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Proven and trusted DU engine
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kW 2,000 4,000 6000 8000 10,000 20,000 30,000 40,000 50,000 60,000 70.000
4 Stroke Engine | | | |

DU SEM.T.
Pielstick PC & PA engine

2 Stroke Engine

DU-WinGD
Diesel engine

DU-WinGD
LNG DF engine

DU-WinGD
Methanol/Ammonia/LPG
DF engine
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) . JIvIVIF SEMT. Pielstick # (3 Everllence France SAS) &MD3
B AEYRAZHOTC. BHOSESBETSICTEE - 11 - REEIToT

" DB T3 Sulzer Brothers ERTRIERZD. 4 A N\O—T TV I VI,

L BYET, ZOBELREL 2R RO—IIVIVIE. 1948 ££. WInGD #
0 1964 fF(c SEM.T: Pielstick # & HfREERD. SEICE->THUET,

_ % Under license agreement with WinGD on the two-stroke engine and license agreement with
- Everllence France SAS on the four-stroke engine, we manufacture, assemble and sell those
'gl‘;‘ at our Aioi Factory, Hyogo-pref, Japan. The relationship has a long history. We entered into
a technical alliance with Sulzer Brothers (current :WinGD) in 1948 and with S.E.M.T. Pielstick
(current Everllence) in 1964.
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BEIVIVDNER

Features of low speed engine

1. (B &K NOX HEHE DL
Lower FOC and lower NOx emission
+ JEYU—IUEHTIC & 2 S DIAEIEST AT
Advanced fuel injection by common-rail technology
- B&EERERDERYE
Easier to apply lower load operation

2. 25 L EDFRE LT LIS
Well confirmed reliability by more than 25 years experience
- BFHENMERTI Y IV OEHFEE LTHRZU - R L. RORVLEBEBREAZERD
Longest track record for electrically-controlled low-speed common-rail engines in the world.

3. Y VTIVIBKEE
Simple and reliable structure
+ JEYVU—IUEHTRA
Common-rail technology applied
- SHEAERER & TR Z
Simple and flexible control by separated hydraulic and control parts

4. AR— DOV TIVEHIEY AT L
Smart and simple control concept
- FIHEY21—-IVIE 1 BEOH
Only one kind of computer module
s YTV TRAREOBEVEIHEY 1 —IL
Simple and versatile computer module

5. BEMARESZHI Y X 7 L LC-A & DA
Bigger synergy effect with LC-A
- BEMREZHIC L2 FRHRE
Preventive maintenance by the automatic condition diagnosis
- REDOWHER NS TV a—FT 40T
Quick and exact troubleshooting
- REBICEDVREEMSRTE
Optimum operation setting based on the actual condition
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Structure of low speed engine

WinGD LOW-SPEED DIESEL MARINE ENGINES
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1. Crankshaft
. Bottom end of connecting
rod

N

. Connecting rod

. Crosshead

. Crosshead guide shoes
. Piston rod

Piston

© N O U AW

. Exhaust valve
9. Bedplate

10. Column

11. Cylinder block
12.Tie rods

13. Stuffing box

14. Piston rod gland

15. Cylinder liner

16.Scavenge air ports

17. Anti-polishing ring

18. Cylinder cover

19. Exhaust valve cage

20. Exhaust manifold

21. Auxiliary scavenge air
blower

22. Flywheel

23.Turning gear

24. Supply unit

25. High-pressure fuel supply
pumps

26.Servo oil pumps

27.Rail unit

28. Fuel oil rail with injection
control units

29.Servo oil rail with exhaust
valve control units

30. High-pressure pipes to fuel
injection valves

31.Exhaust valve drive

32. Electronic cabinets

33.Scavenge air receiver
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X BFHEIY YV HOEMEECEDE, HRLBF1—ZVITEITSTENTE,
AEDRFHESHIRICERT 22D TEET,
X electronically controlled engines can contribute fuel saving by a various tuning option to meet
the actual operation of individual ship.

Tuning Option

Delta Bypass Tuning

ya Low Load Tuning

BSFC (g/kWh)
™N

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Load (%CMCR)

FIWINANAF1—=07
Delta Bypass Tuning

FIVIF1—ZVTICBIIRERZEBILSEIER
<. SUBLHRHRBES. ZNCLZRTRERE
DiENZEBRSF1—=VITY, s
HRHAZNA NARZRITDBNUEERIET,

Delta Bypass Tuning is an engine tuning designed for

increasing the exhaust gas temperature and steam

production power without any penalty to the engine specific fuel consumption and performance
while still complying with all existing emission legislation. Delta Bypass Tuning is achieved by
adding one exhaust gas waste gate.

O—-O0-RFa—z=v7

Low Load Tuning

IVIVRAEETOREREZERTZF1—=VITY. HFRNA/INAREZRIT.
BAER TOBEEA —N—AE—RZNXFET,

This is the tuning for improvement of fuel consumption at low engine load. The exhaust waste
gate can prevent the turbocharger overspeed at high engine load.



V=02 v VRRIBESC & D NOX HUR
NOXx Reduction by Sequential Fuel Injection
- (EMAER IR NOX DI ZTEEE 92 JE Y U —ILY R T LT K B HifT.

Common-rail technology can balance lower fuel consumption with further reduction of NOx
emission.

BEEHC LD RIFGIMEEHIFUIcE ®. RFEERZIH,

It can control the heat release rate with keeping good combustion under high-pressure
injection.

- DU-WINGD IV Y'Y DHHRIRO R ARIESIRAE,

Only DU-WinGD engines can achieve such a fuel injection system.

Sequential injection SRR BRI HIETHE
e O®6

AVRO-ILAA I
Control Ol

1 Fuel pressure rail ]

Suvs Volumetic
Cylinder C——f, injection
2 ontr

.
-
|
|

R BRI T
High efficiency
Common Rail Pump
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IVIL—F400

IVIVDOU—F 4V TR. HABIVOERICK VRO SNIZRT, R2, R3 RUR4
AV bORBITI Y IV DEFRALS (MCR) IRESINET,

The engine layout fields for DU-WinGD low-speed engines are defined by the power/speed
rating points R1, R2, R3 and R4.

Engine-MCR

®

Speed
ISO Standard Reference Condition
AKX (Total barometric pressure at R1) 1.0bar
iB#588 7O D ALLBE (Suction air temparature) 25C
#B5GEE  (Relative humidity) 30%
ZRAHIERHEIEE (Cooling water tempreture before engine) 25C

Fuel / Energy consumption

All brake specific fuel consumptions (BSFC) and brake specific pilot fuel consumptions (BSPC)
are quoted for fuel of lower calorific value 42.7 MJ/kg. Brake specific gas consumptions (BSGC)
are quoted for gas of lower calorific value 50.0 MJ/kg. Brake specific energy consumptions
(BSEC) for dual-fuel engines are based on energy delivered to the engine as gas and pilot fuel
for one kilowatt hour mechanical power output.
On the BSFC figures for DU-WiInGD X-series engines and X-DF, stepwise tolerances have been
introduced for the brake specific fuel and energy consumption (BSFC/BSEC) guarantee.

+5% tolerance for 100% to 85% engine load

+6% tolerance for 84% to 65% engine load

+7% tolerance for 64% to 25% engine load
All figures are quoted for ISO standard reference conditions (ISO 15550 and 3046).




E=EL>

IV DERRIERK

DU-WiInGD 6X52-1.1

U VI NEESEEY T A
ICC

Fuel Injection Valve

L[ PN
Control System

NIVAY v NiEH
Pulse Lubricating System

YFS5(41=v b+
Supply Unit

Ry
cY—RAAIWRYF

RRRGERE
Local Operation Box

M3IAIBAO
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BRI VDEBEIER

Low speed engine System Arrangement

L—=ibizZv b

Rail Unit

IRRIES EHR AR A ST ORERIEIC K Y . MENSCREEZEO LT E
nNTE?,

By the control of timing of fuel injection and exhaust valve, fuel consumption and the
environmental advantage can be improved.

PREHEEIR Fuel Injection

- BEEEETORE TIRIESTIE
High injection pressure even at low speed
© BYU VI OREFRE 1 FBLITHIE
Control fuel injection for each fuel valve on each cylinder

UNIC
- NWFS A ZRO—0IYYY THERES ., G
Many experiences on Wartsila 4 stroke O O
engine L Fuel Rail ~1000 bar
+ X-DF TVIVICHRIN L
Availability for the X-DF engine
WicE g
So0%
- IARIESHE WICE i SDIESZL—Ib
vz chimetc
RLTEN U THE . . X
WICE system controls fuel valve action by 1 1 1 1
N L Fuel Rail ~1000 bar
rail valve
o
HESFBEEIZR Exhaust Valve Driving
- BERARERAY A S V7 = BHICHIETIAE
Free control for adjustment on opening-closing timing
- ARO=T8YYICEY T4 — RNy THliE -
Feedback control of exhaust valve by stroke .
sensor L, Gk
- RTAIVYVER. HECHE. ZxEcHzy ( + f
9. [ Servo OlLRall 200 bar

Reliable valve opening by hydraulic oil and
valve closing by air spring same as in proven
RTA engine



HEY 257 L
Control System
UNIC
- CCM-20 fllfl1= v h7%fEA. CCM-20 cylinder unit
« YU VSHOFIEZFRS. Control of cylinder lubrication integrated

WICE

DU-WInGD TV IV DEHHEHY 2T AT T, RO3DDFHEHI= Y bH 5B,

Under the latest DU-WinGD engine control system, WiCE comprises the following three types
of control units.

« Cylinder Control Unit (CCU): HlfligaEl&RDEY o
The control functions are as follows.
Fuel injection control (#AKHESHHIAE) . Exhaust valve control etc. (HE/ VL THiIfEIR &)

Main Control Unit (MCU): filfEIaERDIEY o
The control functions are as follows.
Speed control GREERIfE) . Auxiliary blowers etc (#BITO7#IEGZE) .

Gateway Unit (GTU): SABBD Y X7 AR HR— Y —)b (PCS, AMS, *DCM, flex view) E8]<1 >

I—TTAABEEE DD, TVIVHIEIV AT LENBY AT LEDT 7 A7 — DA —ILEEEE T 2.
*DCM = Data Collection and Monitoring : DCM 5*—% 7% WICE Control /Y )L_t CRIESTIAE,

It provides the interfaces to communicate with external systems / support tools (PCS, AMS,

*DCM, flexview), and a firewall between the engine control system and the off-engine system.
*DCM data is available on WiCE Manual Control Panel.

CCU Functions

Common functions / Signals

Pt fuel Inket Temp. (TE3464C)
|

Puot Fuel Pump

- - . Fuel pume Actustors (conteol setpoint)

M3IAIBAO
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XTIV DEBTIERK

Low speed engine System Arrangement

ISVIF7ITINEIY
Crank Angle Sensor (CAS)
- CAS RISV I —ANICHE
CAS is built into crank case
cEVTR. IVI-9ERHSEE
EUYRICEE URFGGHZRR

CAS sensor changed from encoder
type to proximity type for a long life

- AEHEEEE
Simple procedure in case of pick up
sensor replacement

Control Module

ISVIPIITIWEVY
Crank angle sensor

e 7
Fuel pump

B—RA IRV
Servo oil pump

2k g Rl
Supply Unit
+ ISV OGSz T U TERE)
Drive by crankshaft gear
s BEIE Y —RA A IVE—EEAICIES & SHliEH
Keep fuel and servo oil pressure in control
- RYTD 1 DO L THMDKRY T THiFHEERDBE

In case of one fuel/servo oil pump broken, M/E can operate by another one




Fuel Valve

FAST /X)L

RERELDIARIBSIR F. PAEHEFEIC / RIVEFDECARID —I0ICE 2 . Tnh’
REEEEBEOERD 1 DEB>TVE LT,

FAST (3. BILIHEDBEZNET %I & THRRFEBN RSB, MEEHBEE0[
BNEY.

The conventional fuel injection valve is set to one of the factors of the fuel consumption
aggravation because a small amount of fuel remains near the injection nozzle temporarily after
fuel injection.

The sac volume of FAST can be eliminated by improving the structure of fuel hole, and FAST
can save fuel consumption.
45 Features

- 9 1.0g/kWh ORAREEEREDIKR
Reduction of BSFC at approximately 1.0 g/kWh
BRAEKSRBFH DR

Reduction of hydrocarbon emission
< BN RS
Cleaner combustion chamber

© AE—TEROER

Reduction of smoke formation

MEBY L/ A Rl

Integrated solenoid control fuel valve

- REHESTRIE FAST / XL =5
Following FAST nozzle
- B REHIEAHES
Time controlled fuel injection valves
+ UNIC [T
Combined with UNIC control unit

M3IAIBAO
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NIVRAY Ty NER

Pulse Jet Lubrication System

NIVRY v MEBRIFEROBERNEBL Y. T5BZBHRERZENE LTHESIN
EBEFNERY AT LTY,

Pulse jet lubrication system was developed for the further reduction of cylinder lubrication feed
rate compared to the conventional accumulator system.

4§ Features
- BFHEICKYRBRY A VT TEBNTIEE
Optimized lubrication at the proper injection timing by the electronic control.
- UV Iy J@ERIEDMRNG S 1 FBEEDEE
Effective lubrication on the cylinder liner wall by oil injection as the ring pack of piston
passes the injector.

EEFRETOEERTHN TR
Optimum lubrication even under low load operation
- EEEOBWER/ XL
Reliable oil quills
YUY —HSAYDE—T 4 VIRE
Not necessary to heat the cylinder oil line

Arrangement (Image) Injection timing (Image)




ICC
Intelligence Combustion Control System

YU VIRRRES (Pmax) ZEHHEL. REMEROBECEBRREOE(LIC K HNRE

DELEFHEET

The ICC system automatically optimizes the peak firing pressure (Pmax) in all cylinders, which
results in preventing the fuel efficiency from tending to deteriorate due to the degradation of

fuel property or change of ambient condition.

{+#83 How it works

- BESFRICRUGSIFSNEEY OIS YU VI HEZ EIFEER

Sensor on the pressure indicator valve monitors cylinder pressure constantly
F—9[FHIE 27 L (UNIC, WICE) [E7 4 —RN\Nwv T

The data is fed back to the control (UNIC, WiCE)

- YU VSIANREES (Pmax) ZEEHEE

The peak firing pressure (Pmax) is optimized automatically

Measured
value i '\\
AEE - )
Cylinder press. sensor Cylinder internal pressure
YUVIREEVY EYUVIRE
C
[ suction air temperature I omtz;‘son
REEE
Setting Scavenge air temperature ‘
value i ‘ /
2EE Barometrc pressure j}\
TE
Correction of setting value
Engine Load =
1 S | BEEomE

&7

Adjustment
B

M3IAIBAO
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Tier-3 FHlIXT T

2016 FELUFBERD NOx 3 XHITlE. NOx (BRE(EY) HFHEHsICHVT, 1
DHRENICEEN 80% D NOx BEHSHIBNEH[FIFSNTVNE I, Fr—EBILIVIY
BETEEU L, BIRAMIFET (SCR : Selective Catalytic Reduction) »HIEBER
(EGR:Exhaust Gas Recirculation) &M NOx HIFZEBOEBINEAN BEICHI F T,
TNITHR. —MEIED SOx (FTREgiby) BN, 202041 B 1 Hh SHEBEIN.
HOAADRFLHDTRE D HBREF. 3.5% m/m HS 0.5% m/m (CafbENF Lz,
22 MO—T IV IVIEBNTIE TNSDREHICHINT Bleth. LT OMHERZR >
THUET,

Under the IMO Tier 3 regulations effective from the 1st January 2016, an 80% reduction in NOx
emission compared to the IMO Tier 1 values must be achieved in the ECA's (Emission Control
Areas). To meet the IMO Tier 3 regulations on diesel engine, aftertreatment technologies such
as SCR (Selective Catalytic Reduction) and EGR (Exhaust Gas Recirculation) are required.

In addition, the regulation limiting the Sulphur Oxides (SOx) content of marine fuels for open
sea area came into effect on the 1st January 2020. The allowable limit was strengthened from
3.5% m/m to 0.5% m/m.

To comply with those regulations on our 2-stroke engines, we take the following measures.

QOur Engine Tier 3 Nox regulation Sox regulation
Diesel Engine LP SCR, HP SCR (conventional), Sox Scrubber or Low Sulphur
X series HP iSCR (Integrated type) Fuel
Dual Fuel Engine SCR or EGR is NOT necessary. Any actions are NOT
RT-flex/X series Engine meets Tier3 regulation necessary on LNG fuel
HEREL S SCR

(Conventional external type of SCR)

(High pressure SCR)



iISCR (LI YHNEESER SCR)
Integrated SCR (High pressure type of SCR)

INET. {ERELY A TFDSCR T, MADRBEZAR—RADERNI—DDdH &ENT
TF U ISCR(INEELSCR) (3. TV IVADHTBDPICHEBINFTIDT. s
EERFOBH LR, SCREEANR-AERICHT NS ZFRTEXT, e, f
HEDEDHEEFD SCR LK SRKIFCHIBEINTHY ., RAEAEDHRBDRAFNET,
NOX HlFH#HREIFHERELY 1 D SCR EERRTT

On the conventional SCR, there has been a concern with the limited installation space of SCR
on board.

The iSCR (Integrated SCR) is installed in the exhaust manifold inside the engine, which makes it
easier to design the piping layout inside the ship, resulting in solving the bottleneck concerning
the SCR installation space. Furthermore, the amount of catalyst is significantly reduced
compared to the conventional SCR, and the reduction of urea consumption is also expected.
NOXx reduction performance is the same as conventional SCR type.

SCR is integrated into the exhaust
manifold inside the engine.
iSCR-Exhaust Gas Flow

Valve concept
Btertly valv9 V3 T 1)

EXBTYE SH52 520

Catalytic Element

M3IAIBAO



VCR 15 (TZEERELEH#R)

Variable Compression Ratio

IVIVEARB U RERERLICEETE, KBRABENEZRRLET .

VCR mechanism incorporates a hydraulic cylinder at the bottom of the piston rod, and by
adjusting the volume of the combustion chamber, the compression ratio can be changed to
the optimal one according to the engine output, resulting in a significant improvement of fuel
efficiency.

I VCR##&(F, HEY U VI ZER M VETBICHEA. MBRZOEHEABIZDILT

BSGC, Gas Mode BSFC, Diesel Mode, example

M3INIBAO

~ 8...12 /KW across load range
(depending on enginetype/ rating)

BSGC [a/kWh]

BSFC [g/kwh]

20% 30% 0%  SO%  60%  70%  BOX  90%  100%
——BSFCnoVCR  —— BSFC with VCR Engine Power

20% 0% 40%  SO%  60%  70% SO%  90%  100%
——BSGC IS0 no VCR  —— BSGC IS0 with VCR Engine Power

Engine BSGC reduction [g/kWh] BSFC reduction
load [%] 1SO conditions ISO conditions

50% -5 (2 g/kWh higher than equivalent diesel engine, IMO avg.)
25% -6

Components - Elements on each Cylinder

Upper hydraulic
- Valve block Chamber
with Ppes=~10bar
delivery valve |
relief valve
and lift-off
valves

Knee lever
of VCR

Solenoid
proportional
valve

Solenoid
Outlet valve

) Lower hydraulic
Chamber
Poes=max.~500bar

100% 0
I 75% -2 ~-8...-12 g/kWh depending on engine type and rating



System diagram and description

Engine
Control

Lube oil —
1

[ |

1 Feed pump Variable motor speed to minimize power consumption
{EERBEHER>Y 7 HEENZERIRICHZZTEE—I (&

2 Knee lever of VCR Connects the proportional valve with the lower hydraulic chamber
VCR ##E {EEhhZ TERBEZRET 2 EHE

3 Lower chamber Lift the piston rod depending on amount of oil in it
TEBHER FAIBICLWER SV EBLLETFS

4 Upper chamber Holds the piston down under any situation
LEBHER FANBICLVER NV ZRIFTD

5 Knee lever for piston cooling |Existing knee lever for usual piston cooling
ER hVSHEERE ER ~VsilihitsiEn g

6 Crank Angle Signal Existing engine crank angle signal used also for the VCR control
ISVIRBERES IS5V IBIEST VCR

VCR [ WIinGD & MES DU OHBERFERTH . X72DF, X62DF KU X62DF-S T
IVICEARTIRE. S, tEEICDEBU TV FETY,

VCR technology was jointly developed by WinGD and MES DU, which can be installed on
X72DF, X62DF and short-stroke X62DF-S engines, with plans to expand it to other models in
the future.

M3IAIBAO



MBIAIBAO

TLAUU—R

R I IY 7X62DF-S2.0 (with VCR) Z#5E
2023128 128

KRR =H EQRS (FTEME : RREBPRK, #HER : BREL) DIIL—TEHTHIH
XEH=HE&S DU (FifElt : RERIEET, #R: ERR) & EROSERHANS. it
FRTHHT ING RERMEX T I 7X62DF-S2.0 IT Y IV %= 2 BEFUFE U,
LFI VIV 7000 BFESBEEERME T (CER TN, 2025 F 4 BICYISELT
MFPETY.

SEEFHTNS X62DF-52.0 YU =X, HKED X62DF Y U—X KW HEEND
VNI RTHBICHINDS T, HRE— NRREEESR%Z 3.7g/kWh (R1 4> k)
WELTHBIET,

Flee BEI VI VIR, BENBRFEBERERIET 3 VCR#EE (Variable
Compression Ratio : TIZEfELL#E) DEBINET. VCRIEEIZ. TV IV
LNG BEIOMRICE U e RBEMRLICAR T BT LICKY . EMEER SERRMCD
KUFTH. HRAE-RTREH 3%, T« —EILE—RTREH6BDREELET I L
HTE, IBERFORNBEERE CO, HIRICAE<TEMULET,

T VCR B3, Bt EXBMBIERIY Y VDS A VY THEI D4V I—Y—Ib
AR F 4 —BILHEHRRATHELCHDT, TNFETHURFEXI VI VEZHLIE
D VCR EHEREHOI Y YV EZELTE Y FITH, VCR EBIFHFRNICDLFE>TH Y,
BETIE 30 B8ZBAZIYIYVICEAPAELTVET,

BICE. X9VRU Y TFEKIBICHIRET % iCER (Intelligent Control by Exhaust
Recycling) DMRELTH B iCER on-engine HEfREINTH Y., EEHRBHAXTH
% X-DF [CZDiCER & VCR B = HHENDE D T E TREHAREF AN DF IV IV &
BEDREMNRAR (GHG) HHEEERULFET.

Hitld, RIBICERULICHRT Y IV 0ORIZE L THRTURERBERTORERICER
LTFEVWDETD,

[BZ@(% : VCR #i555]
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GENERATION X

LOW-SPEED ENGINE

DU - WinGD
Low Speed 2-stroke Engines

EHREHE
Fuel Oil Engines
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aui8u3 19sald X ADUIM

5 4 — B LR HHRR

Engine Designation

9X82-B

(I Diesel engine version
Bore size (cm)

Engine type

-

8X52-52.0

22

Number of cylinders

Revision level, based on
new design features

Technology level

S: Short-stroke or
P: Power generation or
others to be defined

Bore size
Engine type
Number of cylinders



WinGD X92-1.1

Cylinder bore 920 mm

Piston stroke 3468 mm

Speed 70-80 rpm

Mean effective pressure at R1 21.0 bar

Fuel specification (Fuel oil) 700 cSt/50C / ISO-F 8217:2017 / category ISO-RMK700

Rated power, principal dimensions and weights

QOutput in kW at Length A Weight
Cyl. 80 rpm 70 rpm
R R2 3 R4 mm tonnes
6 38 700 27 900 33900 24 420 11 605 1120
7 45 150 32550 39 550 28 490 13195 1260 §
8 51 600 37 200 45 200 32560 14785 1380 2\
9 58 050 41 850 50 850 36 630 17 960 1630 O
10 64 500 46 500 56 500 40700 19 550 1790 x
11 70950 51150 62 150 44770 21215 1960 g
12 77 400 55 800 67 800 48 840 22875 2140 B
Dimensions B C D F* G m
mm 5550 1900 13150 15 640 2970 crg
3
Full load
Rating point R1 R2 R3 R4
BIEP, bar 21.0 15.1 21.0 15.1
BSFC [Delta Tuning 162.8 156.8 161.8 157.8
Part load, % of R1 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 155.5 154.3 155.5 149.6

* ZDHIOTDHEHERSEETT . TEARFICEDERBBRIVERBS I TEHLEDE L,
*BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.

O

f0000000[]
J:J

A
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WinGD X82-2.0

Cylinder bore

820 mm

Piston stroke

3375 mm

Speed

58-84 rpm

Mean effective pressure at R1

22.0 bar

Fuel specification (Fuel oil)

700 cSt/50°C / ISO-F 8217:2017 / category ISO-RMK700

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 84 rpm 58 rpm
R R2 R3 R4 mm tonnes
6 33000 24000 22 800 16 560 10 426 805
7 38 500 28 000 26 600 19320 11 866 910
8 44 000 32000 30 400 22080 13 306 1020
9 49 500 36 000 34 200 24 840 14 746 1160
Dimensions B © D F* G
mm 5050 1800 12 310 15 250 2700
Brake specific fuel consumption (BSFC) in g/kWh
Full load
Rating point R1 R2 R3 R4
BMEP, bar 22.0 16.0 22.0 16.0
BSFC [Delta Tuning 165.3 160.2 161.5 158.7
Part load, % of R1 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 158.0 156.8 158.0 153.5

* ZDAIOTDRBHERSEETT . CEAFHFICEDEIREFRIVERBS I FTBHLEDE KW,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.

24
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WinGD X72-1.2

Cylinder bore 720 mm
Piston stroke 3086 mm
Speed 63-89 rpm
Mean effective pressure at R1 21.0 bar
Fuel specification (Fuel oil) 700 cSt/50°C / ISO-F 8217:2017 / category ISO-RMK700
Rated power, principal dimensions and weights
Output in kW at Length A Weight
Cyl. 89 rpm 63 rpm
R R2 R3 R4 mm tonnes
5 19 600 14 300 13900 10 100 8085 481
6 23520 17 160 16 680 12120 9375 561 §
7 27 440 20020 19 460 14140 10 665 642 %
8 31 360 22880 22 240 16 160 11 960 716 O
Dimensions B C D F* G o
mm 4780 1575 10 790 13750 2455 ,%
3
m
Full load oq,
Rating point R1 R2 R3 R4 >
BMEP, bar 21.0 15.3 21.0 15.3
BSFC Delta Tuning 167.8 162.3 166.8 162.3
Part load, % of R1 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 160.5 159.0 160.5 155.3

* ZDAYOTDRBERSEETY . CEAFFICEDEMEBRIUERES L FTBHLEDE RS,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62-1.2

Cylinder bore 620 mm
Piston stroke 2658 mm
Speed 72-103 rpm
Mean effective pressure at R1 21.0 bar
Fuel specification (Fuel oil) 700 cSt/50°C / ISO-F 8217:2017 / category ISO-RMK700
Output in kW at Length A Weight
Cyl. 103 rpm 72 rpm
R1 R2 R3 R4 mm tonnes
5 14 500 10 650 10 100 7425 6 805 325
6 17 400 12780 12120 8910 7910 377
7 20 300 14910 14 140 10 395 9020 435
8 23200 17 040 16 160 11880 10 125 482
Dimensions B © D F* G
mm 4200 1360 9580 11830 2110
Full load
Rating point R1 R2 R3 R4
BMEP, bar 21.0 15.5 21.0 15.4
BSFC Delta Tuning 167.8 162.3 166.8 162.3
Part load, % of R1 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 160.5 159.0 160.5 155.3

* ZDAYOTDRBERFSEETT . CEARFICEDEIMEBRIUERES L FTBHLEhE S,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62-52.0

Cylinder bore 620 mm
Piston stroke 2245 mm
Speed 82-108 rpm
Mean effective pressure at R1/R1+  22.0 bar
Fuel specification (Fuel oil) 700 cSt/50°C / ISO-F 8217:2017 / category ISO-RMK700
Rated power, principal dimensions and weights
Output in kW at Length A Weight
Cyl. 108 rpm 82 rpm
R R2 R3 R4 mm tonnes
5 13425 9 650 10 200 7325 6 260 280
6 16110 11 580 12 240 8790 7 260 325 §
7 18 795 13510 14 280 10 255 8 260 370 %
8 21480 15 440 16 320 11720 9 260 415 O
Dimensions B C D D (iSCR) F* G x
mm 3440 1295 8575 9020 10 230 1835 ,%
3
m
Full load oq,
Rating point R1 R2 R3 R4 >
BMEP, bar 22.0 15.8 22.0 15.8
BSFC Delta Tuning 163.8 158.8 161.8 159.8
Part load, % of R1/R1+ 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 156.5 154.9 156.5 151.2

* ZDAYOTDRBERFSEETT . CEARFICEDEIMEBRIUERES L FTBHLEhE S,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52-1.2

Cylinder bore 520 mm
Piston stroke 2315 mm
Speed 75-105 rpm
Mean effective pressure at R1 21.0 bar
Fuel specification (Fuel oil) 700 cSt/50°C / ISO-F 8217:2017 / category ISO-RMK700
Output in kW at Length A Weight
Cyl. 105 rpm 75 rpm
R1 R2 R3 R4 mm tonnes
5 9050 6 800 6 475 4825 5985 217
6 10 860 8160 7770 5790 6925 251
7 12670 9520 9 065 6755 7 865 288
8 14 480 10 880 10 360 7720 8 805 323
Dimensions B C D D (iSCR) F* G
mm 3514 1205 8415 8760 10 350 1910
Full load
Rating point R1 R2 R3 R4
BMEP, bar 21.0 15.8 21.0 15.8
BSFC Delta Tuning 169.8 162.8 169.8 162.8
Part load, % of R1 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 162.5 161.3 162.5 158.0

* ZDAYOTDRBERFSEETT . CEARFICEDEIMEBRIUERES L FTBHLEhE S,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52-52.0

Cylinder bore 520 mm
Piston stroke 2045 mm
Speed 80-120 rpm
Mean effective pressure at R1 22.0 bar
Fuel specification (Fuel oil) 700 cSt/50°C / ISO-F 8217:2017 / category ISO-RMK700
Rated power, principal dimensions and weights
Output in kW at Length A Weight
Cyl. 120 rpm 80 rpm
R R2 R3 R4 mm tonnes
5 9550 6 850 6 400 4550 5485 200
6 11 460 8 220 7 680 5460 6 345 226 §
7 13370 9590 8960 6 370 7 205 257 %
8 15 280 10 960 10 240 7 280 8 065 287 O
Dimensions B C D D (iSCR) F* G x
mm 3100 1185 7775 8000 9 340 1675 ,%
3
m
Full load oq,
Rating point R1 R2 R3 R4 >
BMEP, bar 22.0 15.8 22.1 15.7
BSFC Delta Tuning 163.8 157.8 164.8 162.8
Part load, % of R1 85 70 85 65
Tuning variant Delta Delta Low-Load Low-Load
BSFC 156.5 155.3 156.5 152.0

* ZDAYOTDRBERFSEETT . CEARFICEDEIMEBRIUERES L FTBHLEhE S,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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TLAUU—R

WRYID I JVHHiAHES SCREE (ISCR) EROMETY IV ZMA
2024118198

BHRARH=H ERS DU (FifElh : RERMELM. #HER: ERR) &, R 0 iSCR
(integrated Selective Catalytic Reduction) &EZ#E#E UIcHELT YT 5X52-52.0
B —BILIVIY 1 BZERSAICMALSE Ulce BRIV IVIF, HHAOR
RELYDSTEREN [CHRZ. 2025 F 5 BICHMTED 4 HEE S VRO SEEYM
[CEHINET,

COISCR (&, EIEHEEME IMO) O NOx (EB:REEY) HFHRHICHET B,
SA LYY THS WInGD #HHHZICUU—ZLIZBDT, HEBY FTOZEEIR—X(C
SCREFREI DI EICELY . TYIVI—LRDAR—AEIIRNICINZ BT EHTEF
Fo Floe AR—REHBARICKY . EMFTOREIEREZ K U TEN DMENICITSI T E
T, MOMBESETIEOEMR BRI MEIRDBRFENE T,

BT, ISCRIFHIBRNDIBNT ENS. EREID SCR FBICLLNTHED#Z D5 <
TBRIENTEFT, MEOHOEIRE. TVIVDAYTFUAEEOERE IR ME
BICKVWICEULE T,

LHHTE. MROIVIVICHRNTRETIV/INI NTHBREIFITIHRL . MEEI K
IBICEEUIHBIT Y Yy [X52-S] B&KU [X62-S] Z#UU—ZULELIZ. TNSDH
BTYIVEFEVTHEZSZITHY, LiE 5X52-52.0 BF ¢ —BILI Y IV OZFELUE
B, TOISCRFEMZBHFEOE I Y Y DOZFFEIERICHEUTTVET,

&, ISCRIEX T/ — VBB KO T VEZ7IRRIORFBO TR (DF) Ty
Y TH—EREIRT? NTREL B THY . FHARIDRAIC KW IRES I BB IERULH—
JZAR=ZDHEISN TV B, Tier- M E LTD iSCR [T KB AR—RBIERNHARF
TNFT,

HitF, BEHRORLBZ—XCBIHRAINL, SBHSIEVYTHS WInGD it &
EE U - BEREHRORBICERLTVLEF T,

1 EAET R MO b9 A TRIGERS
%21 R7 52cm & 62cm OH (2024 & 11 BIRME)

BExUBY TEBIC
SCR Z5E

L

ISCR A X—YR ABETIBICTHERDOD 5X52-52.0
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LOW-SPEED LOW-PRESSURE

X-DF

DUAL-FUEL ENGINE

DU - WinGD
Low Speed 2-stroke Engines

LNG = ZITiARIHERS
LNG Dual Fuel Engines

31
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22h0-7 BEF 2717 21-IIWIVIVDHE

Overview of 2-stroke low-pressure dual-fuel engine “X-DF

X-DF TYV (LNG %) 0fFR
Advantages of X-DF Engine (LNG fuel)

1. PRE - HEARNZRA. SCR EGRZUIC IMO Tier IRFNEZT U T,
X-DF applies the pre-mixed lean burn technology and can meet IMO Tier I requirement
without the exhaust gas after-treatment.

2. BEIVFLyUEERE LS. MIEEEACENZERZINH.
X-DF has advantages of lower Capex and Opex due to no requirement of a high pressure
compressor.

3. {ELVESOD LNG(13.3bar AT ) ZFIAL. REMHEL.

For safety concerns, X-DF uses low-pressure LNG. (<13.3 bar)

4. HZAE—RDS5F 1 —EILE— R~ BEIFICEIVEX TR

X-DF can switch from gas mode to diesel mode immediately.

5. KEYRREFAERKE LTRADS 3. EiE 2 A O—J IV I Y TORR,

X-DF is based on the low-speed two-stroke engine which is much proven in marine use.

Diesel /HFO

BER DF/Gas

{EE= DF/Gas
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Structure of X-DF engine

WinGD X-DF ENGINES

. Bedplate

. Column

. Cylinder block

. Tie rods

. Turning gear

. Flywheel

. Crankshaft

. Connecting rod

. Knee lever for piston cooling
& bearing lubrication

10. Crosshead

11.Piston

12. Gland box piston rod

O 00 N O U A W N =

13. Cylinder liner

14.Scavenge air ports

15. Anti-polishing ring

16. Cylinder cover

17.Exhaust valve

18. Exhaust valve drive

19. Exhaust manifold

20. Scavenge air receiver

21.Supply unit

22.Fuel pumps

23. Rail unit

24.Fuel oil rail with flow
limiting valve

"X-DF" O#85s
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25. Fuel injection valves

26. Servo oil rail with exhaust
vCcu

27.High-pressure pipes to fuel
injection valves

28. Starting air valve

29. Hydraulic pipe exhaust
valve

30. Pilot injection valve

31.Gas admission valve

33



)

—
[u]u]

( ERE(IED

X-DF B EEmEcER

= _
I WinGD X DF Engine



o N4 0w NESHR Pilot fuel valve
FARBER Pre-combus amber

o DIZARS—rR

Wastegate valve
(3) HRERR
Gas shutoff valve E

(4) N4 Oy NHtHET
Pilot fuel oil supply pump

e HEI=y ~

Control unit
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GAV
(Gas Admmision Valve)

[7) HR 14088

Gas detector

0 HAMHF Gas release valve
HRE Gas pipe
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X-DF DJFIE
Operating Cycle

ZERBINY T 7E)
Layer of air
(Buffer layer)

PRI R S

Fuel gas injection

[EfEDBIZ THRZES
Fuel gas injection during
compression stroke

L 4
{EEEANTIAE
Low-pressure injection
is possible!
wR JARI 2 ST
Scavenging Fuel gas injection

R R 5

Fuel gas injection

AARSER b VERBICK > TRBEZERNENN LRI 2H1C. BREARDESHZRT IS
fedh. MRARZBEICT BZHEDNHDFEEA.

Since fuel gas injection is finished before the cylinder pressure increases, high pressure gas
injection is not needed.

BN - B

Ignition/Combustion

NOX ERDI= [CIFHBRFRETZMFESEIBOIVEERI T TN, FEFFEER
FEXUVEOWEWSEENGUE T, ZI T ERRIEETEBED/ N1 Oy MAKZE
BIDLILKY, FEFRENDRELCENEZRRESETLET,

Low NOx can be achieved by lean burn technology. The lean pre-mixture is poor ignitable but
can be ignited by a small quantity of pilot fuel oil at the end of compression.
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AS=b ]
BT R BIEN
Ignition by

pilot fuel injection

—>

R ER [:Z:
Compression Ignition Expansion
BHRAZ FRER mRER
Burned Gas Pre-mixture Scavenging Air

T4—BIL (EED) #eEE
Diesel (Diffusive) Combustion System

R - EfE SRR REST - BN
Scavenging/Compression Fuel gas injection/Ignition

R AR = e
Fuel gas is injected after
compression stroke.
3
BEEFNGHE
High injection pressure
is needed.

(-2
Expansion

37
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X-DF %37 Z 2%l
Key technologies of X-DF

INA Oy M &Rl
Micro pilot and Pre-chamber technology
+ T4 —EBILE— FAORFREIFROMIC. /N1 Oy MABESRZ5RE
Pilot fuel injection valves are installed as well as Fuel injection valve for diesel operation
JEYL—ILT 0/ 0Y—%RA
Common-rail technology also applied
BEHE(F 1% AT * R BEEABICBITBRATRILF—BISHT 388
Pilot fuel quantity of less than 1% of heat release* *Supplied energy percentage at R1 rating point.
R UTHAGEE S AR NOX Z L

Stable combustion and low NOXx are achieved

Pilot fuel injectors

| 84O e
Pilot fuel injection valve

/340 MNER
Pilot fuel spray

FHAE
Pre-combustion chamber

T Toren rom Prco
) Torch from Pre-combustion chamber Main fost injwctors

HAEEFH (GAV)
Gas Admission Valve

© 1 YUVSCDE 2 DDARBEHF R ZEH
2x GAV per cylinder at mid stroke of cylinder liner
HRABSHFBHIBEBAER ST —RA 1)L
[CTERED

GAV actuated by servo oil same as exhaust
valve driving

LEFRHST A NU VT ETIERGEH R4S
& B I

Flexible gas admission control from ‘idling’ to
full load

“EAREEICLIZBLREN

Double-walled piping for enhanced safety
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iCER
Intelligent Control by Exhaust Recycling (Option)

- BEFRESHEAES X-DF B0, AREHIFEAT VAU Y
TENFERHEARBLVT + —BILELRFOREHIRD 2D
{KE EGR BN Z M U Tz iICER ZRF.

On the pre-mixed lean burn type of low-pressure X-DF engine, iCER
that was developed with the low pressure EGR method is designed
to reduce half of methane slip amount during gas operation and to
improve fuel consumption during gas/diesel operation.

- XS VHERE - RHEIFFRBVA. GHG DFERR B HIFNTIAE
While there are still no methane emission rules / regulations, further
reduction of GHG could be achieved.

X-DF DX 92U wFl&, CO2 2ADMARES I, X-DF DX9 VU v FHREEIE 4st #BIICHATA VA, ICER
FHRICLVRROX IV RU v TEH 1/2 FTICHIRTEF . X, MlES (FGSS P EGRF) ZSHTSY b2kl
THBT 3£, BEARO CO2 FHHEBHEEARISEMEE 8.

Methane slip of X-DF is equivalent to circled portion of total CO2. The methane slip emission of X-DF is generally
lower than that of the 4st engine, but installation of iICER makes it possible to reduce the current level of methane
slip by 50%. In addition, comparing the CO2 emission amount under the entire plant including auxiliary electric
power (for FGSS, EGR, etc.), the CO2 emission amount of the high pressure type of DF engine is close to that of
the low pressure type of our X-DF / flex50DF engine.
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Emission values [%]

o, &
mi equivalent

Diesel / VLSFO RM

LP-DF -

Tectnoiogies:
b R R S R S G E py
Dual-Fuel Engine in Gas hode, operated occording to the Dieseh-cycle combustion process

Diesei VLSFO RM: Comentior el Engine, operated with 0.5 % sulphur srom (Residue Ol)



iCER
Intelligent Control by Exhaust Recycling
iCER iCER

off-engine type or on-engine type

iCER DRIE
BIREEOFIAZ—E #50%) Z. EGC THHL TRIGHICR UHIR AR BEER
(EGR) $3 T ETAYVRY w FZHH,. BICIFARRK ERIFRBORBEERZHD.
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Principle of iCER

iCER is a system which allows to improve X-DF performance regarding gas and liquid fuel
consumption and environmental footprint, explicitly reducing the emission of unburned
Methane. The main component of iCER is Exhaust Gas Cooler (EGC) which allows recirculation
of exhaust gas to the engine. Water spray is used to cool the exhaust gas. Water circulates
from EGC to a circulation tank from which it is pumped via a plate heat exchanger back to
EGC.
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WTS
Water Treatment System

SAC&Wetting
Water Drain
iCER
Bleed off
Water

L

Overboard

15PPM< <15PPM

»

iCER BERBFICHIFD ICER TU—RF TKBLV'SAC RLYK(DTvTF VT D5—
FEU ) OHMDREZMANFHEEE (15ppm) UATICHIET S.

WTS controls the oil concentration below the standard value for overboard discharge (15PPM)
of iCER bleed off water and SAC condensate water which including wetting water system for
SAC during iCER operation.

auidu3 4Q X ADUIM
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/X52DF-51.0

I— Revision level, based on

new design features

Technology level

S: Short-stroke or
P: Power generation or
others to be defined

Fuel designation
DF: Dual-fuel
Blank: Standard engine

Bore size

Engine type

42

Number of cylinders



WinGD X92DF-2.0

Cylinder bore 920 mm
Piston stroke 3468 mm
Speed 70-80 rpm

Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 80 rpm 70 rpm

Y] R2 R3 R4 mm tonnes

6 31920 26 580 27 930 23250 11755 1120

7 37 240 31010 32585 27125 13 345 1260

8 42 560 35 440 37 240 31000 14 935 1380

9 47 880 39870 41 895 34 875 17 960 1630

10 53200 44 300 46 550 38750 19 550 1790

11 58 520 48 730 51205 42 625 21215 1960

12 63 840 53160 55 860 46 500 22 875 2140
Dimensions B C D F* G s
mm 5550 1900 13 140 15 605 2970 %
O
Brake specific gas consumption (BSGC) in g/kWh x
Rating point R1 R2 R3 R4 2
[BSGC (Gas) g/kwh | 1346 [ 1296 | 1366 | 1315 | m
[\
Brake specific pilot fuel consumption (BSPC) in g/kWh (ED'

R1 R2 R3 R4
0.5 | 0.6 | 0.5 | 0.6

Rating point
[BSPC (Pilot fuel) g/kWh

l

Brake specific fuel consumption (BSFC) in g/kWh

Rating point R1 R2 R3 R4
|BSFC (Diesel) g/kWh | 1727 | 1ee7 | 1747 | 1707

* ZDOHYOTDRIHERSERETT . EARHFICEDEIRBERIUBRBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X82DF-2.0

Cylinder bore 820 mm
Piston stroke 3375 mm
Speed 58-84 rpm

Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 84 rpm 58 rpm
Y] R2 R3 R4 mm tonnes
6 25920 21600 17 880 14 940 10425 805
7 30 240 25 200 20 860 17 430 11865 910
8 34 560 28 800 23840 19 920 13 305 1020
9 38 880 32 400 26 820 22410 14 745 1160
Dimensions B C D (= G
mm 5050 1800 12310 15 080 2700

Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh [ 1356 [ 1306 | 1376 | 1326 |

Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 0.6 | 0.7 | 0.6 | 0.7
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Brake specific fuel consumption (BSFC) in g/kWh

Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh ] 177.2 ‘ 171.2 179.2 175.2

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X72DF-2.2

Cylinder bore 720 mm
Piston stroke 3086 mm
Speed 69-79 rpm

Mean effective pressure at R1 15.7 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 79 rpm 69 rpm
R1 R2 R3 R4 mm O
5 13 000 11900 11 350 10 400 7 875 484
6 15 600 14 280 13 620 12 480 9165 565
Dimensions B [¢ D or?E(:m%liEr':e) F* @
(uiTxy 4780 1575 10 790 11755 13 655 2 455
Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh [ 1357 | 1337 [ 1370 | 1347 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 0.7 | 0.7 | 0.7 | 0.7

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
|BSFC (Diesel) g/kWh | 1742 | a7ze [ 1756 | 1738 |

* ZDHYOTDRIHERSERETT . EARHICEDERBERIVBRBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X72DF-2.1

Cylinder bore 720 mm
Piston stroke 3086 mm
Speed 69-89 rpm

Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 89 rpm 69 rpm

Y] R2 R3 R4 mm tonnes

5 16 125 13425 12 500 10 400 8 230 495

6 19 350 16 110 15 000 12 480 9520 580

7 22575 18 795 17 500 14 560 10810 642

8 25 800 21480 20 000 16 640 12 105 716

; : D (iCER
Dimensions B c D o E(ncgine) F @

mm 4780 1575 10 790 11 755 13 655 2 455

Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 1377 [ 1328 | 1397 | 1347 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4

2
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[BSPC (Pilot fuel) g/kWh | 0.6 \ 0.7 \ 0.6 \ 0.7

Brake specific fuel consumption (BSFC) in g/kWh

Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1758 [ 1e98 | 1778 | 1738

* ZDAIOTDRBHERFSEETT . CEAFHFICEDEIREFRIUERBS I FTBHLEDE S,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62DF-2.1

Cylinder bore 620 mm
Piston stroke 2658 mm
Speed 80-103 rpm

Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 103 rpm 80 rpm
Y] R2 R3 R4 mm tonnes
5 11925 9925 9250 7 700 6 805 318
6 14 310 11910 11100 9 240 7910 370
7 16 695 13895 12950 10780 9020 428
8 19 080 15 880 14 800 12 320 10125 475
Dimensions B <© D F* G
mm 4200 1360 9 580 11775 2110
Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh [ 1393 [ 1364 | 1409 | 1378 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 0.8 | 1.0 | 0.8 | 1.0

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1768 [ 1708 | 1788 | 1748

* ZOHYOTDRBHERSERETT . CEAFHFICEDEIREFRIUBRBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62DF-52.0

Cylinder bore 620 mm
Piston stroke 2245 mm
Speed 82-108 rpm

Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 108 rpm 82 rpm

Y] R2 R3 R4 mm tonnes

5 10 550 8775 8000 6675 6 260 280

6 12 660 10 530 9 600 8010 7 260 325

7 14770 12 285 11 200 9 345 8 260 370

8 16 880 14 040 12 800 10 680 9 260 415

Dimensions B C D (= G

mm 3440 1295 8575 10 300 1835

Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh [ 1393 [ 1364 | 1409 | 1378 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4

[BSPC (Pilot fuel) g/kWh | 1.0 | 1.2 | 1.0 | 1.2
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Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4

BSFC (Diesel) g/kWh ] 179.8 ‘ 173.8 181.8 177.8

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52DF-2.1

Cylinder bore 520 mm
Piston stroke 2315 mm
Speed 79-105 rpm

Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 105 rpm 79 rpm
Y] R2 R3 R4 mm tonnes
5 7 450 6200 5600 4 650 5985 217
6 8940 7 440 6720 5580 6925 251
7 10 430 8680 7 840 6510 7 865 288
8 11920 9920 8960 7 440 8 805 323
Dimensions B <© D F* G
mm 3514 1205 8415 10 350 1910
Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh [ 1400 [ 137a | 1421 | 1390 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 1.5 | 1.8 | 15 | 1.8
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o

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1814 [ 1754 | 1834 | 1794

* ZOHYOTDRBHERSERETT . CEAFHFICEDEIREFRIUBRBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52DF-52.0

Cylinder bore 520 mm
Piston stroke 2045 mm
Speed 80-120 rpm
Mean effective pressure at R1 17.3 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 120 rpm 80 rpm

Y] R2 R3 R4 mm tonnes

5 7 500 6 250 5025 4150 5485 190

6 9000 7 500 6030 4980 6 345 215

7 10 500 8750 7035 5810 7 205 245

8 12 000 10 000 8040 6 640 8 065 275

Dimensions B C D F* G

mm 3100 1185 7725 9370 1675

Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh [ 1400 [ 137a | 1421 | 1390 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4

[BSPC (Pilot fuel) g/kWh | 1.5 | 1.8 | 15 | 1.8
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o

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4

BSFC (Diesel) g/kWh ] 181.4 ‘ 175.4 185.4 181.4

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X series

Engine Type DU-WinGD 5X52-52.0
Cylinder Bore (mm) 520

Piston Stroke (mm) 2045

Rating Point R1 R4
Speed (rpm) 120 80
Power (kW) 9 550 4 550
Number of Cylinders 5
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XS J—)VRE TR DB

Overview of Methanol Dual Fuel Engines

1. X-DF-M IV IV DR

Features of X-DF-M Engine

X-DF-M (¢, BEBHFIVEFNZRALXY / —IVREZTHRIEBETH D, X9
/= VE—RELVT A —BILE-RORBICEVTX- TV IV EFEDHREZETT .
REHICIEIEY U—IVARZERA LTS Y. HEBRESIRIEIC KW /XA Oy MREGE
BHEDERZRRL TV, BHEAZERE UTERIWMIEET (SCR) ZE/A L. mE
BE— RICHELT NOX Tier Il HENSEE T B0

X-DF-M is a methanol dual fuel engine applying a high-pressure injection concept. It delivers
performance equivalent to X-engine in both methanol and diesel modes. Utilizing a common rail
system for fuel injection, it achieves reduced pilot fuel consumption through precise injection
control. Selective Catalytic Reduction (SCR) is applied and enabling compliance with NOx Tier
Il regulations in both operating modes.

2. X9/ — VAR DBIIE

Advantages of Methanol Fuel

XT /= VIFEBTRIETHY . ERPARELHEE URBVcHI ETOIMY RVDES
THBo THIC RREREA Y/ —IVPBETREX Y / —)VOEEREARBRRICIEAL TS
Y. MEPAMECE > T, FROKFKMEREC LD U RT ZR/IRICIIZ DB E
REEE 185,

Methanol is liquid at room temperature and does not require compression or refrigeration,
making it easy to handle onboard. Furthermore, production capacity for low-carbon and
renewable methanol is expanding rapidly, offering shipowners and charterers an effective
option to minimize future risks associated with carbon pricing.

Methanat, 13 bar
(st engine inbet

Actuation oil pump

swrors.
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3.8|EtavETS

Design Concept

X-DF-MIVIViF. REDHZT1—CBILIVIVHEEFZER—RELTWD, WInGD
DF 4 =BTV IVEiZEX T /— VIRRHTHB S B Blcs. BAESZEHIFL DD,
XG ) — VDI [C N R IGHE THREEEZIT o TV %,

X-DF-M engine is based on a proven diesel engine design. To adapt WinGD's diesel

engine technology for methanol fuel, the basic structure has been maintained while design
modifications have been made to the extent necessary for methanol combustion.

4. X9 J — LI RO = DEIXEN - SHEEE
Additional Parts and Modifications for Methanol Fuel Compatibility
© XY — VRIS Y 2T I\
Methanol Fuel Injection Valve and Methanol Booster Unit
« XY/ — VBV AT LREENEL—IU
Actuation Oil Rail for Methanol Fuel Injection System
- FEDBEHE 1= b
Actuation Qil Supply Unit
- WREYUYI—HN—
New Designed Cylinder Cover
© XY/ — VRISt ERECE
Methanol Fuel Distributor System
 BIRBLVYU VT —I v Iy bDIE
Minor Modifications to Bed Plate and Cylinder Jacket

auidu3 4Q X dDUIM
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=& S att & ) 7X52DF-M-51.0 X9 / — LR EHEZEZE
2024412838

B =H E&S DU (FR7Eh: REBIRIBET, HR:[ERL) & =ZShfiaitn 5.
3T VBEKAEH LESRMGASHOT ISEET I XY /—ILBRRO—ILAE > -
O—bA 78R (ROROfR) 2 &I, #FAFHES [DU-WInGD 7X52DF-M-51.0] %
FELE U

X9 J—)L7kElE T B RORO fald. 2T 2 MM TIFBEICERMMBRIES N
TWVEIH, BRERZMITI 2ARACOBISXAIH T LR, 2027 FERICTR - 5]
BEENBFETY,

CD#iB 7X52DF-M-51.0 #R8(d. X9/ — VAR ZERR RS B BERETICK Y
ERBEBVIRIVF—HEERE. X9/ —VE-—RDOHBSTT(—CILE-NICB
WTHAIIDAEEEBEEDIERR U CO, IEBDERICKE<TEHITZTENTEFT,
e, "—R&E1D 7X52S &, EREBEICHNY 3 - MO—ofbcn, BE -3V
NI RTEALV VI DBOLL B2 TVS I EDERTT,

TSR, BETRIRILF—HSBREINITU—U AT /=L ERTNIEKIE
IC CO, ZHIFT 5 Z LN TRET. EBEMIBTIE. INSOFENSAY /—)VIFE
HICHDIREEFEOEVIAEIE UTKECEEINTEY.. X9/ —LEZEREE
UTAnfDERMED T &S K WIBEERDBRFLICBBVICERT 20D LN
E3C

Ltk BEFOFELBZ—RCBHBIINL, SEHTI YT THS WIinGD #t&
UM - BREHBRORBICERLTLEET,
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Methanol Technology

A

DUAL-FUEL ENGINE

DU - WinGD
Low Speed 2-stroke Engines

XS J—)LRE ZTTIAEIREES
Methanol Dual Fuel Engines
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/X52DF-M-51.0

|— Revision level, based on
new design features

Technology level

S: Short-stroke or
P: Power generation or
others to be defined

Fuel type application
M: Methanol
Blank: Others

Fuel designation
DF: Dual-fuel
Blank: Standard engine

Bore size

Engine type
Number of cylinders
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WinGD X92DF-M-1.0

Cylinder bore 920 mm
Piston stroke 3468 mm
Speed 70-80 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 80 rpm 70 rpm
Rl R2 R3 R4 mm tonnes
6 38 700 27 900 33900 24 420 11 605 1176
7 45150 32550 39 550 28 490 13195 1323
8 51600 37 200 45 200 32560 14785 1449
9 58 050 41 850 50 850 36 630 17 960 1771
10 64 500 46 500 56 500 40 700 19 550 1880
11 70950 51150 62150 44770 21215 2058
12 77 400 55 800 67 800 48 840 22875 2247
Dimensions B € D F* G
mm 5 550 1900 13150 15 640 2970
Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 3273 [ 3146 | 3251 | 3168 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 8.0 | 8.0 | 8.0 | 8.0

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
|BSFC (Diesel) g/kWh | 1638 | 1578 [ 1628 | 1588

* ZOAYOT DRTHBEFBSEETT . CHERARFICEDEMEERIDERBEFLHFTBHVEDEZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.

auidu3 4Q X dDUIM

[ [ (TR -

T

0000000

57



WinGD X82DF-M-1.0

Cylinder bore 820 mm
Piston stroke 3375 mm
Speed 58-84 rpm

Mean effective pressure at R1 22.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 84 rpm 58 rpm
Rl R2 R3 R4 mm tonnes
6 33000 24 000 22 800 16 560 10 426 845
7 38 500 28 000 26 600 19320 11 866 956
8 44 000 32000 30 400 22080 13 306 1071
9 49 500 36 000 34 200 24 840 14 746 1218
Dimensions B € D (= G
mm 5050 1800 12310 15 250 2700

Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 3322 [ 3215 | 3241 | 3183

Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.

§ [BSPC (Pilot fuel) g/kWh | 8.2 | 8.2 | 8.2 | 8.2 |
8 Brake specific fuel consumption (BSFC) in g/kWh

>< |Rating point R1 R2 R3 R4

S [BSFC (Diesel) g/kWh | 1663 [ 1612 | 1625 | 1597 |
)
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WinGD X72DF-M-1.0

Cylinder bore 720 mm
Piston stroke 3086 mm
Speed 66-89 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 89 rpm 66 rpm

Rl R2 R3 R4 mm tonnes

5 19 600 14 300 14 550 10 600 8 085 505

6 23520 17 160 17 460 12720 9375 589

7 27 440 20020 20370 14 840 10 665 674

8 31360 22880 23280 16 960 11 960 752

Dimensions B € D (= G

mm 4780 1575 10 790 13750 2455

Brake specific gas consumption (BSGC) in g/kWh

Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 334 [ 3254 | 3344 | 3254 |

Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 8.7 | 8.4 | 8.6 | 8.4

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1688 [ 1633 | 1678 | 1633

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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RIEMIGE VLCC [T 6X82DF-M-1.0 TV Y VO EESNF LT
202411818

HARL=H EQS DU (FrTEih : RERMBEM. R ERZ. UT [Hit]) OMA
KBTIV [DU-WIinGD 6X82DF-M-1.0] h'. HH9I v h—RRtt. REFFEEK
Hatt. BABWGERRE. BAY Y TV — REXEH0 4 M RERREREZT SR
BXIGEL VLCC (Very Large Crude Oil Carrier : XEEHERA) 1V ~OEH
EUTERESNF UL,

TOIVIVIF, BHSA LYY THD WInGD #HhBIRUEX Y / —ILBLUEHzZ
RELE UTERTEZRFSOZTRE (DF) TVY VT, BEAENTIIHIORY
ERBUET,

6X82DF-M-1.0 (&, X/ — UIABIZ ) (CHRGE S B B EREH [C K W IRIRE ZRIR.
X9 /= LE—ROBBS5TT  —LILE— RICSVTHMMORKERBDOEBRY
CO, HHHEBDERICAELKBEMIT BT ENTEFXT, e, N—R &P 6X82(F. T
NFTHERHED IS <D VLCC [CHFATNTSY ., WInGD IV IVDORERRRT
HHZIEY V- IVRRIESRARZRA. RAZERIEREOEVEETES IR,

MAT. BHRIVI V. EREEHE (IMO) O NOx (ERELY) BEHMRHICK
g Bz, EER SCR (Selective Catalytic Reduction) Z&fELTHEVET, D
EEN SCR ¥ X7 AlFBIaHHOZDEVHSUEE COEL RIS Z R DEBE AR
ZRALTVR T ENAERFRT, BICIF, SEMPTOKREERSICBVT, LAT7I
DEBEENLENZZEICHEMULET,

A/ —)UEEHE, (LB E B U TR D CO,. SOx. NOX HrHA A e fc
HEBEFMELS, BIC, FERNAFXI/—IVEDTU—U AT/ —)LDERICK Y,
A—RYZa— bSVBERICERUET . Fio. BRTRIFGREZRFALGD. i
ATOERWVBVAERESNTEIET, S#. EEDI (Energy Efficiency Existing Ship
Index) phase3 [CXIHT 5% < DMMICIRANRIAFTFNE T,

COHFHEFREDAY /—)VREDF TV IVIF, RESHRREMEEO EZEEUCR
BB VICC [CRBRY U 1—23a vV ERUET,

HitlF, BEHROFLBZ—XCHBIRA TN, SHEH WInGD # & LR - iR
HEDORBEICEMLTLEET,
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WinGD X62DF-M-1.0

Cylinder bore 620 mm
Piston stroke 2658 mm
Speed 77-103 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 103 rpm 77 rpm

Rl R2 R3 R4 mm tonnes

5 14 500 10 650 10 800 7 950 6 805 341

6 17 400 12780 12960 9 540 7910 39

7 20 300 14910 15120 11130 9020 457

8 23 200 17 040 17 280 12720 10125 506

Dimensions B € D F* G

mm 4200 1360 9 580 11830 2110

Brake specific gas consumption (BSGC) in g/kWh

Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 3372 [ 3256 | 3350 | 3256 |

Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 8.3 | 8.3 | 8.3 | 8.3

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1688 [ 1633 | 1678 | 1633

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62DF-M-51.0

Cylinder bore 620 mm
Piston stroke 2245 mm
Speed 82-108 rpm

Mean effective pressure at R1 22.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 108 rpm 82 rpm
Y R2 R3 R4 mm tonnes
5 13425 9650 10 200 7325 6260 294
6 16110 11 580 12 240 8790 7 260 341
7 18 795 13510 14 280 10 255 8260 389
8 21480 15 440 16 320 11720 9 260 436
Dimensions B C© D F* G
mm 3440 1295 8575 10 230 1835
Brake specific gas consumption (BSGC) in g/kWh
Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 3201 [ 3187 [ 3249 | 3208 |

Brake specific pilot fuel consumption (BSPC) in g/kWh
R1 R2 R3 R4

8.1 | 8.1 | 8.1 | 8.1
Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1648 [ 1598 | 1628 | 1608 |

* ZONYOTDRBEIFSEETY . CRASRSFICEDEAHERIUBRIRBSFHHEFTBHVEDE KW,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.

Rating point
[BSPC (Pilot fuel) g/kwh
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WinGD X52DF-M-51.0

Cylinder bore 520 mm
Piston stroke 2045 mm
Speed 80-120 rpm

Mean effective pressure at R1 22.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 120 rpm 80 rpm

Rl R2 R3 R4 mm tonnes

5 9550 6850 6400 4550 5485 200

6 11 460 8220 7 680 5 460 6 345 226

7 13370 9590 8 960 6370 7 205 257

8 15 280 10 960 10 240 7280 8 065 287

Dimensions B C D [ G

mm 3100 1185 7775 9340 1675

Brake specific gas consumption (BSGC) in g/kWh

Rating point R1 R2 R3 R4
[BSGC (Gas) g/kwh | 3202 | 3166 | 3314 | 3271 |

Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kwh | 8.1 | 8.1 | 8.1 | 8.1

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh ] 164.8 158.8 165.8 163.8

* ZDHI DT DRIHERSEETT . TEARFICEDEIRBBRIVERBS L ETEHVEGDE L,
*BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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7 VEZTRE TR DOBIE

1.X-DF-AIVIVDIVIVDHER

Features of X-DF-A Engine

X-DF-A 3. BEBHIVET MeRALE7 VEZ7REZTHRRIEETSH 2, 7VE
ZPE-RBLUF 1 —BILE—RORABICHVT., WINGD D X- TV IV EFFEDHE
BEZET 5. MEBEHICEIEYV—LARZRALTHY., BERESHEICKY. /N
10y MARPEBESZR<IMNITVS, FEARWRE U GRIRNAEESETT (SCR) =8
AL, EEERE— RICHLT NOX Tier Il BHFITES T 5.

X-DF-A is an ammonia-fired dual-fuel engine employing a high-pressure injection concept. It
delivers performance equivalent to WinGD's X-engine in both ammonia and diesel modes.

Fuel injection utilizes a common rail system, with precise injection control keeping pilot fuel
requirements low. Selective Catalytic Reduction (SCR) is applied for exhaust gas treatment,
enabling compliance with NOx Tier Il regulations in both operating modes.

2. 7 VEZTRRIDBIIYE

Advantages of Ammonia Fuel

PUVEI7E BICIEHIREEL SR IRRRE U THRNICL KBS IENTV LR
BTHY, BIINIAE - BV T5ZELTVD, BETRENZAVTRESN
PTU—YTPVEZT G ZOEESIURBERICHITZRENRARHEZEFFE0
ETBTENTRETH Y HEBIUEED GHG HIRBEZRICAF BMEERE S5,
BB, MESIUAMENMFERERY 2 KEME~NDaEZR/IRICINIZ 2 ZENTE
%o

Ammonia is a chemical already widely traded globally as a fertilizer raw material, refrigerant,
and industrial chemical, with an established supply and distribution infrastructure. Green
ammonia, produced using renewable electricity, can achieve near-zero greenhouse gas
emissions in its production and distribution processes, making it an effective option for
achieving societal and corporate climate goals. At the same time, it can minimize the carbon
price exposure that shipowners and charterers will face in the future.

Ammonia nozzle oy & \
Ammonia  / Actuation oil rail
85bar at /{ unit
engine ctuation
inlet oil pump
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3. |EaVESH

Design Concept

XDF-AIVIVIE, REDHZENET «—CIVRHIT Y IV THS WIinGD D X- T
VIVER=RELTVS., BEBSHIVET M. BIERITEER LD D7 VEZ7H
HRLZRRELTWVS, 7VEZTREOEBRRHEZER L. R2MSJUIEEEZTER
TR, RETRIED SBENLBNENELSNTND,

X-DF-A engine is based on WinGD's proven, high-efficiency diesel fuel X-engine. Its high-pressure
injection concept enables ammonia fuel compatibility while utilizing existing technology.

Comprehensive countermeasures were implemented from the design stage to ensure safety
and reliability, taking into account the inherent characteristics of ammonia fuel.

4. 7 VEZ 7RO e DEBRHEIRE
Additional Parts and Modifications for Ammonia Fuel Compatibility
- PUEZ7 BB
Amplifier-integrated Ammonia Fuel Injection Valve
- PYEZT7ESHYRT LREEHL—IL
Actuation Oil Rail for Ammonia Fuel Injection System
- fEERBAtiE 1= v b
Actuation Oil Supply Unit
- FiERE YUY —hN—
New Designed Cylinder Cover
7 VEZV UG REE
Ammonia Fuel Distributor System
BRBLVVU YT —T v Ty bOBEMIFSE
Minor Modifications to Bed Plate and Cylinder Jacket
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Website
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DU-WinGD
sure Dual Fuel Engine
-DF”

Series
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EEEEN EEEEN [ivicas ]
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https://www.mes.co.jp/du/
it T TYA MIT, BIEHRRITERNEV D TH B RRIE Y.

The updated information and latest technical materials
on our website can be viewed at anytime.
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Ammonia Technology

A-Di-A

DUAL-FUEL ENGINE
DU - WinGD
Low Speed 2-stroke Engines

- auidu3 4Q X ADUIM

7 VEZTVRE ZTTIARIEES
Ammonia Dual Fuel Engines
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|— Revision level, based on

new design features

Technology level

S: Short-stroke or
P: Power generation or
others to be defined

Fuel type application
A: Ammonia
Blank: Others

Fuel designation
DF: Dual-fuel
Blank: Standard engine

Bore size

Engine type

Number of cylinders



WinGD X82DF-A-1.0

Cylinder bore 820 mm
Piston stroke 3375 mm
Speed 58-84 rpm

Mean effective pressure at R1 22.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 84 rpm 58 rpm
Y] R2 R3 R4 mm tonnes
6 33000 24 000 22800 16 560 10 426 845
7 38 500 28 000 26 600 19 320 11 866 956
8 44 000 32000 30 400 22080 13 306 1071
9 49 500 36 000 34 200 24 840 14 746 1218
Dimensions B C D F* G s
mm 5 050 1800 12310 15 250 2700 a
O
Brake specific gas consumption (BSGC) in g/kWh x
Rating point R1 R2 R3 R4 g
[BSGC (Gas) g/kwh | 318 [ 3507 | 3535 | 3474 | U'%"
Brake specific pilot fuel consumption (BSPC) in g/kWh (51)'

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 8.7 | 8.5 | 8.5 | 8.4

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh ] 166.3 ‘ 161.2 162.5 159.7

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X72DF-A-1.0

Cylinder bore 720 mm
Piston stroke 3086 mm
Speed 66-89 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 89 rpm 66 rpm
Y] R2 R3 R4 mm tonnes
5 19 600 14 300 14 550 10 600 8085 505
6 23520 17 160 17 460 12720 9375 589
7 27 440 20020 20370 14 840 10 665 674
8 31 360 22 880 23 280 16 960 11960 752
= | Dimensions B C D 7 G
a mm 4780 1575 10 790 13750 2455
O
x Brake specific gas consumption (BSGC) in g/kWh
g Rating point R1 R2 R3 R4
0%" [BSGC (Gas) g/kwh | 3681 [ 3554 | 3658 | 3554 |
%' Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4

[BSPC (Pilot fuel) g/kWh | 8.5 | 8.5 | 8.5 | 8.5

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4

BSFC (Diesel) g/kWh | 1688 [ 1633 | 1678 | 1633

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62DF-A-1.0

Cylinder bore 620 mm
Piston stroke 2658 mm
Speed 77-103 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 103 rpm 77 rpm
Y] R2 R3 R4 mm tonnes
5 14 500 10 650 10 800 7 950 6 805 341
6 17 400 12780 12960 9540 7910 39
7 20 300 14910 15120 11130 9020 457
8 23 200 17 040 17 280 12720 10 125 506
Dimensions B C D F* G s
mm 4200 1360 9580 11830 2110 2
O
Brake specific gas consumption (BSGC) in g/kWh x
Rating point R1 R2 R3 R4 g
[BSGC (Gas) g/kwh | 3681 [ 3554 | 3658 | 3554 | U'%"
Brake specific pilot fuel consumption (BSPC) in g/kWh (51)'

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 8.5 | 8.5 | 8.5 | 8.5

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1688 [ 1633 | 1678 | 1633

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X62DF-A-51.0

Cylinder bore 620 mm
Piston stroke 2245 mm
Speed 82-108 rpm

Mean effective pressure at R1 22.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 108 rpm 82 rpm
Y] R2 R3 R4 mm tonnes
5 13425 9650 10 200 7 325 6260 294
6 16 110 11 580 12240 8790 7 260 341
7 18 795 13510 14 280 10 255 8260 389
8 21480 15 440 16 320 11720 9 260 436
= | Dimensions B C D 7 G
2 mm 3440 1295 8575 10 230 1835
O
x Brake specific gas consumption (BSGC) in g/kWh
g Rating point R1 R2 R3 R4
0%" [BSGC (Gas) g/kwh | 3585 [ 3477 | 3542 | 3489 |
%' Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4

[BSPC (Pilot fuel) g/kWh | 8.7 | 8.4 | 8.5 | 8.4

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4

BSFC (Diesel) g/kWh | 1648 [ 1598 | 1628 | 1608

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52DF-A-1.0

Cylinder bore 520 mm
Piston stroke 2315 mm
Speed 79-105 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 105 rpm 79 rpm
Y] R2 R3 R4 mm tonnes
5 9050 6800 6800 5100 5985 228
6 10 860 8160 8160 6120 6925 264
7 12670 9520 9520 7 140 7 865 302
8 14 480 10 880 10 880 8160 8 805 339
Dimensions B C D F* G s
mm 3514 1205 8415 10 350 1910 2
O
Brake specific gas consumption (BSGC) in g/kWh x
Rating point R1 R2 R3 R4 g
[BSGC (Gas) g/kwh | 3715 [ 3554 | 3715 | 3554 | U'%"
Brake specific pilot fuel consumption (BSPC) in g/kWh (51)'

Rating point R1 R2 R3 R4
[BSPC (Pilot fuel) g/kWh | 9.0 | 9.0 | 9.0 | 9.0

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1708 [ 1638 | 1708 | 1638

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52DF-A-51.0

Cylinder bore 520 mm
Piston stroke 2045 mm
Speed 80-120 rpm

Mean effective pressure at R1 22.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 120 rpm 80 rpm
Y] R2 R3 R4 mm tonnes
5 9550 6 850 6400 4550 5485 200
6 11 460 8220 7 680 5460 6 345 226
7 13370 9590 8960 6370 7 205 257
8 15 280 10 960 10 240 7280 8 065 287
= | Dimensions B C D 7 G
2 mm 3100 1185 7775 9340 1675
O
x Brake specific gas consumption (BSGC) in g/kWh
g Rating point R1 R2 R3 R4
0%" [BSGC (Gas) g/kwh | 3585 [ 3455 | 3607 | 3563 |
%' Brake specific pilot fuel consumption (BSPC) in g/kWh

Rating point R1 R2 R3 R4

[BSPC (Pilot fuel) g/kWh | 8.7 | 8.3 | 8.7 | 8.6

Brake specific fuel consumption (BSFC) in g/kWh
Rating point R1 R2 R3 R4

BSFC (Diesel) g/kWh | 1648 | 1588 | 1658 | 1638

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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Liquefied Petroleum Gas Technology

}IQ:/’} : |']_ : |:"._\b: \ f"'|_-."..I
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DUAL-FUEL ENGINE
DU - WinGD
Low Speed 2-stroke Engines

LPG = T HERs
LPG Dual Fuel Engines
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LPG %&E TR 2 RE

/X52DF-P-51.0

new design features

Technology level

S: Short-stroke or

P: Power generation or
others to be defined
Fuel type application
P: LPG

Blank: Others

Fuel designation
DF: Dual-fuel
Blank: Standard engine

Bore size

Engine type
Number of cylinders
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WinGD X62DF-P-1.0

Cylinder bore 620 mm
Piston stroke 2658 mm
Speed 77-103 rpm

Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at Length A Weight
Cyl. 103 rpm 77 rpm
R1 R2 R3 R4 mm O
5 14500 10 650 10 800 7 950 6 805 341
6 17 400 12780 12 960 9540 7910 396
7 20 300 14910 15120 11130 9020 457
8 23 200 17 040 17 280 12720 10125 506
Dimensions B C D F G
mm 4200 1360 9 580 11 830 2110
Brake specific gas consumption (BSGC) in g/kWh
Rating point [ R1 [ R2 [ R3 [ R4
BSGC (Gas) g/kWh | 1485 [ 1436 | 1476 | 1436
Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point [ R1 [ R2 [ R3 [ R4
BSPC (Pilot fuel) g/kWh | 8.5 \ 8.5 \ 8.5 \ 8.5
Brake specific fuel consumption (BSFC) in g/kWh
Rating point [ R1 R2 R3 R4
BSFC (Diesel) g/kWh | 1688 | 1633 | 1678 | 1633

* ZOHIOT DRHEBERSEETYT . CRARFICEDEMEERIDERESFLHETERVEDE IZE L,

* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.

* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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WinGD X52DF-P-1.0

Cylinder bore 520 mm
Piston stroke 2315 mm
Speed 79-105 rpm
Mean effective pressure at R1 21.0 bar

Rated power, principal dimensions and weights

Output in kW at

Length A Weight
Cyl. 105 rpm 79 rpm
R1 R2 R3 R4 mm tonnes
5 9050 6 800 6 800 5100 5985 228
6 10 860 8160 8160 6120 6925 264
7 12670 9520 9520 7140 7 865 302
8 14 480 10 880 10 880 8 160 8 805 339
Dimensions B C D F G
mm 3514 1205 8415 10 350 1910
Brake specific gas consumption (BSGC) in g/kWh
Rating point [ R1 [ R2 [ R3 R4
BSGC (Gas) g/kWh | 1502 [ 1437 | 1502 1437
Brake specific pilot fuel consumption (BSPC) in g/kWh
Rating point [ R1 [ R2 [ R3 R4
BSPC (Pilot fuel) g/kWh | 9.0 \ 9.0 \ 9.0 9.0
Brake specific fuel consumption (BSFC) in g/kWh
Rating point [ R1 [ R2 [ R3 R4
BSFC (Diesel) g/kWh | 1708 | 1638 | 1708 163.8

* ZOHIOTDREHERSERETT . CEAFHFICEDEIRBEFRIVERBS I ETBHVEDE W,
* BSFC values are for reference only. For information tailored to your operating conditions, please contact us.
* Standard piston dismantling height can be reduced with tilted piston withdrawal.
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MR UV DRFEEIEE DY — 2 ElE

DU-WIinGD TV I V&, HEERICHTD GHG HEHEIR & L S HRIERE SN T R
<. FURRIRIE I Y YV OBIFRERISINISED TEE Uiz, TNET. LNG ZREIVIC,
X9/ —=)b, PYVEZTE RERBBINOREEBERICHEFTLTETVET,

TSI, B BELTIREHO=—XITHIBh. SAEYY—T&H3 WIinGD
[&. LPG B&UV'ITY /—IUERICBHMINTRER T VY DBREEDH TH Y . HELEIRD
BE—RBLIFTVET,

MXT. INGIEEHIEWTIE. {ERODEEXARI VI VICNA. FHrlCEBERXART
VIVDOREICEFI D ENRELE Ule, TNITEY ., MEHERRECERIV
RSB UTe. KURBBIVYVRENTREE BRI ET .

DU-WInGD TV YV (&, EHORBREZIMZLTUTRBIRD LT, BBKOS
BRBERICBLLHADEEDIC, [PRERBALEMMEDOTV GHG Bl ZRIRT 57
U—VEIEE#ELTVETD.

X-DF-M/ X-DF-A

Methanal / Ammonia Engine

X-DF
ey X-DF-E./ X-DF-P,
X-DF-HR, Co) st X-DF
I Ethancl / LPG Engine

LNG § LNGGasEngine

X-Engine

i3 ) Diosol Engine

DU-WinGD engines have been progressively expanding their capability to utilize alternative
fuels in response to the global challenge of reducing greenhouse gas (GHG) emissions in the
maritime industry. Development efforts began with LNG and have since advanced to methanol
and ammonia, steadily broadening the portfolio of next-generation fuel solutions.

To further address the increasingly diverse needs of customers, WinGD, as the licensor, is
actively developing engines capable of operating on LPG and ethanol, thereby providing greater
flexibility in fuel selection.

In addition, while LNG-fueled engines have traditionally been offered only in low-pressure gas
engine configurations, it has now been decided to proceed with the development of high-
pressure gas engines. This expansion will enable more flexible engine solutions tailored to
various fuel supply conditions and operational concepts.

Through the parallel development of multiple alternative-fuel technologies, DU-WinGD
engines pursue a comprehensive green strategy that responds to a wide range of customer
requirements while contributing effectively to long-term GHG emission reductions.
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BETS

Aioi Factory

FEIRAEETAEE 5292 Fith (IHI AB4EEZER 1B8A)
5292, Aioi, Aioi-shi, Hyogo 678-0041, Japan
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S.E.M.T. PIELSTICK
PU/PA

DU - S.E.M.T Pielstick
Medium and High Speed 4-stroke Diesel Engines

S XUBHREHES
Fuel Oil Engines
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HHF7EEE

Power range

DU-S.E.M.T. Pielstick

DU-S.E.M.T. Pielstick T I~ (&. S.E.M.T. Pielstick ¥t (3R Everllence France SAS)
DRFELIZOYINT S OBHADI VI VT, BRAFMADERK. XEBRIVIVER
R—=ZAPPNBEVERM, h—TxU—. RO /RO MADER. ZU CTELEBROERE
EULTERULTWVWE T, DU (F.1964 F0D S.E.M.T. Pielstick #t (1h) & DIEFTHRIELER.
ERNTHZ K DMARBEZF >THBIET,

DU - S.E.M.T. Pielstick engine is a compact and high power engine developed by S.EM.T.
Pielstick (current: Everllence France SAS), and is now in wide use as a main engine for
government ships, assenger ships, car ferries, and RO/RO ships having difficulty in providing
enough room space for a large engine. And the engine is also successfully used as a power
plant's diesel generator. DU has a supply record of many engines in Japan and overseas since a
technical alliance was formed with S.E.M.T. Pielstick (France) in 1964.

Hi7E6E (Power Range)

|

_ . pcas |
PC2.6BV J

|

0 5,000 10,000 15,000 20,000 25,000
tH77 : Power (kW)
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PC&PAIVIYV SAVFYTS
PC & PA Engine line-up

PC2.6V Engine 6,600kW to 8,800kW
Cylinder 12 to 16 / Engine speed 520min” / Cyl. Bore x stroke (mm) : 400 x 460

1982 FDIRFELUR. BERBRBELRBVATIZRS.
BFAF. 7 U—PEYROERBERREHMDT < —
CILRBRBEELEV-—XICHZ 3. EEEOBVE
FILTY,

Since its launch in 1982, the PC2.6V has been gaining
extensive experience and a strong reputation, and is a
reliable model meeting a wide range of needs as the main
engine for government vessels, ferries, cargo ships, and
power plant's diesel generator.

PC2.6BV Engine 9,000kW to 13,500kW
Cylinder 12 to 18 / Engine speed 600min” /Cyl. Bore x stroke (mm) : 400 x 500

JrU—H - BEEREBAFEKELT. 2004 FICHRFTSIN
Uiz, PC2.6V BB N—X(C IEJUE*EEE’Ef%LA =
HATHUBHSIAV/INTMEIVIVTT, EREFIVIC
HERNTHREEERSSUEEEERI A LLTEY, BF
MOBVIVIVTY, EHTE. 2018 FICTTU—MAE
KBS CBEEDOREBADT « —LILRBREEL THIOHEH U,
The PC2.6BV was launched in 2004 as a main engine for
ferry and land power plant's diesel generator.

Based on the PC2.6V type engine, it ensures high reliability,
and not only a high degree of power, but also compactness.
Compared to the conventional model, the fuel consumption
rate and the lubrication consumption rate are improved,
which results in a highly economic efficient engine.

We have supplied the engines for a ferry and a remote island
power plant diesel generator in 2018.

PC4.2BV Engine 15,000kW to 21,200kW
Cylinder 12 to 18 / Engine speed 428min” /Cyl. Bore x stroke (mm) : 570 x 660

1993 FICHFTIN, KBTTU— - RO/RO fidiz EDE
BB P RBIOARERLRT « —LILRBHE UTRAT
NZEFILTT ., BHTE. 2014 FICHSDOEBFRD
F1—PILEBEE LTMHF U,

PC4.2BV was launched in 1993 as main engine for large
ferry, RO/RO ship and a large-scale of power plant's diesel
generator. We have supplied the engine for a remote island
power plant's diesel generator in 2014.
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PA6B STC Engine 4,860kW to 8,100kW
Cylinder 12, 16, 20 / Engine speed 1,050m™ / Cyl. Bore x stroke 280mm x 330mm

PA6B STC TV IV, O#:# 1,050 rpm OFRIY I VT, &K 8,100 kW DHFI
ZEFRBULE T, Koo NE - BE - WARICENT « —BILIVI VT, BHivKR
ITRH BN D MR ZERRBATVE T, HITEETEGZICSVWTRETNHY. #
20kW/cyl. (#1 5% &) U EDEERER S FHIBRE  EFEmN T T I,

PA6B STC engine is a high-speed engine with a speed of 1,050 rpm and a maximum output

of 8,100 kW. It is also a compact, lightweight, and durable diesel engine that combines the
performance characteristics required for naval
vessels and patrol boats. It has a particularly
strong reputation for low-load operation, and can
be operated continuously without restrictions in
the operating range of approximately 20 kW/cyl.
(approximately 5% load) or higher.

PA6B Engine 4,200kW to 7,400kW
Cylinder 12 to 20 / Engine speed 900m’,
1,000m™” / Cyl. Bore x stroke 280mm x 330mm

kW OHHZEFBLE T

PAGB IV IV IFIREZRICEN, BRIEEY AT ACKHERRERBIHANBHZNRAN
DRFBENICRH LT,

PAEB is a high-speed engine with a speed of 1,000 rpm (50 Hz)/900 rpm (60 Hz) and a
maximum output of 7,400 kW.

PA6B engine is fuel efficient, and effectively and economically provides the large onboard
power required for the electric propulsion system.

PA6B STC. PA6B T IV EBIT, BBHMRY . BEIKRY 7 ebdRY TRUH
TEASHIEE. SEARHIR. BEHERE. BRI UREI VI VICERFETE, YTy bk
BYTRAAIINY . BEFORRBIETT . MARED L TERR—ZEITEERT
VIUTI., Fle. PAGB STC . PA6B DG IV Y VOEFEELFLTIF, HASED
BETE OFMEPEXRICERINTS Y. BERICSVTHEI PRI DRADE
FENTLET,

Both PA6B STC and PA6B engines can be equipped with lubricating oil pumps, fuel oil pumps,
cooling water pumps, lubricating oil cooler, sea water cooler, lubricating oil purifier and fuel oil
strainer. The engine can be equipped with a wet sump oil pan and an elastic support.

PA6B STC and PAEB engines have been installed in many naval vessels and transports around
the world, and are expected to be used in naval vessels and patrol boats in Japan.
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STC Y A5 L (PC2.6/PC2.6B)
STC system

Sequential turbocharger (STC) &(F. BEEHLTR 2 DDI—RF v—J v —ZHKE
TEBZ—AT. BEFZHICBVTE. 2 DOAD 1 DD —RF ¥—Iv—%ILHTBIE
WEEEHBDVYATLTY, TNITEY, UTOXU Y hHESNET,

* R B TEBS DA HE R D HIRL

« I—RSTDIER

¢ I—RF ¥ —I v —DEMRDLER

BIEH 2BDFETERT 2V VY TIVBEIEZRS. RLERZRFDOEBEEDNDEVIR

TLTY,

4t

Tutbacharger

Turbocharger

B Eowsioss [ Boost s 1:@:1“-..

The STC is the Sequential Turbocharger system. Only one turbocharger works at the low load
operation, while the two turbochargers are used for the high load operations, which makes it
possible to increase supercharging efficiency. That provides the following benefits:

* Reduction of fuel consumption rate at low load range

« Elimination of turbo lag

« Extension of turbocharger life

STC is a simple structure comprising of two turbochargers. It is highly reliable system with a
long history.
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STCHERBIVIYVIZT TICHADEEPRET - BEERBEITOZ < OMICERAETN
TBUBWEEEZEBTVET,

The engines with STC are already used on Navy and Coast Guard ships around the world and
are highly trusted.

TROUR MIEEFICBVT, STCHEDIVIVESTCEDIY IV DRELEBED
EBERLEBDTY, IVIVEFIPYAR  L—FA VI CL>TEBYFTTH
20%~ 40% BEHREEICBVT STCHDI VY YV, STCEDIY IVICHRTKIFR
IREHIRL (6 ~ 20g/kWhil) h"RSNF T,
The difference is 6 to 20 g/kWh during 20% to 40% load oepration.

(depending on engine type/rating)

Difference of BSFC between the engines with/without STC, example

@ \Nithout STC —|

\ e e With STC
N

auidu3 vd 3 Od

BSFC(g/kWh)
//

b N

- N

c

0. T —
...
tee - P
....'.....-..- L Ad

20 25 30 35 40 45 50 55 60

% : Engine Power
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SHEEY AT LICBIFEDPA6B I VIV

i)

Z1tD PA6 B (&, JEEMEMEDTT CODLAG / CODLOG DL SBREBETMHEEI AT LT
KRENGIET, PA6 B MBENEHIG. RENLGHKEBESITY. PA6 B HERIFERE
F IFERARERE UTHREETNTH Y., FRICEVMERE * EEHEFROEFHICHT
BEREORIGIEZRI TLE T, PA6 B FEEMEEEBFEHEZRRFBI CHE—E_0D
IVIVERNFT, T, FERTOEMINTH D, TVIVDEGIFELER T,
TS5y IRT— MEREBIRZ TLE T . PA6B ETHEEY AT ADFFHIFRDEH W TY,

s IVIVI—LDY A R%ZHINT BV INT NRERE

« BB SIREND LAJLAMEL

- BEHEN SEETEEIICIG T BN ERE

Our PA6 B has a proven record on the electric propulsion system like CODLAG / CODLOG
among NAVY ships. The reason why PA6 B was chosen is because of electric stability, as
PA6 B genset is designed a nuclear emergency genset, which implies both a very high shock
resistance*®, and a swift reactivity to variation of power load. It is the only DG on the market
combining this shock capabilities and load requirement. It is also full blackout capable. The
feature of PA6 B the electric propulsion system are as follows.

+ Compact design to reduce engine room size

* Low levels of noise emissions and vibrations

« Excellent performance to cope with load increase and low load operation

CODLAG = Combined Diesel Electric and Gas turbine
CODLOG = Combined Diesel Electric or Gas turbine

* DIVRT —)UinTOMmE ST R EIE (e : US Navy social media)
* Full ship shock trial motion picture (Source: US Navy social media)
https://www.youtube.com/watch?v=6MJi8BICYWE
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PA6 B 3 FEED & S BHEEA XA DIRAICRETT .
The PA6 B is suitable for the following propulsion systems.

CODLOG F«—TIHEE/ HRI—EVEREHEY X7 L

Energy flow

Diesel generator

0

Gearboxes

i

Electric motor

Gas turbine

Clutches

o

CODLOG (COmbined Diesel ELectric Or Gas turbine) {E&-fibFld. 7+ — )L+
IVI MUY IARICKDBRHEEZFERAL, BRFICEARI-—EVIVIVICEDH
WERE B R TN ZRBHNTY .

IEP/IFEP HiEETHEEY XT L

Ossess)

Propeller Diesel generator Electric motor

IEP (Integrated electric propulsion) ESIHIED S5, HEEREBAY —EXHDR
BREHAELIEBDZEEBLET,

IFEP (Integrated Full Electric Propulsion) #SEEh=HAE SEIHBEDH THEET
3HDTI,
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HAM 2 A5 Ix
HAM system

HAZRPOERBLY (NOx) ZESICERL. ITVIYVHEZNET 2RBDH DK
Ty, B ERBOHFARRHICHUTIE, BHRYRATLEBEZITEIET,

HAM system is a proven technology to enhance the engine performance by reducing NOx
emission in the exhaust gas furthermore. We believe this is very effective system meeting
emission regulation on the land power plant.

1. LA47 T Rl
Layout

HAM ¥ 25 L@ “HAM” & (& Humid Air
Motor (WTINEEE) DENFELESD
@ T Everllence France SAS (I8 S.EM.T.
L Pielstick #) DEMHTT .

HAM is the technology of Everllence
France SAS and stands for Humid Air
Motor.

2. 78

Principle

BISHEN S OERREDBIRESZ HAM AN Y 2)VITEL. B5HEE 98% [C EIFFT.
KD EZBAREERSBEDERICHRLHANE BB OIY IV THRET B EED
RENRIBCIR ) E— T BENTHW KT . EREYORESRIREEEICHEIT S
. ERBLYOREZERTEIMRERELET.

HAM Ny )L TONLERSEFR KD D ERD SERBREEVETEEZE TS ES
. BRAHBEEEITZTENTEFT,

The compressed air from the turbocharger under high temperature and pressure is passed through
HAM vessel where the relative humidity shall be increased up to 98%. The higher humidified air
effect is a drop in peak combustion temperature in the combustion chamber. Since the amount

of NOx emission created is in proportion to the combustion temperature, HAM system shows
effectiveness in inhibiting the creation of NOx emission. On the HAM system, air cooler could be
eliminated, because evaporated moisture tends to remove latent heat of vaporization from air
during humidified operation of HAM system, which leads to decrease of air temperature.

BRAZRN ROAHZER
Exhaust gas Intake air niws >

HAM vessel
3

BEGHE
Turbocharger

RE|iE

IvIv o
: ERORN
Enelg Compressed air

920



.IGRY VT HAMARw )L ) DiEE

Structure of Humidification tank (HAM vessel)
IVIVICRDERICKZERET DT EICKIIINET DEBTT .
EREKDTILRZITS 2. IBRAKE UTEBKNERTEED,

HAM vessel is a humidifying device to atomize the water into the air to be sent to the engine. Sea
water is acceptable as water for humidification, since it humidifies with the evaporative water.

SBKEEG
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NOx Reduction Effect (Theoretical value)

ERZIRIET Y I VISESNBERUTTINS NISKBEICK VRS W IEROICE T A—
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The effectiveness of reducing NOx depends on the water amount added in the air to be sent to
the engine, and shows as curve in the graph below theoretically.

Water amount, to be added, is controlled by variation of the absolute humidity in the air at an
outlet of the HAM vessel.

The NOXx reduction rate described below is the value calculated on the basis of the amount of
exhaust at that time, but is different from the value calculated under the change of engine tuning.
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Elastic mount (Option)

Vertical support type Slanting support type

AR ICFERED DIRE ZKIBICERTEER T,
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FEEZFARBEMNBRCTA YT F YV RAKCEBNTS Y. BRSO HAROA
PENEY,
Elastic mount can reduce greatly vibration to transmit the hull or the foundation.
The support is available in two types; a vertical support and a slanting support.

«The vertical support type is easy to install and has better maintainability.

«The slanting support type provides superior vibration reduction performance.
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PC2.6V / PC2.6BV MATORSHERT Y YV EE
Engine model PC2.6V PC2.6BV
Number of cylinder 12 [ 14 | 16 12 [ 14 ] 16 [ 18
- Cyl. Bore X stroke mm 400 x 460 400 x 500
£ Output kw [ 6,600 | 7.700 | 8,800 | 9,000 [10,500] 12,000 13,500
| (PS) | 9,000 | 10,500 12,000 12,300 | 14,400 [ 16,400 [ 18,500
5|Y| Engine speed rpm 520 600
‘@|=[ BMEP. | MPa(ban) 219 2.39
W Piston speed m/s 7.97 10
o - kW [ 5610 [ 6,545 | 7.480 | 7,650 | 8,925 10,200 11.475
gl i (PS) | 7.700 | 9,000 |10,200]10,500 | 12,200 [ 14,000 [ 15,700
O | Engine speed rpm 493 568
Z|  BMEP. | MPpa(ban 1.97 2.14
Piston speed m/s 7.55 9.47

N.O.R. shows 85% load of M.CR

PC2.6BV ErREOIFIYIVER
Engine model = PC2.6BV
Number of cylinder - \ - \ - 12 \ 14 \ 16 \ 18
§ Cyl. Bore X stroke mm - 400 x 500
‘é" N Engine output kW - - - 8,100 | 9,500 | 10,800 12,200
=i
|G| Generator kw - - - | 7.900 | 9,300 | 10,500 11,900
2 output
8 g Engine speed rpm - 600
= B.M.E.P. MPa - 2.15
Piston speed m/s - 10 g
o
R
Starting system Compressed air >
Cooling system Cylinder Jacket : Fresh Water\ Piston : Lub. Qil g
Fuel valve : Fresh water | Air cooler: Fresh water or Sea water 050
Engine driven pump Lubricating oil pump ®
(Option) High temperature cooling water pump
Fuel oil Diesel oil and / or Heavy fuel oil
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PC4.2BV AT OXRSHERTIY Y VER

Engine model PC4.2BV
Number of cylinder 12 \ 14 \ 16 \ 18
- Cyl. Bore X stroke mm 570 x 660
£ Output kw [ 15.900/15,000 [ 18,550/17,500 [ 21,200/20,000 | -
| (PS) | 21,700/20,500 ] 25,300/23,900 | 29,000/27.300 | -
5|Y| Engine speed rpm 428
‘@|=[ BMEP. | MPa(ban) 2.20/2.08
W Piston speed m/s 9.4
o - kW [ 13515/12,750] 15,768/14,875 [ 18,020/17.000 | -
g i (PS) | 18,500/17.400] 21,600/20,300 | 24,600/23,200 | -
O | Engine speed rpm 405
Z|  BMEP. | MPpa(ban 1.98/1.87
Piston speed m/s 8.9
PC4.2BV BEEREOIFIYIVEE
Engine model PC4.2BV
Number of cylinder 12 14 16 18
Engine output | kW  [14,310/13440]16,695/15,680 [ 19,080/17,920| 21,465
4 | &| Generatoroutput| kW [ 13.880/13,037] 16,190/15,210 | 18,505/17.382] 20,820
i £ | Engine speed rpm 428
£|R]  BMEP. MPa 1.98/1.86
g Piston speed m/s 9.4
5| | Engineoutput | kW  [13,500/12,840[15.750/14,98018,000/17.120[ 20,250
O | [ Generatoroutput | KW | 13,095/12,455 15,275/14,5531 | 17,460/16,936 | _ 19,642
£ Engine speed rpm 400
3| BMEP. MPa 2.00/1.90
Piston speed m/s 8.8

Engine output IO S IEHRHE BRI HFERLET .
The values of engine outputs shown on the right side in each column are for the optimized efficiency spec.
N.O.R. shows 85% load of M.CR

) EEoEhE Remarks
- EEIEE 25°C. AKE 0.1MPa (760 mm Hg) The value above is based on the following
- BHIAGEE 25C conditions;

« BEAZHBHE 2.45KPa (250mmAQ) DBEERLET . . %nobient'_t{emp. 25T, Atmospheric press 0.TMPA
- 5V OBEET. BESOERLEC s> TERAY mmHg) )

HEHIRE X ZEBVEBENTTNET, + Cooling sea water temp. 25C .
. REMHAGRENEE 97%E LTHELTVET . « Exhaust back pressure 2.45kPa (250mmAq.)

TEADSE, Mt S 2my dRiimcHmuabe<  * The maximum power mentioned above is subject to
=0 limits depending on operating load and time etc.

« The generator efficiency 97%

« For more information, please contact our Sales
department or technical department.
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PA6 B STC MATORSH#ERI VY VER
Engine model PA6B STC
Number of cylinder 12 \ 16 \ 20
- Cyl. Bore X stroke mm 280 x 330
£ Output kW 4,860 [ 6.480 [ 8,100
S\w (PS) 6,700 | 8,900 | 11,100
5|Y| Engine speed rpm 1,050
‘@|=[ BMEP. | MPa(ban) 2.28
W Piston speed m/s 115
i Output KW/ 4,131 [ 5,508 [ 6,885
2 (PS) 5,700 | 7,600 | 9,400
O | Engine speed rpm 995
Z[  BMEP. | Mpa(bar) 2.04
Piston speed m/s 10.9
PA6 B ETMERTI VY VER
Engine model PA6B
- Number of cylinder 12 [ 16 [ 18 [ 20
g Cyl. Bore X stroke| mm ‘ 280 >‘< 330 |
3w Eng.kW 4,200 5,600 6,300 7,000
g é; OUlPUt  TGenkw | 4074 | 5432 | 6111 | 6790
2| 2| Engine speed pm 900
Glg| BMEP. MPa(bar) 2.30
|| Piston speed m/s 9.9
Sy EngkW 4440 [ 5920 | 6660 [  7.400
8 §> OUPUE  "Genkw | 4307 | 5742 | 6460 | 7.178
[ £ | Engine speed pm 1,000
O3 BMEP. | MPaban 218
| Piston speed m/s 11.0
) EEOEAR Remarks

- AEEE 25C. KTE 0.1MPa (760 mm Hg)
« BEIKEE 25C
« A ZHBEE 2.45KPa (250mmAQ) DIBEZERLET .

- IS5V hOEERATRE, ﬂ%lﬁ%m%x#k&otl;fﬁk&j
HEFRETZ/BVEENT ER

« PAGB [3FEERE 60Hz EEEE L/Mﬂi’cﬁ'
© CRADRE, BHEEBEEMBICSHNEDE

gt}

The value above is based on the following

conditions;

« Ambient temp. 25°C, Atmospheric press 0.TMPA
(760 mmHg)
« Cooling sea water temp. 25C .

Exhaust back pressure 2.45kPa (250mmAq.)

« The maximum power mentioned above is
subject to limits depending on operating load
and time etc.

* PA6 B : The principal is considered in 60Hz of

generating frequency

For more information, please contact our Sales

department technical department.
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DIMENSION (mm) WEIGHT
REZEY L H W EXUREES (ton)
12PC2.6V 8,401 3,848 3,322 3,510 78
14PC2.6V 9141 | 3848 | 3322 3,510 86
16PC2.6V 10,306 3,848 3,322 3,510 95
DIMENSION (mm) WEIGHT
R L H W PR UREmS 1 (ton) **
12PC2.6BV 8,350 4,800 4,574 2,831 100
14PC2.6BV 9,090 4,800 4,574 2,831 110
16PC2.6BV 9,800 4,800 4,574 2,831 120
18PC2.6BV 10,500 4,800 4,574 2,831 130
DIMENSION (mm) WEIGHT
REzisly [ H W PR UREES (ton)
12PC4.2BV 12,228 5,725 5,642 3,660 258
14PC4.2BV 13,208 5,725 5,642 3,660 295
16PC4.2BV 14,188 5,725 5,642 3,660 325
18PC4.2BV 15,168 5,725 5,642 3,660 355
DIMENSION (mm) WEIGHT
HBESIE L H W CArUEERS (ton)
12PA6 B STC 6,035 3,170 2,444 2,000 31
16PA6 B STC 6,948 3,170 2,444 2,000 37
20PA6 B STC 8,167 3,620 2,714 2,000 43
PAG B DIMENSION (mm) WEIGHT
L H W ER hVkERE ¥ (ton) *?
12PA6 B 5,225 2,850 2,866 2,400 28
16PA6 B 6005 | 2850 | 2866 2,400 37
18PA6 B 6,465 2,850 2,866 2,400 42
20PA6 B 6,925 2,850 2,866 2,400 46
) Remarks

1. ERRVIREBTREER LIFMEZTRT.  *1. Piston overhaul height indicates lifting piston of tool.
*2. BigHS - ZRSHEBI= Y PESTEETT. *2. The weight also incluldes the turbo-charger and air-cooler
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ClassNK CMAXS LC-A (Digital Solution)

ClassNK AV BT « VI —EREDHBICK > T LC-A ZRESE. CMAXS LC-A
EHREYR— N TSy b Tx—LEL. MAICHZEEEO—TEBEZTREE LF UL,

CMAXS LC-A is developed based on LC-A support system together with Class NK Consulting
Service. It can manage machines on board as the integrated platform.

BR

Features

1. RiePIDB#ESICH LT CMAXS LC-A DH#ERE CIREEZET. bS5 TV a—F 1 VT,
RTFEERE ) ZEATRE. TNICKY. BEBICRBDIYRAT LEZEAT IHEN
HUFEEA,

Each machine can apply CMAXS LC-A functions (condition diagnosis, trouble shooting,
maintenance management etc). It is not necessary to introduce the different system
depending on machine.

2. BMOBERIFELDT—N—ICT—EEEBINFT,

I All data from the ship is stored in management server at shore side.

3. fE/ BEASHEBRBEX—H—1BEREHE T2 L THBN DWEG Y R— bz
oL LET,

Smooth and accurate support is achieved by intelligence sharing between owner/ship
manager and manufactures.

Machine A

Machine A
Machine D
Machine C

| Support for each machines based on intelligence sharing
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1. RTEEEFHRE

Condition Based Maintenance & Preventive Maintenance

© BEREZEY R T AR, BEYIAEGR. REBRICEDE
REEREEHLET .

Automatic condition diagnosis system calculates Condition index by
related measurements and inspection results according to developed
logic.

REEBN' HREEBA LGS, BEEZTRT EEAIC. M5V
V1T A VIDEHICIFRN— MY RF LICEREXVE T,
If Condition index is over the certain value, the system shows
warning on PC screen and sends the information to Expert system for
troubleshooting.

REIEHE. FIHREV AT LAERTFERY AT LN SHBHRL.
Z—N—K— )L OB PIREDRBLICBHERINE T,
Condition index is sent to Preventive maintenance system and
Maintenance management system for optimization of inspection or
overhaul timing.

2. RBARLD—Y 3V DEE
Condition Based Optimum Operation Setting

+ EERIEZHTY 2T Al SEBORBERERHUET.
Automatic condition diagnosis system calculates Condition index of
each part.

© REEEY AT AREHSNCREERG SCEDE, THEP
B S 1 SV 7B EORBREMD ZHHUFT.

Optimized operation system calculates and shows optimum value of
each settings, according to Condition indexes and developed logic.
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3. NSOV a-F1VT

Troubleshooting

+ IFAN-DYRATLEERERZRANT 2 &, STEUEEG EOFRICEIE, BBNICHERES

& BRZEUR M7 TULET,
When Expert system receives information of abnormality, then it lists up estimated failure parts and factor
automatically.

- HEHERR. ZRNTNTHINEASAMEICRT EEDIC, ZOTEZRRLET.

Expert system indicates where the parts are installed on engine with picture.

© WINTBF v I LEIBERDICHDOIERRBEB M. RRLET,

Expert system shows special instructions for checking and recovery work.

© XN ZEURSAE. J—RIJ v IEME,. RRLET.

R EIH Quick recovery

Expert system shows relative instruction manuals and code book, too.

IFZAN—bYRFT LA

Expert system

c "SIV a-—F4vT
Troubleshooting

. EEE
How to repair

© ZOft
Etc.

ZLOBAMET,
FRCHDW P I URES

100

Very plain instruction with many pictures

R ORIREHAE F Iy LEIBERDIHDIERTAS
Related standard instruction, code book, etc. Special instructions for checking
and recovery work



4. (RTERE

Maintenance Management

1. RFBEVRTLTEETZH0D
Managing following information
- RSP BERT Y2
Maintenance and inspection schedule
-+ RSP, REBRELR— MERHE). BESE
Inspection results and reports
- ZFOfth Etc.
2. RFEEY T LTRHRESNZER
Showing following information
-+ IRTFERIC & DHEBR

Consumable parts by maintenance work
- BEYZEURSAE. 0—RTvIRe
Related instructions, code book, etc.

Check Sheet
Report Sheet Instruction Code book

Consumable
parts list

5. StEEEDEE

Seamless Combination

- BREERE—DF—IN—2(C
TEREHEL TS, Sk
DY — LU RBEEN IS N
TLEY,

As for each function, information
is shared by a data base, and
seamless cooperation of each
function can be established.

© BRRFCHEBERZRR
LET,

The accurate information can be
shown by an easy operation.

F—IR—2

Database

{ESBSRT - A¥L
Manpower
Etc.
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