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=R EH AL BEGE
PR AT odp g2 44093,300 P EHFE R A
P i FILAIR A £ ¥ o & (HHT > HYUNDAT HEAVY INDUSTRIES
CO., LTD)ptig » Flptdpdaz g A 3 212 BE LD 2 148
MPFLRGFE T o
(-) &k
. 4L 1 A 4% (Main Diesel Engine )
2.8E 1 (Set/Ship)
3.8  Wartsila, Hyundai
4.7 5% © Wartsila 6RT-flex58T-D
SARR
Max. continuous output 11,290 KW * 98.8 rpm
Normal output rating(85%) 9,597 KW * 93.6 rpm
4043 580 mm *# 4% 2,416 mm * 6 T 4o
6.1 5. AA4163
(= )=&K
Lig * 48
Specification for 93,300 DWT Bulk Carrier HN0.983~986,
Page G1-2
2.1 Rules and Regulations
China Register of Shipping (CR) with the symbols of

100+E, Bulk Carrier, CMS(CAU)+ and
LR © +100A1, Bulk Carrier, BC-B CSR, Shipright(SCM,

CM), LI, ESP, GRAB[20], +LMC, UMS.
2ARRER R
Specification for 93,300 DWT Bulk Carrier HN0.983~986,
Page M1-5
1.3.1 Main Diesel Engine
Type Wartsila 6RT-flex58T-D type

Marine Diesel Engine




No. of set

Max. continuous output

Normal output(85%)

No. of cylinder
Cylinder bore
Stroke

Fuel rate

Direction of rotation

Attachment
Governor
Turbo-charger
Air cooler
Turning gear

Auxiliary blower

3.H @ & f:

One (1)
11,290 KW and shaft speed 98.8
rpm
9,597 KW and shaft speed 93.6
rpm
6
580 mm
2,416 mm
164.1 g/KW.h plus 5%
(172.3)
allowance at normal output
with lower calorific value of
10,200 kcal/kg at ISO
condition.

Clockwise looking from aft

Electric 1
High efficiency 1 set
I set
Motor driven type 1 set

Motor driven

Centrifugal 2 sets

The exhaust gas shall be comply with Nox tier II. Delta tuning

to be applied in M/E.

Second order balancer should be provided, if necessary.

(2) B RR
1B : Wartsila
2.t &7 : Hyundai

(= )P PF AR

1. 30"/Mar./2011 - official shop trial
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2.31"/Mar./2011 - Overhaul Inspection and Final meeting
(T)$EREE =2 < F
(1)HHI
Gyung Won Lee % & & / Quality Management Dep’ t/
Engine and Machinery Division
(2)CSBC Ship Yard
Pﬂi;‘,”F B /o820 R fRFF
(3)Taipower
BR[OS R PR dpda gt E L E £ 3
(4)USDDC
Chao-Jen Hu # § = / E§& ¥ w1 ffAdhid e e £
(5)Class Society
CR Surveyor Chang, Ming-Hsiung & P z& /
¢ORER A s i S e e K
LR Surveyor = 4‘-;’1%}& / Senior Surveyor
()RR 2 ERE
MR G AR AR AR E R P HREAR A &
Fafrde A FRA L > ZARIED AR fRPIRETF > ¢ HREA
P2 Z288R% (Ff2 1) M AGEAR B RFEL 40T !
1Rz p -
(1)= > E %5 PR (Safety Device Test)
(2)kx# 2 F #&p]3¢ (Starting and reversing test)
(3) g ds 48 48 5 pl3# (Turning gear interlock test)
(4) 3 3=+ 12 WECS-9520 # & pl:& (Engine control &
WECS-9520 function test)
(5) Bk pl:E (Minimum revolution test)
(6) # il (Load Test)
a. ¥ € (rpm)
b. f =& # (KW
c. 7 ) 4= & B (Fuel oil consumption measurement)
(7) ik Bpl:E& (Governor Test)

5



(8) ik =% (Over speed trip)

(211
11

12:
13:
13:
14:

15

(=
3

2. PlFEAEE
(1)09:

00~11:25 % > %3 % % PR32 (Safety Device Test)
:30~16:00 § §*:&#rl3# (Load Running Test)
:30~12:00  25%Load (30 min)

00~12:30  50%Load (30 min)

20~13:50  75% Load (30 min)

50~14:50 85% Load (60 min)

50~15:50  100% Load (60 min)

:50~16:20 110% Load (30 min)

3. RFE 2

> iRE R PiE(safety device test) @ A% > ik
LB ORIRERB S TREAD 40T AP

a.0.M.D. function test (Governor MK6)#r Hi#e {8150

BIER, AR AR B4 0OM.D. -

b. & ‘/g‘-,dy BT MR R

#l«ﬁ“/vb@*‘ R Emin 2.9 bar » F£3% 10sec p £F i%

?2”%

C. ¥ F R MRIRH
PFRBRA X ETmin 4.5 bar » FEREE B4 o
d AR Er SR
HRPE o B4 X L min 0.6 bar - FEET B o

e.d

2% 4 ErRiE T R B

A ke R4 X T min 2.5 bar #5333 60sec

AT RS e

f.EEA R A 20
R AL o il Ibsec p AT B o
g ERAIFHRL B
B A e B £ A7 max 0.4 bar 0 /23 15sec p £ F ®



T
h. 424 kKB E B4

184 #hk B F max85°C » #/xid 60sec p £_F 2 4% o
1. ,T, s

#&T'F,T LR L o AT iR

(2)kx#: 2 F #&p):#(Starting and reversing test) @ A%
RIFERAS L F iy (@) foF & -

(3 #-1% 4 A ipl3# (Turning gear interlock test): &
W R FT g R 8k 9% =8 & Tengaged ; 2 8 F it
Fed o o Tdisengaged | 3 1% & F &% fads o

(A) /& ke i ™ Bt @ F i p) ?i‘ (Minimum revolution
test) ! @& f AR RT o BB A SER T K ME
# (% 25rpm) &7 5 Av\s%*mﬁx @ﬁiﬁ;ﬁ:ﬁ‘l%ﬁ ) FE
B PR RERNTY, O BRAET AN RL -

(5) f 48 # R3¢ (Load Running Test) @ i #fadit (7 4
FTEERRR RREEN RO T SR W A RGER AR
R R AVRIEER A f RS - | O
FRER T TR EEFASED NAEETRE P L
ek SRR R

(6) #:# %i?‘ i® (Governor Test) : 3 i BPFR P 3t
TR AR ERT AR i RIERE 0 24 100%
FAPEREE SRR WERUR. gL § R3] til’i’érma L o

(7) ¥ & (Over speed trip) : Fzini 4 AT R T
ERFEEE PR R R E 110% at MCR (109 rpm) -

(= Diplé e %
LERARE D RERTZRPEFHE £
d ANAE & A RORET A R A AR A
FR o AARGEY FERERY EA G 36mm -
2. RIFFEE
B4R P A RECR R ) 4 BB % & 169, 68g/KWh
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(4 : 164.1 g/KWh plus 5% max. 172.3 g/KWh)
3. drdate % (2011-03-31):
Fra R AT 4i RABALET T > ITHRAP 4T 5 W
#h (Crank shaft)~ 4% (Cylinder liner) -~ ;7403
(Cylinder cover )~ 7% % (Piston )~ -+ 5 & (Cross head )~
WHip ® (Strainer) % -
4. RGEtest 2 R 2
pdgwm o Fe ABE FAH AR M R £ R
RGRAP A ~ i ffrip AFRA R -
LD X PRRARKRS R (s 2 ) AETRR
BPBEPQ)frr2fEFRIBHRLL (F22) &
F 4 % B 7o HYUNDAI HEAVY INDUSTRY :& 74t % 2 & >
HYUNDAT HEAVY INDUSTRY &%t F s & L& 1 % R 3)o
Ho o 3tpiEE P 12:37 pom 50% 4 §* No.4 2 No. 5 # 4o
# 4 P.C.0. nonflow shutdown #®4= - HHI % " ¢ &
FEIRS JdR it ¥ o KRR R L FEIR o
RGERRRD B L f R T Ao it 4o
HYUNDAT HEAVY INDUSTRY i 3% B-iRl3& & &g 4 ~ & 38 & R
RER ERATH A D TR 5o
TH AR PBRGRFEL Ao 6o

T RPRAEIAPIPEF TG LRI 2
TWFREERAP 2 — DAEHWA 2 @
FEWERBEELR N ER L — T HIFERE AT B
Gd ERELD HHIGRA L1 )22 2803 > #9355
HIMSEN 6H17/28 D/G » % % £ 5 560kW > & 4, 3 3% > g & 43
T8 1680kW > & 4sx 62nig * HIMSEN # T4 o » 2 & = 5.2
THAB2ZFTHEI p A YANMAR 27 4 & @i - T 57
B % 6EY18ALW D/G > & 4 3 3% > & 42 633 * YANMAR %
T
THIFETHLF T2 55 HIMSEN 6H17/28 > | 2 7

8



34 BT B R SRR A MR T > R L 607
G AR B /S 170mm 0 @R s 280mm 0 ZF = 40 600kw o 4 #c
900rpm °
TH-5E T h AELEF T LB S YANMAR 6EYISALW »
B 4 AR B RE SRR F MR IE > Hadel 6
Fdn 6% 242 180mm o #eAz 5 280mm - FF B 4 615kw o ¥
900rpm > B g R 5 1-4-2-6-3-5-1 °
4 dadir s e 28 T MDY T SR EE S o e 21 EF 5 H W bbdde
4 (diesel o0il)% & 4 (heavy fuel oil) » »v = ¥ sz v
L’L’%’flﬁ P CRE] =M N = P PLVE Ak ‘?fa%zr"”ﬁ DL Jha- 2 \’?{ B
REPE ET R RPN FREERE D L RIELIEHE R
ok Feimad o
FLP2LHsE P A TAIYO =7 Wi > Hfpamh &
TOOKVA(560kw) > 7 /& 450VAC > & 7 898A > 3 4p » #g 5 60Hz - 8
& > 3% % 900rpm °

HIFZR bR WERPIRAEL L e T2
ﬁﬁg:??ﬁ"é/ﬁ'ﬁﬁ RGRPF » B T #en T 1R R
e iﬂﬁ BB AR R B A SR L TR Y 2

BlEA B 22 R B - IR f2H 2 3R
[ ?w&f*@ REE S ATHALERAL T F 3
PP EABEARE A EE ] X PR
ARLE RAR3RF 2 Higz  F R RpE O
FORBHAWEF T LA IR R PHEF AR TR
¥rLF o BAP dpdaFEirG B2V G HIMSEN Service

Team ~ Wartsila Service Team ~ Parts & Technical Service

=

12 % Custom Service Planning Team ¥ - & Team 2 § § * Bjf
% $8E (General Manager) » %@ A E£1 2P B LS L
PRARINP S FAGFRIA LT O 7422 F T R A2 RP B
fREERE R RS BRELTHET R -

FPAURAELEL DT REL FRERE 2 — DAEHWA 2 @
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Ammmm Doc. No.: K630-IR10A-3535 l Page No: 1/4
Engine No. AA4160/61/62/63
SHOP TRIAL PLAN Engine type 6RT-flex58T-D
FOR Hull No. CSBC983/4/5/6
MAIN ENGINE Owner TPC CORPORATION
Class BV+CR:CSBC983/5
LR+CR:CSBC984/6
Ship yard CSBC(Taiwan)
CONTENTS
1. Engine particulars
2. Description of trial
3. Shop trial schedule
4. Overhaul
* This procedure is prepared on the basis of the
engine specification and technical data.
(Dwg. No. A24-218427-8.1)
QUALITY MANAGEMENT DEPARTMENT
HHI-EMD
Rev. Prepared Checked Approved Description
2
|
Y.5.KIM g Y. M. KIM First issue
0 8-09 2070-08-09
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Am Doc. No.: K630-IR10A-3535 Page No: 2/4

1. ENGINE PARTICULARS

Type of Engine HYUNDAI-Wartsila , elect_runical ly_ wnn‘-ullcd two-stroke, single acting, ‘direct
reversible, crosshead tvpe diesel engine with constant pressure turbocharging.
Model O6RT-flex58T-D
Number of cyl. 6
Cyl. bore mm 580
Stroke mm 2416
bh -
vaximum | O | oW 11,290
Continuous Rev. rpm 98.8
Rating M.E.P bar 17.9
(M.C.R) Pmax bar 160
Speed m/s 8.00
Continuous bhp -
Service Siuipot kW | 9,597
Rating Rev, rpm 93.6
(C.5.R) M.E.P bar 16.1
Firing order Ahead: 1-5-3-4-2-6-1
Direction of rotation Ahead: Clockwise, looking from aft
Turbocharger type HHI-ABB TPL77B (1 Set)
Air cooler type Fin & Tube type (1 Set)
Governor type Electronic Digital Governor( WECS-9520)

* Specification Fuel oil consumption
1) 164.1 g/kWh at 85% CMCR (i.e. 9,597 kW x93.6 rpm) with tolerance margin of +5%
2) To be converted to 1SO condition.

2. DESCRIPTION OF TRIAL

All tests are to be carried out according to the usual practice of maker.

1) Safety device test
Each set value of safety device is to be confirmed by automatic shut down of engine.

2) Starting and reversing test
This test to be carried out at the emergency console.

3) Turning gear interlock test
Move turning device to the position where the interlock system activated, and confirm the engine
start failure.

4) Minimum revolution test (abt.5min)
The lowest working speed is confirmed by decreasing engine revolution gradually under water
brake coupled condition.
5) Load test
This test is to be performed in order to determine the performance characteristics.
The calculation formula for output is as follow.
BHP=K*N*W
Where K : Dynamometer (water brake) coefficient, N : Revelution per minute, W : kg on water brake

12
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6) Governor test
When engine is running at 100% full load, the load of the water brake is to be

decreased by operating valve of water brake.
7) Over speed trip
The set value of RPM to trip is to be confirmed by automatic stopping of engine.

8) Fuel oil consumption measurement at each load

9) One(1) turbocharger cut-off test(1st engine only in series)
10) IMO NOx compliance test. (for one engine only in series engines)

11) WECS-9520 test acc. To flex system instruction(l.D 4_107.346.451a)

3. SHOP TRIAL SCHEDULE

No| Kind of test Guidance of test Result Remarks | T.8
O.M.D function test (Graviner MK6) (1)
Main lub.oil inlet low pressure bar )
(stop: min 2.9 bar / 10sec) sec
Exh. Valve spring air low pressure bar @)
(stop: min 4.5 bar)
Turbocharger inlet low pressure ¥ bar
(stop: min 0.4 bar / 5 sec) sec n
#2 b
1)| Safety test sec
Jacket cooling water inlet low pressure bar )
(stop: min 2.5 bar / 60 sec) sec
Piston cooling oil flow C @
(stop: no flow / 15 sec) sec
Piston cooling oil diff. pressure bar @)
(stop: max 0.4 bar / 15 sec) sec
Thrust bearing high temperature [0 ©
(stop: max. 85T / 60 sec) sec
Emergency stop [IYes [INo (12)
2)| Starting & Starting ahead [TYes [ INo |At local ©
reversing test | Starting astern [IYes [INo
3)| Turning gear | Turning gear engaged start [IYes [INo (10)
interlock test | Turning gear disengaged start [1Yes [ INo
4)| Astern test Astern running test at no load (abt.5min) [ClYes CINo (11)
Engine speed tpm | 24.7 rpm
Engine output kW
3} | Minimum Turbocharger speed #1 rpm
revolution | #2 rpm (14)
test (abt.5min) | Fuel pump mark
Handle notch mark
Scavenge air pressure bar

13
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Doc. No.: K630-IR10A-3535 Page No: 4/4
Software verification
Engine type: .
HULLNO .
SOFTWARE VERSION |BUILD| \BLY
WECS test APP CRC VALUE |IMO SW-NO | _
4) (refer to IMO CRC VALUE |IMO DATA LENGTH
instruction for E;}?:;::ppiy e EON-S A L e LYes [INo (13)
WEC_S'%EO Fuel shut down pilot valve (Yes [No
function check) (emergency stop test) .
Cll'a.nk angle bus/sensor failure Crank angle bus [Jes [No
wiring
Engine failure and communication test
WECS9520 safety system Li¥esL o
Load = rmpm | Output(kW) Duration(min
25% @ 622 2,823 30
% 784 5,645 3 h
50% 8 ﬁU See the SFOC at
6)| Load test(E2) 75%  89.8 8,468 30 test record 859% (15)
85% 936 9,597 60
100% = 98.8 11,290 | 60
110% | 102.0 12,419 30
R2 RI: R: rpm
7)| Governor test L/\ R3 R2: I': second (16)
T R3:
|H‘ d
8) | Over speed trip | Over speed stop (110% at MCR rpm) pm | 109 rpm|(17)

4. Overhaul

After shop test, overhaul inspection to be carried out in the presence of owner's representative and
surveyor to classification society for chosen cylinder.

* Overhaul item

No. Item Q'ty Kind of insp. No.
1) CT&FkShaﬁ izl 1 brg.  |Appearance inspection | Brg. No.
Main bearing
Cylinder liner
Cylinder cover
%) Piston complete 1 cyl.  |Appearance inspection Cyl. No.
X-head pin & brg.
Guide shoe
Crank pin & brg. 1 cyl.  |Appearance inspection Cyl. No.
3) Gear wheel leng. |Appearance inspection  |All
4) Servo oil automatic filter lea Appearance inspection  |1(one) filter
5) Fuel valve lea [injection pressuretest  |Cyl. No.
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HEAVY INDUSTRIES CO.,LTD.

APPLICATION FOR INSPECTION & TEST
(ENGINE AND MACHINERY DIVISION)

Insp. Date : 2011-03-30 Messrs: T.P.C/ CSBC / LR/ CR ) Page: 1/1
Ship No - ; i 3 = - PIC
Mol Tyne lem(;an?fature LI le;afgeNT:O 5 Q'y t,T'FT;? Extension | Remarks
Project No ind of nsp g e Yie e 1B e L ‘Mobile
s & ETC.
(CSBCI86  [MAIN ENGINE ST Byl TET & (0 09:00 G.W.Lee
2.L0AD TEST  25% LOAD : 30 (/4 ~ /200 )
BAT-F 1646810 50% LOAD © 30 (/-igb~ 2 30) T Assembly 200-9037
; OFFICIAL SHOP TRIAL 75% LOAD © 80 (/2 199 ~/%: 40) Shon{For W/E)
AA4163 B 100 | 00 13 Ep-/eie?) =3 | 010-2769-1933
100% LOAD : B0 (/4 :4o ~ /12D )

1105 LOAD : 30 (/4o ~ 4 30)

3.GOVERNOR TEST & OVER SPEED TRIP

o, oy T3y " )
Clooun fon G 7 A L Ccckr) L,

, —
BWNER: YARD cyés 2o

o o g f
(. 12:37 07,6 /s peo Mﬂ»fﬁd Sha] Lot aq f‘”/;éow(_ fo{/

jé-puﬂ‘t{ be C:éfvhl/i‘é‘/, 5;{'5
z. F"M/w/w_ Loy cLmeW Sheabdl be /;ro/.’c(ea/-—ﬁﬁ" ¢ set ey

a'y

. T
‘ b A Lo bould be J,;;d'.’ffM/
Hp. posp Lvn;o? ool /Zwkj/« stowla he prod Gy

h’lﬂ&il r'lt(‘
P sy il o sato o filter siouh b BT

M o
¢ Some w,{ iﬁﬁﬁl% i b flmar s a—j
C. Ffuﬂ rmwuiu(_ 57@7&_495 wﬂa ,Pgr uj?-’u(&rwyw.
i. D. F wlewv e, (‘F‘(‘f"m A"*ﬁqﬁlm‘r’ D‘f Srif® « D/’Z, Wé“/{ %gek
£ 0k S ‘&“j/‘ 3 F’Q‘“% frm Croak dogy side, Steclil be peadtf

9 M8 nT fenteled work Suef as ke b subalin, send
No. e ki should be ciotf iy,

4,“74“ becan ;Q/@f Htte 983 desf faf%af W'Can/zﬁfm‘

TF

-

(0" A corues o} prefay shutd he fobluded
GENERAL MANAGER f}f%:?

QM, HHI-EMD S.C. JIN

O o EFE EelFdc FHULICL R Y AREZGE 2=EULL

(Whole HHi-EMD premises are restricted area. Any unauthorized photography is prohibited.)
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HEAVY INDUSTRIES CO..LTD. d . Bt

ENGINE & MACHINERY DIVISION HEAD DFFIGE

1, CHEOMNHA-DOMNG DONG-GLU, ULSAN, KOREA
TEL: +&2 (0)52-202-9037

FAX: +82 (0)52-250-9563 / 202-7691

E-mail; average@hhi.cokr

To: CSBC Corporation QA Department From: Quality Management Department
Attn.: Mr. Tien-Fei Chen PIC.: G W. Lee (Tel: 052-202-9037)
E-mail : 091372@csbenet. com.tw Ref Mo.. K83D-FAX11-0073

CC. TPC { Mr. Chen Cheng-Ming Date: 2011. 04. 25

USDDC / Mr. Chao-Jen Hu

ub85331@taipower.com.tw Page: Total 6 Sheet(s)

E-mail : hu@mail.usddc.org.tw

# If you fail to receive all of this transmission. Please inform us at above tel. no.

SUBJECT: Reply to Owner Comment for CSBC986 Main Engine
(6RT-flex58T-D)

Dear sirs :
Thank you for your kind co-operation with us.

With reference to your shop test and overhaul comments dated on 30th, Mrch
and 1st, April 2011, we would like to inform you that your comments have
been completed except below 2 items.

2. Flexible pipe for C.F.W outlet should be provided for 4 ships engine
because of CSBC983 showed bad sea trial condition.
-> Please discuss with shipyard for this matter. It is out of our scope of

supply.

4, Heavy vibration of servo oil filter should be modifed.
-> Please keep it as it is, and we would like to discuss internally and inform
you the modification method after checking during sea trial of CSBC984.

And regarding two(2) of your comments in below, we would like to explain as
follows.

1. At 12:37 p.m., cyl.no.4 and 5 P.C.O nonflow shutdown at 50% load
should be clarified.

-> As we explained after the shop test at that time, we assume that the
shutdown was happened by lub. oil facility of assembly shop. We carried out
flushing for the other M/E at the same time with the shop test, and because of
that, pressure difference could be made. (Some of L.O pumps in our assmebly
shop facility were started and stopped during the shop test.) We are sure that
the problem will not happen again anymore and we already have carry out
double-check for the all system of P.C.O non-flow.

Please kindly understand this happening, and we will also confirm again at
sea trial.

16
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HEAVY INDUSTRIES CO.,LTD. onv T

7. D.P. alarm from auto filter of servo oil to be checked.

-> The purpose of DP alarm is just to indicate that “Back-Flushing” was
activated within two(2) hours, in other words, it is a kind of notice. It is to be
considered as normal situation, and it is also stated in the auto filter manual.
(Back-Flushing will be activated every two(2) hour or whenever limited
pressure drop is happened through the filter.)

For other comments, please refer to the enclosure for the details and if you
have any question or concern, feel free to contact us.

Sincerely yours,

For ﬁ(

S. C. Jin | General Manager
Quality Management Department

Enclosure : 0. CSBCH986 Main Engine Shop Test and Overhaul Comments — 1 copy
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Ship Mo | CSBCO86 Eng.Type GRTXSET-D QM PIC | G.W.Lee |Drawn Check Appd
Eng.No Aad163 TestDate 20110330 Qwner's Comment Issued 10
Crwner TR.C Dalivary = Completed 8
Mo Picture Description Charge/Date Aftar Management
Description S  Shop
t Tast
12:37 ¢yl.no.4 and 5 P.C.0Q nonflow i
shutdown at 50% load should be clarified, BLAN K
! BLANK
2
Action
Please refer o the explanation in previous 3
page. Confirm
Description S Shop
t Tast
Flexible pipe for C.F. W outlet should be
provided for 4 ships engine because of 1
S CSBCI83 showed bad sea trial condition. BLAN K
2
Actian
% Flease discuss with shipyard for this matter. It 3
is out of our scape of supply. Coanfirm
Description S Shop
t Test
High pressure pump unit oil leakage should be ’
modified. BLANK
2
Action
Rectified. 3 5
Confirm
Description S Shop
t Tast
Same as above. 1 BLANK
3 2
Action
Rectified. 3
Confirm
Description 5 Shop
! Test
Same as above, 1 BLANK
2
Action
Rectified. k] |
Confirm
Description S Shop
! Test Please keap it as it is, and we
Heavy vibration of servo oil filter should be would like to discuss internally
modifed 1 and inform you the
’ madification methad after
5 checking during sea trial of
Action CSBCAB4,
Please refer 1o the right calumn. 3 i :
Confirm

HSEF-KB30-0959 174

18
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Ship Mo | CSBCS86 | Eng.Type 6RTX58T-D QM PIC | G.W.Lee |Drawn Check Appd
Eng.No  aad163 TestDate 2011.0330  OQwner's Comment lssued 10
Crinier TPLC Dialivery s Completed B
Mo Pictura Description Charge/Date Aftar Managament
R Description 5 Shop
t Tast
Same as above. 1
Same as above.
5 , ?
Crack found Action
after sea trial ff
of CSBC983 Same as above. 3 :
Confirm
Diescription -] Shop
I Test
Some of bolts, nuts and blind flange are :
missing.
i 2
Action
Completed, 3
Canfirm
Description 5 Shop
t Test
Some of bolts, nuts and blind flange are i
missing.
2
Action
j Completed. 4
Description % Shop
t Tast
Some of bolts, nuts and blind flange are i
missing.
- 2
Action
| Completed. 3 '
Canfirm
Description g Shop
t Test
Some of bolts, nuts and blind flange are 1
missing.
2
Action
Completed, 3 :
Canfirm
Description 5| Shop
t Test
Some of bolts, nuts and blind flange are i
Bl ! NK missing.
2
#ction
Completed. 3 i i
Confirm
HSEF-KE30-09498 214 A4(210mm x 297 mm)
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Ship Mo | CSBCS86 Eng.Type GRTXS8T-D GMPIC = G.W.Lee |Drawn Check Appd
Eng.No  Aa4163 TestDate 2011.03.30  Qwner's Comment Issued 10
Cwner TR.C Dalivary - Completed B
No Picture Description Charge/Date Aftar Management
Description $  Shop T i - il
t Tast .
Some of bolts, nuts and blind flange are q
Bl A N K missing.
2
Action
Completed. 3 i -
Confirm
Description g Shop
[ Test
Please provide studs cap for cylinder cover, 1 BLANK
2
Action
Caps were provided in separate boxes, 3
Coanfirm
Desoription 3 Shop

t Test

0.P. alarm from auto filter of servo oil to be

checked. . BLANK

2
Action
Flease rafer to the explanation in previous 3 |
page, Canfirm
Description g Shop

t Tast

Oil leakage (3 places) from crank door side

should be modified. BLANK

- 2
Action
Completed. 3 i
P Confirm
Description g Shop

t Test

Same as above. 1
: BLANK

2
Actian
Completed. 3 :
Confirm
Description g Shap
t Test
Same as above. 1 BLANK
2
Action
Completed. 3 i :
Confirm
HSEF-KG30-0989 304 A4(210mm % 287mm)
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Ship Mo | CSBCS86 Eng.Type GRTXSET-D

QM FIC G.W.Lee |Drawn Check Appd

Eng.No AA4163 TestDate 20110330 Qwner's Comment lssued | 1D
Cwner TP.C Dalivary = Completad B
No Picture Description Charge/Date Afrar Management
Description g Shop
t Test
All nat finished works such as painting, [
insulation and eyl. no. marking should be 1
BLANK ~ *
2
Action
Completed. 3
Description 5 Shop
t Test
Same as above. 1
2
Action
Completed, 3
Description s Shop
t Test
Same as abova, 1
2
Action
Completed, 3 :
Confirm
Description g Shop
t Test
All comments of pre-FAT should be followed. 1
o BLANK BLANR
2
Action
Comments of previcus engine were applied 3
except some leakage matters, Confirm
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Official Shop Test HuII.No. CSBC986 | Owner
f 4 Engine No. AA4163 Class
HEAVY INDUSTRIES €0,L70. Result For Main Engine Engine Type | BRT-ex58T-D | Test Date
Output(MCR) 11290 kW || Engineer
HYUNDAI - WARTSILA | Load Data Sheet 1 SoesdICR) 9.8 pm | opesate,
Loading power(%) / Check time % | Time | 25% 11:40 50% 12
| Engine power / speed (theoretical) o kW | rpm | 2823 622 5645 784
Mean eff. pressure design / actual bar 7.1 - 11.3 -
- Brake force (indicated) tonfm 615 98.0
s | Engine power / speed (measured) kw [ rpm | 2823 | 622 | 5645 | 784
= | \VIT+ FQS(IT_G)/inj. begin standard value 28 2.8 0.0 -1.6 0.0
G | Fuel oi: Actuator Output | Femd | % 300 | 270 | 410 | 409
& Consumption absol. kg [gkwh| - - - - - -
Consumption ISO glkWh - - -
Cyl. Lub. cil:  Injection Number 10min/1eyl 173 289 417
Total Feed Rate kg/ 52 86 124
Feed Rate glbhphlg/kwh|  1.34 183 112 153 1.08 147
Aux. Blower / Nozzles in operation onfoff| EA ON ALL OFF ALL OFF ALL
Barometric pressure / Humidity hPa | % | 1020.0 1020.0 1019.0
Ambient temp. T 17.0 184 191 |
ff Press drop across air cooler mmAg 35 87 o 95
X E_ﬂltersuction pressure | mmAq 4 20 50
S | Pressure after blower mmHg 180 790 1460
§ Scavenge air pressure mmHg| bar 240 0.330 770 1.050 1440 1.950
o | Temp. before blower ; \
(5 16.0 [18.0 22.0 (19.0 22.0 (21.0 ‘
Temp. before air cooler © 40 98 150
Temp. after air cooler ol 23 27 33
Turboblower speed pm 6150 10579 13470
i Pressure before turbine ) . mmHg 170 600 1210 77
8 "Eressure after turbine mmAg 15 65 135
4 | Temp. before turbine C 283 331 340
.&% Temp. after turbine i 241 254 224
& | Temp. after cylinder Mean T 245.0 296.2 3082
1]2]3[4 C 245]245]243] 250| 286 293 300] 313| 301 303 310[ 325
56/ | C 243 244/ 292|293 3051305 |
9 | Maximum / Compression press. Mean | bar | bar | 843 57.2 1147 75.0 145.2 1045
5 No, | 1 | bar| bar | 85 57 115 75 145 | 105
9 No, | 2 | bar | bar 84 57 115 75 148 104
“E No, | 3 bar | bar 84 57 114 75 145 106
g No, | 4 | bar | bar | 83 57 114 75 145 | 105
=, No, | 5 | bar | bar 85 57 118 75 145 104
- No, | 6 | bar bar | 85 58 115 75 145 104
Air press.: Control air / Valve air spring bar 6.60 6,70 6.60 6.70 8.60 6.70
Lub. oil press. : Bearing / Cross head bearing bar 4.60 11.40 4.30 11.10 460 11.50
~ Senvooll bar 121 141 159
Servo oil pump inlet bar N 4.40 4.05 4.20
T/C b ol inlet bar 1.90 120 1.70
Axial detuner driving / free end Mpa 039 | 038 0.38 0.38 0.38 0.38
Water press..  Cylinder bar 38 38 3.95
| Lub. ail temp.: Bearing / Turbocharger T 420 42.0 43.0
o Crosshead inlet ] 42.0 42.0 430
§ T/C outlet © s | 5 69
9 | Water temp.:  cylinder inlet T 55.0 58.0 63.0
ar oylinder outlet Mean © 580 635 690
- 1273 4] ¢ |58 58658 586363 636469 |69 |69 |69
56 | ¢ |s8 s8]  |e4|e4a| | |69 |69
Air cooler inlet © 19 22 26
Air cooler outlet % 23 54 62
| Fuel: Press. bef / aft retaining valve bar § &5 8.7 3.4 8.6 33
o Press. Engine inlet / Rail bar bar | 88 | 596 8.4 600 | 83 600
Temp. before engine B © 450 % | 46
Thrust bearing temp. ] 44 44 45
12
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Official Shop Test HuII-No. CSBC986 | Owner
! d Engine No. AA4163 Class
HEAYY NDUSTRES C0,L10. Result For Main Engine Engine Type | BRT-1ex56T-D | TestDate |
Output(MCR) 11290 KW | Engineer
HYUNDAI - WARTSILA Load Data Sheet 2 Speed(VCR) 988mom |0 W T
Loading power(%) / Check time % | Time | 85% 14:10 | 100% ‘1\5@?‘¥ /1'0'
Engine power / speed (theoretical) kW | rom | 9597 936 | 11200 | 983~
| Mean eff. pressure design / actual bar 16.1 - 17.9 -
Brake force (indicated) tonfm 1395 155.5
g‘ Engine power / speed (measured) kW \ pm | 9597 93.6 11290 988
= [ VIT + FQS(IT_G) /inj. begin standard value L9 24 0.0 0.2 00
Ec:": Fuel oil: Actuator Output \ Femd % 55.0 554 63.0 633 |
3 Consumption absol. kgh [g/kwh| 1654.00 | 172.35 - z = -
Consumption ISO g/kWh 169.68 - -
Cyl. Lub. oil:  Injection Number 10min/1cyl 459 535 536
Total Feed Rate kg/h 137 15.9 16.0
Feed Rate g/lohphlghkwn| 1.05 1.43 1.04 1.41 104 | 142
| Aux. Blower / Nozzles in operation onfoff| EA OFF ALL OFF ALL OFF | ALL |
Barometric pressure / Humidity hPa | % 1018.0 1018.0 1018.0
Ambient temp. T 19.8 20.0 19.9
-é Fr‘e-sgaowb‘éﬁcﬁrass air cooler mmAq 104 118 117 =
o T/C filter suction pressure ) mmAg 83 82 82
< | Pressure after blower mmHg 1790 2260 2260
§ Scavenge air pressure mmHg| bar 1760 2.340 2230 2.990 2230 3.000
W | L. eeiore aloaer T 25.01(21.0 28.0 |21.0 28.021.0
Temp. before air cooler c 169 196 197
Temp. after air cooler c 35 36 37
Turboblower speed pm 14330 15638 15642
m Pressure before turbine mmHg 1450 K 1880 7 1880
3 | Pressure after turbine | mmAg 180 230 232 e
+ | Temp. before turbine G 356 389 390
E Temp. after turbine c 224 234 235
x| Temp. after cylinder Mean c 322.2 356.7 357.0
112|314 c 315|322 322 | 328| 348 | 355 | 359 | 370 | 347 | 356 | 360 | 371
56 C 3201 326 349\359 3501 358
9 Maximum / Compression press. Mean bar | bar | 151.0 114.2 150.0 137.5 1498 | 1372 |
5 No, [ 1 |bar|bar | 152 [ 115 | 150 | 136 | 150 | 136
o No, | 2 | bar | bar 150 114 150 137 150 136
":‘-; No, | 3 | bar | bar 151 114 150 138 150 137
- - No, | 4 |bar [bar | 152 | 114 | 150 | 138 | 149 | 138 |
= No, | & | bar | bar 151 114 150 138 150 138
2 No, | 6 | bar | bar | 150 114 150 138 150 138
Air press.: Control air / Valve air spring bar 6.60 6.60 6.60 6.60 6.60 6.60
Lub. cil press. : Bearing / Cross head bearing bar 420 | 1130 | 417 | 1130 4.16 11.30
Senvo oil bar 172 200 200
Servo il pump inlet bar 4.10 4.00 4.00
T/C lub oil inlet B bar 1.80 1.85 1.85
Axial detuner driving / free end Mpa 037 [ 037 0.37 0.37 037 | 037
Water press..  Cylinder bar 4 4 4
| Lub. oil temp.: Bearing / Turbocharger (Y 430 43.0 43.0
w|  Crosshead inket & 430 430 43.0
§ T/C outiet 0 75 81 81
@ | Water temp..  cylinder inlet € 69.0 68.0 68.0
i ~ cylinder outlet Nean & 750 755 7|
 I1]2]3/4] 't [75[75 (757575 76 (76 75|76 |76 (76 75
156 % 75 | 75 75 | 76 | 75 |76
Air cooler inlet % 28 23 23
Air caoler outlet o 58 87 68
| Fuel: Press. bef/ aft retaining valve bar 8.3 32 8.3 3.1 8.3 31
o Press. Engine inlet / Rail bar  par | 82 | 745 8.0 748 | 80 747 |
Temp. before engine C 460 46 46
Thrust bearing temp. c 45 45 45
13
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f o Engine No. AA4163 Class
BeAYY INDUsTREES €0.70. Result For Main Engine Engine Type | BRT-Alex58T-D | Test Date
HYUNDAI - WARTSILA | Load Data Sheet3 |2upuMcR) | 11290KW_{Engineer
Speed(MCR) 98.8mpm | Operatsr ¢\V
Loading power(%) / Check time B | % | Time 110% 16:00 | \ Qﬁ' |
Engine power / speed (theoretical) KW | rpm | 12419 102.0 |
Mean eff. pressure design/ actual bar 19.1 - l o
. Brake force (indicated) tonfm 165.5
5 | Engine power / speed (measured) kW [ rpm | 12419 | 1020 T ]
< [ \VIT + FQS(IT_G) /inj. begin standard value 48 0.5 0.0
o | Fuel oil Actuator Output | Femd % 670 | 679 ]
] Consumption absol. kg/h \g/kWh ot
Consumption ISO glkWh 5
Cyl. Lub. ail:  Injection Number 10min/1cyl 593
Total Feed Rate kg/h 127
Feed Rate ghbhphlghkwh| 105 | 142 B
Aux. Blower / Nozzles in operation onfoff| EA OFF | ALL
| Barometric pressure / Humidity hPa | % 1018.0
Ambienttemp. G 18.2
E  Press drop across air cooler mmAq 117
) T/C filter suction pressure mmAg 97 - ]
5 | Pressure after blower mmHg 2450
§ Scavenge air pressure mmHg| bar 2430 3.260
0 | Temp. before blower ; |
C 28.0 121.0
Temp. before air cooler € 207
Temp. after air cooler (4 36
Turboblower speed rpm 16330
W Pressure before turbine mmHg 2080 ~ i
3 Pressure after turbine mmAq 290
% | Temp. before turbine C 425
_::?, Temp. after turbine © 252
25 | Temp. after cylinder Mean jo) 386.7
1]2]3]4 C 375/ 390385 400
5|6/ T 380390 |
9 Maximum / Compression press. Mean bar | bar | 155.7 145.8 ]
0‘5’ No, | 1 bar | bar 158 146
o No, | 2 | bar | bar 156 146
a No, [ 3 | bar | bar [ 156 | 145
3 No, | 4 | bar | bar | 156 146 | ]
= No, | 5 | bar | bar | 155 146
2 No, | 6 | bar | bar | 155 146
Air press.: Control air / Valve air spring bar 6.60 6.60
Lub. oil press. : Bearing / Cross head bearing bar 415 11.30
Servo oil ) bar 200 )
Servo oil pump inlet bar 410
T/C Iub oil inlet bar 1.80 o ]
Axial detuner driving / free end Mpa 037 | 037
Water press..  Cylinder bar 4
Lub. oil temp.: Bearing / Turbocharger G 43.0 )
0 - __Cros_s_head inlet c 43.0
E T/C outlet ) i 84
9 | Water temp.:  cylinder inlet c 68.0
@ cylinder outlet Mean C 760
i - 1/2]3[4] © |76[76 76[76 | 1]
56 c |76|78 ||
) Air cooler inlet. c )
Air cooler outlet o s |
Fuel: Press. bef/ aft retaining valve bar 83 2.1 | ]
Press. Engine inlet / Rail bar  bar 8 790 )
Temp. before engine B 46 R T
Thrust bearing temp. C 45
13
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- CERTIFICATE OF QUALITY

HYUNDAI OIL REFINERY CO.LTD.QC SECTION

Ulsan Terminal Seoul Office

TEL : 052)208-6828 TEL : 02)2004-3000(Exchange)

FAX : 052)266-2866 FAX : 02)2004-3410

Product Name : Bunker-A (0.3%) TicketNo  : 3146749

Tank No. ! Testing Date :2011.03.12

Customer  : HHI EquipNo  :82-1737

Test Items Test Method Specification Results
API Gravity 60°F ASTM D-1298 Report 24.5
Specific Gravity 15/4°C ASTM D-1298 Report 0.9065
Density 15C kg/m’ ASTM D-1298 Report 906.5
Flash Point ,PMCC C ASTM D-93 Min 60 72.0
Kinematics Viscosity 50°C mii/sec ASTM D-445 Max 20 8
Sulfur wt % ASTM D-4294 Max 0.3 0.190
Pour Point C ASTM D-97 Max 0 0.0
Water & Sediment vol % ASTM D-1796 Max 0.3 0.1
Ash wt% ASTM D-482 Max 0.05 0
Conradson Carbon Residue wi% ASTM D-4530 Max 8 1.0
Calorific Value(Net) Keallkg KS M 2057 10025
Calorific Value(Gross) Kcalfkg KS M 2057 10650

I certify the above statement of quality to be true and correct.

2011 3 25

km y .S

ULSAN TERMINAL MANAGER
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P26 T H - FLAPBRGEER
/\‘ HEAVY INOUSTRIES CO.,LTD. Doc. No.: K630-IR11A-2237
Engine No. AA4163
SHOP TEST RESULT Engine type 6RT-flex58T-D
FOR Hull No. CSBC986
MAIN ENGINE Owner TPC
Class LR +CR
Ship yard CHINA SHIPBUILDING CORPORATION
HYUNDAI - WARTSILA
CONTENTS PAGE No.
l. Trial Report 2
2. Setting Table Al 3
3. Setting Table A2 (WECS-9520 parameters) 4~10
4, Setting Table B 11
5. Data sheet 12~14
6. Load Limit Diagram & Torque Limit Diagram 15
7. Power Diagram 16
8. Engine Performance data curves 17
9. Assembly Records 18~22

QUALITY MANAGEMENT DEPARTMENT

HHI-EMD

Rev.

Prepared

Checked

Approved

Description

G. W. LE%(
2011.04.1

Y. M. KIM
2011.04.18

M. H. KIM
2011.04.18 i—

First issue
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HEAVY INOUSTRIES CO.. LTD.

Official Shﬂp Test Result [-.luIIINu. CSBC986 (_.?wncr TPC
: . Engine No. AA4163 Class LR +CR
For Main Engine Engine Type | 6RT-lexS8T-D | Test Date Mar.30,2011
. Output(MCR) 11290 kW Engineer C.B. KIM
Trial Report Specd(MCR) | 988 rpm | Operator Y.H KIM
Engine Specification
* Cylinder Bore 580  mm|* Piston Stroke 2416 mm(* Installation  CSBC986 |* Direction of
* Engine Builder ~ HHI - EMD |* No, of Cylinder o *M.EP 17.9  bar| Rotaion :
* Brake Type & Coefficient CFSR-24 & 1/ 1.35961 (KW base) Clockwise
Power Take Off (P.T.0)

Turbocharger Specification Gheratnr Speciiostan

*Type 1 X TPL7TIB12 * Type

* Specification

CT75CA15 TF20TA22

* Serial No.

* Maximum nBmax/iBmax 16200 revim 520 C * Nominal Power
RPM/TEMP nMmax/tMmay 17040 rev/im 550 C * Nominal Speed
* Serial No. XH002993 * Nominal Voltage

* Manufacturer HYUNDAI - ABB

Governor Specification Electric( O ) Hydraulic( )

Speed Governor

i T}"pt: AC C20 DGS |" Manufacturer KONGSBERG MARITIME KOREA
Electric Actuator
*Type  Proact Digital Plus * Serial No.P/E 17260022 / 17259999 - 1012

* Manufacturer WOODWARD LOVELAND,CO.,USA * Part No.P/E B404-045

Cylinder Lubricators Specification

* Piston Diameter - mm |* Gear Ratio 2 | * Type Pulse Feed Cyllubricator

* Manufacturer WILLY VOGELE AG

Air Cooler Specification

* Part No A29-179492-5 | * MEG No 20003389/40

* Manufacturer GEA INDUSTRIAL HEAT EXCHANGER SYSTEMS (CHINA) CO.LTD

Auxiliary Blower Specification

* Fan |* Type  TBCR-050G-4526 | * Serial No,1,2 10B0037-01- 07/08 | * Pressure 673 mmAgq
* Manufacturer TEA-IL BLOWER
*Elect, [[* Type HM |* Power.Amp. 45 kW, 721 A [* Volage 440V 60 Hz
Motor |[* Serial No.1,2 0F720F03-001/002 |* Manufacturer ~ HYUNDAI HEAVY INDUSTRIES CO. LTI
Specification of Oil used at Shop Trial
Fuel O1l Bearing 0il Cylinder Oil T/C Ol
* Grade of Oil BUNKER-A MELINA S30 ALEXIA LS MELINA S30
* Density at 157 (g/ml) 0.9065 0.8834 0.9128 0.8834
* Viscosity 50 104.2 204.0 104.2
(mi/s) 50 40T 40T 40T
* Lower calorific value(keal kg 10025
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HEAVY INOUSTRIES CO.LTO.

Official Sh(]p Test Result Hull No, CSBC986 | Owner TPC
B Engine No. AA4163 Class LR+ CR
For Main li,ngme Engine Type O6RT-flex58T-D | Test Date Mar.30,2011
. Output(MCR) 11290 kW Engineer C.B. KIM
Settmg Table Al Speed(MCR) 98.8 rpm Operator Y.H. KIM
* Injection control units Draw. No. v 2-107.347.582
Quantity piston stroke : 80 [mm)] Quantity piston diam. : 36 [mm]
* Fuel rail pressure t Fuel quantity and speed dependent (WECS-9320 parameter)
Safety valve opening pressure : 1250 [bar]
Emergency fuel pressure control valve : 1050 [bar]
* Control oil pressure : - [bar]

* Injection valves and fuel pressure pipes

* Nozzle Draw. No.:  A20-218678-6 Noofhels | 1 | & & | 4 & [0
(EXEC. 208) Hole diam. [mm] 0.600 0.900 0.850 0825 0.750 |L
* Needle Lift : 1.20 [mm] vertical £ a° 17 14 11 13 13 :l
* Opening pressure 3751 5bar [bar] horizontal 2 B -12 9 19 28 38 i
* High pressure pipe diameter : to the fuel rail inside 12,0 [mm] outside 30,0 [mm]
to the injection valve  inside 6.0 [mm] outside  18.0 [mm]
* Injection timing i Charge air pressure, fuel pressure and speed dependent (WECS-9520 parameter)

* Exhaust valve timing :  Charge air pressure and speed dependent (WECS-9320 parameter)

* Exhaust valve control unit Draw, No, : o 0-107.351.163

Piston stroke : 57 [mm] Piston diameter i 71 [mm]

* Servo oil pressure o 100 =200 bar (charge air pressure dependent WECS-9320 parameters)

* SW-INFO WECS 9520

ENGINE TYPE H6RT-Mlex58T-D Hull NO, CSBCY86
SOFTWARE VERSION 32 Build 82 BLY .1
APP CRC YALUE 0x361E IMO SW-NO LN-BE%801
IMO CRC VALUE 0x34D3 IMO DATA LENGTH 524

e 3 =
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HEAVY INDUSTRIES CO.LTD.

: “SBCY e
Official Shop Test Result | Hull No. CERCIAS ) Owises L2
: P Engine No. AA4163 Class LR +CR
For Main Engine Engine Type | 6RT-MlexS8T-D | TestDate|  Mar.30,2011
. Cutputi MCR) 11290 kW Engineer C.B. KIM
Setting Table A2 1V Data IMO o jncp) 98.8 rpm | Operator | Y.H. KIM
IMO: |MO Parameter Card-CRC: Dx1FDF
Plant SW-INFO teck WIT f——IT_A——| E, R [remeeeme IT_C -mee|  Fuuil press.setpoint curve
Emh,lﬁﬁ'rmm |M|j.|;mgm]u_ Poit Scavlift Ange Poirt Speed  Angle Feinl FusPi  Ange Port Load  FuelPy
oy a— 00 (0547 0% 304 1iba 2047 0% [0k
Manufachuing N 163 L h 1L 4 M -
20% |05 Jax 300 2150by |20 15%  [600ba
HullNe 560585 10%  [350 %% 300 3I450by 15 IB%  [B0b
Sotvesion] 32 SWhuid] 02 4090 (30 U FLET T T ATk |00 480%  |Bl0ba
N T - 508|304 sl (2047 51360 bar (3047 5% [Blba
A st SO RPRESRL.C Dol 1 (ST RN [T ga% [i0a 2000 ba [207 8% [Plby
vf Agp MO FRGA s |0 I (T Nole: plant specific sarameters 7%%  [W0bs
ol o faE BL15 |00a ginx 104 : g% [0k
Data 251468 RS2 T T 1@z [0 a7 be set on A-Card COMINS
CACVabe[OEBTE [BAHD3 [0S n2m  [agsr Wz 10 Exh.valveVEC=fch.pr.) Exh.valve VEC=f{speed)
CACSe[(FCOR [CRCOX [CRCOR  Injection timing parameters  Exh.valve, VEO = f{n) Poinl ScandiiP Angle Parl Speed  Angle
Reference val.at CMCR Fs LmtfE0 PorkSpeed Ange o | LOM {OCF RS [l
: i T B0 200 (047 iBx |[3a
Plulmiiﬁpsat‘!ﬂm IT_DEL Iy bming diafay 01 <7 Iy IS0 K[ 1] Ivx [0
Fuelend sealorombadfB30%  Ini begin siandard vake[0 <7 e liie | ;,ﬂg g*: _._;%i U}.;.?_?. :
i 4 | Eld
Scav.d ess. 8 CMCR[Z B bar Fosfone?  user ;m sy oG (o0 §mx 0w
Evehe cose 4 CHCRZTI0 ) VeoCompenstiorbVeef 0% ssth0 | ier : 70047 7% [0
EmOwﬁU:mhzaM [CONMIS, ~st WD) “eT=deg A L PIAAE (6 Jourd|
SW-Info: Software check and simulation  fV-Config Vers.: 082-3 02.06. LRL
Plant SW-INFQ o1 [2ibod = PARA-CRC Values Len HYi R g2 N PowBoard  CPU-Board, Time cnt [k]
Engine Typef DGR T JlesfB1 0 BASIC Prac CRC[OWOED. [324 [k [ 06 E | ¥ » | Spaef21 716
Manutacturing unlw.lsa USER Pass CREJOEFTE [6 [ck | FOMODITOCERS |704i8 [70eadt | P
- e FOMI 72607 [f04I00|7OcE7
Hul e[ C3BC3% (BASC)  ADVUST PrasCRO[MDGE [ [k FORTE [T [ o 227
SwhesionBul % Sw-hid] 082 MO CRC Vabe[O380T [524 ok FONTESM | (7 o 17
M0 Noof SWICHBESID]  Baclvers[ 311 GLOBAL Paras CRCJOR2AZS [955 [ok POMATUR |63 |70GA0E oh 4217
FOMS 72 70N |E7ETOE
Dwd:pu"u| il COMMIS PaasEHE'EaU?Z 5% II ECME| 700886 704052 707324 Cu 5|17
LUB Pxas CRE[DECFE [46 ok o 8217
WECS-8520 Software check Check CAC Manitoring|Disabied
Ape. MO FPGA AN
Daalengh[4d1468 [ [l6252 3309 Autodownload s active
CACYane[DEGTE  [WMD3 (B2 [BA2E SW State
CRCState[CRCOK [CRCOK |CRCOK [CRCOK oK
- 4 -
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HEAVY INOUSTRIES CO_LTO.

Official Sh()]J Test Result Hull No. CSBCY986 Owner TPC
: 3 Engine No, AA4163 Class LR+CR
For Main Engme Engine Type 6RT-flex58T-D | Test Date Mar.30,2011
. 0 OutputiMCR) 11290 kW Engineer C.B. KIM
Setting Table A2 fV Data 25% | ¢ conicr) 988 rpm | Operator | Y.H. KIM
INDICZ: RT fiex Indications -Config Vers.: (42-3 02.06.310 Card-CRC: 0x1004
iSCEIANBAUS ~wmrrmsmmsmsrmmmrmmsreens| Fuel Rail Pressurg -————|  Injection timing - Crank Angle —r—s—eeemsmeemreees]
EoFoneFuelndunl@® 22 Sepnfi00be 30 momfEEG m Corkange 07 [
Ting Counl o SpzefJE7Eh Acusooupdimbealim[EE Mo o o0 WTeF0S ITG[EEG s Cerkargelfl0T |
Engine speed (n) s—sssrsmssesees] Momvatelilibsr 20017 Inechon begr2B¢? 30025 1o] Ge
Engne Speed [E2APH Seor([Bbar | 20015 b tine dvesnge vl [E3me 300s F ZeoudesbECS] MO
Pecenlogeffz9% Seor 60T bar | 20018 Mafchi (52
Fuel command (LI} -esssessmcemeeed] MEfpesd 07 Interlocks ——mmemmmmememeeeee]
Used o rcionfZE7 % a0t ImCiuelpl08a Turing Gear FCM 3 [Divergaged
FusConmandPCS2ER % 308 O Turing Gear FCM 4 [Dizergaged
Paceniol (MIR[EZBE | Servo Oil Pressure —————|  Number of inj. nozzles ——| byBonenmnivg [ Mo
WECS FuslCdLelomd Setpcinlleerce 17 b 3001 biection wifal nozzes 30008 Shubdon on SeleySysten]  Na
Scavenge Air Pressure -————| Mean vael121 bar 0012 Exhaust Valye ————mv|
Meanvaef3ibar 30003 sevor [Tl bar | 00m e TR T | 11—
Serao 1046 | 3003 Seoc 122be | 00tz Oningangh[2H48 7 30022 [S=w npesan
Seror Wl_— o3¢ samm{ﬁ@“— ommﬁms_‘“
Schedn MR DedsticefTbar Chshgdsadine[F73ms
| [EXHV: Exhaust valve indications V-Config Vers.: 082-3 02.06.2010
Open Pos. Sensor /2 Closed Pos. Sensor 112 Exv.AIM Deadtime On Time Open/Close  Time
Cyl: Sengor 1 Senaord Cyl: Sensor 1 Senmor 2 Cyt.: Cmd Cyl: Gpen.Deadtm  Cioa. Deadtim Cyl: OnTme Open  OnTime Chse count [h]
oam [ram a0me  [154mA a0t 1f13me [33me 1[08ms [08ms 1678
fravt [A0mA fdamd  [155mA dern Aiame [87me Aibme 08w
feme [Tk EIm [EIm Jooro AiEme [Im fome [0Bme
fi5me. 1A fi5am B qumn | fidme [ fbne [0
Sfa2mt  [aImd sizm [iEdmd SAUTD  51Sme [37me sfi7me Dams
gfomé  [soma gfftsm  [i57md gautn ffame [EEm: fieme  [0Bme

|1'LIECT: Inj timing, value, inj.begin & deadtime

Quantity Piston Inj. begin Injection OnTime Railvalve Inject ~ OnTime Railvalve Return Measured
Return Inject Deadtime Angle Time Vivi Vv Vivd Vivd  Wiv2 Vi3 Speed
EU TEL T PR | PR TR Tl 1266 ms Gl 108ms  [0Bms  [BBms A 108ms  [0Bms (08 [E22RFM
L fadme JA7mA O 223me 2967 Ol 2{26.3ms G 209mes  [03ms  [03ms A 208ms  [D8me  [08ms
ol 345ma [3dma Ol 3125ms (30 ¢ Ll 3(26Ems O 310ms  [OBme  [D39ms O 308me  [08me  [D8me ieclion wih
O dbdmt (37 Ol 124ms (26 ¢ T 4[258ms O 408ms  [0Bms  [Dms  Cd 408me  [08mw  [08m |all nozdles
ol Sedmt  [R8md Ol SN125me [26 ¢ £ 52 4me Ol 5f07ms  [0Bme  [08Bme  C4 507wz [08ma  [07me
ol Sl-L-IrrA |S?m!. oyl Sl'l?_?ms |21 2 '] 5-[25.5ms (T} E-[{I.Bms IIles |I18rns Gl E{ﬁﬂm |ElS|w |l18ms Est Power{FuslCmd x n}
mE
— l-; -
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HEAVY INOUSTRIES CO_LTO.

i . Engine No, AA4163 Class LR+CR
For Main Engine Engine Type | 6RT-MlexS8T-D | TestDate|  Mar.30,2011
; o/ | Output(MCR) 11290 kW | Engineer C.B.KIM
Setting Table A2 fV Data 75% Speed(MCR) 98.8 rpm___| Operator Y.H. KIM
INDICZ: RT-flex Indications -Config Vers.: (82-3 02.06.2010 Card-CRC: 1004
Miscellaneous --rmmseememeems| Fuel Rail Pressure ~—————-| |njection timing «———-——===|  Crank Angle ———eeeees|
EstPowss FueCmdxr[ 5% 30920 SetporifBllba 1018 momifzae 3oz Cakangelfllc? |
T ComtoiSparef188h  AcketwoupdimmealmE3% No  [Ne 0018 wiT.Fas prG23c anem Cakange 007 |
Enging speed (0] w-s—rmssemseeee| Meanvahe[5bar 1617 Inectonbegn[29¢7 2082 1oc] G
Engins Speed [M0BPM Secoc1[5%bwr | 20015 I e Aveapeval [B7ms 30025 F ZenldefmiWECS] HO
L LT S félibe | 2002 M Ak [1c7
Fuel command (LIj seeseermssecees] MBHspeed 037 Interiocks ———mmmmeeeee]
Usedio lectiee[13% 200t MCiheplfide Turing Gea FOM 3 [Teengaged
FulCommandPCS[B19% 30008 WIT anvelifen Turing Gear FTM & [Disengaged
Fece o CMCR[ZE% | Servo Oil Pressure —————|  Number of inj. nozzies —— tryBovernring[ Wo
WELS FuelCd LivkefNomal Sepot ilerencel TS0 w1 Inectonwibdazes 20002 Shuldown onSaley Syen] Mo
Scavenge Air Pressurg -—————{ Mear vakus(159 bar 20012 Exhaust Valve wreeereseeees|
Menvake[l%ber 20 Sem 11890 | 20001 Openrgange1280 <7 20021 S SHALE mrmmmemrmemeemmemeoneees|
Seor 110w | mm Secor 2600w | 20012 DosrgangefZ6 742 30022 i
Seor2[1%ba | 3003 Selpont conector(149bar Dpering desdimef180ms
SededmCMCAMITE Devision| i ba Cosgdestimef27me
EXHV: Exhaust valve indications WN-Config Vers.. 082-3 02.06.2010
Open Pos. Sensor 112 Closed Pos. Sensor 112 Exv.AM Deadtime On Time Open/ Close Time
Cyl: Sensee 1 Sangprd Tyl Senase 1 Sangr 2 Cyl: Cd  Cyl:OgenDeadlisn Clos.Deadtia Cyl: DnTine Open DTire Close count [h]
171 ma [77me, 50me [154ma HaUT0 118 ms 38 ms 108 me 107 ms 1843
from [Feme fazme [1EEmh o AftEme [a2 e foBwe  [0Bme
Famd [Tk TEzmd  [T52ma E T (T [Fim TR (T
fama [ L damo afiEme [3Tme oime  [uEme
o7 am [E3me SMETmd [1Edmh L PT TT E sfo7me  [0Bme
g5Tmh  [Bimd HBma  [15EmA gt EfiEm [F3m Hifm  Joim

INJECT: Inj.timing, value, inj.begin & deadtime

Quantity Piston Inj. bagin Injection OnTime Railvalve Inject OnTime Railvalve Return  Measured
Retun Inject Deadtime Angle Time Yivd Vv Vivd Vivd Vie2 Vied Speed
O 1f45ms  [128mé O 1120me |27 42 Lol 1[38Bms O 108m: [08ms  [0Bmz O 10Bm:  [DBmz  [0Bm: T
O edmd [128mé O 2NZ1me [2B 7 il 2[40.0ms Ol 208m:  [08ms  [0Bme W 20Bme  [DBme  [DBms
O J4dmd  [127mé O I20me |27 42 i 3394 ms O J03m [07ms  [0Bme W FH0Tme  [D7me  [O7ms Tiecion wih
O dfddmd  [128md Ol dfiZZme [31 47 i d[382ms O 408m:  [08ms  [0Bme A 4[0Bme  [DBme  [0Bm: [al nozzte:
ol Sedms [12Bmb O S18me [31 7 Lyl 5[336ms O S[08ms  [08ms  [0Bms  CW S0Bms  [0Bms  [0Bms
T Bddmd  [128m& O G11Bme [33 47 T 6[39Ems Cpl 6[08m  [08ms  [0Bme W E0Bme  [D8me  [0Bms  EstPowenFusiCmdxn)
M
il 5 —
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HEAVY INDUSTRIES CO.LTD.

Official Shop Test Result E‘“”l Nuﬁ
For Main Engine E::i:::f T;;l:e
Settmg Table A2 fV Data 50% [2upuMCR)

98.8 rpm

CSBCY86 Owner TPC
AA4163 Class LR+ CR
O6RT-flex58T-D | Test Date Mar.30,2011
11290 kW Engineer C.B. KIM
: Y.H. KIM

INJECT: Inj.timing, value, inj.begin & deadtime

Mllelll.lrlluus | Futl Rail Prluurl —-—--| Injuﬂarl MG =meeemereemeess| Crank Angle ~srseresmseerssmeess|
EdtFower FelCndunf52e 20020 5 g (3 T Cakange L0z |
Tine Courtof Spare[1728h et Mpfl.nm m['ﬁi"l"_"["_ et VIT+RDs (LE[A3c aom Cokange 2007 |
Engine speed (n) =s—ememememens] esnvuel§0T e 2007 Injschor begn[13 7 30028 Tor| Gep
Engrne Speed |78 AFM Sm1|$01 bar [_ W001E Iy e, Aversge val | 337 my 026 FZemDedesFmiwECS] WO
Prcertage|34% Seorf60Zbw | a0t AR [277
Fuel command (LI —sesessssmemiess] IT_B Hspesd] |21 <7 Interlacks |
Used fo Iiection[ 0.8 & 001 I7_C el pe 08 7 Tuming Geai FCM 3 [Diangaged
FusommerdPCS[@1 0% 30008 Woniifen Tuving Gear FCM 4 [Disangaged
Peced (MCREATE | S@rvo Oil Pressure wee—|  Number of inj. nozzles = AryBlwernnng [ Mo
WECS Fuel Cnd Limies| ol Sietpart refw:e|141 ber 0014 Injechonwthiallnozdes 30008 Shudownon ety System] Mo
Scavenge Air Pressurs = Men w141 b 3013 Exthaust Vaive =]
usmrdwh 01 bar 0003 3m1|141 bar [_mn (lpanng angle[1245 <7 0021 SW State |
S 11070 | 30023 Serao f14Zbe | 20012 Chang angh261 247 30022 ||
SereorZ[100bar | 30034 Selpoinl conecton{131 b Dpering desckine187ma
Scaledto CMCR[DE Devisiorflbar Chring desdhine[M2ms Jouand
EXHV: Exhaust valve indications M-Config Vers.: 0823 02.06.2010
Open Pos, Sensor 112 Closed Pos. Sensor 112 Exv AN Deadtime On Time Open/Close  Time
DyliSenseil  Sensend Oyl Senser!  Sensor? Oyl Osd Oyl CpenDeads Chs Desdtin Cyl: DaTine Open OiTise Chose count [h]
frme [ramA Eome, 154mA o isme [®m: oeme [08me firz
froma [@Tmh TR dano Aiem [Btme oem [09me
fime [0m fisiom  [Bzm o fEme [ ome [oims
ffEm [14me fi5am [14EmA darto AEme [Bm aoEme JuEm
oezms [Eiem eI [B2eA seto EiEme [3hms gofme  [08m
ETamh  [BTmh Biagmt  [156mA GATD fiame [34ms E0Eme  [08ms

Quantity Piston Inj. begin Injection OnTime Railvalve Inject  OnTime Railvalve Return  Measured
Return  Inject Deadtime Angle Time Vivid  Wiv2  Vivd Vivi Vw2 Vivd Speed

o Wasms [1ImA o oafi2ime 107 Oyt 1)320ms O 1j08ms  [07me  |0Bms  Cpl 1)07me  [O¥me  [D8ms |78.4 RPM

ool admt [imd O Zfi20ms [12 7 0k 2 3me Cf f08ms  [0Bme  [DBme O 208ms  [0Ems  [L8ms

ool Ji5ms [0mA G izime [0 7 o 3M3m oL 30am 7w [lBm Gl 08me 0Tme 07w mjection win

Ol 4wt [110m4 Ol Af12Tms |15 7 {335 ms CA dj0Brms  [08me  [0Sms Ol 408w [07me  [08ws ol nozzles

ool S[44me [11imh O B123me 15 <7 i E338ms CA507me  [Ddme  [DBms  Cpl 5[08me  [DBms  [27me

Ol Bladmt  [110m Gl B103me [17 <2 G B3 7 ms Cd 6{08ms  [08ms  [DBms Ol 6[08me  [08me  [0Bms  EstPowedFueiCmdn)

T
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HEAVY INODUSTRIES CO.LTD.

Official Shop Test Result | Hull No. CSBC986 | Owner TPC
* . Engine No. AA4163 Class LR+ CR

For Main E"glne Engine Type 6RT-lex58T-D | Test Date Mar.30,2011
i o/ | Outpu(MCR) 11290 kW | Engineer C.B. KIM
Setting Table A2 fV Data 85% | . inicr . R

INDICZ: RT-flex Indications V-Config Vers.: 082.3 02.06.2010 Card-CRC: (1004

MiscellanBEuS - memsrememesmeermemeees| Fuel Rail Pressure ---——e-eeee|  [NjBCHION LMING smereemrmemememe|  Crank ANGe —meeemeeemreemeseens|
EaPower Fuendunffi3z a0z Selpcin[74Gba 30013 momrfsa s Cakengeil0c? [
Time Cour of Sparef1333h Achoaloroutp Lim e Lin [B6% [No [No w0mis  WIT+FOs (TGI[25¢2  so0m Cankenge2U0C? |
Engine speed (n) smmeeeeed] Wewvahe[fiBba 30077 Irectionbegn[25<7 29028 e G
Engre Spesd i?’iﬂﬁi Sensor 1|744 bar I_ 000 Ini tme, Average val |38.1 me 30028 FZerollidefamwWECS| ND
Per MER Senoe 2745 bar l_ 0016 IT_Affehi] [-30<7
Fuel command (LI} =————uee| M fpeed 057 Interlocks -
Lsed Iutlmuhoui' 556 % 30081 IT_C ffuel pe j00 <7 Tuning Gew FOM 3 iDlwmgod
FusConmarcPCSBRT % 20008 Wlowaifon Tuning Gex FOM 4 [Dieangaed
Pecenlof CMCR[BB2% | Servo Oil Pressure ———————|  Numbsr of inj. nozzles ——| AryBowernrang] Mo

WELS Fmil'hmlLiiTimﬁmld Setpoirk seference| 172 bar 30014 Injection witfdlnozzles 20008 Shutdown on Gafety Emamj Ho

Scavenge Air Pressure | Mean vebue[172bar 10012 Exthaust Valve ————ree—]
Meanvie2 b 30003 Sencor1[T73ba | 30011 Openig ange[1Z68¢7 30021 SW SEAIR rereemesememreemssmameeeems]
Senc 2Bk | am: Sencor Jfi7dba | o012 Chsig ange[2885 <7 30022 [
Sesa 2ba | 2003 Selpont coeciion[Ti9ba Dpering desine[ T2 s
Sesled 1o CMER[DES Devalian|1 bes Clasing deadbme[31.7 me Joumal
EXHV: Exhaust valve indications W.Conhg Vers.: 0823 12.06.2010
Open Pos. Sensor /2 Closed Pos. Sensor 12 Exv AIM Deadtime On Time Open | Close Time
Cyl: Senser 1 Sensord Cyl; Sensor 1 Sensor Cyl: Cond Cyl; Cpen Deadtim  Clos Deadim Cyl: OnTime Open OnTime Close count [hi
[T AmA [T4mi IHTREE et 1fi7me [33me 1[08me 0.7 e [EE2
qromh  [ramm fiTw 54 Jto itm [iZme T TT R
Jrima  [Elwh & T T Jamo i [&1 me: Joeme [07me
fTemh [10mA 55 [1hemA fauto it (&1 ma iBm [oBm
- CEE S P 63 [1B2eA seuto HiTme [GZme Hoem  [orm
grimk  [A1mh f[lEmt  [15EmA et EffEme [&Zms eiBme  [07me
Jounsl _|
INJECT: Inj.timing, value, inj.begin & deadtime
Quantity Piston Inj. begin Injection OnTime Railvalve Inject  OnTime Railvalve Return  Measured
Return  Inject  Deadtime Angle Time Yivid  Viv2 Vi3 Vivd Vvl Vivd Speed
ol 1[45mé [izamd G 1fiiEme 2347 £ 1[378ms o 1fiBms  [07ms  [0Bms Ol 1[08ms  [DBme  [0Bm [sa6RPM
O 2f44ma [133ma O 2fiiBme [24 2 i 2384 me Cd 208ms  [08me  [07me O 2Z07ms  [0Bmz  [0Bm
ol eams 33md ol fiEme 2307 o 382 ms ol A0Bms  [07me  [DBms Ol 0Tme  [07ms  [07ms njscton wih
O 4f44ma [123me o 4fiiBme [27 7 i 4[38Eme Cd 4f0Bms  [08me  [0Bms Ol 408me  [DBms  [0Bm [at nozztes
O S[44md [133mh Gl B[113me [27 <7 . 5373 me Cf 50Bms  [08me  [03m: Ol 5[08mc  [18me  [DBm
O/ Gl44ms  |133mA  Od BN Zms |29 07 Ol B37Ems Cd Gj08Bms  [08ms  [DBms Oyl 6[08ms  [DBms  [0Bms  EstPowerFusmdxn)
i
o F. -
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HEAVY INDUSTRIES CO.LTD.

. . Engine No. AA4163 Class LR+CR

For Main Engme Engine Type ORT-flex58T-D | Test Date Mar.30,2011
. o, | Output{MCR) 11290 kW Engineer C.B. KIM
Setting Table A2 fV Data 100% | : T Y B KIM

INDICZ: RT-flex Indications N-Config Vers.: 0823 02.06.2010
Miscellangous se=eemsememseemsemmemss]| Fuel Rail Pressure

Card-CRC: Dx 1004
{  In8Ction timing —eremeeeme|  Crank ANGHG eeeeererememeremeene]

EotPowes FislCndufi0% 20020 Setpeint| 750 bt 0018 mopmpza s Ok ange 00T |
TmtCowtolSpaef03Th Ackslropmimeslm[B% o No ooz WT+FOS 0@z ooz ek ende 007 |
Engine speed (n) -—rmrmmeeess] Mean vahue] 480 1617 Inectionbegrl2c? 20628 1oc] Gap
Engnespsed [SRPH Sersar[TW7bar | 30005 I time, Averageval[i03me 30026 F ZenOudeFmiWECS] NO
Peicertage[1000 & Seaoi2fMSba | 30016 1A litvpi) 01 7
Fuel command (LI} ssesssssssceasas] 1T_B fispeed) [00 57 It FIOCKS <resmremimensmanssanaanas|
Used b IriectionfB23% 20001 e Turing Gear FCM 3 [Divengaged
FusConmendPCS[E38 % 30609 VTedolfon Turing Gear FCM 4 [Divergaged
P@:mfmh [[TTES Servo Oil Pressure —=———-—=|  Number of inj. nozzles - Ay Blowss unring | No
WELS Fuel Cod Linitetlomdl Sefpoin eferance| 200 bar 2014 Injecton witt{alnozzies 30088 Shuldownen Safely System]  No
Scavenge Air Pressure - Mean vlue[200bar 30013 EXhaust Valyg s—s—eeemmeeeems|
Weanwaiel2Tbar 0003 Sewor 1[20B | 30011 Opering 1287 7 20021 SW S1L8 mommmrmmonmemeeeeeseamee|
Sewct 25700 | awm Seco 200 b0 | 2002 Closing gl 210 €7 30022 oK
Sesw2ZEba | 0034 Selord conectior] E3bar Openirg doadtive]158m
Sededts CMCR(T 01 DevisieeTba Ciosirg dsadimefBSBme. Jumd |
I EXHV: Exhaust valve indications N Config Vers.: 082.3 02.06.2010
Open Pos. Senser 12 Closed Pos. Sensor 112 Exv.AiM Deadtime On Time Open | Close  Time
Cyl:Senser  Sensend CyliSesss!  Sesor? Gyl Cmg Oyl OpenDesstin CosDeadim Cyl: OTise Optn  OrTine Cise count [h]
am  [7amA fiegmd [152ma || PTG | [T 8 ms 1[aams [07ma |5
F5m [fama Afiuzme  [i5ima o | Zfieme [BEme f07ms  [3me
ik [amn A [Eom E T T a7
frim [T3mA fissms [ladmd eoto | 4fiEm [E8ms 4faam 08ms
gidmd [péen iETmh [ETmA st sfiEm [orme 08w [i7ms
grimd [eien Ei46mA  [155mh efeoT0 | eflEme  [om g08me  [07me

I INJECT: Inj.timing, value, inj.begin & deadtime

Quantity Piston Inj. begin Injection OnTime Railvalve Inject ~ OnTime Railvalve Return  Measured
Return  Inject  Deadtime  Angle Time Vivl Viv2  Yiv3 Vivd Vv Viva Speed
Gl 1[asmd  [id6md Gl 109me [01 €7 £ 1[406ms CufoBme  [07me [0Bme  Cl 10Bms  [0Bme  [08me [saaRPM
O 2Wdmd  [W5md O ZMIme 00 <7 O 241.0ms Ol 20Bms  [DEBme  |[0Bms  Cd 208me  [D8m:  [09me
Gl 3dmd  [145ma O 3t10ms [01 7 ol 341 0ms O Jogme  Joeme  [0Bme Gl H0Tme  [08me  [D8me  mectowth
Gl dfedma  [idGmd Gl 40me [03 27 £ 4208 ms Cd 40Bme  [DBme  [03ms  Cd 4fiBms  [00m [0 o nozzles
Cd SpAmd  [145md Ol B108me |03 07 A 5811 ms O G08me  |0Bme  [08ms  Cd 508ms  [08me  |07me
O Bfdmd  [1ddmd Oyl Bi07ms  [05 <7 [yl B41.Dms Cd B0Gms  |DBms  [0Bms  Cf G0Bms  [08ms  [08ms  EstPowerFusiCad xn
s
oy 9 e
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HEAVY INOUSTRIES CO_LTDO.

E . Engine No, AA4163 Class LR+CR

For Main Engme Engine Type 6RT-flex58T-D | Test Date Mar.30,2011
P o7 | Qutput{MCR) 11290 kW Engineer C.B. KIM
Setting Table A2 V Data 110% | R 98.8 rom . VI KIM

INDICZ:; RT-flex Indications V-Config Vers.: 0823 02.06.2010 Card-CRC: O 1004
Miscellaneous | Fuel Rail Pressure seweeeee|  [nijection timing | Crank Angle |
Eat Power [FuslCmd x 111 % 20020 Satpoint750 bar 016 romiise Carkange1flD [
TieCortol SparefZ102h  AckeroupLinrealm[E7% Mo Mo zoms  WIT+FOs (TGOS amom Cerkange 200 |
Engine speed (n) | Mean vahue[48 b 0017 Infection begr05 €7 30025 o] Gw
Engine Speed [102AFM Senc 1[f4Bbar | 30015 Injtime Avesgevel [l ms 20028 FZecDdeFmiWECS] HO
WW Senaal Z{WI_ 30046 IT_& fleh/p) lﬂer?—
Fugl command (LI} -eesmeeemeeesns] T Bfpeed[0367 Interloeks sssmmemmsimseeeed]
UsedfoeInjsckior(BB0% 20001 meiepiie Turing Gear FCM 3 [Disengaged
FuelonmandPCS[EI2% 20008 Woifen Turing Gea FCM 4 [Disergeaed
Pecertof MCAI 3% | Servo Ol Pressurg ———————|  Number of in. nozzles ——| AnyBlomecunning [ Mo
WELS Fusl Cnd LimieHomad Sepot ieleeence200ba 3004 niection wib{alreades  an008 Shutdowncn Sty Sysien| Mo
Scavenge Alr Pressure -w-| Mean value[20bs 20017 Exhaust Valye ssemeeeed|
Mesnvae[iBba  30m Sencor 1[200bar | 30011 Opecirgangef121 7 20021 SW SEaR wemrermemsseemsmrmemsseemsene]
Sevo |30 | Sensn2ffiba | 20002 CosrgangelZr1 07 10022 u—
Seanr23Z3bwr | 9% Seportoconschion[104 b Opening desdimef16dme
Scakdw CMCAIE DevisionThar Cheig desdime[@1ms Jauinad
I EXHV: Exhaust valve indications V-Config Vers.: 082-3 02.06.2010
Open Pos. Sensor 112 Closed Pos. Sensor 172 Exv.AIM Deadtime On Time Open | Close Time
Cyl: Senasi 1 Sensor? Cyl: Sensss 1 Zanger 2 Cyl: C=d  Cyl OpenDesstim Cioa Deastim Cyl: OnTimeOpen  OnTime Close count [h]
1[75m [75md 5imd  [iSimh | TR | T [E2me 1|08 ms 07 ms [xo2
framh [azmb fiaomh  [154ma Juomo | fieme [ Aotms  [Im
Jrema rTma f5zma  [14Ema Juwto  fiem [a0me foeme  forme
feomh [TTma fis5mh  [144mA s AT [ T TT
He5ma  [a3ma fiesma  [Bima st S[izme [aome sibme  firm
Hroms  [5zma T ET U0 et [um T S T TR

I INJECT: Inj.timing, value, inj.begin & deadtime

Quantity Pisten Inj. begin Injection OnTime Railvalve Inject OnTime Railvalve Return Measured
Return Inject Deadtime Angle Time Vivd  Wivz  Wiva Vivd  Viv2 Vi Speed
CL 1j45ma  [154mé O I10L0me [0F <2 O 1433 m: OA 108me  [07me  [0Bme  Cd 10Bme  |08me  [0EBme [1020RPY
O 2d44md  [154mé Cf J10Eme |06 7 T 2436m: Cd Z08me  [08me [0Bme W Z0Bme  [0Bme  [0Bme
CA 44md [153mé  Cd Jl12Zme |07 2 O 3433 ms CA 309me  [07me  [0Bme  Cd H07me [0Bme  [07me Tection wim
O Mddmd  [154mé Cp dfi0ime |03 2 T 4434 m: Cd 408me  [08me  |09me O 40Bme  [0Bme  |0Bme |8 azzes
CA Gltdms  [154mA O 5100me (03 7 O 5423 ms CA 5[08me  [08ms  [09me G H0Bme  [08me  [0Bme
Cf B44ma  [153mé  Cd BI04ms |01 2 [ G436m: CA 608m:  [08ms  [0Bme O G0Bms  [0Bme  [0Bme  EstPoweriFuemdxn)
e
- ‘|C| oh
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HEAVY INOUSTRIES CO, LTD.

* Piston Head Drawing No.

© Hull No. CSBCY986 | Owner TRC
Qilieal Sl‘lﬂ'p TESI‘RESII" Engine No. AA4163 Class LR+ CR
For Main Engine Engine Type | 6RT-Mexs8T-D | TestDate |  Mar.30,2011
: OuiputiMCR) | 11290 kW Engineer C.B. KIM
SEﬁ}ng Table B SpeedMCR) Y8.8 rpm Operator Y.H. KIM
Starting Air Pilot Valve
Cylinder No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Ahead 0o 0 0 0 0 0
Opens after T.D.C [ ] | BLANK |
Astern [/ (N
Ahead 9 % %N %W % 9%
Closes after T.D.C | "] | BLANK |
Astern W % 9 W W W
Cylinder
Cylinder No. 1 2 3 4 5 6 7 8% 9 1O 11 12 13 M
Distance b include Shims mm 241 244 242 245 4.1 4.1
On Test | BLANK |
Bed Compression Shim mm 36 3 3 3 3o | 36
1 Comp'Pressure at 253% Output
! ‘ 57.0 57.0 57.0 57.0 57.0 5840
1 Scav, air pressure 0,330 bar | BLANK I
Combustion Pressure at 100% -
150 150 150 150 150 150
Qutput (Fuel command 633 %)
For Distance b include Shims mm 241 244 242 45 240 241
Sl | BLANK |
Delivery ¢ompression Shim mm 36 36 36 36 36 36
* Cylinder Cover Drawing No. A20-217855-5
* Cylinder Liner Drawing No. A20-220743-9

A20-140854-6

*Distance b is measured between Top surface of Piston and Upper edge of Cyl. Liner{Piston at T.D.C gasket removed)

36

Type No.l : SCPICCIS No.2-4 ; SCPIRCI8
* Piston ring
Manufacturer GEOTZE GEOTZE
Special Tests
* Engine speed increase From 988 mpmto 100.5 mpm AN= 1.72%
* M/E Overspeed Safety device stop the Engine at 107.3 rpm, 108.6% of Nominal speed
Too low Exhaust v/v | Piston.C.O | Oil mist
s i E i I/CL.O
Set Points brg.oil & PCO airspring | non-flow detector
ALL
Pressure (kg/em?) 152 4.50 TESTED 0.6 ALL TESTED
* Slow down delayed (sec) 9.06 - 4.39
* Thrust pad temp.sh./down( T) 84.9
* Slow down delayed (sec) 58.00
Fuelcmd % Eng. speed T/C speed Power  Eng.Speed(™s)  Brake
* Minimun speed
14.1 24.7 rpm 2630 454 kW 25.00% 25,0 tonf
- ‘I ‘I -




/i\‘ mu Official Shop Test Hull No. CSBCAB6 Owner TPC
| . A Engine MNo. ARA163 Class LR +CR
Heavy mousTRES C0.L10. Result For Main Engine Engine Type | BRT-lexS8T-D | TestDate | Mar.30,2011
12 / i >
HYUNDAI - WARTSILA | Load Data Sheet 1 |[SusstiCh) | 720K |Gameer | G2 (0
Loading power{%) / Check time %  Time | 25% 11:40 50% 12:15 75% 13:30
Engine power / speed (theoretical) kW rpm 2823 62.2 5645 78.4 3468 B9.8
Mean eff. pressure design / actual bar 7.1 i | 11.3 11.3 14.8 148
- Brake force (indicated) tonfm 61.5 98.0 128.5
g Engine power ! speed (measured) KW rpm [ 2823 62.2 5645 78.4 8468 89.8
T WIT + FQS(IT_G) / inj. begin standard value L8 28 0.0 1.6 0.0 -29 0.0
g Fuel oil: Actuator Output Femd Yo 30.0 27.0 41.0 40.9 50.0 51.5
3 Consumption absol. kaih  gkWwh| 515.00 182 46 985.00 17449 | 144000 170.06
Consumption 150 glkWWh 181.20 172.79 168.68
Cyl. Lub, oil:  Injection Number 10minficyl 173 289 417
Total Feed Rate kgth 5.2 8.6 124
Feed Rale glbhph glkWh|  1.34 1.83 1.12 1.53 1.08 1.47
Aux. Blower / Mozzles in operation onjoff  EA ON ALL QFF ALL OFF ALL
Barometric pressure hPa 1020.0 1020.0 1018.0
Ambient temp. T 17.0 18.4 19.1
i Press drop across air cooler mmAg a5 67 95
g TIC filter suction pressure mmAg 4 20 50
§ | Pressure after blower mmHg 180 790 1460
E Scavenga air pressura mmHg  bar 240 0.330 770 1.050 1440 1.850
5| Temnp: bakre tlowes T 16.0 |18.0 220 190 220 21.0
Temp. before air cooler iy 40 98 150
Temp. after air cooler ¢ 23 27 33
Turboblower speed rpm 6150 10579 13470
i Pressure before turbine mmHg 170 600 1210
3 Pressure after turbine mmAg 15 65 135
% | Temp. before turbine T 283 KEY 340
§ Temp. after turbine T 241 254 224
i Temp. after cylinder Mean © 2450 20962 308.2
123 4 C 245 245 243 250|286 293 300 313|301 303 310 325
5 6 T 243 | 244 292 293 305 305
w | Maximum / Compression press. Mean bar  bar 84.3 57.2 114.7 5.0 145.2 104.5
§ MNa, 1 bar  bar B85 a7 115 79 145 105
b Mo, 2 | bar bar 84 57 115 75 146 104
5—; Mo, 3 bar = bar B4 a7 114 79 145 105
ﬁ No, 4 | bar bar 83 57 114 75 145 105
= Mo, 5 bar  bar BS 57 115 75 145 104
9 Mo, 6 | bar bar 85 58 115 75 145 104
Air press. Control air { Valve air spring bar 6.60 6.70 6.60 6.70 6.60 6.70
Lub. oil press. | Bearing / Cross head bearing bar 4.60 11.40 4.30 11.10 4.60 11.50
Servo oil bar 121 141 159
Servo oil pump inlet bar 4.40 4.05 4.20
TIC lub oil inlet bar 1.90 1.20 1.70
Axial detuner driving / free end Mpa 0.39 0.38 0.38 0.38 0.38 0.38
Water press.:  Cylinder bar 3.8 3.8 3.95
Lub. oil temp.: Bearing / Turbocharger C 42.0 42.0 43.0
a Crosshead inlet o 42.0 42.0 430
£ T/C outlet o 45 55 69
E Water temp.:  cylinder inlet T 55.0 58.0 63.0
L= cylinder autlet Mean o 58.0 635 69.0
123 4 T 59 658 58 58 |63 63 63 64 |69 69 69 69
56 T 58 |58 64 64 69 69
Air cooler inlet Y 18 22 26
Air cooler outlet 1Y 23 54 62
Fuel: Press. bef f aft retaining valve bar 9 3.5 8.7 3.4 8.6 33
Press. Engine inlet { Rail bar | bar 4.6 596 8.4 600 83 600
Temp. before engine B 45 46 46
Thrust bearing temp. C 24 24 45
5 =
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/\ mu OfﬁCiaI Shop Test Hull.NU. CSBC??E Owner TPC .
Y z s Engine Mo. AA4163 Class LR +CR
Heavy mousTREs co. 0. Result For Main Engine Engina Type | 6RT-flex58T-D| TestDate | Mar.30,2011
HYUNDAI - WARTSILA | Load Data Sheet 2 2:;';2,‘53323 5 E“i,i‘:f g’;ﬂ'ﬁi Y H KM
Loading power(%) / Chack tima % | Time | 85% 14:10 100% 15:10 100% 16:00
Engine power ! speed (theoretical) kW rpm | 8597 836 11280 98.3 11280 98.8
Mean eff. pressure design / actual bar 16.1 16.1 17.9 17.9 17.9 179
- Brake force (indicated) tonf-m 139.5 155.5 155.5
w | Engine power / speed (measured) KW | rpm | 9597 93.6 11280 98.8 11290 98.8
o WIT + FQS(IT_G) [ inj. begin standard value il 2.4 0.0 0z 0.0 0.2 0o
g Fuel oil: Actuator Output Femd % 55.0 55.4 63.0 63.3 63.1 63.3
3 Consumption absal. kgth gkWwh| 1654.00 172.35 | 1990.00 176.26 -
Consumption 150 glkWh 169.68 173.83 -
Cyl. Lub, ol Injection Number 10min/1cyl 459 535 536
Total Feed Rate kg'h 13.7 15.9 16.0
Feed Rate gibhph glkWh| 105 143 1.04 1.41 1.04 142
Aux. Blower / Mozzles in operation onfoff|  EA OFF ALL OFF ALL OFF ALL
Barometric pressure [ Humidity hPa % 1018.0 1018.0 1018.0
Ambient temp. i 19.8 20.0 19.9
é‘ Press drop across air cooler mmiAg 104 116 14
2 TIC filter suction pressure mméag 63 a2 82
& | Prassure after blower mmHg 1790 2260 2260
% Scavenge air pressure mmHg  bar 1760 2.340 2230 2.980 2230 3.000
| bt Do 25.0 21.0 28.0 210 28.0 21.0
Temp. before air cooler T 169 196 197
Temp. after air cooler S 35 36 3r
Turboblower speed pm 14330 15638 15642
“ Pressure before turbine mmHg 1450 1880 1880
3 Pressure after turbine mmAg 180 230 232
& | Temp. before turbine c 356 380 390
.':3“ Temp. after turbine T 224 234 235
E Temp. after cylinder Mean T 3222 356.7 357.0
12 3 4 © 315 322 322 328|348 355 358 370|347 356 360 371
5 6 T 320 326 349 359 350 358
w | Maximum / Compression press. Mean bar  bar 151.0 114.2 150.0 137.5 149.8 137.2
£ Mo, 1 | bar bar| 152 115 150 136 150 136
ﬁ Mo, 2 | bar  bar 150 114 150 137 150 136
I';'LL_ Mo, 3 bar = bar 151 114 150 138 150 137
-E Mo, 4 | bar  bar 152 114 150 138 149 138
= Mo, 5 bar = bar 151 114 150 138 150 138
2 Mo, 6 | bar bar | 150 114 150 138 150 138
Air press.: Caontrol air / Valve air spring bar 6.60 6.60 6.60 6.60 6.60 6.60
Lub. il press. : Bearing / Cross head bearing bar 4,20 11.30 417 11.30 4.16 11.30
Senvo oil bar 172 200 200
Servo oil pump inlet bar 410 4.00 4.00
TIC lub ol inlet bar 1.80 1.85 1.85
Axial detuner driving / free end Mpa 0.37 0.37 0.37 0.37 0.37 0.37
Water press..  Cylinder bar 4 4 4
Lub. oil temp.: Bearing / Turbocharger © 43.0 43.0 43.0
w Crosshead inlet s 43.0 43.0 43.0
g TIC outlet o 75 81 81
@ | Water temp..  cylinder inlet T 69.0 668.0 B8.0
= cylinder outlet Mean o 75.0 755 75.7
112/3 4 T 75 |75 |75 |75 |75 |76 |78 |75 |78 |76 |76 |75
5 8 G 75 |75 75 76 75 | 76
Air cooler inlet T 28 23 23
Air cooler outlet I 58 67 68
Fuel: Press. bef / aft retaining valve bar 8.3 3.2 8.3 341 8.3 341
Press. Engine inlet / Rail bar  bar 8.2 745 8.0 748 8.0 47
Temp. before engine T 46 46 46
Thrust bearing temp. T 45 45 45
s 1 3 -
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/\HYU Official Shop Test HullMs; USER | Oy i
Y : , Engine Mo. AAL163 Class LR +CR
KoY NUSTRES 00,10, Result For Main Engine | o ryoe | 6RT-flexseT-0| TestDate | Mar30,2011
HYUNDAI - WARTSILA | Load Data Sheet 3 [ (e [ G T (o | Vi ki
Loading power(%) / Check time % | Time | 110% 16:00
Engine power / speed (theoretical) KW rpm | 12418 102.0
Mean eff. pressure design f actual bar 18.1 18.1
& Brake force (indicated) tonf-m 165.5
E Engine power [ speed (measured) KW rpm | 12416 102.00
= WIT + FQS(IT_G) { inj. begin standard value i, 0.5 0.0
;1:3 Fuel oil: Actuator Qutput Femd o 7.0 67.9
& Consumption absol. kgh gkWh| 2225.00  179.16
Consumption IS0 g/kWh 177.02
Cyl. Lub. oil:  Injection Number 10minf eyl 593
Tolal Feed Rate kaih 17.7
Feed Rate gibhph glkwn | 1.05 142
Aux. Blower / Nozzles in operation onfoffl  EA QFF ALL
Barometric pressure | Humidity hPa % | 10280 21.0
Ambient temp. C 19.2
i Press drop across air cooler mmAg 17
) TIC filter suction pressure mmAg a7
5 Pressure after blower mmHg 2450
E Scavenge air pressure mmHg bar | 2430 3.260
0 | Temp. before blower o G
Temp. before air cooler © 207
Temp. after air cooler T 36
Turboblower speed pm 16330
5 Pressure before turbine mmHg 2080
3 Pressure after turbing mmAg 290
+ | Temp. before turbine C 425
E Temp. after turbine T 252
& | Temp. after cylinder Mean C 386.7
123 4 C 375|390 385 400
5 6 C 380 390
@ Maximum / Compression press. Mean bar = bar 155.8 145.8
5 No, 1 bar | bar 156 146
& No, 2 | bar bar | 156 146
a No. 3 |bar bar| 156 146
%E" Mo, 4 | bar bar 156 145
= Mo, 5 | bar bar [ 156 146
- No, 6 bar  bar 155 146
Alr press.: Control air / Valve air spring bar .60 6.60
Lub. oil press. ; Bearing / Cross head bearing bar 4.15 11.30
Servo oil bar 200
Servo oil pump inlet bar 4.10
TIC lub oil inlet bar 1.80
Axial detuner driving / free end Mpa 0.37 0.37
Water press.:.  Cylinder bar 4
Lub. oil temp.: Bearing [ Turbocharger C 43.0
o Crosshead inlet c 43.0
& TIC outlet © 84
% [Watertemp.:  cylinder inlet © 68
i cylinder outlet Mean T 76.0
12 3 4 C 76 (76 |76 | 76
5 6 C 76 |76
Air cooler inlet I 23
Air cooler outlet C 65
Fugl: Press, bef [ aft retaining valve bar 8.3 31
Press. Engine inlet { Rail bar  bar 8 790
Temp. before engine o] 46
Thrust bearing temp. C 45.0
- 14 -
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