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The development of simulator for warship

propulsion system using HILS

Son, Nayoung

Department of Division Marine Engineering

Graduate School, Korea Maritime and Ocean University

Abstract

The electric power required for naval ships is increasing as the
weapon systems mounted on naval ships are becoming more
powerful. Accordingly, the propulsion systems of naval ships are
evolving from mechanical to composite or electric systems. The
control function becomes sophisticated when a propulsion motor is
added to a simple mechanical propulsion system to create a
composite propulsion system. In Korea, tasks, such as interlocking,
control, test, and propulsion system integration of the propulsion
engine, rely on foreign technologies because of insufficient
experience in composite propulsion systems equipped with a
propulsion motor. Therefore, we intend to develop herein a
simulator that validates propulsion and maneuvering of naval ships
to localize interlocking, controlling, and verifying technologies for

the propulsion system of naval ships and secure their reliability.
— iX —
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The simulator comprises a propulsion equipment model that
simulates the dynamic characteristics of a propulsion system, a
control model that simulates the procedure, and a plant model that
simulates an actual propulsion system. The propulsion equipment
model is not suitable for real-time control if it is developed as a
thermodynamic model because of the complicated formulas and
process. This study solves this problem by selecting the factors
affecting the power output of naval ships and developing a simplified

propulsion equipment model.

The developed propulsion system simulator is used to simulate the
navigation mode that can check the conversion procedure between
the gas turbine and the propulsion motor and the power output and
control/interlocking relations of the automatic and manual modes of
the single propulsion equipment among the propulsion modes of

naval ships.

The simulation results confirm that the errors between the actual
data of the gas turbine and the propulsion motor and those of the
propulsion equipment model were within 5% on average.
Furthermore, the errors between the simulation result of the
hardware plant model and the actual data were within 5% on
average. Therefore, this simulation can be utilized to verify the
system and check its performance prior to the building stage of a

composite propulsion system in the future.

KEY WORDS : Warship, Propulsion system, Simulator, RT-HILS, M&S, Navigation
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Table 1 List of propulsion systems of the world naval ships

. Displacement Max. Speed .
Platform Nation Propulsion system
(tons) (knots)
FREMM CODLAG
(Bergamini ITALY 6,900 30 32MW=1 GT(LM2500)
Class) 2.5MW=*2 EPM
FREMM CODLOG
(Aquitaine FRANCE 6,000 28 32MW=*1 GT(LM2500)
Class) 2.5MWx*2 EPM
CODLAG
Type 23 U.K 4,500 28 19.5MW=*2 GT(LM2500)
1.5MW=2 EPM
CODLOG
Type 26 U.K. 6,900 26 40MW=*1 GT(MT30)
3.9MW=+4 EPM
CODLOG
F125 GERMANY 7,200 27 20MWx1 GT(LM2500)
4. 7MW=*2 EPM
CODLOG
LHD 8 U.S.A. 41,649 25 26MW=1 GT(LM2500)
3.7MW=2 EPM
IFEP
Type 45 U.K. 8,500 30
20MW=*2 EPM
IFEP
DD(X) U.S.A. 14,564 30
39MW=*2 EPM
IFEP
CVF U.K. 70,600 26
40MWx4 EPM
— 6 —
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. Displacement Max. Speed .
Platform Nation Propulsion system
(tons) (knots)

IFEP

T-AKE U.S.A 45,149 20

A= Ad=e9 FAAA A5 2 dsael 0F Asarrr sl
gel FHAE A2 dxH A A% o Bl thake 2@ 23
AAE destel AL 2 Azsh Yot se) e Hs) AW 2
Ho| gol REF giolth. E 2= FuolA B FAAA} AeH ¥

A& UERdT

Table 2 List of propulsion systems of the korea naval ships

. Displacement = Max.Speed .
Platform Nation Propulsion system
(tons) (knots)

CODOG

FFX-I KOREA 3,100 30 2 GT(LM2500)
2-DE(MTU)
CODLOG

FFX-II KOREA 3,600 30 40MWx1 GT(MT30)
2 EPM
COGAG

DDG-993 KOREA 7,650 30
4 GT(LM2500)
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Table 3 Electric ship LBTS test result and improved security matters
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Fig. 3 LBTS layout map for electric propulsion system

5

)

%

-
il
i

il

od

o)
e

=

ke
T

o= EAH] tiu] ¢ 11u) olFo=w

2 Helth

i

o A HILSY LBTS

(¢}

Hot ol 4

Collection @ kmou



13 97 g 2 74

A A

Hgow WA 5
AgEol A

Zpel

ZIA A <]

T4 F
.

%
AAA L F 7S T

A1 AedXs 54 FAAA9 243

of o

=

sked 7]

RS

@ Sl - 9 AT Abe Sl o)

AA A A 7

|

3

i

=

1

;OL

Ay

sk 7]

of i

b1 9

3|

<

]

T
a
Tz

Fel AlEd) o]

)

Jrlof o

Al 3

FH) o] 722 dis) 7]lettt

o] AHIE ©l&

o
=4

3

F AlE g ol

)
puk

Al 4 ol Al 3 oA g

il

AAA Aledeld Azt

=
T

Al 6 AelA=
te Zled o

S

Collection @ kmou



17 A

%37

A 2d 2

stot. 717

AAE 2710 2o wel the

2Bl T

o

A A,
12 588 HYATE=

o

;Ot

Al
2

12} 271
Z|Reg theo) w7

Z

°]-&

=
=

CO

AT

Cruise

High Speed
D : Diesel

Operation
A:And

0

D : Diesel

G : GasTurbine

:Or

G : Gas Turbine

DL : Diesel-Electric

Fig. 4 Propulsion system abbreviation

AA S FAAA L] T4 w2t 2A] 67HA =

=
T

]

4

o B

g

A

TR

ha

WIS ol §3te] FHL WA

l

X

Collection @ kmou



Table 4 List of hybrid propulsion system

234 23R 2% 7|9
CODOG(COmbined Diesel engine Or Gas turbine) CJAQI A, 7FAE{H]
CODAD(COmbined Diesel engine And Gas turbine) AKXl 7TAEY]

(
COGAG(COmbined Gas turbine And Gas turbine) 7tAEEl, 7FAEE
CODAD(COmbined Diesel engine And Diesel engine) ARl 7FAE|H]
CODLAG(COmbined Diesel-eLectric And Gas turbine) | 7AEYl, A7]F:X1H57]

CODLOG(COmbined Diesel-eLectric Or Gas turbine) ) EaN= 1 IS A B S Bl

Nz stRs] se] ARl glol, FIEAHl B FHES HEY =
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Fig. 5 CODLOG Propulsion system

2.2 ¥ FAAA 2AA

Sl B FAAA A et A 5 ARTE =l wiste] w)
ottt olHT o= FABY A w9 dE HAEE HEe=
T2 A7 @A PSI 5= sie] dE7Idel FE T3k

ofEstr e el 53 5 FIAA= ZIAA FAAA N Bt
FAAA L] T4 5 A7F ERpste E£A47F EAA AEZE 9lew o]
T8 Arl g 7l deoEd I Jied FAY 4= olofd -

Hi
=
N
iy
B
s
Ipy
o
u
r o
ot
>
=
il
Hm
1%

213 PKG(Patrol Killer Guided) mi
ssile AFYd @Al PSI 4F5 ECS A7 Ao g7y &ol £3ste] 3

[e)

<= AFstAAM = ECS 7l FEHAAJATE =2 dEdAet ARl 7

Collection @ kmou



<ol Aoke WEs A Fa AYGS JAFoE I FAALR A

ol e Zled AEr APFHA G2 A= JPF At Aok oz <l
gto TR &7l JAFoz AT 417F EAsdou ¢4 A

Z o|F AN A EAH weh AulaA 3 el AR sk

Y7l on By vheES mAS $Ho 3 F9 AoE TetHy

o}
T3 A FAAAL WHile SFAALY Ao o] HAHsE W3}
AA A dx P 3 T DA EA- e 71eZ, FEFH u"
o] FEste] EA A oEwe A e AAoH AHE AUFTITH
o] A =x3%+ DDG(Guided Missile Destroyer)d-4<e] 7 ECS A|2FA7F PSI ¢
T2 o] FyAA EF=AH A SACAS, Integration  Condition
Assessment System) 7@ Al #HFAH AF T AV EASR Y PSIE
ECS A&l A FasTR Y FAAA AH A ZARRE 3ol wE ol
LAY Al FA7E olH Y] EA A s A

olg|3t Ao EAHE 7= A& FAAA EAGA FE£3 A
E7F o] FofA A ¥ AZHiA P ghe 24wt Az
FRAAAE B APAFEAR] TFd2A ol F el QAR wWE
ROC(Requirement of Concept)& AABstal o]& 7|Hvte = AdE FAHA=x
Z1BAZ Al et FGAZNEGARD ARG A A Ry A #

th o] 7ntoez FAFARIEASA Y & &

o
A
BN
N
i
>
o
By
Iy
k)
o

Collection @ kmou



Zhg o] 71 &AA SACA Are A AE F AHEN. T2y oA
AE3 A Zo] FIAA T dFE ALY Adoty F3lHY] ofH
of A AF< Tt FAH HuY dse Wy &

A= 8 71E A (CONOPS, CONcept of OperationS) F+4o] $HA|
HAE= o xof drt. Ao HA HAe ofe) 19 63 ZTh

E
e
Fo
of
ko

filo
o

pacn BN 7jzarq BN syax

HELEH) (=712 (M e A= R

Az 5 AT F de 43S A 4 2 sfidiets dEst= A
o] Fastth a9l A AElE of&E]oke] Genoathstoll A= SEATEMA<S}
23 Cavour®} TH&EZH 59132 FREMMO F31 Al ~®l&
AlEEoldste A7 Ay H A ok =3, ABBAA = s FAH X
Nz=gle]l A7 BHEd T A AlEdeld’ & EYste 5 AA #
Ao F33 715e AFsta AAsk=T ol&skal ATH1Z]
I3 72 SEATEMAC| Al A8 <1 dynamic propulsion simulation®] <A
ol, HA| Alx=®le] T4 EA4E& ZAgHh slam starty crash stop 53 &
< F3 Arle T4 SAS HAHSsto Aule AE FAE AFske H

ol-&dth.

N

Collection @ kmou



SHIP SPEED

S T T It.t&iit.l-l.itt.aillauiltalisiltc-tlab

Y [ Sy Ny P us‘t--‘oq-t;ooof.;--.u'.oaoo-qi
= . --fnu»--\vv---'rqc-r--l-q-o--m‘-
= # — MM LEE IR ER L RARERETERR SRR RN ]

ll‘lllll*lliillllllﬂllllﬂlll‘l

L TR T [k .l-..llf&lloo{lllloot‘looll--oll{hallt-}ii

"
EEEEGRREEAgE AR
‘lltl".i'i‘-;-ilh

sEppussEE g

L L] L3 i
AR R iljlltttyllttlmliii

no--.l.naqqf!o-olinoé i .i.u-.i.-...i.-.-.

0 120 240 360 600
—)

o .g. .
e e el E;\“"@\“ | ‘9, '::.t":“! e

%)Collection @ kmou



Al 3 F FAAA ZH 2dy 5 AlEF oA

31 FIAA =d3g 2 AN N

Sl A 24 - A FEHEAY EokllA M&S(Modelling & Simulation)&
283 HILS A& Atele 53 =54, 7Hde &8 S4s 7538t A&
doldor Aor g HF 9 HEEE T Ao A2HY As5S
7hake AAIZE AlEdeld 7Rk sfA o R o] Fofel ¥
o] AbgFojxa Jurd. EIF o]# g M&S7IHHe] HIL Al2®le Exdh m
= AN AT F de HAFEH A B mEt 4] Eokell i F
of AHgET. 53] el o] AEak Zokell A= AAAA(ECU, Engine
Control UniE 7Ndste AAA HEEH A"l vige, A%, AF

mlL

58, 77] FEEU ECU UES IS AFstsd glo] HILS/H jazql

HA) E3Ho] MLEHAAL 7Y 8& A=A Hoke] HIS TAL e
e, B =A% o9 2 FA4e H43

Control System

HIL Simulator |

Fig. 8 Hardware in the loop simulation[17]
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Table 5 Specification of FFX-II[26]

Figure
Type FFX-Batch 1l
Displacement Full 3,592 ton
Light 2,800 ton
Max. Speed 30 knot(55.5km/h)
Propulsion Gas turbine 24 20]A MT30 1EA
Propulsion Motor unknown 2EA
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Table 6 Type of resistance to hull
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Fig. 11 Ship speed - Demand power for the deal weight 3,500 ton
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Table 8 MT30 specification

Specification
Name MT3040
2 Gas generator(GG)
Structure ]
1 Power turbine(PT)
MCR 40[MW] at 3,600 [rpm]
(Maximum Continuous Rating) (Idle : 900~1,100 [rpm]

7h2ENS kA o m Pt s h=ENE ZAF 2dE, JhE
W A7) BE, ZF2ENS Alojstr] $%E ejFAlo]7] ECSEHo] &
82 g

7h2~ERl Alo)7] 2de ECSERE Wzl 2+ TIC(Throttle Input Comman
del dHAzo wet 7F2~E W9 Throttle w59 NES Aojste] 7px
gHlo] =85 WHEA7IA dn o]dd 7hAENY ¥ dA 2d 9
3 o] A x| = 24 2{(CPP, Controllable Pitch Propeller)e] P/D(Pitch/Dia
meter ratio)zkol w2l =EAkNm] 2 =3 A5 rpmle =&3t. =, §
o] Z3 A FEAM IS PIA = AAR TICH] W& 7F2EWe =
g3} g o] CPP pitchgte]l ot £ =i e FAB Y E€-EI-3| [
wAeE 7h2EN Y Sde-Ea dwA B Qdolo ZFAEY i PIDAI 7S
o g3t Zt2EHHIRA S Vgt 7h2HE Y 28 #AE 3l ¥Hes
obgl 19 133 & 9o YeEATH

o

GT
Controller Throttle
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Lev_e.r ECS PID _(_Zontrol 2 ol Torgue " Torque
RPM TIC(0~100%) ol p
% > Mode S Plant REM -
n —

Fig. 13 Gas turbine power diagram
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Table 9 Gas turbine model factors and coefficients

Output factors

ECS power demand 0~100 [%] External power 0~40 [MW]
Internal power demand 0~40 [MW] Shaft torque 0~500 [KNm]
Feedback power 0~40 [MW] GT RPM 0~3,500 [rpm]
Feedback GT rpm 0~3,500 [rpm]

CPP P/D 0~100 [%]
Gas turbine model coefficients

Ship’s torque coefficient according to pitch
Ship’s torque coefficient according to RPM
Ship’s torque coefficient according to ship speed

Input factors

JhzEHle TICe] We e7EE el wel BejEMe 22 &
==

2, 8¢ Wtk JlaENe 2Y-S55-Ea0] WAL AR Eas 2
2w A G)RFE AR, A (6) kW] B9l 2 8o ALHY,

=

PW = T{Nm] X wlrad/sec] ®)
= T{Nm] X n[rpm] X %
_ TINm] X nlrpm]
9.549
_ T{Nm] X n[rpm]
PlEM = 9519 (6)

I9 4= 7h2=EW TIC el o2 &89S Jepd Jgzoln, 17 149
21 (6)= &3t 7F2=ER TIC #ke] Wsto] @& A PIDAIS7 & HA S}
o B3 9 F3A4, 29L& YedE 7R S st

a9 155 2F 149 A (62 s o AuE shAE mE 22ro]o
a#olr, B3 GTolA LAste B =29 Xz o T
v E3E 1y3te] 28t mdolth 117 1594 A4 15.54% 7lojHl &

R,
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Fig. 14 Output according to gas turbine TIC value
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Fig. 15 LabVIEW - Gas turbine model block diagram
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Table 10 Propulsion motor specification

Specification
Type PMPM (Permanent Magnet Propulsion Motor)
Rating Power 3.56MW at 100 [rpm]
a9 162 A7IFRE7] 2d& 7F2HReY Ao dgise TICI%Iet

EPM Driver
[ ECS PWM x EPM Torque= . Torque
RPM Power (kW) A Model Ship
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Fig. 16 EPM power diagram
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Fig. 17 LabVIEW - EPM model block diagram
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Fig. 18 LabVIEW EPM internal controller model
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Fig. 19 SSS-clutch
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Table 11 Controllable pitch propeller specification

Specification
Type CPP
Number of blade 5
Propeller diameter 4.3 [m]
Pitch to diameter ratio 1.8
Area ratio 0.57
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Fig. 22 LabVIEW CPP model block diagram
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Fig. 23 Propulsion system simulator layout

Collection @ kmou



Table 12 Propulsion system simulator hardware specification

no Model Name EA Description
NI Crio-9035 1.33GHz, Atom E3825, Xilinx Kintex-7
ECS & NI 9870 4ch RS232 serial communication module

. NI 9472 8ch, 24V Source DO
1  Propulsion

—_ === N =

. NI 9403 32ch TTL DIO
equipment N 9221 8ch +60V Al
NI 9401 8ch 100ns High-Speed DI
Main
Propulsion  MY1020ZXFH 2 24V 450W DC Motor
machine
Propulsion
Motor NT-M-DCDM 1  2ch 24V DC Motor Driver
o controller
Reduction
SM4A-1R 2  Bevel gear
Gear
SSR Clutch | BCS Type2.0 2 24V Electrical clutch
RPM sensor BUP-30 3 | Photo sensor
Shaft . )
] UCP204 3 Unit bearing
bearing

9 24+ 3% 129] No.lQl 5371 #3Ael7] 2 F21#8] AJEHolEE

Fig. 24 Propulsion system simulator - 1
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Fig. 26 Propulsion system simulator - 2
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Table 13 Propulsion system simulator architectures

Loop Model Description
FPGA Data Acquisition 10Mhzo|At9] &£ &2 I EAIA IS dro} RPM &4
Real-Timel Telegraph Hardware TelegraphAls& Y3 XN&

#41 BH(PM, T 5)ef goi B 9 ECS o
2POVY £ SMEUR FAHL THA)
AA 2E W 2K 58 Aolstol 294 2

Real-Time2 Control Model

Real-Time3 Hardware Model
A 8ol & &~ Qe 2 17

T T
Real-Time3 Data Trans. RT OS2t PC9] Host ZF ol & A
Host Data Saving. RT2HE 2 fo]EE PCo| AASIEE 13

4.3.1 FPGA =4
AAZE EAAE  ABARE ZeEde FAH™el ey, FPGA(Field
Programmable Gate Array)oll ®lgle] £ £27} “ggsE &dS 7H7th

B =R 44 SEolE Aojste] 24P F &= @ FoA 58

del= B 19 313 Zol, A6 BHeder 79SS W & 7ol &
wd FAAMe FF LAt WFLA Abolo] JEEE wjA|FH. o]F Zo
|ASA HH o] U AS B G LANA % Ao £33 4
of =3l edge trigger 2l&7F WAYSHAl = widle] 79 down trigger
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Table 14 Propulsion system model

Model Description

TIC(%)%t 3 L7 JEN(ERPM, CPP gh)ol| T2t &3

GT basic model .
3 RPM &9

AR GTe SASE EAS 7H7] Q5 TIC 98 EA}

GT plant model -
P AZFES nE R A9 wE(PIDA 072 )

EPM basic model E2(kW)gE 2 stAAE o) oiel 3 2 RPM &9

EPM plant model EPM driver 2@ =2 EPM9] AFefj 2 &3 Aojrd

CPP model AHs R 5ol Wt CPP =g Alojshe =i
Clutch model FA ZulzRE dgd 542 FA0 A2
AEREd 49 7] Ad Aol ol mhep 4
ECS g8l % CPP mRof| Ao gta AT,
AhE 24 gy AE 9 SR dE 24

Telegraph Prime mover
Power ECS ‘ ) |
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Fig. 36 ECS Control flow
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Fig. 41 Propulsion system simulator block diagram

Table 15 Block diagram function

Description
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Collection @ kmou



2 AECIHAA FHHCIHE off & 163 &t

Table 16 Propulsion simulator data list

Name Type Range Description
Telegraph(HW) Al 0-5V  AlggolH 7| &9 "He gz MM
Telegraph(SW)  AO 0~10 2718 &A0] 1 ~ 10 level

Pitch(HW) Al 0-5V A8 o]g Pitch =312z RMUAS
Pitch(SW) AO  0~100% =2#3 Pitch P/D 0~1.59 A|o]
MT GT RPM DI RPM  yexixz o]@stel AR wE|(ZFAEY pl,
MT EPM RPM DI RPM m]igmil] E}j) Emﬂigl 1;;}; 71";
MT Shaft RPM DI RPM SRS =) = = e A

SIM GT RPM AO RPM 72 ndojA AAitd 7EAER] RPM
SIM PM RPM AO RPM 7|2 ndojA Aitel 7EAEYE RPM

GT Power AO 0~40MW  7FAEY] o040 &
EPM Power AO  0~3.4kW H7|ZXAF7] nEloAe] &3
Power AO  0~40MW & FA| AEE = &

0~1,800 7RAER] H7A9] gldpot Lzmeio] w5
KNm  7boj o2 E3

0~320  F715AHE7] 249 2|H4et Lz

EPM Torque AO ) _]"‘ | A9 3[40t 1 21 9]

KNm . #%] Zto] whe 5

GT Torque AO

State Ring - ZFX Ad| 2 = (Auto, GT, EPM)
Control Mode DO A/M Auto Mode = Manual Mode
GT Clutch DO On/Off A|8e]o]8 7kAENl HxtAl 22| Ao]
) 7‘< 3_ -
EPM Clutch DO On/off AlsdlolE A7 FRHF7] JAA] 2]
Ao}
GT Control DO On/Off  7IAEHY Bdd A= Alg
EPM Control DO On/Off  A7|FZAXM=7] B8l Az AlS

Ship Speed AO Knot SHAO] &

¥ 169 F8 A5 T ol ity 200msT F7|H 0= HolHE A%
st=5 Fastdn. 19
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201
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7

appended array
~wopi] |

Telegraph(HW) »| .
TelegraphiSWi
Bitch(HW)
Pitch(SW) MT
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Fig. 43 Host PC data saving program
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