 or 3 times more to
check the marking position.

6. The roto cap should be overhauled and checked
abnormality if there is no change of marking
position at re-checking.

7. The procedure of overhaul inspection is

following ‘maintenance procedure of intake &

exhaust valve ass'y'.

Maintenance Procedure: M21200

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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2E Y XH|AZ A M21220 1A
otob ARIC ol =2 2otk ¥ & W2 2ot 8. When you remove the roto cap without

dismantling cylinder head, set the piston to TDC
(Top Dead Center) to make sure that the intake

/exhaust valves do not fall down to combustion

chamber

Fig. 3 Changed marking position

Overhaul Inspection of Roto Cap

W~

B == 2zv 32125 30 SZ657] =0k

1.
2.
3.

Remove the stop ring.

Remove the retainer and disc spring.

Remove the steel balls and coil springs from
body.

Clean each individual part.
Check the mating parts for groove wear,
deformation, breakage and corrosion, etc.
Replace them if necessary.

Insert steel balls and coil springs in the ball-
pocket slopping ways located in the body.

Insert the disk spring, put on the retainer, and
install the stop ring.

Immerse the roto cap in clean lub. oil and
remove it again shortly before installing.

Make sure that the coil springs, steel
balls and disc springs should be installed in the

correct direction.

Never pack the roto cap with grease.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Cover for Fuel Pump Side Assembly Drawing & Part List

Section No. Rev.

o BT 5 oy FYT W LE 2=

A21800 2C

-

=

921 923
211 922 293 924 211 221

£
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112

-J.

I [5) o) f\o} jo} fo} {ol fo} {0} ol 1o T fol fo} fo
) )

SeC‘“on "A"_“A" SeCtlon "B"'“B” SeCtiOI’] IIC"_“C”

911 836
913 841 915 924
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Cover for Fuel Pump Side Assembly Drawing & Part List Section No. R
g HX = Iy ZEE Y 23 2S5 A21300 2¢
Part List
I:‘lem Description Q’ty / Eng. Weight Remarks /
o. Scyl |6cyl | 7cyl | 8cyl | 9cyl (kg) See Note
111 Side cover(front) 1 1 1 1 1 Approx.7.97
112 Front cover (flywheel) 1 1 1 1 1 Approx.4.61
121 Side cover 1 1 1 1 1 Approx.7.86
211 Fuel injection pump cover 4 5 6 7 8 Approx.2.67
221 (Flggt' L”yjf)Ction pump cover 10 1 | 1] 1| 1 | Approx267
291 Handle 5 6 7 8 9 Approx.0.19
292 Handle type 2 10 12 14 16 18 | Approx.0.08
293 Bracket 5 6 7 8 9 Approx.0.60
911 Bolt 3 3 3 3 3 Approx.0.03
912 Bolt 3 3 3 3 3 Approx.0.02
913 Washer 6 6 6 6 6 Approx.0.32
914 Bolt 5 5 5 5 5 Approx.0.01
915 Bolt 2 2 2 2 2 Approx.0.01
921 Stud bolt 5 6 7 8 9 Approx.0.04
922 Nut 5 6 7 8 9 Approx.0.02
923 Bolt 5 6 7 8 9 Approx.0.02
924 Washer 7 8 9 10 11 Approx.0.18
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.06/SJH
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OICIFIOIE W oM e Rz U QS 2= A22000 1G

800 500

700

Part List
Item No. Description Q’'ty / Cyl. W(T(ig)ht Remarks / See Note
500 Indicator valve unit 1 Incl.item 501~509
501 Indicator valve assembly 1 Approx.0.66
503 Connection socket 1 Approx.0.24
504 Union 1 Approx.0.10
505 Thread socket 1 Approx.0.11
507 Packing 1
508 Packing 1
509 Cap 1 Approx.0.01
700 Insulation cover 1 Approx.0.27
800 Handle 1 Approx.0.14 | (Qty./Eng.)

/MYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Valve Train Assembly Assembly Drawing & Part List Section No. Rev.
@ o7 ol Ee) rElc o 9E == A23000 (1D

SECTION A-A
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Valve Train Assembly Assembly Drawing & Part List Section No. R
ge I+ od=el AEE U B S5 A23000 1D
Part List
Item No. Description Q'ty / Cyl. W(?(ig)ht Remarks / See Note
100 Push rod assembly 2
101 Push rod sleeve 2 Approx.1.22
102 Ball seat 4 Approx.0.15
200 Swing arm assembly 2 Approx.3.01 Incl.item 201~207
201 Swing arm body 2 Approx.2.23
202 Roller 2 Approx.0.35
203 Roller pin 2 Approx.0.28
204 Roller bush 2 Approx.0.11
205 Swing arm piece bolt 2 Approx.0.04
206 Set screw 2
207 Set screw 8
301 Swing arm support 1 Approx.6.20
311 Swing arm shaft 1 Approx.1.41
312 Fine threaded plug 1
391 Bolt 4 Approx.0.06
392 Set screw 1 Approx.0.01
393 Parallel pin 2 Approx.0.01
394 O-ring 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Valve train Assembly

Maintenance Procedure

Section No. Rev.
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Overhaul of Valve Train
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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.
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returns to oil sump after circulating.

Fig. 2 The lubricating oil flow in valve train and cylinder head
510 52

(2 Egjor & Hell] o =tfe 2257 25

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

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



9
. Page
ILIMSEN T
Camshaft Assembly(M16) Maintenance Procedure Section Ne. Rev.
W AZE 0 22|(M16) HU|AH ®x M25000 | 2C

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.

Inspection of Joint Screws

lset At dd= dllof ett). A2

BN <c=9 95 yss A A2 H S0/
E 24302 THH0} BILICE

HE £3 270 Nm

EF A 91.930
WAL 6lE : 91.932

Joint screws should be checked as frequently as
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.

The both nuts of a stud should be
secured by loctite 243 before retightening them.
Tightening torque : 270 Nm

Torque spanner : [@] 91.930 |
Interchangeable head : 91.932

Inspection of Cams and Bearings

B =20 v219 2400 bE852 S}

YT, AT HFNN HHE HoIT YEIAL.

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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U MIZE =il Dismantling of Camshaft
W AFZE AHAILE 8 AFZEE Holg ME wAHE 2 If a camshatft itself or a bearing shell for camshaft
It ATHA A ANZE T A~E Zollof oF efCh A AFZE needs to be replaced, the piece of camshaft should

o
&
A
rir
o
I
K
=

2. W AZEQ EjO]Y JIHE =olleic

M35300 |= ZZEoHAAIR)

—
a

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.
push rods and swing arms.
2. Dismantle timing gear of camshaft.
(See M35300 | )
axially whether
3.
side cylinder(s).
4. Unscrew the joint nuts of camshaft.
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_j of Camshaft

Moz "Abs 2ol 9&o0lch Jeiut ChEn 22
ZO|Atst2 WFEAl K| 0F Gl
W Y MEZEW 2= YN WS ZIIE 25ty I
YS9 YAS1s NEICN H AZES FEsiCt
W NZEY ZAXY Y= HH ZAE 2ol5td, I
TN A SOB B AZEY YAMZIC, T
2/, I8 29 20| Y Y AZEY TDCMAE)
01zs 2= # eI
B HF H ZOE SEHES ZE UEY LA SE

0/E 2432 H}2CL
HMZE E3 270 Nm
£33 2Bl
WAE S @ 91.932 |

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 : 91.932

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.
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2 AEZE HlojY YT Y BE 2= A25300 1A
]
q
| ]
oA 1
¢ | Y R i |
N I
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 o

dulgd 2x

M25300 1B

Replacement of Camshaft Bearing

91.860

Fig.2 Extracting of camshaft bearing by tool
(2 AIZE Hj0/89 Zaf)

17

o
E
=
e
2

Hod A of &x

= Q=Al Wetor etk

o= ofefel F2lAret

B W03 HE =2f0] 0F0I2L) FAlE 79 HeF
Zofgl 2220 -90C A Y2HAIZICL

m Ho/g H= JHL, T8 34 20/ AE 9.5mmS
2= 0/&806l0] Wolg dz Zofelo) @ 22 A
AlZICH

m LF FY2 Ffat Yol NHLofof L) A &
o8 dolg Hol JtgE ol 2FE + A0 0] 7
Hojs = ool B I/oH OF BHCF

ENEN yz= Hoz 4= 0 g BN 25EZ

After dismantling the camshaft, bearing shell can

be dismantled by the tool (optional) as shown fig 2.

Engine block
T /,
i i
i / |
| ~ || ~ ‘ i
| ~ |, ———+— Pin
| |
| |
| — I
| —}. |
| /i—Bearing
| ) .
|
| .

Fig.3 Pin for fixing camshatft 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 ox 38 ~/9 A The piston is made of special
et AHERZ PHE 2EFolICh DAaEd= FIHL forged alloy steel. It is a two-piece type comprising a

a3 oo A32000 | 2} o9 dloje

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 (H9 5 25 % /~EZLf9 227 55)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Piston & Connecting Rod

General Instruction

Section No. Rev.

oAaE A AHYY 2=

G31000 1A

At &| 7

Ct.
W2t RE2 96 RERE O 13 2ol 23
MNZERREH AU 22 HA 1202 2390

IAaE Jek22 2872 s zdol Qo W= 1,
AP mEo FUS SolM ZeiURICL 28 %, 2UR
S AMRIC] 0l BB WA eatol2 o)

The piston and connecting rod are connected by
piston pin, which can be dismantled outside cylinder
liner. Therefore, when dismantling piston, shank part
of connecting rod should be dismantled in advance.
Dismantling of big end part of connecting rod is not
necessary and not recommended only for dismantling
piston.

The lubricating oil is supplied for cooling and
lubrication from crankshaft to piston as shown in fig.
1.

The piston crown is cooled by shaking effect of
lubricating oil and flows out through the center of joint
screw. Then lubricating oil scatters on the wall of
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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mAE U AUy 2C oY Al

M31000 2A

Dismounting a Piston & Connecting Rod

=YY S 2ollcty, TIAE Feh29 LIAF Y
= Hasit) gaze e 91.270

3. 2UE NIE I8 114t 20l mgagE 420 ZX

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

G198 2= 2HES HE Fof)

)
é‘r

&)l
k!

i

AHAY 2= o5t el F2ketch

g 91.220

dg 25 AHESZ 419 LES

o
N

=

T HEQI ~HE

fu
HO

sl stct.
o FAA -

a2t : 1170 bar (max. 1208 bar)

7 |@91.420] [@~191.500| [®-[91.530|

N

N

O,
=

30
O

, ).

O

Install clamping support on connecting rod shaft
and big end patrt.

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 12.03/YMJ



°
. Page
I.IMSEN H21/32 |
H - . S . . ]
Piston & Connecting Rod Maintenance Procedure eetion Mo Rev
oasE d AHYd 2= AU A A=A} M31000 2A
7. IWA MZES 08 28 20 dAETDOC Turn the crankshaft to TDC as shown in fig. 2.

10. 214E 2= AZEQ} B DjAES BN A

11. HUE 2= AIZEQ}l [fEHE Al0|Q] Al

Ml
e}
2
[m
i

BN =0 07 v=20/29 3 012 g2l 7 gy

Al 21EtetLf,

(a) From the engine block

Install turning bracket on big end part and
counter weight. Turning bracket : 91.210

Dismantle the clamping support.: 91.220

10. Lift up the piston together with connecting rod

shaft slowly and carefully.

11. Disassemble shim plate between connecting rod

shaft and big end part.

Replace shim plate, if any crack is found

on it.

91.170 ﬁ

(b) From the cylinder unit

Fig.3 Lifting of the piston and connecting rod shaft
(G ~E8 7198 2= AZES S0/=28)

12. 08 31} 20| HUE RE AIZEQ} ) T|AES

BN v == /==y 3 goss Y2
o 20| S o YEIH 2o/ Yo £85X
C5 FYSHYM L.

BN 72520 2= 2o 792 Ho/z22 28

OF&IAI2.

8

12. Move and place the piston together with

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 12.03/YMJ
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M31000 2A

IA=0 HYE 2= Aelg ctojHol =8

Mounting a Piston & Connecting Rod into the

MoZEEY A= Jl2Moz 2o AAkel ozolch
DAE 0|2 = FARE RO AS BHEAl 0 ofu
OF it
1. 2 A, AE 20| &42 9| Sldf Mgl 2f

JI01E AT : 91.160

Jte NS Il4E k2ol AXsta, A o

N
H0
rc

Cylinder Liner

Remounting procedure is basically reverse order of
dismounting procedure. Make sure that covering

tapes or the like removed.

1. Before assembling, install guiding jig on the
cylinder liner for preventing piston rings from any
damage as shown in fig. 4.

Guiding jig :

2. Install lifting tool on the piston crown, and hook

up onto a crane.

(b) Into the cylinder liner

Fig.4 Install guiding jig on the cylinder liner (&/2/cf 210/ 0f 210/ A1 &)

O EHCE
(a) Into the engine block
3. J4Y == AIZES} @ IlAES AAdUoAM =S
of 28 = IazE W AHUYY 2= AFZEQ A
=52 d4dsh sttt

3. Lift up the piston together with connecting rod
shaft from working stand, and clean them and

engine block.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 12.03/YMJ
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10.

11.

12.

13.
14.

I

)
N
]

fo
e
re
a
I

o
Rl
TO
lo

a

L

AUE RS AZEQ ullS ALojof A0S %
2 sih
AUE 2= AIZES} B TAEZS oA 2=9

HAMHE
Aoty Yo dl A8 =30 wet zelct.

2 50 Nm (molycote =2

212l A9E

o2 UM MEoty LAl FIHel HEES A ZatCh

© 0
IT =

-

2 ~AHES HES

HE FAA -

HZ 2 11150 bar (38 8FH2ZT2)

Bl zvz2 249 =2 Fx5
0f RYUCEISE HE/@H Bols 200A2F o LTS

Mo oA,

Y7 @ 91.220 | % Jtol= X2
= ZojWrh

ZolY 2e HAsS o $ AL
Aol ol=2 Arlo eAsict

(j@= M21100 |9 “&eicy efojid 2 YE) Aoy

el o= rg " Fe2s HXRoMAR)

10.

11.

12.

13.
14.

Check the position of crankshaft. Otherwise, turn
the crankshaft to be in TDC.

Assemble shim plate between connecting rod
shaft and big end part.

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.

Engine & Machinery Division 12.03/YMJ
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guldd il

M31000 2A

@i
S

& 970 bar (max. 998 bar)

2o 27 : [@91.410] [®]91.470]

G09500

Fig.5 Loosening of the nuts for big end parts studs

(LIELR ZEHEE HE HIH)

IIOIE MHEE : 91.200

B 27c=26 Hoigs mys ot =4

EIHL ZO(AA FEF T otAIL.

Dismounting a Big End Parts

91.210

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)]

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.

Engine & Machinery Division 12.03/YMJ
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—T=

guldd il

M31000 2A

Fig 7. Dismounting of big end parts (tf =22/ Zaf)

ot 3 oHoga HE9 g4

Inspection of Big End Parts, Bearings and

WA MNZEES STAIIIUM ZEAGHAM 283 &
= ™astict

252296 Y3 o e¥ 23 NR0| FA
ool glol Hlez @ =2 oh=Ch Aol

0
-~

N

BEEEW 749 == Azed o
CF=0{0F gfLfCt.
HEE 2~EHEY HEQ LiAchol &40 U=A

2 YA

BN c/=5 HE9 Ukl G5 &
&0 o128, SA MER Z1OF Wi olLIAIL.

Hods ddotn

i
FO
e
a
2
K

HU
=]
o
R
Pl
4

otod Hlojelel FHE gt =, ut2eds dAlet
Ch.

G09200

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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guldd il
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)2

N o ~AAH 741}% j|§3} §_ EEQE}

o < oo =2

oy
0]

BN 22 ~12 % woiga ofmst b 5850
Z40/2E Ao, HEo| Y2 HENN Y TA ¥

22/} 0| Z0/AOF BILICH

A B 1 AEE Tl ZY2 SHE O YA

o 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

crankshaft.

Mounting Big End Parts

4. A ANZEZS 10° A= TARICL
5. HERE 2719 ~HZ=o0l tet ME HEHs =24
ot Al Zelth

&S &3 50 Nm (molycote T,

6. 2719 ety AHEE HES SA

30
i

A Zstet.
HE HAA -
HZ 2 : 950 bar (33] BH2Z2))
Il =2 249 2 &zx
510f RYSEIE FE/BH Fol= 20042t hol RUE
Y= W2l ot

7. 3 YA 9 JjolE MEE
= =elof ok

Remounting procedure is basically reverse order
of dismounting procedure. Big end parts and
bearings should be cleaned and coated with clean
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 12.03/YMJ
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nAE olyee

e

pll

=]

FZ CLE

A31100 5A

iV

R

I = )§ﬁ 1] \3
. it H
- — —  — - | | ) — ‘ — (\
j \\ N g ;: / u »
I —
) i
@ M32000
Part List
Item No. Description Q’ty/Cyl. W&'gr t Remarks / See Note
110 Piston complete 1 24.1 Iltem no. 111~117
111 Piston crown 1 6.72
112 Piston skirt 1 17.07
113 Bolt 2 0.10
114 Nordlock washer 2 0.01
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 % 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
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nAE o4 =2 HulHY 2x M31100 | 5C
s o U Yol Fof Dismantling a Piston Pin and Piston Rings
1. OagE3 e 22 ANAZEES AR =50M 2dl 1. Dismount the piston together with connecting rod

2. I-2EZ TAE T2t AAcw, Aol Y 2.
oF S2ict

3. TAED AYY 2= AZEES UM SHE 3.
2 2, 9 RS AZEO HelUs =X 602

shaft from the engine.

(See “Dismounting of a piston and connecting rod ”
in @ M31000 | )

Install I-bolt on the piston crown, and hook up onto
a crane.

Lift up the piston together with connecting rod
shaft from working stand, and slow down the joint

faces of connecting rod shaft on the wooden table

or the likes carefully.

Fig.1 Dismantling the circlips for piston pin (Z/=&= =l A{ZE/9 Fof)

4. T 10 20| IAE O HEHES UE S2H0l0E 4.

Dismantle circlips for piston pin by means of plier
as shown in fig. 1.

Plier : m.

Take out the piston pin to the opposite side during
liting the piston.

Dismantle piston rings by means of plier.

Plier : [@ 91.250 |

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2015.04/PMU
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guldd il

M31100 5C

BIEA] B8 HE Z2l0/0E AFSol OF

BILICk T34 Yof BAE Yo L840 42 5 sl

o S0M Mt £, 2= REFSS IR0l FHopd

Ch.
8. A=l ulEAHel BH0l Y= KE AMGl AA 8,
Bich,
9. DAE HI LLR RAS Hs) 9

o~= 7.

Be sure to use the plier for piston

ring. Otherwise, piston rings may damage.

Remove burned carbon deposits from piston and
piston ring grooves, and clean all the parts
carefully.

Inspect the piston for any abnormal marks carefully.

Inspect the piston pin and the small end bush.

(See “Small end bush overhaul” in )

IA~E S2E 4 Y gaE 4A Checking of Piston Bolt & Piston Cleaning
1. IoE A2 ~2AHE= HulddA=o wet 2 1. Pistons should be disassembled and cleaned

BEEAl ofef el Extol et

: G09100

ooooon

]

=E

i

E3 A~y 2

M

2. gl 22 20|

=
>
rim
il

6 H|/\§O|

2l etl
ef

HG

2HEES

oo 000 : n (0ooo)

—\

gt HAH Z0/IF 80.0 mm 0]
S =10

EEEEW =< o=

ofolE IAE EEE MAIEE T

Fig.2 Cross section of piston complete (7/~& Eto1%)

o 2.

according to the maintenance schedule. Assembly
work should be carried out in accordance with

below procedure.

Maintenance Schedule : G09100

Loosen piston bolt by using a torque spanner and
dismount piston skirt as shown in fig. 2.

Torque spanner : 91.810 | (Optional)

If only the length of bolt including the

head is less than 80.0 mm, reuse the piston bolt.

|.“.\‘
@

©

Fig.3 Angle marking & Bolt tightening procedure

(e ZA X ZEE HE TA)
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2015.04/PMU
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IAg ojdgel XU|&Z =R M31100 | 5C

FollEl DaE JdetkRl AFHE YR W2 K= 3.
(2" 4)E dastth So| naE Atz Uy 4
Rl 47 B 25 = ME S= 018010 ¥
2 =4 Mol U= WAl Sop WLk o5 s S

2 018510 22 22 Yool 2 LI &4 0f

Cooling Gallery

IAE At AHE HEHol|l Zols ZdE o}
AJF LAHE £ QL) SHAITE 0= FHAEQ 2H
ZANME gt & glon] I|A~E J|s0 das
NARE Q=) HEHO 2828 Ze Al JIE
SE b= 54 222 Sof Mot M2 "Yst

BN 227 @42 HAHsiL BEa 56

Al OHIAIZ.

Clean the cooling gallery(fig. 4) of disassembled
piston crown and skirt. Particularly, cooling gallery
of piston crown should be cleaned until the bright
metal color comes out using the wire brush or
Clean the oil holes

sand paper. using

compressed air and check the parts for damage.

Qil Hole

Sometimes light fretting mark is locally detected
on contact surfaces between piston crown and
skirt. But it may occur under normal operating
condition and no harmful effect on the piston
function. The protrusion on the surfaces could be
removed & smoothed by means of oil stone or
honing stone, if necessary.

Do not remove & smooth the complete

contact surface.

After assembling piston skirt to crown, put Nord
lock washers into skirt. Coat thread of bolt and

contact surface of bolt head with “Molycote-paste

Tighten the bolts with a torque of 1st : 30 Nm, 2nd :

60 Nm as shown in fig. 3., loosen the bolts again.

QIAE 4.
xtel
P74”
5.
6.

Tighten the bolts with a torque of 25 Nm each by
each as shown in fig. 3 and turn the bolts
additional 90° .

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2015.04/PMU
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BN = 72 2= 900 27 g3 U F
A AHOF B, EEE AE =& at0f

L 01& =0IXIA] &ofot giiLs.

£33 100 NmE

BN == =508z 52 619,

E9f St IYMNE Wi ofdAIL.

| HE2 =

AEBF =S A BT HEE00F 510, MTE A &

77 =S8 AT HEE0/0F BILICH

Final angle should be 90°+2° Make
sure that the bolt is not rotated by application of

test torque 100 Nm to tightening direction.

If the bolts can turn any more, replace
by new ones(bolt and nordlock washer).
Used nordlock washers to be scraped, and new

ones should be applied during re-assemblies.

Assembling of Piston Pin and Piston Rings

—_

A~ 2 AMSEE 88 Z20|0{E A=2st &
ZhGHCE

21010

I ~E0 HUE 2E AZEE IS ALE06H0]

g g2 HE8 Z20lE MEote IaE

S0 =gsict

21010/ -

BN 7<= 29 8% 20l MAF “top” 0}2=
goist B, 0/75) 59 YZE BIEE 0} BLIC,

BN > 7= 99 Z2 20/ M2 120 °5F 5
£ WAL,

Op2 5 A=Al

iy
s
°
i

Cl. G09200
BN 7= g0/ 012 ARAE FH5GAL T
2E GO v BH0| Ak, M LE2Z @A

Al2.

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.

@ 91.240 |

Lift up the piston together with connecting rod

Plier :

shaft by means of a crane.

Mount piston rings into its grooves by means of
the plier.

@ 91.250 |

“Top” mark of piston rings should be

Plier :

assembled in upper side of groove.
The end gap of each piston ring should
be arranged in 120° in relation to each other.

Inspect the piston rings for wear carefully as
shown in fig. 5.

If piston rings exceed the wear limit
and/or if the piston has any abnormal mark, then

replace by new one.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2015.04/PMU
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nAE o gel HHIEY At M31100 {5C
6. A= HAUYE =2= AMZE UHE  AdZd 6. Mount the piston together with connecting rod
A St shaft into the engine.
(@ M31000 |o “7/~&FH 7H9e == Al (See “Mounting of a piston and connecting rod into the
2lojo) =2 7 RS BARGHIAR) cylinder liner’ in (@] M31000 |

:‘t 0.5 (1st & 2nd ring)

j:‘f 0.3 (scraperring)

Fig.4 The maximum vertical clearance of piston rings (Z/~& £/9/ Z/tf +% SAY)

X Marking on piston rings

1) 1st ring: GOE CK36 TOP GROOVE 1 or 1Y-S
2) 2nd ring: GOE TOP GROOVE 2 or 2Y

3) Oil scraper ring: GOE GROOVE 3 or Y

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2015.04/PMU
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gole ¥ 59 Measurement of Big-end Bore

1. 90lE Yol WAL

A=

—

o (=)
Z2EQ nge

=

Hiod S Melstd A Zel=l0{0F etct

. For Check of ovality for the big-end bore, the

connecting rod should be assembled completely
without big-end bearing shell.

(Tighten the bolts according to the G09510 and
M32120)

. Measure five position diameters and record the

measurement in the table A. (Measuring has to be

carried out center position except the oil groove)

3.0 2 AA Or 22 AFgel Aol2 2t W . Calculate the maximum ovality as the difference
o = Altctsttt between largest and smallest diameter measured.
4. QroF z(tf HAHG0l HE AQ SHAgtES dertd v . If maximum ovality is over the limit value in the
= dogs Melst AYEZE HA RS (MZE, Y table A, the connecting rod complete (shaft, big
A=, ~HE, HE, A2 24)0| ASte 0o &t end, stud, nut, small end bush) without big-end
Ch. gLl 2rek z|of eidgio] stAlg Lol o™ bearing shell should be renewed. But, if maximum
AHUYE 2= M AkEe 4+ ALt ovality is within the limit value, the connecting rod
can be reused.
Ship No. : Engine Type : Sketch For Connecting Rod
Connecting Rod . i . .
Big End Bore Measurement Engine No.: Eng. Running Hours :
Meas. Date : Signature :
Cylinder No. 1 2 3 4 5 6 7 8
Nominal Diameter 0
for Big End
H17/28 : &185mm 0
H21/32 : @200mm
H25/33 : @240mm
H32/40 : 3355mm U
H35/40DF : @355mm
H27/33DF : 2240mm 0
H21C: @200mm
H22CDF : @200mm
Ovality limit : 0.15mm O
Maximum Ovality (Max. —Min.)
[ Table A]

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Part List
Item No. Description Q'ty / Cyl. W(?(igg)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

196 Shim plate 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

12.03/YMJ
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THEH? 1l 012

guldd il

M32120 1B

Dismounting a Big_] End Bearing

Fig. 1 Installing of holding support on big end parts

(LHELPo) 55 AHEZE LA)

HEHRO 29 MEZES MASH}
Y MEE 91.180
HEH? AHER 2719 HEZ K02 Zolu

o
[m
o

I ~“HEE 2e|of WL

2o HAA -

2ol & : 970 bar (max. 998 bar)
|©~91.410/[=~(91.470

sl TolZE g 22t 20| MEZEN T2}

D SIATH WS oo Wich,

=g 7oz : 91.180

91.180

Turn the crankshaft to TDC as shown in fig. 1.

Fig. 2 Mounting of handling pipes
(25 mjoj=2 7))

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.

Engine & Machinery Division 2018.02/CGW
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Big End Bearing

Maintenance Procedure
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guldd il

Section No.

M32120 1B

Rev.

Fig. 3 Extracting of lower bearing
(o1 7 djojgel =2/)

10. ek 2ot Gepls =E= ettt

11. 32 52 20| A ANZEZS 45° 9

Fig.4 Installing of bracket

(=epziel &41)

Bracket: @ 91.190 |

approximately).

Mount bracket on engine block as shown in fig 4.

Turn the crankshaft slowly to cam side (5°

10. Fix the big end upper part and the bracket with

bolt.

shown in fig.5

Fig.5 Extracting of upper bearing (&2 #/0/2/9 £2/)

2 ol 11. Turn the crankshaft to 45° approximately as

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.02/CGW
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Big End Bearing Maintenance Procedure
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THEH? 1l 012

guldd il

M32120 1B

12.

13.

otPEA &7 Hiolds 2ddiM 2elAlZICH
BN 204 woigs wmus st wolof
&4 L LXK YEF FYGFIA L.

Hods gddetth

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_j End Bearing_js

N =2 "xis Jledo=z 2ol @Al 9&=0|C}
M RE £35S MRe HHE SAO0F 5t

e 2719 AE =0 Us HZE E3 AHE
HAstn A ZQICH

&S E3 50 Nm (molycote £Z)

219 HEHE AHEES HEES sSA 7=
H & stet

AE FAA -

HE 28 : 950 bar (33 EFH2ZT2/)

HE2 molzot 2Y MEE 91.180 | =
Z{UiCh,

Remounting procedure is basically reverse order of
dismounting procedure. All components must be
cleaned before remounting and coat the journal and
running surface of the bearing with clean lubricating oil.
(Back side of the bearing keeps dry without oil)

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.

2R e

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 :
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 2018.02/CGW
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Small End Bush

Maintenance Procedure

Section No. Rev.

guldd il

M32130 1B

Small End Bush Overhaul

BN =/= 2o a2 T8 6 20 £
A AHE Z7 @ 91.910 | ArEaof atict of

FPE SOAMECE AT Ho/70] T2 + 2ASLICH

& =Zolo =40/

B -/= ne us o2

IR HEZ TN,

A32000

Connectina rod shaft

1.
2.

Check surface of piston pin and small end bush.
Measure the clearance between
piston pin and small end bush.

If the specified clearance is exceeded,
contact Hyundai Global Service Co., Ltd for
replacement.

In case of replacing the bush, use the
removal device M as shown in fig 6.
This tool (optional) can be ordered from engine
maker.

During removing a bush, make sure

that the bore should not be damaged.

&= A32000
Small end bush

Fig.6 Removal device for small end bush

(£CH2 PAE i 2

3. FAE YAMELUAM AN TS offd 20
of d=tstl I9id=ah

0l HOtf1I ofRPE Zofof HRet LYE bIEL/A2.

FPAIE of R Zolof ZEolI M, WR

Insert the bush to bore correctly after the bush is
shrink fitted.
\[eli[l0 Clean and coat the bore with clean

lubricating oil before inserting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.02/JDH
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Crankshaft Assembly General Instruction

Section No. Rev.

A3 MZE ojd =7

5t X|7

G33000 1A

Description

=4dd ddgs 2Y0lF= e 2 A0IEDT

2028 e & 2= ool MZE 0 L0

Mg Z, el Woj, AuA 1, ey 2eof e
2 ool W nAs SSE

WA NzEO ARHE B BT Wip
HZE PEshe Jl0] 2ol 200, wet AU Az

bl glst Jlof & (@ A35000 | 0] 2lo0], Lot =

clolge R ~H= o AU AFZEN HA s

Zeto] 2 (@ A33300 |° Mz 7 501 5
olui, EId D019t 01 AlE 2B Jl0] =lo| Azt

Ct.

s BHY A A42300 |2 Sclolg oo

A2 2L

m\.l
N

of olalf 2l AIZES HHo

— ()

fo

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.
IYIAAZE ojd e 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=z s U =92 22 A33100 1A

For Spring Damper
(7, 8 Cyl.)

|

/

\\

N ’H* ;
N ;) Lt

Part List

e ot | Ramae
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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WA AIZE HH| ™A Azt M33100 1G

WA AIZE HEH Al

Inspection of Crankshaft Deflection

1. ol oINS S20l20lM e JPk2 OHAl
of Mol & W3 @ Atolol 2@ 11 2ol
Mx|etet

croI2 HoIA -

BN 7%= 55 =20 get ge8 + o
o0, 2ot Yest YaE AN TlSet 8 SHETH0
Sajot B1L/Ch

BN =22 /=5 AF%2 g8 AX0 42
SOl SHEO/OF BT STHE, CIY HOIXY 2

SE AN 29 A9 Zojot BLICh

1.

:
> O <«
LN

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/& H 0412 &)

29t 20l 59 #A 1=

ton

3. thol AolXE 09 9Ixl= AME

gl

ch.

O 221 20| HAI|IHA =

g A 200M SEAIS] THol HOIAl gts &=
.0l gse IS
BN ooy noixe “H20) &5 243

AH0/EF= J[Zalf 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 2018.02/JDH
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Crankshaft Maintenance Procedure

Section No. Rev.

3Y3a MZE

guldd il

M33100 1G

Top (3)

@
Each pin location (viewed from the front end)

Turn Counterclockwise

(4) Exh. Side @

(5) Bottom stop

/\ @Cam side (2)

)/

Bottom start (1)

Fig.2 The measuring positions for deflection of crankshaft
(4T AZES TS ZE 2IA)

0l gt2 M= dluwstrt
(1) 8 A 5004 &2 &0l S5 A 19 a2 7
9 SLafof st F @ AFOIS) FOIOF LE FH,

EL 2004 55 BHSEILCY,

@) +8 ¥ £3YY XFES

FHYSY KHEEF cadv=T- X+Y)/2

o FHYI AHFY :dh=P-S
BN -2 ¢ #5939 80 &8 A
£ Holus AFD DSI|E HEDH0F S HEL
£ 51| &, PHEA W2l HolZ A YENE ok
O AEAE HHHOF G 5 WEBE SpEH e
A BHS S22 22510] FYAL.

AT MNZES CAl et =, B TdlAM 57t

.

0

Al grset

rol

™

5. Evaluate these readings.

(1) A reading at measuring position 5 should be
nearly the same as reading at measuring
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

([« /f vertical and horizontal deflections
exceed the permissible limits, realign the engine
and the driven machinery. Before realigning, main
bearing metals should be check for the abnormal
wear. Be sure to contact the Hyundai Global Service

Co., Ltd for realigning.

6. After realigning the crankshaft, repeat steps 1 to 5.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.02/JDH
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Crankshaft Maintenance Procedure Section No. Rev.
W3 AMEZE HH| ™A Azt M33100 1G

PERMISSIBLE LIMITS

THE PERMISSIBLE DEFLECTION OF CRANKSHAFT

Unless otherwise stated the values refer to cold engine.

[unit: 1/ 100 mm]

For the crank nearest

New or recently overhauled engine,

permissible -26 ~ +12
the flywheel
(Cold Condition) i i i
Operating engine, cont_act engine maker 282 0r+17 <
(check alignment immediately)
New or recently overhauled engine, -
permissible 13 ~+13
For the other cranks
(Cold Condition)

Operating engine, check alignment
immediately

-15=2o0r+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

Bottom start

Turn Counterclockwise

t Exh. Side@ K\ @Cam side

Each pin location (viewed from the front end)

** If the deflection value is over the above specifications, you should contact the engine

maker immediately.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.02/JDH
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Counter Weights

Maintenance Procedure

Section No. Rev.

128 AOIE

gulgd 2x

M33200 1A

=2 A0IEQ| 2l

Dismounting a Counter Weight

1.

CZER 2LE O 11 20| 23 #o X 1.
StCt.
AT MZES ot goto=z U=f 307 2 HAl 2.
ZICt
IH2E 0IE AEE=EE 2712 HEES SAlUl & 3.

i)

foz Z0{W = wojWct.

Saf A :

2o &g ;870 bar (max. 893 bar)

29 27 : [@]91.410] 2-]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 7I0/E0) 78 &9 &A)

Ite2H A0IES FelAZIch 4.
BN =22 v=Zeo 5126 folegy FF

g2 WE0| YOI B, HEL0 £40] ALKE H2H}
AL

BN <=2 v=g vrarttoiL 5810 £

810 28, M HOZ WHolAL.

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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IL2E 0IE NH|HZ HA M33200 1A

Mounting_; a Counter Weight

1. 128 AoIHE &2ob| &

RPN

Remounting procedure is basically reverse order of

dismounting procedure. Counter weight should be

cleaned and coated with clean lubricating oil before

mounting.

1.

Prior to mount counter weights, place locating pin

into the crank web.

2. II2H SAOIEE WA AZE PHSHCE Mount counter weight to the crankshaft.
3. II2H AOIHE 242 AH=o tet &Z &3 3. Check pre tightening of two studs for counter
MEE Zdotn 2A Q1T weight and tighten them, if needed.
&2 £3 50 Nm (molycote =) Pre tightening torque : 50 Nm (with molycote)
4. 209 JI2E P0IE £HEE UEES SAl = 4. Tighten two nuts for counter weight studs
do= ettt hydraulically at the same time.
HE ZAA - Tightening procedure :
HE &S 850 bar (38] 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 | °
Z240l2 ol 22 TS Y RE S5 A33300 1c
320.,
336
L 339
F 332
A T | ...~"".‘..
331..,
333...
...... o= —
i g !
!
S !
9 i
|
3xX...
335, |
338
i I'
\ 7
\ -
“~.—=" Detail "A"
Part List
Item No. Description Q’ty / Eng. V\I(e":(ig)ht Remarks / See Note
320 Gear rim 1 Approx.52.0
335 Bolt 18 Approx.0.15
331 Stud 16 Approx.1.14
332 Nut 16 Approx.0.41
333 Cylindrical pin 1
334 O-ring 16
336 Bolt 16 Approx.0.40
337 Bolt 2 Approx.0.20
338 Bolt 2 Approx.0.20
339 Washer 16 Approx.0.03
*) 3xx Flywheel 1

*) Depending on project specification

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.05/CJH
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Vibration Damper Assembly Assembly Drawing & Part List | >"""* Rev.
A= WH o4 e FEUT U BE == A33400 | 1B

\\\\\\\\\\\\\\\\\ NN N NN /
N N W
N V]

N V]

N V]

N %

\\\\\\ N ’
XN ¢

\ N \ % /

1 N \ /
NSRS, =l

}; R @ A33100
7 o— i

ST Ar— == === — = 4
Il

\ ENE\
ANRN N / \

\

(Yoo

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 Ne. e
ELOIY J10 Ul Al 2HEl 2ot X & G35000 1B
M Description

EFOIY J1019] WHAl AMElE W3 AZE D)0, &t The timing gear arrangement consists of a
Hel otolsE J10l RUE % W ANZE P2s Jl0=2 crankshaft gear, one Idling gear assembly, and a
TAEICH W AZEDL ot o|HSHH, W AZEE= camshaft driving gear. When the crankshaft rotates
Ot0IE V1012 Sofl set Pete=z 1/2 ettt one time, the camshaft rotates a half in the same

direction through the idle gear.

M AIZE =70 = ra2 = The camshaft drive gear is fixed
Al 2 AFZE SaFEC)H to the camshatft through disc.

ofolS2 1ol [@ A35000 | = = Jlojet &S 7 The idling gear consists of big
017} @ute=l SUEOCH 0] I M AJZE = and small gear parts, which are shrink fitted. It can
J0|2 W = 2 gstog So|{uC} be take out upward, after the camshaft gear is

dismantled.

M3 AFZE J|0f = oA DA m The crankshaft gear is of two
S IRl £ geo2 2g| Jisst Efelo|cth o] 2Ma parts type with locating pins. It can be dismantled
AFZE J]0js oAl 220 =01 HHZS Eof 2ol It through the side cover of engine block.

Soltt.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 07.03/YJH
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EtOlY D10] YT U BT == A35000 3C
T
397 ] \\\
Y _\ \%
= :
= —- ‘Aﬂé—;'-/ d
c —» Section A-A

#
VA

\Wors

L.O nozzle assembling

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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EtolY Jlof ZYUE Y 9E == A35000 | 3C
/: =
(3) |
[ 331
333
Fi— 5
E 394
& /QD/
\\_I ST 203

\\\\\\\\\\\\\\\\\\\\\

291

Section C-C 230 231) (292

Section D-D
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)
I.IMSEN H21/32 |33
Timing gear Assembly Drawing & Part List | """ R
EtolY 7101 ZEE H 235 558 A35000 3C
Part List
Item No. Description Q’'ty / Eng. W(T(ig)ht Remarks / See Note
110 Crankshaft gear assembly 1 Approx.40.1 Incl.item 111,115,116
111 Crankshaft gear 1 Approx.39.2
115 Socket head bolt 4
116 Cylindrical pin 2
191 Bolt 9
192 Cylindrical pin 1
210 Idle gear assembly 1 Approx.44.0
221 Shaft 1 Approx.11.5
222 Orifice 1
223 Support 1 Approx.13.7
230 Gasket 1
231 Cover 1 Approx.2.3
291 Socket head bolt 4
292 Bolt 6
293 O-ring 1
294 Socket head bolt 2
31 Camshaft gear 1 Approx.31.0
331 Cam thrust bearing assembly 1 Approx.20.0
333 Thrust shaft 1 Approx.10.3
393 Bolt 10
394 Socket head bolt 8
395 Plane 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

2016.12/PMU
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Camshaft Gear Assembly(Bolt)

Maintenance Procedure

Section No. Rev.

U MZE 230100 OdS2(E2E)

dulgd 2x

M35300 2A

EtolY Jl10jo] HE
Efold Dol Az ARl Efol2 1t &/uf0]2f

=
(=3

MO

= HMojsto, 0|22 df dsit delds ol sRot

Az 1 OHtS ATelE MUE FHEEHA Fed, g~
EIf WEo FHEZ2 REUATI0, 0/HE2 FAH AFI &2fst &
&9 A0I0] ELICL TfetK, OtfL =AIE &8sl ZTaf0F &f
L/t

No.1 Cyl. TDC

mnment of Timing_; Gears

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 % F2 =5 AfZE0) 2= SAIY 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] 04 Eel(ZE) =IESEIRE=F

M35300 2A

2. Ofol= 71010t 2ol =0 ACkH, X oAl 010]

= Jl0l= o2k 24gl01 @Al6l = gLt

3. 8 29 20| W AZE Jl0lE S0lsd, A =
5 47 E Sotol 71019 o] @d 27 L& ¥
ob otLlet oI RF HBSHA REES Jl0E =

ojol I{E‘Jol _l;_|/'\| ororuuq 2 }\tvE )|O-|% OFJ}

e o= LS AA

= ’\

.
SN
<.\ S — =S
‘\

§
i

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)

U MZE 230100 OdS2(E2E)

H21/32 |35

Section No. Rev.

M35300 2A

Maintenance Procedure

dulgd 2x

SR DA mWo2 DHAIT Yl M AZE J|0=

WOAPZE Zoz U YA UYsoz Fjo

BN v = ozs A 18 YEHe 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)
@)

[ !
-
[

Camshaft
A
Disc for camshaft gear

Camshaft Gear

Fig.3 Check TDC markings on the flywheel and the camshaft gear
(Zclolg ¥ 21 MEZE J/0/9 LAY 0F2 221)

BN =c= =20 & At s2/FEs
UIEL4AI2..

ENEN == 949 YaE FHYAM2. £
E SEY YMHE H AN LT, N =HENS AESF
A2 T8A Yor FoXT SME £Eo| AXd &

2yt 242 Yoy £ 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.
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Maintenance Procedure

U MZE 230100 OdS2(E2E)

M35300 2A

UMY =R

10. 22ol2s =eldAM 28 oEsS

stot. oA 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.

R= W MZE AR Ot LEfE =0IsT Check markings for the connection of every
camshatfts.
(@] M25000 | o “7& 2 2% 2 AZE0 2= (See “Fig. 2 According TDC markings on both

%
>
~
§
S
iy
I
o
J
fu
o
o
_C'ﬂ
=z
=
0

camshatts” in (@~ M25000 |)
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A= EAFADJ HE

Checking Fuel Injection Timing

2 MRMO IR RAL ADIE CI2 M09 Un
Soolon, ol AL BT pjaol el pelo] ZeiAof
oo Yole= MBS LS YS2=2MH Jhsottt

A53000-109)2] =212 20 Io|Z W A=E

1
MoAsttHoE 1 &%)

3. =22 01860 LBYUHE 2dle 7Y o2s @
D, vijE PYoss Bus . (0Y 3 &
%)

4. 290 912 Setes @M o dRTYoR
SE AT GiK AA SM Yaoz aAA%RS
SIFAIZICE

5. 240 AUE AT AYAF AHS YFED A

6. s HAEH 21t ole 2eltdel TDC Atol 2g=a
2p 2HAS Atk o] uf 2HY 10.05%S offe Al

tel ez 2AF AlJl= BTDC 10.0012t7  stct.

7. O deld gm 2AFADIE & 20t Aot Hat

sl Az 2AFADIE = 2101 Helolch

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 (ltem 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.
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w

engine.

13 lljn (@)

Al 1KY

5

mirror 0

—

Fig.1 Remove fuel oil through a plug hole at end

block(item no. 109)

(=580 208 =0 Tol=Z W A=xE HMASHH

Fig.2 Remove deflectors from FIP

(AR 2A BIRLH CBAE 2)

the representative fuel injection timing of the

Fig.3 See a light through two deflector

holes by using a mirror.

Olzs 018 + e d2¥y 72¥s sotod Lt

g ll\\\\\\\\ll\\

Fig.4 Read flywheel scale from TDC

(TDC2t =2tole =5 2HHE th

wo
rr

|
2l

mjo
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Ag ZAFAD|I 2

Adjusting Fuel Injection Timing

A= BA ADIE 29 Jbsolut A dsoll 2 At
= T2 Jtset 2Fs5hAl ¢ s Fdettt ogk o
H==28Mul~E o S=2e g2 & 0 220 wet =
ggt 2 Lk ofiet s AgE AUadsges

1. &5 J10i20l s AW (TS 2 A19300-350)2F =

2. AUHRII0L T~ A EANE =Holg & TS
YIS 083t 2¢d3a=3 2/HAIZITH (0] o
oz 2AF AIJIZ W2 St KAF oHChe gh Al et
kO

3. ARI0 SE(RSUS A35000-393) 25 <2 14}

6. G0940000f #A=E E<@3 oz WE=J|I =ES
Zct =2E= & o ojct ofH EI|5tef S EI &

= 2 Mes aolstit.

=1 =

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 Hyundai Global Service Co., Ltd. In
any case, maximum combustion pressure should be

kept within specified value.

Open the gear-case cover (up) (item no.
A19300-350) and the window for flywheel scale.

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)

Loosen all mounting bolts for camshaft gear
(item no. A35000-393) by about 1 turns.

Mark on the flywheel scale indicated by flywheel

indicator. (See Fig.6)

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.

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.

Engine & Machinery Division 2018.02/JDH




°
[ | Page
I:IMSEN All type | 45
Fuel Injection Timing Maintenance Procedure Section No- Rev
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Sei0l18 =xs2 F O ZAJE Ask= 2Rl el
0 AWIII0] fA EAC BAQ A0 AR Gt= K
SHOIstC (AW=D101 $IA HEAM=E —Eadt v s
AOJOIM B =7 Jhsott] g3 25= AW 1=
ol of &stct)

AL J10IAI01 A~ HBQ Z2101E8 =3 3H &S
EN=Relinly

21 5etollAl BF ADgete s SHGHITHA, M=

FIAl

FO

H21/32:
H25/33:
H32/40(V):
H35DF:
H27DF :

TAIE C239

SFEAMAI = Jts YWels ATEY E st

(=)2.0° ~ (+)2.0° =32}
(-)2.0° ~ (+)2.0° A&=a2}
(=)1.6° ~ (+)0.6° =2}
(5)2.0° ~ ($)2.0° 22
()2.0° ~ (+)2.0° 2HAZ}
(=)1.6° ~ (+)0.6° 232}

7.

10.

Confirm whether the gap of two marks on
flywheel is the aimed value and also coincides
with the movement of position mark of camshaft
gear. (Camshaft gear position mark is adjustable
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
H32/40(V): (-)2.0° ~ (+)2.0° crank angle
H35DF: (-)2.0° ~ (+)2.0° crank angle
H27DF : (-)1.6° ~ (+)0.6° crank angle

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Gear-case cover (up) a—
- 8o D @ 7 —
‘ VAN {ﬁs| ) A S
HYUNDAI HYUNDAI . ;‘.v
—_ \
| ‘oo
® [
No o/ 0 oﬁ\ ’(
—Je o o0 o ' m
Camshaft N
View ‘A’ Disc for camshaft gear  —
_ Position mark
| Camshaft Gear
+ Fig.5 Position mark on camshaft gear and disc for camshaft gear
(Disc side) (Gear side) (HEI[012t Cl~=39| R HA)

Fig.6 Flywheel scale (Zzi0|2 =2)

If adjusting fuel injection timing of some cylinders

is needed, see M51101

e SIS Aaigot Az FAb ADJ| =Y Z oY, °
M51101 &gt A,
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o OIEL HE| Al
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The engine automation system consists of control,
monitoring and safety system, which basically satisfies

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

See G01400

stopping the engine.

As the piping and electrical circuits for the

automation system may be different from engine by
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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AZ AS ALH Engine Starting System

AXIZ ANs8 SIIZE0 2chM ASEU, 01242 The engine is started by a starting air motor which is
a= Il 26l AtsEch D8 12 AT Alss operated by compressed air. Fig 1 shows the
o5 I AMo"ES LERH M 5E0|CH compressed air system for starting engine.

@ Reduction valve,
o ® |@ '
= 2
‘ rg—\ @ " % /‘l\lv(i:mpressed air inlet
Safety valve:
@ @ @ Air start motor
o o @ Relay valve
o o o @ On-off valve for shutdown & overspeed stop
@ Governor with stop solenoid valve
@ Air starting valve/Emergency start valve
@ ® ﬁ m @ Stop cylinder in each fuel injection pump
(7) Air flter
Fuel rack limiter valve
@ @ Fuel rack limiter
Fig. 1 Diagram for starting compressed air system (A/& /5 &I/ A|ZEHE %)

Mol ol e START BES w2 o= ‘START' button on the control panel activates
20 AMs 371 2HOl 35555 AMs Eu=0l= starting solenoid valve opened to supply compressed
WeEsS JHYANZIL, DOH = BJ| Als ZHY air into the starting air motor. Then, the pinion of the air
giujetol argl Zetolgel Jloigol Si=ei =ol starting motor is engaged with the gear rim of the
AFIOl T2t AFZEE 2| HA|IZICL engine flywheel and turns crankshaft of the engine.

Wets, AT 3 S5IF dHE S=0| S2HE ™, Hence, when the engine rotating speed reaches
NSE ol AzI HAas=2 ZAEICH O %, AIS0] predetermined speed, fuel oil is injected into the
22l As SJ1 2HE muyadz Folldl S=0lM combustion chamber for self-rotating. Then, starting is
1022 22| =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

AMEEZ Ao 2ol = ‘STOP" HE %=

rr

The engine is stopped when pressing ‘STOP’ button
‘EMERGENCY STOP' HlEE 2 &L ‘AUTO or ‘EMERGENCY STOP’ button on control panel

30

STOP &Izl 2lahM A A=t intentionally, or by ‘AUTO STOP’ signal.

AXl Ats 2 ANAHEZ A9 "ldet 2HE Engine automation system generate ‘AUTO STOP’
ZX5tAUZS W ‘AUTO STOP' 2150} W =ICE, signal when abnormal condition of the engine is
G01400 | S FZ=5HIAIL, detected. See

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 12.12/YJH




9
I.IMSEN

H21/32 "3

Engine Automation System

General Instruction

Section No. Rev.

AT RS ALY

ALt X[

G40000 2B

HAlstt o2 ZF Am BAF HZo ol FX
ARz SHUU= As 2jettt. 2= s H2
A= oLl Moo=l HAEE0 220, ot

&5 Sl AZE 0 AL

metM, g s dAHA02  =sHAE
SH0IA ot= dloles 28 29 2ol F JHA g0l
QACE

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 Rack

Fuel control shaft

Fig. 2 Engine stop by fuel rack (7= /o ofat AHE X A))

s, JIAel X ols zeld], o]ze #S
U e 2= Aol vl A YRR wls
STOP' BIES JiHUIL STOP 17|
SR TS o

Z10]Ch.

_—_

SR, A=Zolol ost HA g, o]ne

)

JMHUE = SSHO el Moiglol =o1ekoll 2ok

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

HAAZ2 d#g dojle=  Ziolch.  ‘EMERGENCY of the governor control. ‘EMERGENCY STOP’ button
STOP' H{E &= ‘AUTO STOP 4ls= 2E dH= or ‘AUTO STOP’ signals activates the stop solenoid
FAL Hzol 2xs 3J12 Swobll fldl HA valve to supply the compressed air for all fuel injection
S0l WES ZSAIIH, 0 A== SA pumps. This ‘EMERGENCY STOP’ signal also
JtHY ek A $IRl=2 I Stk activates governor’s stop simultaneously.
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However, these two ways are mechanically
independent each other and the spring-loaded levers
provide mechanical flexibility between them.

Engine Speed Control System

1. JiYy
AF Mguralof wel chefst EFol I
Azgo] AZlol HZECh Wets, 59 JiHY
AMz"oll  thet JHYE  KEME  EZEoHIAL.

JlzAes thsdt 201 JtHHol= MIHA

J
Oft=200 EfAO| TOIA JhHUY (TETARS)

P OMHY (S EALS

Ll
a
Ral

@
m
e
lo
=
al
s

Engine speed is controlled by a governor that links
to the racks of fuel injection pumps. Governor system
detects speed variation of the engine and controls
amount of fuel injection to keep the setting speed.

1. Governor

Various types of the governor system are
applicable for the engine depending on the engine
applications. Therefore, please refer to the
separated manual for the specific governor system.
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
Electric type governors require electric power,
normally DC 24V, for the control force.
However, hydraulic type governor requires
external driving mechanism for generating
hydraulic force for control, which is coupled to the

timing gear of the engine. A41000

Lubricating oil is supplied to the rotating parts
from the engine system oil via drilled holes of the

casing. However, hydraulic governor has it's own

lubricating oil system. [See Manual for Governor |

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 12.12/YJH
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3. 98 Mo d3aEA 3. Fuel control linkages
Jyor A= 2AEE S MOolotES oh| Fuel control linkages transfer the rotation of
floiM= A= MOl H3ER S T8 31 Z0l governor terminal shaft to move the fuel rack in
Az s S0P oty flsiM Jtey Kol =2 order to control quantity of fuel injection by
SFR2ss WAL governor as shown in fig 3.
Max  100% Load

Governor

Ma x 100% Load

Pull Rod

Common Control Shaft
for every fuel injection pump

Fuel Rack
Fig. 3 Fuel control linkage (7= A0/ & FZA)
IS A0 Q=S| Mol A= Mol dIAYAE 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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°
u Page
I:IMSEN H21/32 a0e
Engine Automation System General Instruction Section No- Rev.
T 2o a G40000 | 2B

Ol MEe JHY EE MRE R 2A IS
MAGIL = 0RO %0l S2fol  #atE
YagAel  SHYS  FHdor  olm, o2

=
SAHARO ol M2 &l 0{0F SHCY.
L

JtHY  Holg AIEZEQ Z Z0|(arm  length)&=
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load approximately.

moll=, sty 2l Alel g

shaft also should be checked and

necessary.

which

When replacing one or some fuel

results

lever. @] A41000 | @~ G01400 |

=2 HANOF of0l, SIS Aol kAl VA
ZHE0{0F Sh=Ul, 0 ZofS JHHU 0| HoIADE &
4ok EHOlY AFZEO] - 20| oA MY o
MZEH = ofoF St

S} = ® o R 2A HTE MRS 2o
DA mols, o8 2 ouAs IHG0p B eIt
ALL LFSIH ME22 2 2AF BIS Auigo
Cl2  Aeigo AlRE HEwrls w2 dgs
SAEI WR0ICH 0|72 A2 Aolo] 2FSe
oi42 Zofgith EHD 04 oD DE AL O
WOl Jls 2E=2 msich orel AR Aol
HAL DEotd, dlHE Zol HE M= mA6|of
sict. [@ A41000 | [@ G01400

ABXE oz yamy MNoHY FHS NFYUT
U FUN YNNI FHEOoF ) TEH SFS

5 S 0] U HYE ADE FHE FE

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
only by governor maker. The arm length of terminal
readjusted

injection

pumps with new one(s), fuel rack index may be
adjusted. Because a new fuel injection pump normally
injects more fuel than worn pumps of other cylinders,
in unbalanced combustion between
cylinders. Check maximum cylinder press-ures and
exhaust gas temperatures of all cylinders. If the
deviations between cylinders are excessive then fuel
\ rack should be adjusted by means of loosening the

A\ WaRNING The adjustment of fuel linkage system
should be carried out only by qualified and experience-
ed personnel. Maladjustment may cause the engine
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Engine Safety System

of et Aoz AEsteh (@] G01400

REEAIZY 8= XEM Bx |

Az FAE 2D floll DA A=
X E 0 RACE A41000
A= Mot A= Ty FHo @R E 0 e,

Clsot &2 5 JHAl Atetoll tidlstol s Mo=2
[©)

o Mol b JtHHol Qs MLE rse R
ZU AT A X2 P W, O ALY DI
401 207 AMYE A~EMHo| 250 M SHEIC
Nt g2 ~8EH2 T3 Jisolof, 110% 2ol

DL} “e Zgly A6l oz 2ol oA

Over load

Stopper \\\\;$L:L

The engine has a safety system to protect the
engine against abnormal operating condition.

The alarm and auto stop will be active electronically
according to the predetermined abnormal operating

conditions. G01400

| See separated manual for automation system. |

Besides electronic automation system, a mechani-
cal fuel limiter is installed on the engine to avoid ex-
cessive fuel injected into cylinders.

The fuel limiter is installed near the governor and
limits rotation of the lever on fuel control shaft against

two cases as below;

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 stopper 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.
Max 100% Load

Fuel Control Shaft

Fig. 4 Mechanical fuel limiter against overload (Z/Zaf0f tht/st J/ 4% 212 A SHEIA])
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Lever

MLl 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.

AN WARNING 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/&& J7/4/% A2 Aot ZA)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 12.12/YJH
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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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Normal Operation Safety Device Test Procedure Section No- Rev
Ha 2% Obd AR HY At G40001 1€
AZANS o TS Aol wets ke &A9] et & Be sure to check function of safety devices for
Zf {2 E HYsto{0F et starting of the engine according to the following
procedures.
1. D50 ot AHsEHA EA g4 1. Test for Shutdown by Overspeed
O Adx= Heb 2 O Run the engine at rated speed
1) Governor TypeO| UG 25+21 &< 1) In case of adopting UG 25+ Governor:
User Interface Panel2l ‘SPEED’ =25 ‘+ Yot Increase speed by turning ‘SPEED’ knob of
oz = A9 £55 SIHAZICH governor user interface to ‘+’ direction
2) Governor TypeO| UG 8D/15D/10D/40D¢1 &< 2) In case of adopting UG 8D/15D/10D/40D
Dial Panel?| ‘SPEED SETTING' ‘=2 £ ‘Fast’ & Governor:
o =d AP £S5 SIHAIZICH Increase speed by turning ‘SPEED SETTING’
A 2 1 UG3D/15D9 42 ©ddo] 24 = knob to ‘Fast’ direction.
A =25 CHAl Hefiti2 Selsotof O & A WARNING In case of UG 8D/ 15D, after
Al Eol 2ME 5HA| Y=Ll finishing the test, turn ‘SPEED SETTING’
knob back to its original position or the
engine will overdrive next time.
O A4 559 113% 0/&0] 5H=5 =0l O Increase engine speed to 113% of rated
speed.
O ‘ENGINE STATUS DISPLAY’Q| ‘OVER SPEED O Check ‘OVER SPEED TRIP' lamp of
TRIP? &ZJF HES =30 AFo] getdoz A ‘ENGINE STATUS DISPLAY’ is on and the
s A &= Al =felstt. engine is shut down.
O 2x8 5 94X A2 ddsh| glaid o O To check redundancy safety device for
A HIAM(SE47-2)8 ATINAM 22l & 99 Y preventing overspeed trip, perform above
H=Z 115%0A dAS5EE =00 228 o procedure again by increasing speed 115%
&= 9X SRS ddsth of rated speed after disassembling pick-up
sensor(SE47-2) from the engine.
2. 2 4¥ KXolol gt A=sHA X 4 2. Test for Shutdown by Low Pressure of
Lubricating Oil
O <o &g HAPSLE2)S A5 WEs &0 O Let the sensor read pressure of the test
MM HAE Fo| g8 9ES it cock by locking the stop valve of the test

block adhered to lubricating oil pressure
transmitter (PSL62).

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.12/SMS
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Normal Operation Safety Device Test Procedure Section No- Rev
Ha 2% Obd AR HY At G40001 1€
O o= HZZE 025101 ‘TEMP. / PRESS. O Using hand pump tool to give pressure to
MONITOR” 2| ‘LUB.OIL PRESS. ENGINE the test cock, and after confirming that
INLET" XAl 40| 3 Bar(0.3 Mpa) 0]2t0]| =X ‘LUB.OIL PRESS. ENGINE INLET of ‘TEMP.
S8 AEHOIM AT S YA TS / PRESS. MONITOR’ value exceeds 3
bar(0.3 Mpa), run the engine at rated speed.
O e "H=Zo iz HAE 0/8st0] 20| 3 O Let the pressure decrease below 3 bar(0.3
bar(0.3 Mpa) Olst= UAIt=S= =gttt Mpa) by opening ventilation valve of hand
Ch 018 AR A2 & x=H Lol A0l pump. The setting value of pressure might
o & At be different in case of propulsion application.
O ‘ENGINE STATUS DISPLAY’S] .0. LOW O Check ‘L.O. LOW PRESS. TRIP’ lamp of
PRESS. TRIP? @ ZJ} HSE1 AF0| HaH ‘ENGINE STATUS DISPLAY’ is on and the
oz A& "AEE= A =oIstt engine is shut down.
3. e 25 s ot AsHEAl dX 24 Test for Shutdown by High Temperature
of H.T. Cooling Water
O =25 HA(TSH76)E AITIoA =Zelstct O Disassemble the temperature sensor for H.T.
cooling water(TSH76) from the engine.
ATI=S Heb 2Hetct Run the engine at rated speed.
gf2Jlol MME @1 o2)|9 252 AAM3T Put the sensor to thermostat and increase
=0 ‘TEMP. / PRESS. MONITOR" 2| ‘H.T. temperature of thermostat until ‘H.T. WATER
WATER TEMP. 2] XAl gt0l 95TCO0|2t0| == TEMP. of ‘TEMP. / PRESS. MONITOR’
5 2| 258 HFsith reaches 95C
O ‘ENGINE STATUS DISPLAY’S| ‘H.T. WATER O Check ‘HT. WATER HIGH TEMP. TRIP’

HIGH TEMP. TRIP’2| &I} HSE 0 A0

HuxoR AE MAEE Al ol

oo — A

lamp of ‘ENGINE STATUS DISPLAY’ is on

and the engine is shut down.

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Fuel Pump Control Linkage Ass’y Assembly Drawing & Part List Section No. Rev.
oZE A0l 22 B3R WA FYUE ¥ 9F =12 A41000 | 5D

Detail "A"
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Fuel Pump Control Linkage Ass’y | Assembly Drawing & Part List | >*"""" Rev:
REZ Mol 23 Al iAl T o 9F 2= A41000 5D

155,157,158

111

Part List

Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
100 Control linkage complete 1
111 Governor terminal lever 1 Approx. 0.20
112 Lever 1 Approx. 0.44
113 Grip 1
155 Bolt 1 Approx. 0.02
156 Bolt 1 Approx. 0.02
157 Nut 2 Approx. 0.01
158 Washer 4 Approx. 0.21
159 Bolt 1 Approx. 0.02
161 Bolt 1 Approx. 0.05
162 Nut 1 Approx. 0.01
163 Spring pin 3
164 Bolt 1 Approx. 0.01
165 Locking plate 2
200 Governor drive assembly 1 See page.5/6
300 Control shaft assembly 1 Incl. item no.301~350

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.07/KSS
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Fuel Pump Control Linkage Ass’y Assembly Drawing & Part List Section No. Rev.
AZEZ Aol 23 ZA X AgEe Y 22 = A41000 5D

Part List
':f:‘ Description Qty/Eng. Weight(kg) Fsegarﬁe
' 5¢cyl. | 6¢cyl. | 7cyl. | 8cyl. | 9cyl.
301 Control shaft (L = 2020) 1 - - - - Approx.4.03
301 Control shaft (L = 2350) - 1 - - - Approx.4.69
301 Control shaft (L = 2680) - - 1 - - Approx.5.35
301 Control shaft (L = 3010) - - - 1 - Approx.6.01
301 Control shaft (L = 3340) - - - - 1 Approx.6.67
302 Stopper 2 2 2 2 2 Approx.0.08
303 Spacer 1 1 1 1 1 Approx.0.03
305 Bolt 2 2 2 2 2 Approx.0.01
320 Shaft support assembly 6 7 8 9 10 Approx. 0.42 | ltem no.321~323
321 Shaft support 6 7 8 9 10 Approx. 0.41
322 Bush 7 8 9 10 11 Approx. 0.01
323 Bolt 12 14 16 18 20 Approx. 0.02
330 Shaft support assembly 6 7 8 9 10 Approx. 0.44 Item no.322~331
322 Bush 6 7 8 9 10 Approx. 0.01
331 Shaft support 6 7 8 9 10 Approx. 0.33
332 Bolt 2 2 2 2 2 Approx.0.02

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.07/KSS
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Fuel Pump Control Linkage Ass’y Assembly Drawing & Part List Section No. Rev.
IZYI Mol Y3 IR HhA TUET Y RE =5 A41000 | 5D
fem Description Qty/Eng. Weight(kg) Remarks
0. 5¢cyl | 5cyl | 5¢cyl | 5¢cyl | 5cyl | See Note
333 Washer 2 2 2 2 2 Approx.0.21
340 Linkage lever assembly 1 1 1 1 1 Item no.341~350
341 Linkage guide 5 6 7 8 9 Approx. 0.13
342 Shaft guide 5 6 7 8 9 Approx. 0.2
343 Linkage guide block 5 6 7 8 9 Approx. 0.03
344 Tension spring 5 6 7 8 9 Approx. 0.01
346 Pin 10 12 14 16 18 Approx. 0.01
347 Spring pin 15 18 21 24 27
348 Bolt 5 6 7 8 9 Approx. 0.01
350 Split pin 10 12 14 16 18
601 603,609 611 605 608 604 607 606 603,610 602
‘ ] oo © -:f.’\ll 0 ¢ (}’::C". o g OO e .

T

Part List
Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note

600 Pull rod assembly 1 Approx. 0.60

601 Ball joint 1 Approx. 0.04

602 Ball joint 1

603 Nut 2 Approx. 0.01

604 Pull rod 1 Approx. 0.09

605 Guide ring 1 Approx. 0.14

606 Screw plug 1 Approx. 0.06

607 Spring 1

608 Tube 1 Approx. 0.26

609 Locking plate 1

610 Washer

611 Spring pin 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.07/KSS
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Fuel Pump Control Linkage Ass’y Assembly Drawing & Part List Section No. Rev.
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Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
700 Plugging on tap Incl. item no. 730
730 Plug 4

221

222

Section "B- B”
204,205
Part List

Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
200 Governor drive assembly 1 Incl. tem no. 201~230
201 Housing 1 Approx. 13.20
202 Gleason bevel gear 1 Approx. 2.36
203 Bevel gear 1 Approx. 0.43
204 O-ring 1
205 Cover 1 Approx. 1.03
208 Ball bearing 1 Approx. 0.13
209 Retaining ring 40 1 Approx. 0.01

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Fuel Pump Control Linkage Ass’y

Assembly Drawing & Part List

HRYIZ XN 23 ZA A

c g o Xz
ZEHE 4 735 S5

Section No. Rev.

A41000 5D

Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
210 Washer 1 Approx. 0.01
220 Bolt 2 Approx. 0.25
221 Bolt 5 Approx. 0.08
222 Bolt 4 Approx. 0.04
224 Bolt 4 Approx. 0.02
225" Bolt 4 Approx. 0.04 | for WOODWARD
226 Shim 2
230" Bolt 4 for EUROPA

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.07/KSS
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Governor drive Assembly

Maintenance Procedure

Section No. Rev.
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Maintenance Gleason bevel gear and bevel gear
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m
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=
il
o
My

AHE =3 . A4 G09400 EH=

2. 5 W& J101 AtOQ] SefAl =tol ShC

BN 2 == zzr0g522 255 9 YEjoAH

JHIL} B #T]of LE AE £33 © 35~48Nm

OtgiLt o5 Vol.ll=hel)

Gleason

bevel gear

U, . 2 AR L N
Fig. 1 Governor drive assemble
CtoiLF =etole olgEe))

Governor is operated by governor bevel gear that

transmitted by the camshaft bevel gear

Gleason bevel gear is fixed with 4 bolts end of
camshaft and bevel gear are fixed with castle

governor drive shaft.

Governor drive can be disassembled without special
procedures as shown in fig.1.
But when assembling, Follow the procedure as
below
1. Mount a new “ gleason bevel gear” at the end
of “ Thrust shaft for camshaft” with new bolts.
Tighting torque : See section G09400
2. Check back-lash between two bevel gears.
Llellle 8 Check back-lash with camshaft completely
push to flywheel side
Back-lash : See section G09200(fig.2)
3. Adjust back-lash, if necessary.
Back-lash can be controlled by the thickness of
“ Washer”
Governor bevel gear nut tighting torque : 35~48Nm

(See Governor manual on Vol.ll)

Back-lash

Fig. 2 Adjust back-lash(0.15~0.25)
(HefAl =& 0.15~0.25)

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery(HHI-EMD)

2020.09/CES



£
Page
I.IMSEN H21/32 | ™
Arr. Of Starting Air Piping Assembly Drawing & Part List Section Ne. Rev
2EHE ofl0 THOI X b K| ZEE H 235 558 A42000 10A

402 L T
411 W

400 330=

Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
100 Starting air inlet pipe 1 Approx.6.05
200 Starting air reducing valve 1 Approx.20.0
320 Cover 1 Approx.0.90
330 Support 1 Approx.6.28
400 Bolt 4 Approx.0.26
401 Bolt 2 Approx.0.22

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.12/MSM
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Arr. Of Starting Air Piping Assembly Drawing & Part List | >*"""* Rev
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Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note

402 Bolt 4 Approx.0.04
403 Stud bolt 4 Approx.0.01
410 Washer 4 Approx.0.02
411 Washer 4 Approx.0.01
420 Nut 6 Approx.0.07
421 Nut 4 Approx.0.02
460 Packing 1

461 Packing 1 Approx.0.01

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.12/MSM
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Arr. Of Control Air Piping Assembly Drawing & Part List Section No. Rev
A42003 4B

AEE 00 THOIT bY X ZYE Y RE ==

102,460

201 100,460 etail "B"
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Arr. Of Control Air Piping Assembly Drawing & Part List | """ Rev
2ES 0fl0] THO|Z by ZYUE Y BE =22 A42003 | 4B
Part List
I:\lecT Description Q’'ty / Eng. V\I(T'(ig)ht Rema;‘lrlgtse/ See
100 | Air filter inlet pipe 1 Approx.0.34
101 | Starting air motor solenoid valve inlet pipe 1 Approx.0.21
102 | Emergency stop / fuel limit solenoid valve inlet pipe 1 Approx.0.92
103 | Emergency stop pipe 1 Approx.0.40
104 | Emergency stop air inlet pipe 1 Approx.0.25
105 | Lubricating oil drain pipe 1 Approx.0.14
200 | Solenoid valve 1 Approx.0.43
201 | Air filter 1 Approx.0.13
310 | Band 1
320 | Clamp 2 Approx.0.06
321 | Clamp 1
330 | Support 1 Approx.0.09
400 | Bolt 1
401 | Bolt 2
402 | Bolt 1
403 | Bolt 2
460 | Gasket 5
461 | Gasket 1
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.01/AJH
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oflof 2Bt 2 S A42100 1B

Viewed from Driving End

@ A33100 |
Crankshaft

@ A42300 |

Turning gear

@ A19100 |

Flywheel
cover

Part List

@ A33300

Gear Rim

o ¢

Iltem No Description

Weight

Q’ty / Eng. (kg)

Remarks / See Note

101 Starting air motor

See the vol.ll

109

Hex head bolt

110

Washer

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2016.12/JHC
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Arr. Of Jet Assist Air Pipe Assembly Drawing & Part List Section Ne. R
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Detail "A"
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Arr. Of Jet Assist Air Pipe Assembly Drawing & Part List Section Ne. R
SR ZAH THOIZ BiA| ZEE H 235 558 A42004 3A

310 101 2010 200

Detail "B"

Detail "C"
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Arr. Of Jet Assist Air Pipe Assembly Drawing & Part List | >*""" R
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Part List

I:fm Description Q'ty/Eng Weight Remarks / See Note
o. 5cyl. | 6cyl. | 7cyl. | 8cyl. | 9cyl. (kg)

100 | Jet assist inlet pipe 1 1 1 1 1 1 Approx.1.84

101 | Jet assist air pipe 2 1 1 1 1 1 Approx.1.36

102 | Jet assist inlet pipe 3 1 1 1 1 1 Approx.1.60

103 | Jet assist inlet pipe 4 1 1 1 1 1 Approx.1.43

200 | Solenoid valve 1 1 1 1 1

201 | Ball valve 1 1 1 1 1 Approx.0.06

310 | Clamp 3 4 4 5 5 Approx.0.05

330 | Support 1 1 1 2 1 Approx.0.05

331 | Support 1 1 1 1 1

332 | Clamp 3 4 4 1 5 Approx.0.07

400 | Bolt 2 2 2 2 2 Approx.0.05

401 | Bolt 2 2 2 2 2 Approx.0.26

430 | Connector 1 1 1 1 1 Approx.0.38

431 | Connector 1 1 1 1 1 Approx.0.42

432 | Connector 1 1 1 1 1

460 | Gasket 1 1 1 1 1

461 | Gasket 1 1 1 1 1 Approx.1.84

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.04/MSM
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304 301 311 306 .
".. :" .~' '...... . 3 1 2
305
.'.'... : m :_'
4; 303
‘: .'. w _““ :.
" Sy—
— T\
=- }_-
e, 4:
315 =
320 _ ' '
319 350 318
302 308
313 = // ::,314
307 L
@ 309
Detail “A” Detail “B”
Part List
o , Weight
Item No Description Q’ty / Eng. (kg) Remarks / See Note
300 Turning gear assembly 1 Include item no 301~350
301 Body 1 Approx.8.06
302 Bush du 1 Approx.0.09
303 Shaft 1 Approx.1.08
304 Locking lever 1 Approx.0.83
305 Pinion 1 Approx.0.40

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Item No Description Q’ty / Eng. V\I((;i:)ht Remarks / See Note
306 Bush 1 Approx.0.05
307 Bush 1 Approx.0.04
308 Guide pin 1 Approx.0.02
309 Spring 1
31 Bolt 2 Approx.0.11
312 Bolt 1 Approx.0.16
313 Bolt 1 Approx.0.05
314 Locking bolt 1
315 Machine screw 2
319 Bolt 1 Approx.0.05
320 Washer 2 Approx.0.02
350 Caution plate 1
318 Limit switch 1 Approx.0.14
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Description

PLHY gAas XS HOoiohE ol A

A ool = thsel AN =8

HE0|

=1

ALk

TE HEN ZEAESO ACH

The monitoring box is mounted on the engine’s
control side. On front of the box there are the

following indications/pushbuttons:

» Indication of engine and turbocharger RPM

» Temperature/Pressure monitor

» Exhaust gas temperature monitor

» Pushbutton for “Local Start”

» Pushbutton for “Local Stop”

» Pushbutton for “* Remote”

* Pushbutton for “ Local”

* Pushbutton for * Lamp test”

« Pushbutton for “Blocking”

* The function choices are indicated in the push

buttons.

OPERATING UNIT

ENGINE STATUS DISPALY

wppp Clormw )

(O] [ LoLowpress. Tre
(O][ Hr wateR HicH TEwP. TRIP
(O] [ som acoFAL TR
(O] [emevstor

IPRESS. MONITOR
c

o
O

HEEH
J

v

9
ILIMSEN

e Indication of
» Over speed trip
* L.O low pressure trip
* H.T water high temperature trip
* Both tacho fail trip
* Emergency stop
* Spare
» Ready to start
» Temperature/Pressure monitor

» Exhaust gas temperature monitor

Fig 1. Monitoring box

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 10.08/PJH
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SUEY YA olut x| A G45000 3A

=238 NS Local Start
AZE2 ANs HECZ JIs € £ At The engine can be started by means of the start
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button, but only if the button “Local” is selected.

“Local engine start” is an electrical, pneumatic
method. The start button makes a solenoid valve
open so that air goes into the air starter.

Thereby, the air starter is connected and the engine
is activated. 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 in 5 seconds after the engine is at standstill.

Remote Start

i
Y
K
I

HEO|

rx
2
0
3Q
o
=
d

“Remote start” can only take place when the

pushbutton for “Remote” is selected.

Local stop

Az GXA HEol 2AaiAM 0 ECH

Ch2d D" HE0| U8 &[0 AS ufolCt.

HE2 25000 s dA &el-01=

The engine can be stopped by means of the stop
button, but only if the button “Local” is selected.
The “Local Stop” button is connected to a stop

solenoid valve on the governor.

Blocking

If “Blocking” is activated, it is not possible to start

the diesel engine.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 10.08/PJH
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=& dld gAl

Local emergency Stop

2 UL HAT BES U4 HA SY0/E we

oF &7l le "Rl Sl 0l= Weo A&E

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

“Local emergency stop” button is connected to the

emergency stop solenoid valve & stop solenoid

valve on the governor.

Engine & Machinery Division 10.08/PJH
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Speed Monitoring Unit General Instruction
s 54 Il o1ut x| 7 45001 2A
AT £= A Engine RPM signal
ATl o™ 5= BFEoI| floll, Azl A& & For measuring the engine RPM, a pick-up sensor
& MO RPMOI et FOeE E25] ol AlE mounted on the engine is used to generate
Sl BdE 55 M= R stle s 2UHE frequencies depending on the RPM. Measured
Yz MEYETC speed signals are transferred to the monitoring box
through internal network.
HeDlol= Us dsS2S XD QUL Further, the converter has the following signals:
o K% » Over speed
o AT HE/HEAM S5 » Engine speed/Turbocharger speed
o O AS + Safe start
o B BY %7 » Tacho fail
o Az Hsh Ao e Fuel limit control
[© O O

— SPEED MONITORING UNIT

T~ MAIN CONTROL UNIT =

RPM

| |

O ENG. O TIC

| |

O (TACHOFAIL. ) [SELFTEST ) O
(O ('SAFETYSTART ) [ SETTING MODE ) O

O (ENGINERUN ) [OVERSPEED |} O

(SELFTEST ) O

('Rs485/422 COMM.) O

(CAN.ERROR ) O

\;\ \i \EﬁNT\

( C_FUNCTION SETTING KEY )

Al ] e

1 ( (__FUNCTION SETTING KEY )\ l

- [ROOIECD SMU-08-SC

—L IRDPIETD MCU-56-DIQ =

O

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

10.08/PJH
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Speed Monitoring Unit General Instruction eetion o &
s 54 Il o1ut x| 7 45001 2A

Azl Jts Engine run
AMx =I5 RPM (710RPM for  720RPM, When the engine speed reaches a certain RPM

880RPM for 900RPM, 930RPM for 1000RPM)0Il =&
StHLE 200RPM + 1001 = A EE= “AIX It

OH

T ASE WA ECh

(720RPM for 720RPM, 880RPM for 900RPM,
930RPM for 1000RPM) or 200RPM + 10seconds,

the converter generates the “Engine run” signal

0] &1S&= ot Wete= SA2 2ol AFSECH This signal are used for the following purposes
- S3 Als - The synchronization of PMS
- oy REEZ ItsAS - Start/Stop of pre-lub oil pump
- W2 Otd Otsils - Start/Stop of J.W pre-heater
- o2 == - Alarm blocking
ysE Over speed
ARSI 01 &% Holl S23s i AHE= When the engine speed reaches the set point for
AT HA Moot d2ho| 2eolE Sof deatt electric overspeed, the converter transfers a
shutdown signal and an alarm signal through a
relay.
N NS Safe start

oM AlS 2ot gdst Hds of A2 NS
QLT AEI0] T40RPMO|

Bl= SHElth

Sotsie s

B
OH
~
=
Or

1l
o B

starter will be shut-off.

for the air starter during rotation.

Tacho fail

When the safe start signal is activated, the engine

can start. When the engine reaches 140RPM the air

Further, the safe start signal is a blocking function

RE 0| HHY 0 ST 5P NEE UEY
Cho Q) HIAISL BIEDIDF 0aF WAl 250}
St

0z
fau}
=

]
0z
o

signal will be on.

The tacho signal will be off when everything is

normal. If the pick-up or the converter fails the

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

10.08/PJH
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Fuel limit control

re
™
>_
o
>
re
z

P
k1

Jb 25RPMOll 0l=W% wWigb|=

‘Oz Aet Mo” M=E U Ect

When the engine speed reaches 25RPM, the

converter generates the “Fuel limit control signal”.

Turbocharger RPM signal

I<}

Ugolel 2 558 Yol flall Azl HARE 2

()

e
[
Rl
\d
2
o
<
=2
M
=+
_l'-_\
5
il
O>~
O>~
_C'ﬂ
~

Floll AlE

il

Cf.

For measuring the turbocharger RPM, a pick-up
sensor mounted on the engine is used to generate

frequencies depending on the RPM.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 10.08/PJH
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Arr. Of Thermometer & Pressure D Section No. Rev.

Gauge Assembly Drawing & Part List
. A45101 1G

2 & A=A x| YT Y 9E ==

003,008

005,018 001,008 002,008

006,009

| ,ili;L-ir-ili; 15
. 2

Detail "A"

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/MSM
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Arr. Of Th P . . Section No. Rev.
"0 i sihegl & Pressure Assembly Drawing & Part List
=25 & HA Al ZEE 9 RF S5 A45101 16

Detail "C"

Detail "D"

Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note

001 Thermometer 1 TI51
002 Thermometer 1 TI62
003 Thermometer 1 TI76
004 Pressure gauge 1 Pl141
005 Pressure gauge 1 P151
006 Pressure gauge 1 P162
007 Pressure gauge 1 P175
008 Gasket 3

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.01/MSM
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Arr. Of Thermgarr:;t:r & Pressure Assembly Drawing & Part List Section No. Rev.
25 & Y7 A ZYUE € 23 22 A45101 116G
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
009 Swivel gauge connector 1 Approx.0.35
017 Swivel gauge connector 2 Approx.0.35
018 Gauge connector 1
019 Adaptor 1
020 Gasket 2
Thermometers and pressure gauges can be replaced during engine operation.

However, it is recommended to replace after the engine has stopped.

_ A small amount of leakage may occur when the pressure gauge is replaced. When dismantle
thermometers and pressure gauges, dismantle only thermometers and pressure gauges not pocket and gauge

connector from the engine.

Quick coubling valve ) | : Pocliet Ther.mometer :
(Gauge connector) Pressure gauge . | |

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/MSM
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Engine Analog Sensor

Maintenance Procedure

Section No. Rev.

AZ o= HIAM

Zuldd 2xl

M45200 2B

2t transmitter

Pressure transmitter

Pressure transmitter= &N 82 =dot0, 2H{H
FC}.

0l pressure transmitter= compress air inlet, charge

oF gEls WoEtlee ¢

FL"l
(OI\

air, HT&L.T water, fuel oil, Lub oil o &S =X o}

=0 AFEEL

The pressure transmitter measures the actual
pressure and converts the pressure to an electrical
signal. This pressure transmitter is used for
measuring the pressure of Compressed Air Inlet,
Charge Air , HT & LT water, Fuel oil and Lub oil.

Do not remove Isolation valve from the system

‘ \ -
Isolation valve E{
T

Pressure transmitter

Test device

Fig 1. Pressure transmitter

1. Pressure transmitter & A}

rlo

Pressure transmitter?| J|s= HAE= S &

2ol el ol o{ElCt.

g

D YHUAME AMLSH-UAM =2|ettt

YU B2 K ASYSE NL2oA S5 YE

5 7Y of2 HABt ZElall). AEEE Zel Al 1819

820/ =2 & + )

.,_
g

2) U8 2= FEU Ald dxE Aot

1. Pressure transmitter test
The functional test of the pressure transmitter is

carried out according to the following procedure.

1) Dismantle the pressure sensor from the system

A\ cAuTION

When dismantling the pressure sensor, dismantle only
the sensor not the isolation valve from the system. If
the stop valve is dismantled, high pressure substances

can be leaked

2) Connect the testing apparatus to the pressure
input part and input the pressure within the

working area of the transmitter.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.04/GML
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M45200 2B

Zl ot &2 MM Huldd @Al

Check that the measuring value indicated on
the Engine Control Panel is equal to the

testing apparatus measuring value.

4) NEHAE WojHct 4) Remove the testing apparatus
5) ATIALEo dIME Adsttt 5) Connect the sensor to the Engine system
=25 AAM Temperature sensor

1. PT 1002 sensor (M&8&) 1. PT 100Q sensor (for low temperature)

PT 1002 sensor = 2%0 Wt M&o| Hol= The PT 100 sensor consists of resistance

HEoz PdE 0L elements whose resistance changes depending on

2

N
temperature.

The PT 100 sensor is used for measuring the
temperature of Charge Air, LT water and

Fuel Oil, Lub. Oil.(Fig.1)

PT 1002 sensor = Charge Air, LT water and Fuel
Oil, Lub. Oil.e] 25& &Hdst=0d Ar=2EL}

(3&)

Fig 1. PT100 Temperature Sensor(A1=)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.04/GML
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ATl ott=T AIA Hul»d Axt M45200 2B
2. 2% HA A 2. Temperature sensor test
PT 100 AIMO JIsH A2 Ch2d &2 1ol Functional test of PT 100 sensor can be carried out
wet 0l 0ld 4 QUL according to the following procedure.

4) A& =ol, MME ChAl 28t

1)
2)

3)

Take the sensor out of the pocket.

Test the measuring value by submerging the
sensor in the water bath, which is controlled by
a special testing apparatus producing a
constant temperature

Check that the measuring value indicated on
the Engine Control Panel is equal to the

testing apparatus measuring value

4)After the above test, mount the sensor again.

R NOTICE

A2 Lot 2EHAHE S5 AIZd0/4 Stdlof Saf of The test can also be made by special simulation

Al (=]

S0/ XHOf gt} 0] TH[E HA s FYH & + L1, instruments for the temperature sensors.
YE ALHECE HAHMNSE DM & + Q0/0F of The instruments can measure the sensor value and
Ct simulate a sensor signal for the alarm system.
3. =4 3. Adjustment
0l SR HiM=S2 SFA Ozl MY LeJ| Since these types of sensors have already been
20l AOIEOIAM =IO -2 He Sith factory- calibrated and factory-adjusted, more
MMZEEO 2ot 49 =88 S5 3729 &t adjustment does not need in site. In case of sensor
Z 235} adjustment, the special tool and equipment needs for
adjustment.
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.04/GML
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AZ opZ HIA MU= Az M45200 2B

4. NiCr/NIAl 25 HIAM
(K-type)

4. NiCr/NiAl Thermocouple Temperature Sensor

(K-type)

NiCr-NiAl 2% 4dlM = HZA-a /L2 -dLilse=2 P The NiCr-NiAl Thermocouple consists of two wires of
MEl £ dez PYEICH 2oy 2 ks 2o 2ot Nickel-Chrome/Nickel-Aluminium.
thermoelectromotive force is shown in the following
table.
Unit : emf/mV Base junction point: 0 C
O 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
5.PT 100 2= HA 5. PT 100 Temperature Sensor
PT 100 HAM= 2=0 e Mgt dFes 2HE0N The PT 100 sensor consists of resistance elements

QUL o] M= 0 ColAl 100 Q2 Mats JHA=

El=(Pt) thread® 2HSOIMA PT 100 diM2t HHEO

et

Matol A= 2o wet s

Ol LIEFLE RUCE

, —L

¢

MU

- =

1 Yole g0l ths

depending on temperature. This sensor is made of a

platinum(Pt) thread with a resistance of 100 ohm at
00, hence the name is PT 100.

The value of resistance changes depending on

temperature and is shown in the following tables.

Temperature
0 10 20 30 40 50 60 70 80 100
(@)
Resistance(Q) 100.00 | 103.90 | 107.79 | 111.67 | 115.54 | 119.40 | 123.24 | 127.08 | 130.90 | 134.71 | 138.51
Temperature
@) 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 2019.04/GML
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AZ opZ HIA MU= Az M45200 2B

Speed pick-up sensor

OF =ICt
2) 55 AIME Sl s WA <
B e aAxoR zel0 UAS T

1. Clearance Adjustment

P
kN
i
I

The clearance between flywheel and speed pick-up

sensor is accurately adjusted for correct engine rpm

sensing.

speed pick-up sensor.

1.0mm)

1) The gap is 2 =0.5mm between flywheel and

2) After turn right speed sensor until touching

flywheel and turn left speed pick up sensor (pitch

3) Fasten nut for fixing of speed pick up sensor.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.04/GML
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S5 HA YT U 2z =22 A45210 1D

42A
) 472(se47-2)
5 ,“f AT 1(sE47-1)
Section “B”
Part List
Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
42A Small junction box 1 1.5
471 Pick up for engine rpm 1 1.5 SE47-1
472 Pick up for engine rpm 1 1.5 SE47-2
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.05/ZHJ
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Lub. Oil Sump Tank Level Switch | Assembly Drawing & Part List
SUR HZ Y3 Ay A9IX FEUT Y RE == A45215 | 1A

Detail “A”

Part List
I:f: Description Q’ty / Eng. W(ekig)ht Remarks / See Note
680 Level swtich 1 5 LS68
68A Hex. bolt 8 0.1

/A HYUNDAI HEAVY INDUSTRIES CO

., LTD. Engine & Machinery Division

2018.04/ZHJ




°
Page

LiMSEN TR
F.O Leakage Level Switch Assembly Drawing & Part List | """ Rev.
R TR Y 29 ZYT Y BE == A45220 | 1B

T

2

=<2

.

540

Detail “A”
Part List
Item i , Weight
No. Description Q’ty / Eng. (kg) Remarks / See Note
540 Level swtich 1 2 LS54

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

2020.05/ZHJ
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Temperature Sensor Assembly Drawing & Part List Section No. Rev.
2% MA] roc o oz o= A45230 1C
720

Detail “D”
Part List
I:f: Description Q’ty / Eng. V\I(T'(igg)ht Remarks / See Note
210 | Temperature sensor 1 0.6 TE21
720 | Temperature sensor 1 0.6 TE72
760 | Temperature sensor 1 0.1 TE76

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

2020.05/ZHJ
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Exh. Gas Each Cyl. Outlet Temp. Sensor Assembly Drawing & Part List Section No. Rev.
Al I 25 HIA AEE U 2E =22 A45235 1B
.250
"25A
Detail “A”
Part List
Item Description Q’ty / Eng. Weight | Remarks / See
No. escriptio 5cyl. 6cyl. 7yl 8cyl. 9cyl. (kg) Note
250 | Temperature sensor 5 6 7 8 9 0.6 | TE25
25A | Pocket 5 6 7 8 9 0.6

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

2020.05/ZHJ
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Exh. Gas T/C Inlet Temp. Sensor | Assembly Drawing & Part List Section . R
HEAM U7 oIl 25 A 2EE Y 2F 58 A45236 2A

26A

Detail “A” Detail “A1”
Part List
Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
260 Temperature sensor 3 0.6 TE26
26A Pocket 3 0.6

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.05/ZHJ
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Exh. gas T/C outlet Temp. sensor | Assembly Drawing & Part List Section . Rev
EPAK 2 HIA rYE U £E 5= A45237 | 1A

Il

,‘I‘-

Detail “A” Detail “A1”
Part List
I:f:‘ Description Q’ty / Eng. W(‘I:'(ig)ht Remarks / See Note
270 | Temperature sensor 1 0.6 TE27
27A | Pocket 1 0.6

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

2018.04/ZHJ
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Pressure Transmitter Assembly Drawing & Part List Section No. Rev.

630

Detail “A”
510
621
620
Detail “B”

I:f:? Description Q’ty / Eng. W(ekig)ht Remarks / See Note
510 Pressure transmitter 1 1.5 PT51,PT52
620 Pressure transmitter 1 1.5 PT62
621 Pressure switch 1 1.5 PS62
630 Pressure transmitter 1 1.5 PT63
750 Pressure transmitter 1 1.5 PT75

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

2020.05/ZHJ
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Pressure Transmitter Assembly Drawing & Part List | >*""" Rev:

610"

q.710

Detail “D”

Detail “E”
Part List
I:le:? Description Q’ty / Eng. W(ekig)ht Remarks / See Note
210 Pressure transmitter 1 1.5 PT21
410 Pressure transmitter 1 1.5 PT41
610 Pressure transmitter 1 1.5 PT61
710 Pressure transmitter 1 1.5 PT71

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.05/ZHJ
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AWG Control Panel Assembly Drawing & Part List | ***"" Rev.
oo z== el 2YT U BE == A46014 1A

106G

g 10A
\
C
10¢
27B
1 271
108~
27A
10F
Detail “B” Detail “C”
Part List
Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
10A AWG valve junction box 1 20
10C Cable 1 10
10E Cable tray 1 0.5
10F Cabile tray 1 0.8
10G Bracket 1 3.8
271 Thermocouple sensor 1 0.6
27A Thermocouple cable 1 3.5
27B Pocket 1 0.6

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.05/ZHJ
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Fuel System General Instruction
e STot A G50000 |2cC
He Description

AT Az A" dREDE oftet &R% =44 The engine fuel system is designed for a reliable
A4Jt Jtsctes AAE0 ATk T2, S7ol 2o combustion of heavy fuel oil as well as diesel fuel oil.
ANAEOl 9ole Ads YA fldiMeE "ol dd o However, it should be flushed by diesel fuel oil before
dw=2 WA ZYs ook stot O 12 AFel e o maintenance to avoid clogging of the system. Fig 1
2 ANCHE 2050 Ch shows the internal fuel oil system.

g ZA ZAlE d2 EALEZ, ¢4 29, Mg 1 The fuel injection equipment comprises an
g =5 Y BALYE2 PHE0 e, 0 EX= ¢ injection pump, a connection block, an fuel high
gz 2 Aelgotct RS o] Tt pressure block and an injection valve, which are

installed on each cylinder in line.
| Waste oil
) drain
_ _ _ 2~ F6 _ _ _
%
S ,
2 i [
R
block T High Pres.
block |
222X2.5 |
Drain from
[ inj. pump
Seal Pot ~ B
ﬂ, o [
Fuel oil & \’< Fuel oil inlet
filter v o| A
I Duplex 50Qu o o~ o :: L) Fuel oil outlet
é § E s Recycling Fuel oil
e Y ‘ ’, t\ﬁgkoge alarm
‘XD.USkq/cw
4 _# 1 L , ,
Fi F2 T F3 o F4
Fuel oil Fuel oil | Waste oil éRecyc\mg Fuel oil
inlet outlet i\ drain to FO settling tank
25A @15 15A
Fig.1 Diagram for the internal fuel oil system (Lj2 915 AISE &)

oI 2PA HZ A51000 |= =i} U&=of 9 The fuel injection pump @] A51000 | has a roller
= =c¢ HAS I e, 2 2AL EZolle et tappet with built-in roller. Each injection pump has
HAgoz S0 Aty ZaE QUCHL g A} pneumatic cylinder for emergency stop. The fuel
HI= AR PIE MR L= UAXezZ & injection pump should be overhauled partly or totally
ol /& dalf OF stct at regular intervals.

BN 2 9= 5z ons Sheis LYsH,
A R B HEE HESEI| a SHSSLAMEAE 2 o12t5]

=
=

0 TEAL.

If finding any problem about fuel oil pump,
please contact Hyundai Global Service Co., Ltd for the

information.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.02/JDH
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Fuel System

General Instruction

Section No. Rev.

g A"

ot x| 2

G50000 2C

ole PA WSO (e AB2000 | = 2O dlcie Y

ol AR, Woo| de oe FI|Hos HyHof

o 2H A56000 |= 02 @70l ol5tol Azl

ol AAE 4 Lk e ZE|= 50 01329 MY
=2 =
=

detedsel U5 2 25 28 = dlof ettt gt %
2H2 35 4 L GMAd=E et 220 2de
o ALk

B 2=2 222 o2 KN2g9 HE8d 456
st ( BITHIA2).

OIRY 07 HEE o2 SA BEZ ¥ Woo £ FEE
gus st
Az 1

Cfe, A =ElX BIEAl 3E YEE 20/6f0{0F gi/Lf.

oE BA BEZY om $Foots SHE 5%

The fuel injection valve A52000 | is fitted in
the center of cylinder head. The pressure of valve

opening should be checked periodically.

According to engine specification, the lubricating
oil may / may not be 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
detail information is referred to the lubricating oil

diagram in instruction manual volume Il

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 )-

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 2018.02/JDH
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Fuel Injection Pump Ass’y Assembly Drawing & Part List | >""" R

E EA BT oj4=e YT U 9E 2= A51000 | 4A
I

'@ A52300

N
LG

17

Jta

Part List
Item No. Description Q’'ty / Cyl. V\I(ekigg)ht Remarks / See Note
100 Fuel Injection Pump Complete 1 32.0
911 Stud 4 0.13
912 Nut 4

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.12/PDW
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Part List
Pos. No. Item No. Description Q’ty / Cyl. V\I:Ielig\ht Remarks / See Note
1 101 Pump housing 1set
4 104 Socket head bolt 1
6 106 O-ring 3
8 108 Delivery valve assembly 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 assembly 1set
16 116 Seal ring 1
17 117 Seal ring 1
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 assembly 1
36 136 Pin 1
37 137 Bolt 2
38 138 Shim 1
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Fuel Injection Pump Assembly

Maintenance Procedure

Section No. Rev.

=2 A HIE ojAET

M51000 1B

AU AA A%

g B2 A53000 P 3 7o 2E

BEER 5 7o/==28 gl dzd
sfo] dm HAl HE FHo] ARG FFL vAH FHA

2.

Dismounting a Fuel Injection Pump from the engine

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 for fuel feed pipes
by unscrewing three bolts
Prepare and attach clean rag on

around fuel injection pump against fuel oil dropping

from feed pipes.

3

%~|A53000

o e

> wef 3 |ormm
0 =

\?

Fig. 1 Take out the connection pin, and loosen the three bolts for fuel feed pipe block
(H2 H 9 dg F57 55 HFd8 EE9 #2)

I 29 ol 2749 14

Am B WMo} 91E AAL TAHAY,

ol
il
|t
=
x
il
SN
=
o
2

Bl o2 29 veEs =
FuIp Amo] Jaje] fJE O Fo] Lphe AL e}
7] $jgk o Fgjoln], 197] o], 19l molx 2L
S} Bp7] QA BEEA] BaE]o] Qlojof gLl
2749 WE 2o BE

@] A52300 | S 2ol t}g, 13 mo|m B2
Begtt

Ee7t A2 AAIA 7P Be A2 & b

AP AZES AR

e

Prepare two fixing bolts (M8), and screw fuel
injection pump and water jacket by them as shown
in fig. 2.
This is necessary to avoid fuel
injection pump extruded upward by its spring after
loosening the fixing nuts for the fuel injection pump.
So, the high-pressure pipe block should be
dismantled to avoid damages.

Detach the high pressure pipe block by
unscrewing two nuts and two bolts.

6. Turn the crankshaft until the roller is in lowest

position on the fuel cam.

/A HYUNDAI HEAVY INDUSTRIES CO.,
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AR A HE o2 quAd A M51000 | 1B
5
S |omemm b

(a) Exhaust side

=-|A51000

@-|A51000|

(b) Cam side

Fig. 2 Loosen the bolts for high pressure pipe block and fuel injection pump
(g} mjo]Z B2 9 di HAF HE AFg £E He)

7. dAE BAF ®Izo 9J= HE 47 @] A51000 |
ojdiet
8. d® EA Wmel 9H AL 1A Y= 2749

24 8

10.

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.

Move and place the fuel injection pump on a

working stand.

Mounting a Fuel Injection Pump on the engine

A MRS PYE AusE 9 gkl BE 9
Zu|5lo] glofof ek,
1. AR B4 FEE A4 F am

Remounting procedure is basically reverse order of

dismounting procedure. The fuel injection pump should

be maintained completely and ready for normal service.

1.

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.
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A= BA WI o2 quaa aq M51000 (1B

A ARA ATES] A S FFelF).

FHA Aol HAAAR.

BB 72 9= 24 §ug ~z3g

o[ I Hx)g Hr} FA 547] fg AL
5. A ¥A ®¥L UEEZ A yzhigow

AR AdHe S7HAA Add.

o
%
N

=T

Ay

A
L

EZ 170 Nm (molycote =)

=4 5719 YE [@ A52300 ' F7H°]
@ A52300 |FAEE HAPL ZIHA7
Zrob Azt

EF 3949 dA 10 -) 30 -) 60 Nm

2 g ok K
o > m S
rE il

(molycote =)

AE 24

F5S A goj= g7} 7
FEE Folslo] BEEE FHoF gr].

% FF dolZ g 55 [@] A52300 | 3719
2E 2 Adste] nAAZI

ZEd EZ 40 Nm

ki
)

Ry

~
re

shel2E Adsty, AR A% dAm x4

Az o 7ERE N Aoz wH ¥ Fe AL
dol A% Eolg AP o] 2
THESIe] £ HHY EEoz g YoE] o

IR gl

3.

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

increasing torque step by step alternatively.

high pressure block with

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 cautioN Whenever driven parts are replaced
with new ones, open the cam side door and make
sure that lubrication oil comes out from tappet to
roller by operating the pre-lubricating oil pump

before engine running.
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ME Al B (Separate) Huldd dxl M51100 2B
A= ZAF BZO| 2l Disassembling a Fuel Injection Pump
Az 2AL HZS Zollobolol M 2, s+, 3 Before attempting to disassemble the fuel injection
gl 0SS Ret M= Fdlof =Ch 2ol pump, make certain that working table, tools and

MRS BoILE RE2 A2 9o 20 2ol =, RE fixtures are clean. Cover the working table with clean

P52 sH(E2 A% dHE SHAIE &2 M) paper or soft cloth. After disassembly, all the parts must

£ AE35H0 20| S0t s=Ct be cleaned using clean kerosene (or gas oil) and a

hand brush (not a steel brush).
BN v o0 2497 455 79 A Be careful not to damage the sealing
2. surface.
B = 0-2 2 o228 4 o2 wA Replace all O-rings and gaskets with
ofAIAI 2. new ones.
BN v 20 24 SES ZFof BaA2. Loosen the bolts in several steps.

1. 3% 13 2ol HZE SEo 2ol nd7ol = 1. Place the pump in a dismantling fixture in inverted
o, O 29 2ol B odEee s2eE 32 position [fig.1], and press the roller of tappet
Gt Yate=z $2 MH M =EE AHESGH0 assembly into the pump housing and remove the
=S HHetch pin with bolt. [fig. 2]

2. EZ ofd=e|oll Jtst el=2 2tstAlZIC 2. Release the force on the tappet assembly.

3. g 34t Zo] SUAN, o7 A= AELL HEE 3. Remove the tappet assembly with the lower spring
B oldESele Sosd g2 ol oF= seat with the plunger out of the pump housing.

il LH [fig. 3]
B 290 240 J1R Y25 dok o1, Be sure not to damage the plunger
ZYE Ao Flal E2=E CFE0/0F &L/} and keep it separately to prevent damage.

Fig. 2 Fig. 3

4. g 4, O3 52 20| SUN gy M & 4. Remove the plunger spring and the control
g AEQL & HEEZE Sel2E HI 593 sleeve with the upper spring seat out of the
QL tjLhCh pump housing [fig.4] [fig.5].
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TOF 6l &0 AEE dS HE oed R=2

iy ' CF

ag i 2ol HZE 44 Yotes 2illg Y
dl= 2ES 20U}

g 92b 20l F NSl LSYEE =

UL A W HCEH 2|0 IR~ T DIAIZICH

HI[AZICE

5.  Remove the control rack out of the pump housing.
[fig. 6]
6. Place the pump on a dismantling fixture in upright

position. Unscrew six socket head bolts [fig. 7] and

remove delivery valve case. [fig. 8]

iF=

[fig. 10].

Fig. 10

Fig. 6
7. Unscrew two deflectors and remove them with the
gaskets [fig. 9]. Throw away the gaskets.
8. Unscrew four socket head bolts and remove them.

Fig. 11

9. Let fuel injection pump assembly lay down and

hammer the barrel out by using soft material bar

etc [fig.11]. Throw away the O-rings.
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Fuel Injection Pump

. Section No. Rev.
Maintenance Procedure

g ZAb HX (Separate)

HolE2 A M51100 2B

£4559 g4 Inspection of parts
R= 2ol FFS2 ofefol A== As 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

5-4

i

£
£
[Te)
N 241
o
A
Fig. 12 Inspection of parts (2559 &/2)
|I| gz of2d |I| Pump housing
Al2tst OtZolLE &40 S WHUA 2= Replace the pump housing if symptoms of heavy

1. ZEXe HR old=c) AgERS Ed0/E0 SF

ol @&t gtk 0.26 mm 0/&Y &7

o= m|~=0| Cts2t #CHH

abrasion or damage can be observed on sliding
bore diameter.
@ Plate and Tappet assembly

Replace the plate and/or guide piston if

= 1. The indentation on the plunger and the plate

onto tappet’s assembly seating surface is more

than 0.25 mm in total.
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HZ A HI (Separate) ™A

=

M51100 2B

2 NS 018 w280 S58 YN HEEHE

2. ZEIX9 HAFHEI) =AM 0.8 mm O/PHY &2

3. EEXo Y= FAof 95k Zo[oF 0.7 mm 0/&L

S
g
N
]
N
I
S
Ay
b
02
2
A
Iy
o
rir
Oy
A

sel2 9 ZEE 0| S &0t

re
S

1. AEE zg/=0f UFE HEojMH HEE o/ 0.2

2. EEXIF 2FE MoK HEE 20/ 0.5 mmols

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.

The erosion of the plunger is marked less than
0.8 mm from notch.

The depth of the erosion marked on the plunger
is more than 0.7 mm.

The depth of the erosion marked on the port of
the barrel is more than 0.5 mm.

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

The control rack’s movement is more than 0.2
mm on condition that the control sleeve is
firmed.

The control rack’s movement is more than 0.5

mm on condition that the plunger is firmed.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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SN ~x2g Plunger spring
S8 ~ZL0| TSt Z20HH WA SHLA 2. Replace the plunger spring if
1. g F= 50/ 2AE 32 1. Cracked or nicked.

10.

1.

gdeldie] e Azl o2 202 wH s

A <.

1. ZY £E 0] AE FL2

2 B0l HHYE FHR

o-g 9
LE O-d2 iAol Folldd et ofulet o

=ofl et ujotct WAHSHIA L

plEas/l 10.
SE a2 HI|Hel Foll-d et ofulet of

11.

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.
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g ZAb HX (Separate)

M51100 2B

guldd @il

Assembling the Fuel Injection Pump

BN == =27 odss ¥ g% o/8ss S
S wHg FRUE 0/gs PESH S0/ Y7
AIE0I0] BIAGH Ao oF BfL/CE. 22/11 =Elof/of &t
Al WESLH FAE R0 FA S0/ SLICk

BN == 0-32= zZAstolor gt 387 0/

== IR0 dof F2 &9 vrdE = 7o = #A

Q2

iy
on
J0

My

L=
BN == 2= 2A50/0t 8Lt
BN == /1= axgxsE gsdc (g2
FE T FAE HE)

BN 722 2 2 gave 4s, g2 g2 ¥
gejnel B Ho|~E F0|2 Ha HZAH0F BLIC

BN 22 70 28498 %55 FYFYAL.
BN = 137 20/ £3 AAE M50/ 100 Nm
o £32 0/e Hol ZXH SES HZaH ot BL/Ck

(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 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, the constant
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. 13].

(b) Socket head bolts for plunger assembly

Fig. 13 Tightening order

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2015.05/JDH
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1. T8 14, 152 Z0| A= Eo=z Lol o o 1. Insert the seal-ring on the barrel by pushing it
ol stch M22 O-8 % W 2= ol using the hand. [fig.14] [fig.15]
gl d=ct
2. " 16 Z0] O-ringS &gt & A2 e 2. Install the seal-ring on the barrel, after install the
of z=gstch O-d2 @Il &, A2 49 utdel O-rings. [fig.16] Before insertion of the O-rings,
L= met M2 O-d TWol vhECh smear small quantity of Vaseline or petroleum jelly

on the surface of O-rings.

- B

Seal-ring

1

O-ring

Seal-ring

Fig. 15 Fig. 16

3. O™ 173 2ol uiEds HZ otedol wE Tt 3. Insert the barrel into the pump housing as
S

ol & HAS =0I5to] Holl & S0l st indicated location, because the barrel is located by
Ct. means of dowel pin and hole of barrel. [fig.17]

4. WES NMEIA E&E 2, 08 182t 20| vE 4. After the barrel is lowered to its seat, examine that
=3 dZ stedo U= wE ol sYst A the hole of the barrel and the dowel pin on the
ol =X =holstct. pump housing are in the same position. [fig.18]

5. T 198 &0l L-¥AEZE 0lE5t 22 6= = 5. Socket head bolt is evenly tightened with bar

ES 21T A& = 1d 201 20l E2 ©XA socket screw. [fig.19] Tighten the socket head bolt
£ 0/85t04 100 Nme| Ea=2 "= stdoll Al into the pump housing up to a torque of 100 Nm
Aotk with a torque wrench. [fig. 20]

Fig. 17 Fig. 18 Fig. 19 Fig. 20

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2015.05/JDH
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6. % 211 Zo| A2 )2 ZHES #2 HZ o 6. Insert the control rack with seal-ring into the pump
Aol ofeetch housing. [fig. 21]

7. O™ 229 20| M2 Jtedg kst Eeas 7. Screw the plug with new gasket. [fig. 22]
[Sreas

8. H=Z otd ofedel 2ol ofoF B w)LK 8. Slide the control rack into the pump housing,
ZEZS A3 =C|UM X o1y ¢te= 2o rotating it until the tooth becomes visible through
g =Ch the bottom opening of the pump housing.

9. g 231 &0 AE=E sel2s dZ std ¢t 9. Lower the control sleeve into the pump housing

oz doM AES Uy HES £2/2 0|9 [fig.23], and engage the control rack so that the
AL O 249 20| SAGIES UE = 2HE locations of the teeth of the control rack and
E 1} 9=l stk control sleeve are indicated location in fig 24.

Control sleeve

Notched teeth

of control sleeve

Plane surface

Control rack %'

Fig. 24
10. T8 25, 264t 0| off ~ZeE AELL 22X 10. Install the upper spring seat and plunger spring
Axels g2 oteaoll AR etk into the pump housing. [fig.25] [fig.26]

1. =8&8 o ZO0IER £2H2E ZUO0IES ofF 11. Set the adjusting shim and thrust plate between

the lower spring seat and tappet. Insert the

ohR £~ZEl AE sttt ofR A2 AEY plunger with the lower spring seat. Fix the lower
Eile =EB= udet & T8 271 Z0] SEA spring seat to the tappet with bolts. Insert plunger
ol Hielo] AEE &2|29 sX SEees o with lower spring seat into the barrel so that the
&= 2 olf A~z AEL e SHAME ol vane of the plunger engages the slots in the
N9 d=Ch control sleeve [fig. 27].
BN =271 28580 Y55 FY8M2. Be sure not to damage the plunger.
12. 38 2740t 20| B ofd=2le 8Z otdol 12. Slide the tappet assembly into pump housing [fig.
20l &=Lk 27].

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2015.05/JDH
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g ZAb HX (Separate)

M51100 2B

guldd @il

Fig. 26 Fig. 27

13. SEAI} HEE Sel29 sX0 =A6HH %2 13. Force the tappet assembly against spring force

el=s g 282 20| eHH ol EelE FELL making certain that the plunger engages the slots

of the control sleeve [fig. 28].

14, 08 299 2o E2 "= oA Y 2 = 14. Insert the pin into the pump housing [fig. 29].

15. HZE 92 Yol==s 52 7,

B ofd=eloll Tl El @S 2tatAlZICt Release the force on the tappet assembly.
T8 302 &0l 15. Place the pump in upright position. Set the
zZ2= i Sl delivery valve, constant pressure valve and

FIAIAIZICE
16. Eeluie] @2 A olAE ol
2ol 22 fl= 2ES Ea WX

Nmo| E32 | ZAStC}.

springs on the barrel. [fig. 30]
=1, Jg 31 16. Set the delivery value case. Fasten the socket
IS 0l=3td 100 head bolt up to a torque of 100 Nm with a torque
wrench [fig. 31].
17. Tighten the deflector with new gasket into the
pump housing up to a torque of 160 Nm with a

torque wrench. [fig. 32]
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18. T8 331 2o A2t ZOIE 9 ZAl o = 18. Set the seal ring and pointer and shim if necessary.
0|ES dAlstCt [fig. 33].

19. Zg) =, AES 9| F21Y0| F=L2AE A 19. After assembling, the smooth motion of the control
ottt o mf SeME F5ot A fAM H5 rack must be checked, and the plunger must be
ob ARl $IAIA S20{0F etCt ol A = H moved from the no-load stop to full-load stop. The
Te BFs 2 4 U= ol =0/ =lCh pump is now ready for calibration.

20. ZTElEl dg A HZE Aol DAt 20. Mount the assembled fuel injection pump to the

engine.

Fig. 33

/A HYUNDAI HEAVY INDUSTRI
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guldd @il

M51101 1D

A= A ADIS =

Adjustment of Fuel Injection Timing

e AL ADIE et 2 g5l dets =Ch

0 Ml =l ¢ MR wlo[AHMAM Hets] 930
0

2 AE SUO0IESE FIGIAGENSIH A=At

A= et el 220 g2 Sotebl Lk

® AFAE ZJO0/E +0.1mm = 2T 2 + 2 par

A 3 1

g R HLEA X FHZIAISf &9/ of4AIL.

~e{~E BH0/E FAE HIY 7 Yo

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+0.1lmm=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 288 A/ E Z20/E)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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Fuel Injection Valve Assembly Drawing & Part List Section Ne. R
A52000 1B

HE ZAb Y2 (1-stud) ZExs ¥ 25 55

@ @ A52300

195
196
Part List
Item No. Description Q’ty / Cyl. W(fg)ht Remarks / See Note
100 Fuel injection valve complete 1 3.0
191 Support 1 1.2
193 Stud (M16) 1 ) 50Nm+Loctite243
194 Hexagon nut (M16) 1
195 Washer 1
196 Washer 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 06.04/YJB
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HZE EA YE (1-stud) 2EE U B 55 A52000 1B
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AE AL YE (1-stud) rEE WU RE S8 A52000 1B

Part List
Item No. Description Q’ty / Cyl. W(fg)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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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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

i
re
WU
HT
z
=3
IC
=
=
HL
o
%
=
a

2. XNAY B)

% 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.

@ 91.130 |

|1

e e
-
e

&
K
|

T“
|

Fig.1 Dismantling of fuel injection valve (%12 FA} 29 Zof)
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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.

Take care not to damage or clog

the nozzle holes.

Function Test of Fuel Injection Valve

1.

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 (91 FA} 29 J/5 AlE)
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Fuel Injection Valve Maintenance Procedure Section No- Rev
Az AL YE Sl ESPARES PN M52000 1J
2. 0 Tj0|ZE AR FAN WS AASH} 2. Connect the high pressure pipe to the fuel
injection valve.
3. £3o=z HHg HZO UHES =AM, W Y 3. Pump slowly by hand, and check the valve
e W 22 dats =tolett opening pressure and spray pattern.
He JHEt 2t 420 bar Valve opening pressure : 420 bar
A Z AMNEE BAIHE Foof £=2 J1J00) of A\ WARNING Don’t put hands near spray area
Al ORAIR. 22FCZ Plof AAHIF £4t8 2 A&t/ during testing. High injection pressure may
ct. damage to the human body.
A= Y el =7 Adjustment of Valve Opening Pressure
WO JfYl 20| 420 bardt EAl 2OU, Ofefet & If the valve opening pressure is not 420 bar,
2 AXoll wep Wweo) ofel gels ZFESHYA L. adjust opening pressure as following process.
1. 28 4HE (HE S0 =L 1. Loosen the locking nut (F).
2. Z=d =2E (G5 ddsl s2|vM dd2S HSot 2. Turn the adjusting screw (G) slowly and check
0 WYol Y ez =tolstet valve opening pressure while pumping.
3. WY Y 22 10 bar ¥ =Xl LiZiCh 3. Adjust the valve opening pressure by the step
of 10 bar.
4. A8 dHo| 22EY, = LALE 5] Sl 4. When pressure setting is finished, tighten the
HE (HE2 E3 ~ly=2 M ZAStCt nut (F) with a torque spanner to fix the
adjusting screw.
HZ £33 1100 Nm (molycote £Z Tightening torque : 100 Nm (with molycote)
As ZAl =& 2ol Dismantling of Fuel Valve Nozzle
o

Az A YWY AGEAE 02510

o
1T
o
Ho
%
ot

Though the testing device can be used for

2 doif, & 22| tool2 0|E0lH “E=2dIl dismantling nozzles of fuel valve, it is convenient to

0| otCt. use atomizer removal tool.

1. =& ZHol 22 =S HIoietth 1. Remove carbon deposit on the surface of

nozzle body.

2. Toolz XA HAZICH 2. Fix the tool on support.

3. dm FALWES T8 30 22 toolol ZAlotrt 3. Insert fuel valve on the tool as fig.3.
&Z 22/ Tool : Atomizer removal tool :

4. BE (1)8 AAGIH, Az AL WEE 0FEGHL 4. Fix fuel valve with bolt ( I).

5. 1™ UYE (HE 20 =Lh 5. Loosen the locking nut(F).

6. 2™ =2E (O 20| Y2 HY 242 0 bar= 6. Loosen the adjusting screw (G) and set the
&L valve opening pressure to 0 bar.

7. A2 KE HMsttHaY 5 Ex). 7. Remove the seal ring(K)(refer to fig.5).

8. E3 £uy=z =& HE ()& Z0{dict 8. Loosen the nozzle nut(J) with a torque spanner.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.11/IMJ
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B =0 syvo yy8 239 =58 =5
LHEJ}  IEE0 Dowel pin0] IZtEE R28/7F 2ICt.

Dowel pin Z=0f £9/& 2,

91.390

Dismantling
tool

Nozzle

i = 1l

NOTICE Carbon between nozzle and nozzle
nut can make Dowel pin broken when
dismantling nozzle. Be careful of damage of

dowel pin.

Fig.3 Dismantling of fuel valve nozzle ({77 [/ [ [J/[J)

Sol, J® 71 20| &5 UEY *E HELIC
=S AN otol BEEY ol IpA FAZ WA
OF BHr

Cleaning of Nozzle hole

If some of holes are clogged, the nozzle should
be dismantled and cleaned.

Cleaning tool for nozzle :

After cleaning the nozzle, reassemble the fuel
valve and repeat the above function test. If the
spray pattern is not normal or still clogged, scrab
the nozzle and replace with new ones.

Remove carbon, and clean the nozzle nut and
nozzle. Especially clean surface for contact
between the nozzle nut and nozzle as fig.7 in order

to prevent leakage of gas by abnormal contact

Assembling of Fuel Valve Nozzle

=3
|
=2
Y
el
et
4
30
o)
_C
Fr
Ml
HT
a
5
=2
fjo
=
0k
ol
=)

2E (1)E M&5l0, H5 A WES D73ttt

" 4E (HE S0=Ch

iy

o el sed)s

H=0 Dowel pin(~H 0| &

Though the testing device can be used for
assembling nozzles of fuel valve, it is convenient to
use atomizer removal tool.

1. Fix the tool on support.

Insert fuel valve on the tool as fig.3.
Fix fuel valve with bolt ( I ).

Loosen the locking nut(F).

ok 0DN

Insert Dowel pin(to be supplied with spare

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2017.11/IMJ
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Fuel Injection Valve Maintenance Procedure Section No. R
= oA wo ETET—— M52000 | 1J
efeetct. nozzles) in Pin hole.
6. =& UEEZE =5 il MZASIC 6. Connect the nozzle nut with nozzle in fuel
valve body
7. EA Ayy=2 &« HE ()E AZstct 7. Tighten the nozzle nut(J) with a torque spanner.
(SW32 & AHWE 4 ALE) (O 6 &xX). (with SW32 Deep impact socket)(refer to fig.6)
<~ 91.630 | < 91.630 |
HE £3 1 300 Nm (molycote 1000 &&= copaslip = Tightening torque : 300 Nm (with molycote 1000
z or copaslip)
8. & K= &0 AAetLt (28 5 &Fx) 8. Install seal ring(K) on nozzle. (refer to fig.5)
A 2 1 JF BA HE 26 FH £ L9 FHFo A\ WARNING Sealing should be checked after
YEHE B0I5f0] HRA LMEGHIAL. £84E IJIAE overhauling fuel injection valve and replaced if
MAIESZ &2 Il FEZ 215101 #HE HIL] & FAI} needed. Valve body and bush could be stuck
JEEHO £40] ZYE T USL/ICH and damaged by exhaust gas leakage, if re-use
deformed gasket.
og 2Al e ZA|o U Lapping of Fuel Injection Valve Bush
g AL WYE M2 dl=o AXls| Hol 2 As shown in Fig.4, remove carbon and clean the
42 Zol 2Al0l Eetez 72 9 ol22S MG bush before mounting the fuel injection valve on the
MO0l stCh. cylinder head.
Sh AHE =7 Lapping tool for bush : @] 91.350 |

=

AJY ~ b = +;

Lapping Position

Fig.4 Position of the Fuel Injection Valve Lapping Tool

(012 2/ W g 59 5/7)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.11/IMJ
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Mounting Fuel Injection Valve on Cyl. Head

dE 2AL WEE deld =0l 2
1. @YUS M ZHeg WA, A8 FAL We o Al

I

[~

(A)Z JHgI AZoto ECh.

B 2 o= 22d ada 2= S0 528
2F0{0f gict

B0l =&Y 0-80 L4595 %<
= FYSIYN2.

HE (A)Z Hdslth

HZE E3 200 Nm (molycote £,

g 8nf 0| A TolZE 9 2ol Fetobi

=

9E £, HE (HE AM&Eetth

A

=

Z &3 : 3EHYof ZA 10 Nm -> 30 Nm -> 60 Nm

(molycote =X,

AE A M52300

Seal ring (K)

Fig.5 Seal ring(%/ /)

e Nozzle

AN Contact surface

Contact surface

Nozzle nut

Fig.7 Nozzle nut and nozzle((7 7 [0 [0 [J0).

1.

Replace the O-rings with new ones, and clean
fuel injection valve and cylinder head.

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.

Tighten the nuts (A)

Tightening torque : 200 Nm (with molycote)
Insert the injection pipe correctly as shown in
fig. 8, and tighten the nut (H).

Tightening torque : 10 Nm -> 30 Nm -> 60 Nm by
three steps (with molycote)

M52300

Tightening orders :

Fig.6 SW32 Deep impact socket([J [J[[7 [7[7).

Fig.8 Mounting of Fuel injection valve((JJ OO [0 [J00)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2017.11/IMJ
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Fuel Injection Valve |
vaive M52001 1A
AR BAL WS HE ZA Y29 A

Purpose

HS bl deAo 29 dods 22X2ts, oldet

1
gl
[m®]
"
ikl

Mg o~ QUCH AtMlsh Atet= oo &

Lo

=

ol 2l5tod
ct.

period of diesel engine-running.

It is generally recognized that atomization pattern

Ct. deteriorates gradually due to seat wear after a certain

Though mal-injection pattern was observed, its
phenomena can be reconditioned by lapping in order

to revive the performance for continuous re-use.

In this news, the details are described as below.

How to Lap on Seat

287, 9

2. x|
B A US 8os A
B REAR N DROE Bis

Ay

SO
=27T, o

1. Necessary tools and material

B Drilling machine or electric drill

B | apping powder No. 1500 ~ No. 1800

=Pl [ |
compressed air

2. Procedure

B Fit needle valve into drill chuck.

Cleaning oil, gas oil, lube. oil and

LS ¥e ®  Apply lapping powder dissolved in lube. oil
to needle valve seat.
LUs B Insert needle valve into nozzle body. Fit

them by rotating for minimum lapping

15 HE S Sl 2HAIZIHAM (approx. 15 seconds) to find circumferential
LSWE S I =0t 3 g5 gH0| contact-trace on needle seat. When
2O %= 82, M el Ze5iCt circumferential contact trace was not found
and/or demanded area due to foreign
substance was still remained, lapping is
more necessary.
B LS AEY ol A5 5 20| B When circumferential contact-trace on

needle seat was found, clean by oil and do

S0{HCL D2l »&7E LS AMEYO air-blow. Then apply lube.oil to needle seat
Ut=10 OpA|9 Zgls s stit and assemble it back.
B A FAIMES9 M2 1~22()HA| JtSotCh. B Reconditioning of fuel injection valve could

be available once or twice.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Fuel Injection Valve

Reconditioning of Fuel Injection | Secton e

valve

HE ZAL YWE

HZ 2AL WOl A

Rev.

M52001 1A

Before

Photos of needle valve seat before/after fit

Refer to the following photos.

After

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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OlR PalAE S F 4o 2 oskS 0l)| 1 20

ddE "dd FIIE =otol 240l 0[FOIAO0F atot

& £ - G09100

Ae 75 SEO HH X

e E FJUEA Y OIE0 et 2R AP

AtE O] A

o [ R

ol ZA - M52000

E S

o

NENEN a=zsige Y &8 HOs 52 Z
2o BIYS S FO, ME FYS Yot LIEHA,
GBENYE o H M S DOZ SH= HES
HTBHL. BFYF DO SHO| EI/510f 50| HFO ME &
Shut downE #0F St= 22, ARENYE FZ & S

& MEFZL 0] 0IF0(4 0F BICf.

B o=2/22 vEe 1S0-821704 78

ot DMB S5 &= 0/0] Tol= 225 AIEE 21,

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.

DMB Grade oil regulated by ISO-

8217 or the equivalent oil should be used for

testing the injection valves.

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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.01/YTY
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HIZ ANl = AlE
o ZA - M52000

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

Fig.1 Judging the nozzle bores. (left : open, right : partly clogged)

HE 23 A H2(Q2)

- J1¥ A

D A Bze L2daobl Jtdstol 2=0] 250bart

C

= S dw Y=o FH0| gls 47 I

o
iy
>~
=
kA
rr
Ba
ro

MY B @ M52001

5t Al

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.

Engine & Machinery Division 11.01/YTY
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Fuel Injection Valve

Checking Atomizing Condition

Section No. Rev.

AZE ZAL YE

235} A MY

M52002 1B

Fig.2 Judging the tightness (left : tight, right : dripping)

BN 2=2//22 XE A =5 G2EF 4
Al AXPENENY C127] 20 AZSA FEHIF 2E
i YEZ UEIE 5+ 20k 0l AETZH0| YH oz
Y YR )T Aolo I HoZ, ARSI
o HEBZY FHE S BEI| 0/ WL
C}. o1 =SEM ME B0/ 38 220l A, oY
IS 259 HElH FHBLE0| FYF HL HY =

B2 FYH AFYSE LIEIY 5 2UCh

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.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 11.01/YTY
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Fuel injection valve checking should be carried out

according to below procedure.

Procedure of Checking Fuel Injection Valve

Be well-informed of M52000 and M52002 before

checking fuel injection valves.

Maintenance procedure: M52000

M52002

Check List for Fuel Injection Valve

Carry out checking fuel injection valves according to

below list, then fill in the check table.

@

Clogging test

Carry out at 30 bar, fill in the table ‘Number’ when
there are clogged holes and ‘N’ when no clogged
hole.

Sealing test

There should be no dropping at 250bar during 5
seconds, fill in the table ‘N’ when there are no
dropping and 'Y’ when dropping.

Opening pressure adjustability

Fill in the table Y’ when possible to adjust
opening pressure from 0 bar to setting value for
each engine type and ‘N’ when impossible.
Sealing test at setting value

There should be no dropping from 0 bar to setting
value, fill in the table ‘N’ when there are no
dropping and 'Y’ when dropping.

Atomization test

Fill in the table ‘Good’, ‘Normal’, ‘NG (No Good)’

after checking atomization.

Check Result of Fuel Injection Valve

Reusing of fuel injection valve should be judged from

above D@®®@ results. ® is just reference and if

D@®@ results are good, the engine performance will

be normal after installation at the engine.

AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

11.04/3CL
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IR A WS HAE HAH M52003 1 1B
m & & ZFEOF FA goels, AN NOTICE When the engine has normal
9 oIl 222 2l FI2g 0] FEFO R exhaust gas temperature and maximum
aE & A0 Jt55t A= SAF HE2/LCY pressure in cylinder it is a normally usable fuel

injection valve, even though the above test

result is not good.

HAxe thEaol A& Refer to the check table on the next page.

AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 11.04/3CL
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Check Sheet

Section No.

Oz AL YUE 34x%

R

M52003

Rev.

1B

4 VESSEL No. :

Engine No.:

Engine Type:

,  Engine Total Running hrs :

List

Cyl.

1

2

4 5

6

7 8

FIV Running hrs

@ Clogging or Not

@ Sealing at 250 bar

(3 O/P Adjustability

@ Sealing at S/V.

® Atomization

Engine No.:

Engine Type:

, Engine Total Running hrs :

List

Cyl.

2

4 5

6

7 8

FIV Running hrs

@ Clogging or Not

@ Sealing at 250 bar

® O/P Adjustability

@ Sealing at S/V.

® Atomization

Engine No.:

Engine Type:

, Engine Total Running hrs :

List

Cyl.

2

4 5

6

7 8

FIV Running hrs

@ Clogging or Not

@ Sealing at 250 bar

® O/P Adjustability

@ Sealing at S/V.

& Atomization

Engine No.:

Engine Type:

, Engine Total Running hrs :

List

Cyl.

2

4 5

6

7 8

FIV Running hrs

@ Clogging or Not

@ Sealing at 250 bar

® O/P Adjustability

@ Sealing at S/V.

® Atomization

AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

11.04/3CL
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A=Al To|=Z ofd =2l

C Ol U

Section No. Rev.

A52300 1B

()| @ A21100 |

v

-

(I nm—

Part List
Item No. Description Q'ty / Cyl. V\/(?(ig)ht Remarks / See Note
100 Fuel high pressure block assembly 1
101 High pressure block 1
105 Injection pipe 1
106 Stud 2
107 Bush 1
108 Spherical washer 2
109 Plugging piece 1
114 Socket head bolt 2
115 Set screw 1
116 O-ring 1
117 O-ring 2
118 Nut 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 14.04/BIW
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Fuel Injection Pipe Block Maintenance Procedure Section No. Rev.
OIZEAl T0|Z 2% (Mono) TR M52300 1A

Tightening procedure

In case of overhauling or replacement of Fuel

© Y ET IONmE

Pl => P2-> H2 -> HI
Y ET 30Nm=E
P2->P1=>HI =>H2
Y ET 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 : 1T0Nm -> 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 U3)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

05.04/KJC
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1Z 23 TH0|Z YT Y BE == A53000 6A

139

141

11
116
W
111
AN 113
Detail "A Tos

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.12/MSM
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159"
161
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132
133

Section "C-C"
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"/ 0 .
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Detail “D”

18, |
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|- 142

“"i152

.. 143

155

21777 NN\

2\

Section "E-E"

: 156
157
158
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IR ZZ mo| YT U BE 2= A53000 6A
Part List
fom Description 'ty Eng. Weight (kg) %i?:gfe/
. 5Cyl 6Cyl 7Cyl 8Cyl 9Cyl
101 Fuel oil pipe 8 10 12 14 16 Approx.1.30
102 | Fuel oil leakage main pipe 1 1 1 1 1
103 | Emergency stop air main pipe 1 1 1 1 1
104 | Fuel oil leakage branch pipe 5 6 7 8 9 Approx.0.12
105 | Emergency stop air branch pipe 5 6 7 8 9 Approx.0.08
106 | Fuel pump drain pipe 5 6 7 8 9 Approx.0.08
107 | Connection block 1 1 1 1 1 Approx.1.59
108 | Intermediate block 3 4 5 6 7 Approx.1.59
109 | End block 1 1 1 1 1 Approx.1.40
110 | Pipe clamp 5 6 7 8 9
111 Pipe clamp 5 6 7 8 9 Approx.0.21
112 | Bolt 15 18 21 24 27 Approx.0.05
113 Bolt 5 6 7 8 9 Approx.0.01
114 | Bolt 8 10 12 14 16 Approx.0.02
115 | Plug 4 4 4 4 4 Approx.0.01
116 | Pipe clamp 10 12 14 16 18 Approx.0.18
117 | O-ring 32 40 48 56 64 Approx.0.01
118 | O-ring 10 12 14 16 18 Approx.0.01
119 | Gasket 4 4 4 4 4
120 | Gasket 10 12 14 16 18
121 Emergency stop air pipe 1 1 1 1 1
122 | Bolt 5 6 7 8 9 Approx.0.02
124 | Bolt 8 10 12 14 16 Approx.0.01
125 | Washer 21 26 31 36 41 Approx.0.18
126 | Washer 5 6 7 8 9 Approx.0.09
127 | Nord-lock washer 15 18 21 24 27
128 | Fuel oil leakage main pipe(HP) 1 1 1 1 1
129 | Connector 5 6 7 8 9 Approx.0.05
130 | Plug 1 1 1 1 1 Approx.0.09
131 | Gasket 1 1 1 1 1
132 | Gasket 5 6 7 8 9

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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I.IMSEN H21/32 |/
Fuel Oil Feed Pipe Assembly Drawing & Part List Section Ne. R
IR ZZ mo| YT U BE 2= A53000 6A
fom Description 'ty Eng. Weight (kg) %i?:gfe/
. 5Cyl 6Cyl 7Cyl 8Cyl 9Cyl
133 | Connector 5 6 7 8 9 | Approx.0.04
134 | Connector 5 6 7 8 9| Approx.0.09
138 | Gasket 10 12 14 16 18
139 | Nozzle cooling oil inlet pipe 1 1 1 1 1
140 | NCO inlet pipe 1 1 1 1 1
141 Nozzle cooling oil outlet pipe 1 1 1 1 1
142 | NCO outlet pipe 1 1 1 1 1
143 | Sealing L.O inlet main pipe 1 1 1 1 1 1
144 | Sealing L.O inlet main pipe 2 1 1 1 1 1
145 | Sealing L.O inlet main pipe 3 1 1 1 1 1
146 | NCO inlet pipe branch 5 6 7 8 9
147 | NCO branch outlet pipe 5 6 7 8 9
148 | Sealing oil inlet to F.O pump for 1cyl. 1 1 1 1 1
149 | Sealing oil inlet to F.O pump 4 5 6 7 8
150 | Sight glass 1 1 1 1 1
151 Connector 2 2 2 2 2 | Approx.0.48
152 | Gasket 1 1 1 1 1
153 | Pipe clamp 1 1 1 1 1| Approx.0.24
154 | Washer 2 2 2 2 2| Approx.0.11
155 | Gasket 1 1 1 1 1
156 | Pipe clamp 1 1 1 1 1] Approx.0.22
157 | Bolt 1 1 1 1 1
158 | Washer 1 1 1 1 1| Approx.0.01
159 | Pipe clamp 4 5 6 7 8
160 | Pipe clamp 1 1 1 1 1
161 | Bolt 5 6 7 8 9
162 | Washer 5 6 7 8 9| Approx.0.21
163 | Orifice 5 6 7 8 9| Approx.0.01
164 | Gasket 5 6 7 8 9

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.12/MSM
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I.IMSEN Alltype  |"7)

i . Section No. Rev.
Pulsation Damper General Instruction eetion o ev
Wsot HE| At 7|2 G56000 1B

AX AR 2A HE o

2
=2

9|

rol

Poodol o=z of Adjustable pulsation dampers are mounted on fuel oil

g AJIS0l gl &M= 012 YX5HI| $I5HK, pipeline to protect the pressure instrument from the
Z& Jbseh Pulsation DamperJt A& 0] 2U&LICE  damage influenced by fluctuation of fuel oil injection
Wul= Zol =HE=0j0oF 5to, otefel A2 pump. These dampers should be properly adjusted.
Pulsation Damper Z2& H=<2o ddgs AHO U3} Below Fig.1 shows the variation of pressure

O FES LIEHHCTE fluctuation before and after adjusting damper.

Fuel oil pressure

IMediurn : H.F.0 180cSt at 110°C|

12

After adjustment

Pressure(bar)

0
Time

Pulsation Damper2| =& Adjusting the pulsation damper

1. A% P58 & HAE S50 A= SEHAE AR 1. Install temporary pressure gauge on test block
Sttt (38.3) during engine running. (Fig. 3)

2. @9 locking nutE 14137 1 (3g 4), WF 2. Loosen locking nut on the damper for 1-turn
spindles 2F 2013 YA dete =z o|Mstod @f counter-clockwise (Fig. 4). Check fluctuation
Ol WS M= St pressure after rotating the spindle about 2—turn

counter clockwise.
THI9 e
. R 4 - CCKING nu
' R A .
[ g ¥ B\
1 s
S e
\_-_T.?:\. : gl
{ RESS s
| s |
‘
Fig_2 ) Sectional drawing Fig.3) Damper and pressure gauge Fig. 4 Loosening locking nut

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.10/KNE
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Pulsation Damper General Instruction Section No. Rev.

WSt HIS)| Aut A7 G56000 1B

A = 9 SpindleS Bt S Al Spindle UIAL
PE Solof A2R9Y ¥R HM0 42 7 Yo, F9

otAlZ] BFELICE.

m SpindleZ closeAl &5 H3f 01EI7f Kof
Of ottq, 2/2 HislAl Locking nutE Z0/{ SpindleE A=

2ol close &ENE AEt0I5H.

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.5) Tightening the spindle

Fig.7) Tightening locking nut

o otol 0.3 bar OILHOIAl hunting &/=Al &olcl,
GHOrO| 0.3 bar O|AAl spindle2 M -G =,

Locking nut2 DA stct (OE. 7)

= 9  locking nut A L4 Spindle0] SZ0/A %

EZ Spindle2 E2/0/8F IAE [ocking nutE =2ICI

[, 3.42] 2bd= MAASH Spindle

YAl DAlet A E HAECL

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.
5. 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.

7. Remove temporary pressure gauge.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2017.10/KNE
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I:IMSEN 21732 | 2
Arr. Of Fuel Oil Piping Assembly Drawing & Part List | 5" e
oZ 23 WOIZ Hyx Z2EE H 785 =55 AS6000 il
T TS TN <~ " F310
108.._| o 4
..... o/ 0 L
....... o |
109404410, i \@ \[5-.. A
,.f I.J/. :
300 405 . 2~ < _‘--11;’60’1::_ """""""
412413 T8 - !
421
107... A

_ =" 200 500

i

100 401 406 T

407 410411 !
420 . |

104...
DIN

402 411°

JIS [opitigert T
409 411 423U L L
Detail "C" View "D"
Part List
Q’'ty / Eng.

'Lem Description Weight (kg) | ‘eama kf’

0. 5cyl. | 6eyl. | 7eyl. | 8cyl. | 9cyl. ee Note
100 | Fuel oil filter bracket unit T BT T I See the

4,5,6page

101 | Fuel oil engine inlet pipe 1 1 1 1 1
102 | Fuel oil outlet pipe 1 1 1 1 1 1
103 | Fuel oil drain pipe 1 1 1 1 1 Approx.1.06
104 | Fuel oil waste drain pipe 1 1 1 1 1
105 | Fuel oil frame drain 1 1 1 1 1
106 | H.P drain pipe 1 1 1 1 1
107 | Fuel oil before PT52 1 1 1 1 1 Approx.0.23

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.10/KGI
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Arr. Of Fuel Oil Piping Assembly Drawing & Part List | >""" R
=2 3= IT0|Z A AEE Y BT 5= A56000 1F
I:ﬁ:‘ Description Aty /Eng. Weight (kg) geer::aerc:fel
Scyl. | 6cyl. | 7cyl. | 8cyl. | 9cyl.

108 | Fuel oil after PT51 1 1 1 1 1

109 | Distance piece 1 1 1 1 1 Approx.0.16

110 | Fuel oil inlet pipe 1 1 1 1 1 Approx.1.50

111 | Fuel oil filter outlet pipe 1 1 1 1 1 Approx.0.86

112 | Fuel oil outlet pipe 1 1 1 1 1

113 | Fuel oil leakage pipe 1 1 1 1 1

200 | Orifice 1 1 1 1 1

201 | Fuel oil leakage alarm tank 1 1 1 1 1

300 | Band assembly 1 1 1 1 1

310 | Pipe clamp assembly 2 2 2 2 2

311 | Pipe clamp 2 3 3 4 4

312 | Pipe clamp assembly 1 1 1 1 1

330 | Support 1 1 1 1 1 Approx.2.11

400 | Bolt 2 2 2 2 2 Approx.0.07

401 | Bolt 1 1 1 1 1 Approx.0.03

402 | Bolt 2 2 2 2 2 Approx.0.03

403 | Socket head bolt 2 3 3 4 4 Approx.0.02

404 | Bolt 3 3 3 3 3 Approx.0.05

405 | Bolt 1 1 1 1 1 Approx.0.02

406 | Stud bolt 1 1 1 1 1 Approx.0.04

407 | Stud bolt 3 3 3 3 3 Approx.0.04

408 | Bolt 4 4 4 4 4 Approx.0.11

409 | Bolt 2 2 2 2 2 Approx.0.04

410 | Washer 5 5 5 5 5 Approx.0.51

411 | Washer 5 5 5 5 5 Approx.0.32

412 | Washer 3 4 4 5 5 Approx.0.18

413 | Washer 1 1 1 1 1 Approx.0.21

414 | Washer 4 4 4 4 4 Approx.0.01

415 | Washer 2 2 2 2 2 Approx.0.01

420 | Nut 6 6 6 6 6 Approx.0.02

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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S o . . Section No. Rev.
Arr. Of Fuel Oil Piping Assembly Drawing & Part List | *
g 35 T0|=Z HiX ZTEE Y RF 55 A56000 1F
Q’ty / Eng.
I:‘lem Description Weight (kg) RSemaNrkts /
0. Scyl. | 6cyl. | 7cyl. | 8cyl. | 9cyl. ee Note
421 | Nut 1 1 1 1 1 Approx.0.01
422 | Nut 4 4 4 4 4 Approx.0.03
423 | Nut 2 2 2 2 2 Approx.0.01
460 | Gasket 3 3 3 3 3
461 | Gasket 3 3 3 3 3
500 | Name plate 1 1 1 1 1
515 208 524
516 529
530
504 /?
505
|
I—:* : — 4 =
M| T N
[ — —
g dE
- 1 -,
P B
=1
o TN |
514 ° HRLRI 531
RN
506 AT
507 SRRl
NN
i
517 ° HRLR IS
518
527 H=|
"501
528 ~
523 "
"532
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.10/KGI
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Arr. Of Fuel Oil Piping Assembly Drawing & Part List | >""" R
g 35 0| BiX ZEE Y 23 2S5 A56000 1F
Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note

500 Fuel oil filter element 2

501 Housing 1

502 Valve 1

503 O-ring 1

504 Cover 2

505 O-ring 2

506 Distance cap 2

507 Gasket 4

508 Screw 2

509 Nut 2

510 Collar 2

511 Sealing ring 4

512 Stop screw 1

513 Washer 1

514 Snap ring 6

515 Handle cap 2

516 Locking pin 2

517 Element plate (Big) 408

518 Element plate (Small) 396

519 Clear plate (Big) 398

520 Clear plate (Small) 396

521 Sealing bar 1

522 Shaft 2

523 Support 2

524 Spring washer 8

525 Guide shaft (Big) 4

526 Guide shaft (Small) 4

527 Guide plate (Big) 10

528 Guide plate (Small) 2

529 Stud bolt 8

530 Hexagon nut 8

531 Name plate 1

532 Ass'y of fuel oil filter drain valve 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.10/KGI
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SH8014

H21/32 |"&%

Arr. Of Fuel Qil Piping

Assembly D

rawing & Part List

A=E Zg L0l i Al

= S2=
= =

Section No. Rev.

A56000 1F

602"

“601

" 604 605

Part List
Item No. Description Q’ty/Eng. Weight (kg) Remarks / See Note
601 Fuel oil leakage alarm tank 1 Approx.3.53
602 Pipe 1
603 Fuel leakage pipe 1
604 Plug 1
605 Gasket 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.10/KGl
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I.IMSEN

SH8014

H21/32 |"5%

Arr. Of Fuel Qil Piping

Assembly D

rawing & Part List

A=E Zg L0l i Al

= S2=
= =

Section No. Rev.

A56000 1D

602"

601

" 604 605

Part List
Item No. Description Q’ty/Eng. Weight (kg) Remarks / See Note
601 Fuel oil leakage alarm tank 1 Approx.3.53
602 Pipe 1
603 Fuel leakage pipe 1
604 Plug 1
605 Gasket 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.11/AJH
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I.IMSEN

H21/32, H25/33 | 3%

Fuel Oil Filter

Maintenance Procedure

Section No. Rev.

oz W

guldd 2xl

M56000 1B

—_

LR WES Sels SAN ZH L pEE)9 o

3. 3-way cock(4)2 & 22} Z0| $ XISt}

6. £

BB 2 22228 @As0 Hol A2E AL
51010k BHLCF.

BN zo v o5 vES(6) E38F7 40Nm2
< MHZofI] Hof ZEIOIE 243 £ZF BICL T2/ EE
&4 YAIZ S J0Nm PFEAl E4 Bk (3, 40Nm

2O FIL, BokE CHEILE)

. 2E deHE KM= 22= =Ttott], &0t

LAS0] HEAl EH HeHE= WAHE O 0F o)

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

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 3-
way drain valve, (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.

NOTICE Shut-off fuel oil, before dismantling

filter element.

. If no drainage occurs when the 3-way drain valve

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 air.

Mount the filter element again.

The nuts(5) for filter cover to be
spread with LOCTITE 243 before being tightened
with 40Nm and higher/lower tightening than 40Nm
is not allowed to avoid any possible damage of
bolts.

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 12.12/YSB
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I:IMSEN H21/32, H25/33 | 7>
oy . Section No. Rev.
Fuel Oil Filter Maintenance Procedure eeton e *
—TO BE TIGHTEMED 40Hm
AFTER BEIMNG SPREAD WITH LOCTITE ?jl—’“" ‘l
3
==E(!r_=|-.~,‘\ =
Y.
N
2
LEFEJII.‘TEH IIES.rr“TﬁLTm HML m
Q| [ &[>
3 3 3 3
J-WAY DRAIN YALVE (FLOW C:IRECTIOM)
LEFT FILTER. Both filters  RKGHT FILTER.
This Taaltlm is enly in operotion. This position is only
for cleming of the for cmirqcrftha
right filter, not for left filter, not for
continuous operating. continuous operdt ing.
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 12.12/YSB
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Lubricating Oil System General Instruction Section No. Rev.
289 Al oot A2 G60000 2A

e Description

Elol= @derolet e AAMEQL R 225w Al The engine has its own internal lubricating oil
"0 QUL HREe Y s=2& AF 22 ol ot system with wet type oil sump. Most of the oil
SEHO Ao A" HASE2 vitel A& glol I passages are incorporated into the engine

Sofl MRS LES Meg 4 Ch olHED e =
HE RgRE A7 22 9 HLEHIIR RYHUC
T80 UM RERE A7 RE PSYE Ry U
Wopo] SHoR ZZHCL HABHOR RURE Y
gole &S0t 2cf

components and the equipments of the system are

mounted directly on feed block without pipe
connections.
H =27 ¥ The lubricating oil (L.O) is pressurized by L.O pump

as shown in fig. 1.

The engine has two main filters,

returns to the oil sump.

t%( g L.O Filter Selection Valve
"1 4
A L.O Filter
1 >
Y L.O Thermostat Valve
(|
I / To Engine Block

Lubricating Oil Cooler

V L.O Pump

Fig.1 Circuit diagram for internal lubricating oil system (LfZ 2257 H&5%)

from oil sump and flows into thermostat valve directly
(uncooled) or via L.O cooler (cooled). The cooled and
uncooled oil is mixed at the thermostat valve; hence

M the temperature of L.O is set to the prespecified value

which is
selectable by filter selection valve. Filtered and
pressure controlled L.O flows into engine block and
turbocharger. Then L.O supplied to all moving parts of

the engine as lubricant as well as coolant. Finally, L.O

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

12.06/JHS
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I:IMSEN H21/32 204
Lubricating Oil System General Instruction Section No. Rev.
289 Al oot A2 G60000 2A

gag o A61000 | = Jl0f Efolo{, ozl The lubricating oil pump A61000 Jis of a gear

o = 250 AAE0 ALt HZ=E NS0ME o type, mounted on the feed block of the engine. The
A5 2ot RS M3 & U= II0|KH, o] & pump is dimensioned to provide sufficient flow even at
T= B9 010 22 Sol Z¥A MZEo 26 ¢ low speeds. It is driven by the crankshaft through an

intermediate gear wheel. The gear shatft is fastened to

S0l ACk the engine block by screws.

2eR W2 = S0lE Etoln The lubricating oil cooler is of the
Axo = =5 ofeholl MARIE 0l Ut SgdRe= W plate type, mounted below the feed block of the
Zholl ool AZHEN, Se0lES £¥2 RFPEHE & engine. The L.O is cooled down by means of the
gl =250 wet 2-EolEIch ggw WAoo o cooling water. The number of plate is determined

according to the lubricating oil temperature required.

Q. Details for the lubricating oil cooler are found in a
separate manual.

2els L = 15mo mUsS )

I ols #HolE FIEZ A EfY0oIN AFQ T= =50

A63000 | is of the

duplex paper cartridge type with a fineness of 15um,

The lubricating oil filter

MAE 0] ACH 2f ZHol= 60me ZYets Ikl & mounted on the feed block of the engine. Each filter

Blote~ ~2o] ok JIERIXE QUL =2 &= & has a safety cartridge of stainless steel with a
Sh= ZEQ /=0l FAE0 Az & AAMol 2k fineness of 60um. The high pressure drop can be

indicated by the pressure transmitters which are fitted
before and after filter. When the difference value of
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 (22/77 ZE&/Lf9 227 55)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 12.06/JHS
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Section No. Rev.

G60000 2A

Lubricating Oil System General Instruction

D INEST Aut x| 7

24l L A67000 |= n2o| @0l wet o The centrifugal oil filter A67000 | can be

ol dxe = QL dAdg2 Y dgo22H mounted on the engine on request of the customers.
doizIC Al ZE ol et 2hMiet Atet2 MIZPARS A centrifugal force is taken from the oil pressure.
U5 XNEME &AL, Details for the centrifugal oil filter are found in a

separate manual.

2T &N Wy A64000 | = 2t~ AU E E} The thermostat valves A64000 | are of the

doez 57T ~ 66T e 25 e WM &s wax element type, working at fixed temperature range
ottf, Asdal Aloleol AR =N, 0]2A% 1= S50 of 60C~69T, and are installed inside cylindrical
MXEICh 25 = Weo d2 =7ksot0, dekA casings, which are mounted on the feed block of the

oz WY WAYUHEE= HU|D} 2 XL ROl Ha engine. The thermostat valve cannot be adjusted, and
SHALE MM oe=z wHE Z2eIt Asuch I8 32 normally no maintenance is required. However, in
25 Y WEUWo 7R SE2 LB QCh some cases it is necessary to clean or replace valve

elements. Fig. 3 shows the lubricating oil flow in

thermostatic valve.

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% =& ZZj9 227 55)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 12.06/JHS
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Lubricating Oil System General Instruction Section No. Rev.
P T G60000 | 2A

ElofA] OFAAI2.

m 25 TH HE FoyE HE Lol H=E
5 TYotAL. 25 =8 HE Fo/89 &4 9F0] I2
Y2t K2 Y2+ Y 282 9F St A0 g2l
cf

B =z- 22 Aoy

OlEZoE g LEL/Ct

SN Y7 St

oyl e "= AB5000 | = H=)|2 =5

gl s, 2 AZF90d TR W 50t A=KE
gdotn, 2= 2do &40 A=XE eret ook
etct.

NOTICE Be careful

valves with different temperature ranges.

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.

NOTICE 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

12.06/JHS
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Lub. Oil Pump Assembly Assembly Drawing & Part List | >""" R
28R W xg YT Y RE 2= A61000 3E
&
| I
=)
o=y ]
O
u -:i_"
e
219
205
202 212 g
218 “i° ‘
208 211 i H
240 % 5 ¥

- \ ‘h .

:': “; ﬁ :.'. :.: '.235
. } = 229 i
£ i ; el

i 2‘; p 206 ,230

207 ) £.231
: (230 ==
el Y =

' 47238 §.225

i : =034

< 8228 |..
220 221 236 237 - u..,,224
227 223
Part List ( for 5,6,7,8,9H21/32)

Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
100 Lubricating oil pump 1 Include item no.201~240
201 Pump housing(CW) 1
202 Pump cover(CW) 1
203 Gear wheel(L) 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.05/KSS
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Lub. Oil Pump Assembly Assembly Drawing & Part List | >""" R
zeng 4z =8 AEE Y BT 5= A61000 3E
Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
204 Gear wheel(S) 1
205 Bush 3
206 Bush 1
207 Bush 1
208 Spur gear 1
211 Bolt 5 Approx.0.15 | Loctite : 242 +170 Nm
212 Parallel pin 2 Approx.0.02
213 O-ring 1
214 Bush housing 1 For 5H21/32
214 Bush housing 2 For 6,7,8,9H21/32
215 Bush housing 1
216 Bush housing 1
217 Bush housing 1 For 5H21/32
218 O-ring 1
219 Gasket 1
220 Main spool 1
221 Main spring 1
222 Valve body 1
223 Bolt cover 1
224 Bolt 1
225 Cover 1
226 Gasket 2
227 Plug 2 Approx.0.03
228 Gasket 2
229 Pilot spool 1
230 Pilot spring 1
231 Pusher 1
232 O-ring 1
233 Plug 1
234 Nut 1 Approx.0.01
235 Bolt 8 Approx.0.05

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.05/KSS
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Lub. Oil Pump Assembly Assembly Drawing & Part List | >""" R
zeng 4z =8 AEE Y BT 5= A61000 3E
Item No. Description Q'ty / Eng. Weight(kg) Remarks / See Note
236 Spring pin 2
237 Safety spring 1
238 Collar 1
239 Poppet 1
240 Power lock 1 Torque : 37 Nm
191 Bolt 8 Approx.0.05
193 Taper pin 2
194 Nut 2 Approx.0.01

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.05/KSS
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L.O. Pump Assembly Maintenance Procedure seton™e °
S8R BT ojyge oy "x M61000 | 3A
Zo| 2 F3S00 ol 02t AeAE FIIH Inspect all parts of lubricating oil pump for wear
o2 dddtn ot2E 2F2 wHGHOF Stet LSt periodically and replace worn parts. Inspection of the
oo gd= ol AoM A0 HH eb50|Ch bearing is also essential for lubricating oil pump.
=7 HZo Zdl/2d Overhaul of Lubricating Oil Pump
1. 3% 10l 201%0] 2E (AE Z20d =, 2E ¥ 1. Loosen the bolt (A) as shown in fig. 1, and

™

4.

dismount the bolt and the spur gear.

Loosen the bolts (B), and dismount the bolts and

HiOj2l A0 OF=2LE &200] A=A ettt 4.

B 702 =/ 45 SME 006 ~
0.16 mm O[XEL SMI} 0.25mmE ZZol8 ME2 H

018 2AIZ WA AL,

Ze2 10lM 52 d=o TEck 5.

B 022 ¢E22 BAGIAL.
B =2 9= 79S prx 2F0/0F

ct.

=E (B) & 20dW =, 2E 9 S 2dlisth 2.
the cover.
B
A
Fig.1 The lubricating oil pump (22/57 &)
J101 & 52 20U 3.

Dismount the gear wheel shafts.

Clean all parts thoroughly.

Inspect the bearing bush for wear and any
damage.

The normal clearance of the bearing
bush is in range 0.06 to 0.16 mm. However if the
clearance exceeds 0.25mm, replace by new bearing
bush.

For assembling the lubricating oil pump, follow in

reverse order 5 to 1.
Replace O-rings with new ones.

NOTICE Be sure to fit the hole to drain

lubricating oil.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.03/JMJ
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L.O. Pump Assembly Maintenance Procedure Section No- Rev.
2aR BT o4 =2 HolEg ") M61000 | 3A
=87 3Zo =g Assembly of Lubricating Oil Pump

1. E3UXAE MSstol 8 E39 1/4(9.3N - m)=2 1. Using torque wrench to tighten the fastening bolts to

HNEAE 2EE MH™Moz #Zoty, I3 &42 the 1/4(9.3N-m) of the specified torque first, and
SMUE MBS torque it as shown in Figure 3.

2. 1™ E39 1/2(185 N - m)E HMZASHCE 12+t 2. Tighten 1/2(18.5 N-m) of the specified torque. As a
€2 Yoz HZE gsS Ut=otth same way with 1, repeat tightening process.

3. E3UX = MESIH #E EAGBIN - mIHA| 3. Fully tighten to the specified torque(37N-m) with
2G| =0l 7 2aty 22 YUdo=s HZE UYS torque wrench, and repeat the tightening process in
ot=otct the same way as 2.

4. CHAl ot 2= 2ES #4 AZE &3 A AF 4. Once again, torque the all bolts to the specified

Yoloz MU= 25| A&Zetct 2EJL O torque in the circumferential direction completely.
014 SO0PHAl A=A =2olstct., Make sure the bolt does not go back anymore.

< BOLT Tightening sequence>

Fig. 3 Assembly of POWER LOCK

m Y= g, Fof £ LA 0/86E Be careful not to have the Locking

RolE HY, EE S0/ Sol T9 &) IYEF HF, Element deformed and its bolts sagged after being

SO0/B 0] &5t JR MAEE + YO MES HoE et assembled and disassembled. The deformation or
Bt sagging will make the Lock become obsolete, so it must

be. Replaced with new one.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.03/JMJ
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Lub. Oil Cooler Assembly Assembly Drawing & Part List | """ R
289 Y2l ojg=e FEUE Y RE == A62000 1D

K \\\“

\
E

I
i - |
k.\“

s

O =

o

o]0

1@

NN \( I'\_
|38 317 ) 36 | 2
AN AN N

Part List -
Item No. Description Q’'ty / Eng. W((;ig)ht Rsi':i::tse/
100 Lubricating Oil Cooler 1
120 Intermediate piece 4
121 Intermediate piece - HT Blank 1
191 O-ring 10
192 Bolt 4 Approx.0.16
193 Nut 4 Approx.0.03
194 Bolt 8 Approx.0.11
201 Lubricating housing 1 Approx.204.68 Include No.311~318
202 Pressure plate 1
203 Tie bar 8
204 Plate 1
205 Carrying bar 2
206 Distance piece 2
207 Guard 1
311 Plug 1 Approx.0.44
312 Gasket 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.11/KSS
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Lub. Oil Cooler Assembly Assembly Drawing & Part List | """ R
=57 42| old =2l ZEE Y 23 2S5 A62000 1D
Item No. Description Q’ty / Eng. V\I((;,(ig)ht Remarks / See Note
313 Lubricating housing 1 Approx.202.40
314 Plug 3 Approx.0.04
315 Gasket 3
316 Adaptor 1 Approx.1.00
317 Plug 1 Approx.0.17
318 Gasket 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2018.11/KSS
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Lube Oil Cooler Assembly Maintenance Procedure Section No- Rev:
28R Wbl o4 el HuEg "t M62000 | 1A

The lubricating oil cooler should be checked and

L, 2ets 9 WZaz0ol ¢4y o] AoHA AotEE=E 4 cleaned at regular intervals. However, in case that the
F Y 2RI UEMAHCR2 WAL K= 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 2o/ dd Overhaul of Lubricating Oil Cooler
1. g 19 g2 H2)| st A= =3 1. Drain the lubricating oil by loosening the drain plug
B)E Z0{U0 2272 HEAZICH (B) on oil cooler housing as shown in fig 1
2. wegR W2 ofdAl A= SHIAE Z0{U 2. Drain the low temperature cooling water by
of Mz d24e= EAZIC 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
A2 g Hof Jeoz ZFHE g&F oo S£0/E bit despite draining. So collect them by a tray under
ZTHlof Fof £ ¥ 225 2ojof giLiC) the front module.
E I‘ — 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. =R HZI[9 MAet 2o, A, MA % =g 3. For detailed disassembling, inspection, cleaning

2,
BN =7 o &5 2 e 2= EH0/E
9 PR BHEA 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
2R W2l oy e HOlHY HAat M62000 | 1A
m SC0/EE ME2 ZeE WA FR0 In case of replacing plates with new
= PIEA ME2 ZE8l0/E= 0/FZ S5t A9 Edf ones, make sure that the new plates are identical
O0IEE Al OF LY. with the faulty ones.
m U Z0] ZH0/ED} £4HA FEF Take care not to damage the plates
FO/51LAI 2. during maintenance.
m ZH0/EE FFAY ALAIEE PIEof Clean the plates with a suitable deter-
= I3t HEHE AEoI0] HZ20] HIF ol of BIL/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. ool EOXA 2Es FeEs W2 oedES 4. Tie the oil cooler housing with a rope, and hook up
s et =, 32l HEsHC] onto a crane not to fall down to the ground.
5. =B (D)E 20t =, otdut AE =55 A& 5. Unscrew the bolts (D) and the connection bolts (E)
of F= =E () S0{HiChL between oil cooler housing and engine block.
6. 72w W) o5tRES oLt 6. Dismount the oil cooler housing.
B > =230 280 7 255 FY51Y Be sure not to damage the parts.
AlL2
A F 9 Z&57 H2P] ofPFE Zag o= A CAUTION Take care of your body, when
CIAAX] YEE FTY/514A2. 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 A2 W Replace gasket with new one before
A oFIAIL. mounting.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Lub. Oil Filter Assembly

Assembly Drawing & Part List

=R TH o4=e

[0

c g o Xz
ZEHE 4 735 S5

Section No.

A63000

Rev.

3B

100,430,461

310,404,412

101
" 431
462

201
400
463

#202
" 464

102

301
405
412

Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
100 Lubricating oil filter vent pipe 1
101 Lubricating oil drain pipe 1
102 Drain pipe oil pan 1 Approx.1.41
200 Lubricating oil filter complete 2 Approx.0.09
201 Lubricating oil control valve 1 Approx.0.08
202 Intermedia 1 Approx.0.55

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.11/MSM
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Lub. Oil Filter Assembly Assembly Drawing & Part List | >*"""* Rev
287 TH oy ZYUE U RF == A63000 | 3B
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
204 Oil pan 1 Approx.2.55
300 Band 2
301 Pipe band 1
302 Pipe band 1
310 Clamp 2
400 Bolt 4 Approx.0.10
401 Bolt 16 Approx.0.04
402 Bolt 1
403 Bolt 1 Approx.0.03
404 Bolt 2 Approx.0.02
405 Bolt 1
410 Washer 16 Approx.0.01
411 Washer 2 Approx.0.32
412 Washer 3 Approx.0.18
430 Adaptor 2
431 Adaptor 2 Approx.0.18
432 Connector 1 Approx.1.00
450 Plug 2 Approx.1.00
460 Gasket 2
461 Gasket 2
462 Gasket 2
463 O-ring 1
464 O-ring 2
465 O-ring 2
466 O-ring 2
467 Gasket 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2019.11/MSM




H21/32, H25/33 | "%

Maintenance Procedure

guldd Xl

Section No.

M63000

Rev.

3C

=857 ZEo wH|

It is important for the extension of the engine life to
inspect the lubricating oil filter regularly. If the alarm is
<, 2 activated, which means pressure drop is too high,
exchange the filter cartridge by new one as soon as

A possible. The life of the cartridge depends on

o= =t lubricating oil quality and operating condition. The oil

emergency situation.

filter can be chosen by the filter selection valve in

el The filter exchange should be carried out during
of gelE 0| engine stop condition to overhaul
procedure of lubricating oil In case of

emergency, it is possible to replace the filter while

engine operating using another filter.

Exchange of Lubricating Oil Filter

1. ool 282 =waw I s HEE i
A

ol 28 #Hol SV|E =

B 5 9= w== S0 2820 s

£ 3 WE YEE F2]L

vent valve, then close the air vent valve.

1) chamber for air ventilation. [Fig. 1]

1. Open the air vent valve of the stand-by filter

If Lubricating oil flows out through air

2. Change over operating filter chamber with stand-by

filter chamber by turning the filter selection valve.

[Fig. 2]

[Fig.3]

3. Open the drain valve to drain lubricating oil.

Fig. 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery (HHI-EMD)

2019.12/MSM
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Lub. Oil Filter Assembly Section No.

Maintenance Procedure

Rev.

guldd Xl

M63000 3C

o~
=
a
N
=3
i
Ha
ol
_O'ﬁ
=
NIl
Im
o
Pal

# Grating =0/0 el Atcke] ol & 2

(Ladder : Option)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

3 27 2HE Al

5. Open the filter cover and remove the filter cartridge
and the 2" filter. [Fig. 4, 5]

_ Insufficient drain may cause spray of

lubrication oil.

Fig. 5

5. The 2™ filter can be used again after clean with

detergent. The 15t filter cartridge is to be exchanged
with new one.

The dismantled cartridge can not be

used again.

6. Clean the filter housing with a clean rug, and

Re-assemble in reverse order.

7. Close the lubrication oil drain valve and the air vent
valve.

* Use the ladder according to the grating height.
(Ladder : Option)

Engine & Machinery (HHI-EMD)

2019.12/MSM
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H21/32 |55

Mounting Of Lub. Oil Control Valve Assembly Drawing & Part List Section No- Rev.
@R =F we T U E =5 A64000 | 3A
Part List (For 5H~8H21/32)

Item No. Description Q’'ty / Eng. V\I(ekig)ht Remarks / See Note
101 Lubricating oil thermostatic valve 1 Approx.35.0 | Include item no. 201~214
201 Lubricating oil valve casing 1
202 Lubricating oil thermostatic element 3
203 Washer 3
204 Thermostatic valve guide 3
206 Bolt 3
207 Bolt 9
208 Name plate 1
209 Bolt 8
210 Packing 1
21 Blind flange 1
212 O-ring 3
213 Gasket 1
214 Plug 1
102 Bolt 8
105 O-ring 1
106 Stop valve 1
107 Adaptor 1
108 Washer 8
109 Vent pipe 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2016.12/PSY
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1I:-IMSEN H21/32 e
Arr. T/C L.O. Piping Assembly Drawing & Part List | > Rev:

A64001 3B

BHE2AN & Ti0|Z Ui A

rgE o

[Shes
= TS

2=

-

A
Detail "A"
Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
100 Turbocharger lubricating inlet pipe 1 Approx.1.28
200 Orifice 1
310 Clamp 1 Approx.0.42
320 Turbocharger lubricating cover 1 Approx.0.30
400 Bolt 4 Approx.0.04
401 Bolt 1
420 Washer 1 Approx.0.01
430 Connector 1
460 Packing 1 Approx.0.01
461 Gasket 1
500 Name plate 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.04/KGl
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Arr. Of Pre-lubricating Oil Pump | Assembly Drawing & Part List | """ Rev
olul BER B b FEUE Y RE == A65000 | 2D

105,111,115,119

102
.......... ; 108~
107,113
Detail "A"
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.06/KGI
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H21/32 By

Arr. Of Pre-lubricating Oil Pump Assembly Drawing & Part List Section No- R
ool 2ER B WA T Y85 =SS A65000 | 2D
Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note

101 Pre lubricating oil pump 1 Approx.38.0
102 Pre lubricating oil pipe assembly 1 Approx.3.65
105 Support 2 Approx.0.57
106 Support 1 Approx.6.93
107 Packing 2 Approx.0.01
108 Non-return valve 1

110 Bolt 4 Approx.0.04
111 Bolt 2 Approx.0.05
112 Bolt 4 Approx.0.06
113 Bolt 10 Approx.0.05
115 Nut 6 Approx.0.02
118 Gasket 1

119 Washer 8 Approx.0.01
120 Washer 4 Approx.0.51
121 Packing 1

123 Stop valve 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2019.06/KGlI
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Pre-lubricating Oil Pump Assembly Drawing & Part List Section No. Rev:
oyl BER WX YT Y BE == A65000 | 1B

@ﬁ

303 307 ,308  3po 301 ,307 ah

309 306
305
“
ST AL NN (71
N | H\é\
N 71
% / X F g //‘|
QLN ! /
] SEREER
| |
Part List
Item No. Description Q’'ty / Eng. V\I(ekigg)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/JCL
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LIMSEN T
Pump Drive L.O. Nozzle Ass’y | Assembly Drawing & Part List | """ Rev.
3 75 237 L2 odz) S — A66000 | 3A
(Without LT-C.W. Pump) ALYy T x TE 55

511 513
Part List
Item No. Description Q’ty / Eng. W(iig)ht Remarks / See Note
511 Bolt 6
512 Blind oval flange 1
513 L.O nozzle for pump drive gears 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.01/AJH
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H21/32 P

Arr. Centrifugal Oil Filter

Assembly Drawing & Part List

s RER TE

= =

Section No. Rev.

A67000 3B

Part List

Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
100 Centrifugal filter Inlet pipe 1 Approx.3.43
200 Centrifugal filter 1 Approx.22.0 See The PHA67000
310 Clamp 1 Approx.0.11
400 Bolt 4 Approx.0.07
401 Bolt 2 Approx.0.01
410 Washer 4 Approx.0.51

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2018.11/AJH
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. o s . . Section No. Rev.
Arr. Centrifugal Oil Filter Assembly Drawing & Part List eetion o .
A4 28R L YT Y BF 35 A67000 3B
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
411 Washer 2 Approx.0.08
420 Nut 1 Approx.0.01
461 Gasket 2 Approx.0.01
462 Packing 1 Approx.0.01

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.11/AJH
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All Type |75

Centrifugal Oil Filter Maintenance Procedure

Section No. Rev.

24 23R ZE| (Option) Huldd AA

M67000 2A

Cleaning procedure

—_

N

L8 19 (26) Y 2= S =E5PI sh,

. 2PH AW M HEQ)E 21 (1002 =29H Ul

Cl2FH (el 2FH HHE =2latth

C29H URY sdAE #4222 R0l Mttt

Jeln, AHE JF2(07)S MJstth 2= 29H
EAS

KU
40
o
=

Uil € =2 FE #lol~o AZzEgetch He e
=1 ndgd 8), (9 vilol AZoto] AH =2

HICIE d&gotn, ~HE FEE 2 H dlo|~ol H

1. Isolate the filter by closing the valve for lubricating
oil inlet to the filter.

2. Slacken cover clamp ring(26), see fig. 1. Unscrew
cover nut(27) and lift cover (31). Unscrew the bolt,
and open the cover.

3. Lift off rotor assembly (01) having allowed the oil to
drain from the nozzles. Ensure that the rotor
assembly is removed from and replaced on to the
spindle(24) with extreme care so as not to damage
the bushes(18) and (21).

4. Unscrew rotor cover jacking nut(2) and separate
rotor cover(4) from rotor body(10).

5. Remove sludge from inside the rotor by means of a
spatula and wipe clean. Then removes
standtube(07). Ensure that all rotor components are
thoroughly cleaned and free from deposits of dirt
before reassembling the rotor. Failure to do so could
cause an out-of-balance condition which will
accelerate bearing and spindle wear.

6. Reassembly rotor body on to rotor base. Ensure that
locating pins (8) and (9) in joint face of body align
with holes in cover and that standtube fits correctly in
the rotor base.

7. Examine spindle in areas corresponding to top and
bottom bushes. If damaged or worn replace with
body assembly complete (25).

8. Replace rotor on to spindle ensuring rotor revolves
freely. Then reassembly body cover. Tighten cover
nut by hand only and refit safety cover clamp ring.
The clamp ring must be securely fitted at all times
when the filter is running. Do not run filter with clamp
ring loose.

9. Open for lubricating oil.

10. With filter running, check all joints for leakage.

Check for excessive vibration.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.08/JJO
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All Type |55

Centrifugal Oil Filter

Maintenance Procedure

Section No. Rev.

e

A 2857 ZE (Option)

shiEs

M67000 2A

d Ex

31

08

25

)

=

il

=

R

BB

01

r

=

. \mv“‘-.w :

o -.""'

N

o]y

|-_ R saereg

"

a4 FD| Cleaning intervals
o O " FIl= 2t 2d AIZE 0 100AIZF0I L It is recommended to clean the centrifugal filter every
ol=&2 SOt 25mmot & 3% das FHelth 100 hours maximum or when the dirt deposit is

25mm thick, whichever comes first. For cleaning

intervals, see G09100 |.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 09.08/JJO
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Arr. Of Mist Gas Outlet Piping | Assembly Drawing & Part List [ > Rev
RS WS THOIZ GRR] rYT U 2x == A69000 | 5B

102
401
411
421
461

|

|

|

|

|

|

| |
400 |
200
500 |
|

|

|

|

|

|

|

|

|

101

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.11/AJH
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Arr. Of Mist Gas Outlet Piping Assembly Drawing & Part List Section No- R
7571 & IH0|Z B A AEE Y BT 5= A69000 5B
Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note
100 Mist gas outlet pipe 1
101 Oil mist drain pipe 1 Approx.0.60
200 Ball valve 1
400 Stud bolt 4 Approx.0.07
410 Washer 4 Approx.0.01
420 Nut 4 Approx.0.03
460 Packing 1
500 Name plate 1
102 Mist gas outlet pipe 1 1
401 Bolt 4 Approx.0.05
11| washer :
421 Nut 4 Approx.0.02
461 Packing 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2018.11/AJH
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Cooling Water System General Instruction ection o o
A2t A 2H- olut X7 G70000 1A

N Description

AZol= FHel We dH2d 2201 e, 0] 2 The engine has two cooling water circuits internally,

2= M2(LT) A" % 02 (HT) AlISY

ULt 0] 2|29 e Ay

o, AE 1= =50 EX=0 UL

g 25 daol ofsl dAEo] 2

LTW Pump
(if Applied)

LTW Thermostat Valve
(if Applied)

Supply

Return

[ -
HES @

ro

&1 0] which are low temperature (LT) system and high

U temperature (HT) system. Most of the elements of the
circuits are modularized and directly mounted on the
feed block.

= The cooling water system is designed for using

A& A& normal fresh water with corrosion inhibitor. Both the

low and the high temperature system are cooled by
fresh water.
9 The low temperature cooling water circulates by L.T

= pump and flows through charge air cooler (CAC) and

2 25 lubricating oil cooler (LOC) internally. L.T.W thermostat

wetste valve controls the water temperature by exchanging

water with external circuit as shown in fig. 1.

HTW Pump

HTW Thermostat Valve

Lubricating Oil Cooler

Fig.1 Circuit diagram for internal cooling water system (Lf 2 42t+ 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

[ =
AT

20/0{, AEO] Ap ol &R = o

P
e
75 AMOIIAM 7 A

0l @X =0 2UCH

o

8 2¢ 0] 77 %

0/ Z&L/ct o] 54

B
iy
1y
)

N
S
fo
g
0y

28527} 0/20/2tE

Yzp HZE o ¥ HZH0F SLICh
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The high temperature cooling water circulates by

H.T pump internally and flows through cylinder head

and water jacket under normal operation.

H.T.W

thermostat valve controls the water temperature by

exchanging water with external circuit.

The two cooling water pumps|®-] A71000 | are of a

centrifugal type and are driven by the gear wheel at the

free end of the engine. These two pumps are identical,

but one is for circulating high temperature cooling

water and the other is for low temperature cooling

water. Sealing rings are provided to avoid leakage

between water side and oil side in the pump housing.

NOTICE

Cooling water pump has a check hole

against leakage as shown in fig. 2. Watch the check hole

frequently. If there is any leakage of cooling water or

lubricating oil, overhaul the cooling water pump.

L.O plug

Sealing rings

Check hole for leakage

(Water or Oil)

Fig.2 Check hole for leakage and cooling water flow in water pump
&g = Z

BT Y27 58)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division
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Sel @5 = We @] A74000 |= 22t 1
o M2 32RO AIREN AdF9 I= 220 AX|
S QCL 0] WosSe 20 AdAYUE B0l =X
2 2Jlssltt I8 31 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

Fig. 3 Cooling water flow in thermostat valve (2= =& 229 H2}+ 55)

B = =7 22 o= Zag Ieds ¢
SAl Y278 WENI|Z LA AT 4E BIF )5
Al

BENEN 47+t =2l THHYAL.

elements.
To Engine Inside
: I
| From Engine
cw \ (for HTW)
Supply G
\" From Cooler
\ ( for LTW)
//
g
To Engine Outside
(b) High temperature cooling water
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 Section . Rev
Wzie A2 o0} A|7 G70000 (1A

B = 7+ 22 42+ 2 2829 2 (I=H Al the valves for L.TW, H.TW and
YoE2 S5t AT0/2E LH of P =EE T A& lubricating oil have same dimensions and mountable on
LI 2= #HE0 FZAIEHO JE 25 =T BIHE BIEAl & the other housings. Check control temperature range
OIoRAIR. SILHE ofRPHS HE AefHEL §/0/A] Y=F marked on each valve. Do not mix the valve elements on
TY ot 2. a housing.

B = v7+ 22 93+ ¢ 2829 2= All the valve housings for L.T.W, H.T.W
Yo ofRF2 S5t HHO/BZ ZT2E EZ9 MifH =0 and lubricating oil have same diameter and mountable
TEE 7 Y&/l 2t HE ol RH Y FHEo EAGfAIL. into the other holes of the front block. Be sure to mount
I8 48 Fx=olAIL. each valve housing correctly [See fig. 4].

Position Markings

Thermostat Valve
Casing for L.TW Thermostat Valve
(if Applied) Casing for H.TW

Fig. 4 Mounting of thermostat valve housings for L.TW and H.TW

K2 9 12 25 TH U opE9 gl

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 05.04/KJC
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Cooling Water Pump Assembly Assembly Drawing & Part List
4215 W 7l reUT W Sz == A71000 1 4C
(Without LT-C.W. Pump) e = TE

- S|

903

902

591

514

512 901

Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note

100 Cooling water pump 1 See VOL.II

500 Intermediate piece 1 Approx.0.55

512 Flange 1 Approx.2.95

514 Gasket 1 Approx.0.03

591 O-ring 2

901 Bolt 4 Approx.0.09

902 Plug 3 Approx.1.05

903 Gasket 3

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.03/CES
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. . . Section No. Rev.
C.W. Thermostatic Valve Ass’y | Assembly Drawing & Part List
Y25 2TFY Wo o4 ST rec o 2 == A74000 |10A
208 221 203 207 222
/ /
204
206
205

Section "A - A"

463

400 410
£ 461 420

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.05/KKC
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C.W. Thermostatic Valve Ass’y | Assembly Drawing & Part List | >*"""" e
d25 ecxd W o4ST) ZUE U 2E =53 A74000 | 10A
Part List
Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
100 Electric pre-heater inlet pipe 1
101 Vent pipe for pre heater 1
201 H.T thermostatic valve assembly 1 Include 203~222
203 Washer 3 Approx.0.2
204 Valve guide plate 3
205 Bolt 3 Approx.0.04
206 Bolt 3 Approx.0.01
207 O-ring 3 Approx.0.04
208 Name plate 1
221 H.T valve casing 1 Approx.32.25
222 Thermostatic valve element 3
202 H.T. Blank piece with hole 1
223 Electric pre-heater assembly 1
400 Stud bolt 4 Approx.0.09
402 Bolt 8 Approx.0.05
403 Bolt 4 Approx.0.03
404 Bolt 4 Approx.0.03
410 Washer 4 Approx.0.01
420 Nut 4 Approx.0.03
460 Packing 2 Approx.0.01
461 Packing 2 Approx.0.03
462 O-ring 1
463 Gasket 2

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

2020.05/KKC
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Arr. Of Air Cooler Drain Piping | Assembly Drawing & Part List Section No. Rev:

A75000 3C

27| Hi= o= HiA U U B ==

... 106,462,500,501

. 460

312,400,410

... 461

. 311

Detail "A"

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.07/PSY
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Arr. Of Air Cooler Drain Piping | Assembly Drawing & Part List Section No- R
A75000 3C

27| HE THOIT Y ZYE Y RE ==

310

=

401,411

301,401,411

300"
402,411 200
101
100 < .,
211,50é 10.7* 21'0,502 '108* 210,502
Detail "B"
Part List
Item Description Q’ty / Eng. Weight Remarks /
No. 5Cyl 6Cyl 7Cyl 8Cyl 9Cyl (kg) See Note
100 | Air cooler drain pipe 1 1 1 1 1 Approx.0.89
101 | Air cooler drain pipe 1 1 1 1 1 Approx.0.45
102 | Air cooler drain pipe 1 1 1 1 1 Approx.0.99
103 | Air cooler drain pipe 1 1 1 1 1 Approx.0.54
104 | F.O. frame drain pipe 1 1 1 1 1 Approx.0.82
105 | Charge air drain pipe 1 1 1 1 1 Approx.1.18
106 | Pipe for air cooler vent pipe 1 1 1 1 1 Approx.0.89
107* | Qil for drain pipe 1 1 1 1 1 As option

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.07/PSY
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Arr. Of Air Cooler Drain Piping | Assembly Drawing & Part List Section No. R
SJ| WiE IOl B ZEE H 235 558 A75000 3C
Item Description Q'ty / Eng. Weight Remarks /
No. 5Cyl 6Cyl 7Cyl 8Cyl 9Cyl (kg) See Note
108* | Water for drain pipe 1 1 1 1 1 As option
200 | Drain box 1 1 1 1 1 Approx.6.79
210 | Orifice 2 2 2 2 2
211 | Orifice 1 1 1 1 1
300 | Band 2 2 2 2 2 Approx.0.17
301 | Band 1 1 1 1 1 Approx.0.15
310 | Clamp 1 1 1 1 1 Approx.0.09
311 | Band 1 1 1 1 1 Approx.0.26
312 | Clamp 4 4 5 5 5 Approx.0.12
313 | Band 1 1 1 1 1 Approx.0.23
400 | Bolt 4 4 5 5 5
401 | Bolt 2 2 2 2 2
402 | Bolt 1 1 1 1 1
410 | Washer 4 4 5 5 5
411 | Washer 3 3 3 3 3
460 | Gasket 2 2 2 2 2
461 | Gasket 1 1 1 1 1
462 | Gasket 1 1 1 1 1
500 | Name plate 1 1 1 1 1
501 | Adaptor 1 1 1 1 1
502 | Name plate 3 3 3 3 3
/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.07/PSY
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Arr. Of Cooling Water . . Section No. Rev.

Connection Piping Assembly Drawing & Part List A76000 B

Wb HUM THO|Z Ul R

EA=

k
.
Iy
i

104

401,411

400,410

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.
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H Section No. Rev.
Arr. Of Cooling Water Assembly Drawing & Part List
Connection Piping A76000 2B
W2k HYA THo|Z HiX| ZYUE Y BE 582
Part List
I:‘le: Description Q’'ty / Eng. V\I(ekig)ht Remarks / See Note
100 L.T.C.W. inlet pipe 1 Approx.9.3
101 L.T.C.W. outlet pipe 1 Approx.8.9
102 H.T. water outlet pipe 1 Approx.46.2
103 | Water drain inlet pipe 1
104 Water drain outlet pipe 1
320 | Blind flange 1
400 | Bolt 8
401 Bolt 16
403 | Bolt 4
410 | Washer 8
411 Washer 16
420 | Nut 4
460 Packing 2
461 Packing 2
462 Packing 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2017.06/PSY
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Jacket Water IN/OUT Piping Assembly Drawing & Part List | >*""" Rev
A2 SIE| QBT THOIT UIA ZRE U BE == A77000 | 1B

117

110

1"
Eseéih 615119

105 114 -
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Jacket Water IN/OUT Piping Assembly Drawing & Part List | >*""" Rev
A 2IE Y=+ THoIZ i A 1= % 535 =55 AT7000 1B
Part List

I:f: Description Q’ty / Eng. V\I(T(ig)ht Remarks / See Note
101 Intermediate piece 1

102 | Jacket water outlet pipe 1

103 F.W. outlet pipe with non-return valve 1

104 Packing 1

105 | Flange 1

106 | Stop piece 1

109 | O-ring 3

110 | Bolt 5

111 Bolt 1

112 | Bolt 4

113 Packing 1

114 | Bolt 4

115 | Bolt 1

116 | Washer 1

117 Plug 4

118 | Plug 2

119 | Gasket 4

120 | Gasket 2

121 Packing 1

122 | Stop valve 1

123 H.T. vent pipe 1

124 | Support 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2016.12/PSY
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Arr. Of CooFl’lingi]nWater Conn. Assembly Drawing & Part List
ping A78000 2A
W2k HUM Tjo| = of x| 2EE Y B2 58

716,736

901,902

716,737

732

901,902

Detail "A"

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2016.12/PSY



9

[ | Page
I.IMSEN H21/32 |53
H Section No. Rev.

Arr. Of CooFl’lin?nWater Conn. Assembly Drawing & Part List
ping A78000 2A

W2k AU THo|Z HhA ZYE Y 2E =28
716,736 \
712
711
712
712 Detail "B"
Part List

Item Deserintion Q’ty / Eng. Weight Remarks /
No. P 5Cyl | 6Cyl | 7Cyl | 8Cyl | ocyl (kg) See Note

711 | Connection piece for 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 for water jacket 4 5 6 7 8

731 | Blind flange - upper 1 1 1 1 1

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2016.12/PSY
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H Section No. Rev.
Arr. Of C°°".n9 Water Conn. Assembly Drawing & Part List
Piping A78000 |2A
2k HYM THo| I iR ZTEE Y RF 55
Item Deseriotion Q'ty / Eng. Weight Remarks /
No. P 5Cyl | 6Cyl | 7Cyl | 8Cyl | ocyl (kg) See Note
732 | Blind flange - lower 1 1 1 1 1
736 | Washer 7 8 9 10 1"
737 | Washer 8 9 10 11 12
901 | Gasket 2 2 2 2 2
902 | Plug 2 2 2 2 2

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2016.12/PSY
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Turbocharging System

Section No. Rev.

General Instruction

g N2

| G80000 2A

oot X&

e Description
Ao Zest 3)= AR & E£= QY §Y HE The required air for combustion is supplied to the
£ Soi0f gHeusol2 S5 =l A4 3= o5, turbocharger from the engine room or intake duct. It is
UA L E71 S0l gLojoF stCt imperative that the combustion air is free from sea
water, dust and fumes etc.
HEs0l= AT free end side &= driving end The turbocharger is mounted on the front end side

side0l EAIECE &=012 HE Boles =

MIZ A~ or driving end side. The water cleaning systems for the

Hol 222 sgeth HE2AgI|= o 2 A~ compressor and turbine are supplied as standard. The

e ={0]] turbocharger is cooled and lubricated with lubricating

% HY, oil from the main lubricating oil system. For detailed
oottt description, inspection and maintenance of the

turbocharger, see the separate maker manual.

Exhaust Gas Outlet

Intake Air

Water Drain Water Drain

*) Water Drain

‘ Charge Air Cooler
with Water Mist Catcher

Remark : ¥ Depending on the standard design of each engine model

Fig.1 Diagram for combustion air and exhaust gas system (Turbocharger on free end side)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2015.11/CBK
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Turbocharger Maintenance Procedure Section No- Rev.
EHE 37| (ABB) XU|&Z =R M80000 2l

g| =

oz, 2ds0 A FIl2 =2AE oto] =R

o MI=slioF sttt EIF=2 IR ez A2 = 24t
o EtAOll 2ol MAE O EICt
C| 2ol BH2otgrlel gl =

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

ol = 8712 =Y Yol A= Sd2s S0/
Ch.
2. = 8712 MRet 22 MR S Y=t

YAE sl FTLE ArSold FH

b 25420/ 878 S8 AMEA FELL

1.

In order to cleaning the compressor wheel,
unscrew the plug in the side cover of water
container as shown in fig 1.

Fill the water container with cleaning water, and
screw the plug.

NOTICE

only pure water and never salt water.

In order to prevent corrosion, use

Air Pipe

Plug

Water Pipe

Fig.1 Pipe arrangement for cleaning the compressor side (2/Z 7] M&E 17/0/Z b AL Ef)

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2020.06/KJH
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Turbocharger Maintenance Procedure Section No- Rev.
EHE 37| (ABB) XU|&Z =R M80000 2l

=T HIFHE 50~85% “FololA]

T2 of

Zeo Sof a8 O HFHZ JRoE =

Il HEE 102 ol 2rsE 7 Yk

YBIHOZ MHEFZ2 Gf 24A12HA 7241
2kel 28 Fof o 0f st
UZTIE MF2 2, AXE2 FHO/E 5Z2

0/t FolE & 28 0F 5Lt

3. First open the valve in water pipe, and then open
the valve for about 10 seconds in air pipe.
4. Close the valves in air pipe after cleaning the

compressor side.

NOTICE

between the engine load 50~85%.

Compressor cleaning should be done

Re-cleaning process can be repeated
after interval of 10 minutes at the earliest, if
necessary one more.

NOTICE rule

As a cleaning should be

performed every 24 to 72 hours of operation.

NOTICE

should run under load for at least more than 5

After cleaning compressor, engine

minutes.

Cleaning of Turbine Components

BN /=7 == 205 gRE0l 2N Y

2 Y2 HTEZ AIEa0F BT,

2. HYl =20l=2 M=AsSH| dole gr=Al oigls
2 10 A= As MA EsS0 22
ot dd ol S=ZolEAE olul Ald Soll =
ol oflor2t ol, 43 gf =€ = 10=2 tolgt
Ch.

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

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 and wait 10minutes.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2020.06/KJH
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Turbocharger

Maintenance Procedure

Section No. Rev.

EHe 1437 (ABB)

guldd il

M80000 2|

Fig 2 Pipe arrangement for cleaning of the turbine side (/8 A& & /0] Hf A/ LIEf)

Table 1 Cleaning parameter (4= 0f 7§ 21

Maximum
Tempetruartgji;eebefore temperature before Water Water volume Imection
Tvpe Bef ter intak turbine cjuring pressure(gauge) per injection njec |o.n me
yp etore water intake cleaning [bar] [ [min]
[¢] [C]
TPS 44 2.5
TPS 48 4
A130
TPS 52
A135 350~430 530 1.5 5.5 10
TPS 57
A140 8.5
TPS 61
A145 12

BN =2 v= =222 10g J/F22 &
HE0f 2Uct

B o2 222 2842000 93 50 ~ 2004
ZHOICH TR0] HZ 3 0F BHCF.

BB /75 = 255 20-40C2 A= %

o

= =5 sH}

NOTICE Water volume rate is specified per

turbocharger.
The turbine components should be
cleaned approx. every 50 ~ 200 operating hours.

The recommended temp range for the
washing water is 20 C to 40 C.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2020.06/KJH
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Turbocharger Maintenance Procedure Section No- Rev:
El2 243J| (ABB) Huldd @Al M80000 2l
3. Zold 342 AAsHY 3. Connect the cleaning hose. @~ 98.100 |
4, HYl &7 35 & Y=2s A 4. Open the drain valve of turbine outlet.
5. He 3w W22 2t 5. Open the water supply valve.
6. E12] e E UE = =22 1022 2AF & 6. Adjust cleaning parameter with table 1 and inject
Ct. water for 10 minutes.
7 e 3w WE2s g2 7. Close the water supply valve.
10&22t eHd = flotol JICkelth 8. Then wait for 10 minutes for stabilization.
HY &7 5 s W=2E g2Ch 9. Close the drain valve of turbine outlet.
= rdde a2 g HolAH fwgel AdaolE Due to the update of turbocharger maker’s manual,
£ 215104 instruction book volume I A2 3t=0] O the information in this manual could be different with

1AL H0 Aletat THE 4 QUCh 0l d<% instruction turbocharger maker's recommendation in the
book volume I 4o 1t=7| ool xS WLk instruction book volume 1I. In this case, please follow
the turbocharger maker’s manual in the instruction

book volume 1I.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.06/KJH
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- Section No. Rev.
Turbocharger Maintenance Procedure eetion e o
El2 243J| (ABB) Huldd @Al M80000 2l
BN =720 =29 g8 gz oas Play the video to understand how to
Fof SFE MY o}LIAIL. clean the turbocharger.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.06/KJH
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Turbocharger Mounting Assembly Drawing & Part List | """ Rev:
E2AMN 0I2Y reT o 9T == A81000 7B

Part List
Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note

200 Diffuser 1 Approx.12.30
201 O-ring 1

202 Flange 1 Approx.5.73
203 Bolt 6 Approx.0.14
204 Gasket 1 Approx.0.22
205 O-ring 1 Approx.0.02
206 Nut 6 Approx.0.03
207 Bolt 6 Approx.0.09

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.05/PDW
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H21/32  |"%
Exhaust Pipe Assembly Assembly Drawing & Part List Section No- v
871 ThOIZZ Bl Al ZEE H 235 558 A82000 8D

002
297 208

429 330 280 291 \,

‘ 282 290 299

s L 1 2 [\@
Y "

w111 — i-“

‘903

Detail "A"

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.01/PDW
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Exhaust Pipe Assembly Assembly Drawing & Part List Section No- v
821 THOI=Z HHA| ZEE H 235 558 A82000 8D
284
910 % 902

340,901,902,910,915
419

300 283 425\ 296 414,907,910
g 912,914

Detail "B"

284
/ 902,910
1 i 289
287
\ ‘ .i
904

View "C"

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2020.01/PDW
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Exhaust Pipe Assembly

Assembly Drawing & Part List

Rev.

871 ThOIZZ Bl Al ZEE H 235 558 A82000 éD
Part List (for 9H21/32)
Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
001 Exhaust system assembly 1
280 Exhaust pipe 1 Approx.7.32
281 Exhaust pipe 2 Approx.12.39
282 Exhaust pipe 1 Approx.11.59
283 Exhaust pipe 1 Approx.6.49
284 Square gasket 15 Approx.0.11
287 Gasket 9 Approx.0.01
289 Exhaust pipe 9 Approx.5.76
290 Exhaust pipe 2 Approx.12.76
291 Exhaust pipe 2 Approx.8.52
292 Exhaust pipe 1 Approx.11.05
294 Exhaust pipe 1 Approx.11.20
295 Exhaust pipe 1 Approx.17.72
296 Exhaust pipe 1 Approx.13.00
297 Exhaust pipe 1 Approx.12.70
298 Exhaust pipe 1 Approx.12.50
299 Exhaust pipe 1 Approx.14.76
300 Exhaust pipe 2 Approx.12.05
330 Axial compensator - each 9 Approx.5.80
340 Axial compensator -T/C in 3 Approx.4.75
414 Support 1 Approx.2.83
419 Support 2 Approx.0.12
425 Support 1 Approx.0.90
428 Support 1 Approx.1.94
429 Support 1 Approx.1.90
431 Support 6 Approx.1.63
901 Bolt 70 Approx.0.07
902 Bolt 110 Approx.0.06
903 Bolt 56
904 Bolt 36 Approx.0.05

/AHYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.01/PDW
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Exhaust Pipe Assembly Assembly Drawing & Part List Section No- R
871 ThOIZZ Bl Al ZEE H 235 558 A82000 éD
Item No. Description Q’ty / Eng. Weight(kg) Remarks / See Note
906 Bolt 6 Approx.0.06
907 Bolt 2 Approx.0.04
910 Nut 222 Approx.0.02
912 Washer 60 Approx.0.01
914 Bolt 2 Approx.0.10
915 Stud bolt 12 Approx.0.06
002 Insulation cover 1

/AHYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/PDW
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Turbocharger Mounting Assembly Drawing & Part List Section No- Rev.
YA OF2E reT o 9T == A83000 6B

......................... 125
110 .. ~124
905--...._
906

904 111
906

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2020.01/PDW
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Turbocharger Mounting Assembly Drawing & Part List Section Ne. R
HE2AM 0H2E ZEE H 235 558 A83000 6B
Part List
Item No. Description Q’'ty / Eng. Weight(kg) Remarks / See Note
110 Support 1 Approx.14.19
111 Socket head bolt 16 Approx.0.09
121 Man support 1 Approx.47.79
124 Plug 1 Approx.0.06
125 Gasket 1
128 O-ring 1
129 O-ring 1
130 O-ring 1 Approx.0.02
135 Parallel pin 1 Approx.0.02
901 Bolt 2 Approx.1.40
904 Bolt 2
905 Nut 2 Approx.0.02
906 Washer 4 Approx.0.01

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division

2020.01/PDW
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Part List
Item No. Description Q’ty / Eng. Weight (kg) Remarks / See Note

001 Air waste gate valve 1 Approx.16.00 See the Vol.ll

002 Cover 1 Approx.9.26

003 Gasket 1 Approx.0.19

004 Pipe 1 Approx.5.33

005 Support 1 Approx.3.88

006 Orifice plate 1 Approx.0.29

007 Packing 3

008 Flange 1 Approx.1.88

013 Plug 1 Approx.0.03

014 Gasket 1

016 Bolt 4 Approx.0.09

017 Bolt 2 Approx.0.06

018 Bolt 2 Approx.0.02

019 Nut 4 Approx.0.03

020 Nut 2 Approx.0.01

021 Washer 2 Approx.0.01

022 Washer 2 Approx.0.21

023 Bolt 6 Approx.0.01

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.01/KSS
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Part List
Item No. Description Q’'ty / Eng. W(iigg)ht Remarks / See Note
090 Air cooler complete 1 Approx. 92.54 mﬂ%,?g? ;1%_211 292
100 Air cooler & water mist catcher 1 Approx. 10.8 ?ﬁgll:/gléllit/;i;;o:srﬂagual
110 Water mist catcher 1 Approx. 10.8
120 Cover 1 Approx. 80.0
122 Gasket 1 Approx. 0.4
210 Plug 2 Approx. 0.03
211 Gasket 2
292 Bolt 8 Approx. 0.04
111 Gasket 1 Approx. 0.31
119 Bolt 4 Approx. 0.07
191 Bolt 18 Approx. 0.06
192 Nut 6 Approx. 0.02
198 Bolt 6 Approx. 0.13
199 O-ring 8
201 Washer 6 Approx.0.01
810 Intermediate piece 4 Approx. 0.87
811 Intermediate piece 1 Approx.1.31
901 Nut 6 Approx.0.03
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Charge Air Cooler Maintenance Procedure Section Ne- Rev
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OAtole )] SE2 FEWol W2tsol ool W The air flowing between fins is cooled by cooling
2tEICH Al AXGS QoM ety U =20 water in the tube. It is important to check and clean the
E 9 JFES Aot M0l MASH=E A2 e = heat exchange side plates and tubes to transfer the
KQOICE ot Mg W20 U= IHA319 MEf= B heat properly. Also be sure to inspect the gasket
SAl Ao 0F stct condition in the charge air cooler.

g d20l= AP £US AHESH| fIhAMets Inspect the charger air cooler at regular intervals for
HAMoz UtEAl HAH0F St a long service life of the engine.

g W21019] 2oll/AHd Overhaul of Charge Air Cooler
1. M2 % o2 W2tes vl Estct 1. Drain the cooling water (L.T and H.T)
2. O™ 11 Zol g W2l JHul HE8 2ES 2. Unscrew the bolts for the air cooler cover as
Z0{HC shown in fig. 1.
3. g WA AY " OHA3lES SO0l Dismount the air cooler cover and gasket.
4. g W22 2|l=8 s+E AESIH S0 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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S0l 20| MIESHCE.

B vz 2o 24597 Y25 FYsRIA

FL0] ZEX o SAFFAIL.
BIEAl CIE{OICIO0IE Blo[~tfof 2l=
B} HEZ0] HALHAEAE BAHIAIL.

22 20l M 52 Ao WECE.

SIE{OICIOf0IE Hlo]~0f 2/~F df=E
LIAIL.

=
ZOoZ WAHGFHAIL.

d2P1E o &, W2 M

A AS &, SEY HBLHE Ao}

HAIL, G09400 |= F=a/t/A2.

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

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 05.04/KJC
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Arr. Of T/C Washing Pipe Assembly Drawing & Part List | > Rev.
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Part List View "B"

Item No. Description Q’ty / Eng. | Weight (kg) Remarks / See Note
001 T/C turbine side washing piping 1
002 T/C washing drain pipe 1 Approx.1.76
003 T/C washing drain pipe 1 Approx.1.36
004 T/C blower side washing piping 1 Approx.1.69
005 Clamp 2 Approx.0.49
006 Clamp 1
007 Gasket 1 Approx.0.03
008 Gasket 2
009 Gasket 1
010 Gasket 2
011 Bolt 2 Approx.0.05
013 Washer 2 Approx.0.32
014 Instruction plate 1
015 Instruction plate 1
017 Bolt 2 Approx.0.03
018 Support 1 Approx.0.20
019 Bolt 1 Approx.0.12

/A HYUNDAI HEAVY INDUSTRIES CO., LTD. Engine & Machinery Division 2019.02/KGI
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Flexible Hoses (JIS type) Assembly Drawing & Part List Section No. Rev.

2

0,

Type “B”

Type ncu Type “D”
Part List
ILe:‘ Description Q’'ty / Eng. W(iig)ht Remarks / See Note
201 Loop expansion joint(16K-25A) * Type “A”
202 Compensator(5K-80A) * Type “B”
203 Compensator(5K-100A) * Type “B”
204 | Metallic flexible hose(5K-15A) * Type “C”
205 | Metallic flexible hose(5K-25A) * Type “C”
206 Metallic flexible hose(5K-65A) * Type “C”
207 Metallic flexible hose(30K-40A) * Type “C”
208 | Guard(5K-80A) * Type “D”
209 | Guard(5K-100A) * Type “D”

* Please see “List of flexible hose on final plan” for the application of flexible hoses.

/A HYUNDAI HEAVY INDUSTRIES CO., LTD.

Engine & Machinery Division 2016.06/MSM
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