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Power system Modeling and Analysis of

Electric propulsion ship

by Kil-Seok Kim

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

This paper deals with modeling and characteristic analysis of
multipurpose special electric propulsion ship. Firstly, Power system
modeling has been accomplished in accordance with the required power
load and arranged generator, main switch board, electric motor,
devices, electrical power network, and then load flow, short—circuit,
motor starting, transient stability analysis for the Electric propulsion
ship is verified by using ETAP (Electircal Transient Analysis
Program). Electric propulsion ship design regulations(IEC  Std.
60092-101) were analyzed as a reference for comparison with the
result of numerical simulation. Also, Harmonic analysis is accomplished

for the motor drive with propulsion converter and inverter.
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Table 2.1 Load demand in accordance by driving condition

Unit : [kW]
S El Sib=s A&
TB AE | 23 | 2 Auk | 23 | Y
Propulsion Load 0 3,400 0 0 3,400 0

Service Load 171.8 | 464.0 | 5955 | 179.0 | 471.2 | 602.7
Motor Load 460.1 | 6995 | 7081 | 390.0 | 6554 | 552.9

Working Load 14 15.3 105.0 14.0 15.3 105.0
Total 6459 | 45788 | 1,408.6 | 583 |4,541.9 | 1,260.6
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Table 2.3 Electrical specifications for the major components

Power
Power 1,400 [kW] 0.8
Factor
Rated
440 [V] Frequency 60 [Hz]
Voltage
Generator
.. Inertia
Efficient 96 [%] 72 [kgm?]
Moment
Current 2,493 [Al RPM 1,800 [rpm]
Type Induction RPM 100 [rpml]
Propulsion Motor
Input Power | 1,700 [kW] Voltage 0.69 [kV]
Output Output
2 1,750 kW] P 0.631 [KkV]
. Power Voltage
Rectifier
Motor
Drive Efficient 96 [%] DC Link 1,000 [V]
Output
Inverter | Frequency 0~33 [Hz] 897 [Al
Current
Power 270 [kW] Speed 600 [rpm]
Ballast Pump
Voltage 440 [V] Efficient 96 [%]
Power 170 [kW] Speed 600 [rpm]
Compressor pump
Voltage 440 [V] Voltage 95 [%]
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Table 3.1 Generator condition according to load
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Table 3.2 IEC stability standard

-
it

Division Standard Remark
Voltage drop + 5 % less

P . Voltage Frequency

ermanen

+6% -109% + 5% IEC 60092 - 101
) Voltage Frequency
Transient
+20% + 5%

7932 ~ 7Y 378 Aol 74 ggnse e WE Ay 2FHY
35S Yedl Aotk ¥ 33 ~ ¥ 382 IEC 60092-101 2] Asle] 2
At wakgel i, wA7l §F B QY WE AYEE PED 9
4 Astolr}.

(1) oAF AEA
Genl Genz Gen3 Gend
1400 kW 1400 kW 1400 kw 1400 kw
T
18]
ELEC. LOAD 1
No.l MSED \ﬁggs |) ééi — &ég \) |) No.2 MSED
269 | 20 1 248 Vg 1 I ¥as5
3172 ) 132 30002 197 40.06 123 ) 18
) )
ELEC. LORD 2
7 g . 7
Ho.l PLC - 410.01 No.2 FLC
%
30.06
B 1 ’_‘_‘ B/M 2
0 \E’i} 1700 kw
ELEC. LOARD 3
E Winter (&}
NO.1 MSED LOAD No.1 PLC Lo;\DlZU I Workj_ng 120 kVANO.Z‘ PLC LOAD NO.2 MSBD LORD

a9 32 odF AU AYEF
Fig 3.2 Load flow during the anchoring at summer
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Table 3.3 Load flow analysis during the anchoring at summer
E AAxF o4 A
= o 14
A7) 98 89.08 [%]
i

=4 AF 1112 [A]
FHE 53.9 [%]
F7 F-a) 0 [kW]

ol
-

1r

H = H =
DER3Ee} A A5 755 [kW]
o} o} = [$)
LR R e AdWEsE 1 [%]
= o 5
(2) AF +&A
Genl Gen2 Gen3 Gend
1400 kw 1400 kW 1400 kW 1400 kw
=
&)
ELEC. LORD 1
1123 1123 267 15 1123 1123
No.l MSBD ‘31332 ‘%332 4357 g 431 ‘lj332 ‘%332 No.Z2 MSBD
Y340 \jlﬁﬁe ¥322 20 360+ [7E) 81 \jlﬁsa a5
j212 |/i484 j44 j0.08 i3z i0.54 931 j4@4 310
) )
ELEC. LOAD 2
# g - #
No.l PLC T 430.05 No.2 PLC
Y1700 ¥1700
0 15 +a1 246 )
i18 iz6 j0.38
p/m 1 B/ 2
1500 @ 1700 kW
ELEC. LORD 3
1251
25 1
@ Summer &
120 kVA . 120 kA
NO.1 MSBD LOAD NO.1 PLC LOAD Cruising NG.2 PLC LOAD NO.2 MSBD LOAD
= 05 [=
% 33 oAF A AYxF{

Fig 3.3 Load flow during the cruising at summer
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Table 34 Load flow analysis during the cruising at summer

7 2 AL x5 A4 A
SR 4 4
o nd7] 9E 95.89 [%]
S
=2 UL -
=9 A7 1537 [A]
+E 80.2 [%]
- F7 Ha} 3400 [kW]
T © - -
RE-8F e} Au] 2~ Ha) 1092 [kW]
2 At WE At WMs& 1.2 [%]
(3) A& A
Genl Gen2 Gen3 Gend
1400 kW 1400 kn 1400 ku 1400 ku
El
ELEC. LOARD 1
823 405 117 823 )
No.1 MSBD |),j259 43143 $71 ‘ljzﬁg | No.Z MSBD
a1 | +a67 [z 424+ 94 Y100 07
3213 ) j44 30.26 1141 iz j32 ) 314
) J
ELEC. LOAD 2
7 7§7 63 7
No.l PLC T +jD.3 No.2 PLC
s a1 o1
318 326 i0.74
by P/M 2
1700 kW @ IS
ELEC. LOARD 3
il
125 \
@ Summer @
120 kA . 120 kVA
NO.1 MSED LOAD NO.1 PLC LOAD Worklng NO.2 PLC LOAD NO.Z2 MSED LOARD

1% 34

A% A AYRF

Fig 3.4 Load flow during the working at summer
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Table 3.5 Load flow analysis during the working at summer

& S ELEE
= g 2 o
nd7) 98 95.37 [%]
g}l =]
=2 UL — =
=9 A7 1132 [A]
= E 58.8 [%]
- =7 2at 0 [kW]
B3
B ool AR A4s) 1646 [kKW]
2 A WE AgWsE 1.14 [%]
(4) A& BHA
Genl Genz Gen3 Gend
1400 kn 1400 ¥u 1400 kW 1400 Kk
=
)
ELEC. TORD 1
570 3 141 111 ) )
No.1 MSED ‘lj232 [SEE 2 4166 | No.2 MSED
we o | V6 w1 268 13 40 [ 8
332 ) 119 30,02 197 i0.06 323 ) 17
) )
ELEC. LOAD 2
Z g 6 7
No.l PLC = 430.01 No.2 PLC
21 23
318 §0.06
B/M 1 = ié]\u{uzkw
1700 kw \f%
ELEC. LCAD 3
A<t
19 -
@ Winter @
120 kVA , 120 kVA
NO.1 MSBD LORD No.1 PLC LOAD Anchoring HO.Z PLC LOAD 0.2 MSBD LORD

a8 35 AL

Abal el xR

Fig 35 Load flow during the anchoring at winter
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Table 3.6 Load flow analysis during the anchoring at winter

T+ B A8x7 A4 23
= " 1 o
o HH7] 98 92.61 [%]
Z
=2 -
=9 A 808.3 [Al]
T E 40.7 [%]
- =71 73 0 [kW]
23
1= H =
REREe} Au] A3 570 [kW]
A dek ¥E AYdHAEE 1 [%]
(B) AL &4
Genl GenZ Gen3 Gend
1400 kW 1400 kW 1400 kW 1400 kW
) ) ELEC. LORD 1 )
1057 1057 270 16 1057 1057
No.1 MSED 11286 286 4357 = xi7 286 286 No.2 MSBD
\jﬂu \jmﬂ 287 20 200 « 148 13 ‘leEE \jwl
a4 1484 i26 50.08 139 30.54 131 1484 310
) )
ELEC. 1ORD 2
7 g - A
Wo.l PLC = 4§0.05 No.2 PLC
1700 1700
1 | \j41 w46 1 jlz 0
) i26 i0.32 331 50
P/M 1 B/M 2
1700 & 1700 kW
80 ELEC. LCAD 3 12 101
444 il 1 I 410
25 Winter j31
18] . 18
. wown | (Crulsing) | azim

NO.2 PLC LOAD NO.2 MSBD LORD

NO.1 PLC LOAD

a9 36 AL A AHEZXF

Fig 3.6 Load flow during the cruising at winter
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Table 3.7 Load flow analysis during the cruising at winter

T ¥ AY2F 4 Aot
=t 4
o U7 98 96.54 [%]
%
= L -
=4 AR/ 1437 [A]
+ s 75.5 [%]
- 7 %3 3400 [kW]
T © _ _
LB -stof Au] et 1028 [kW]
A dek ¥E AdW-sE 1.32 [%]
6) A& AAA
Genl Gen2 Genl Gend
1400 kW 1400 kW 1400 &0 1400 kW
(7]
18
ELEC. LOAD 1
677 ) 408 118 677 3
Wo.1 MSED |'lj166 | 45143 KL |'lj166 | Mo.2 MSED
[T ) Va3l 4 264 + V94 12 \> V39
544 327 30.26 148 32 i32 14
)
ELEC. LOAD 2
7 g o 7
No.1 PLC - 0.3 No.2z PLC
H1 391
126 30.74
BH 1 ik
e @ 1700 kW
ELEC. LGAD 3
1
I
@ Winter @
120 KV . 120 KV
0.1 MSED LOAD NO.1 PLC LOAD Working NO.2 PLC LOAD HO.2 MSED LORD
a9 37 Ag YA AExF
Fig 3.7 Load flow during the working at winter
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Table 3.8 Load flow analysis during the working at winter
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Table 3.11 Starting contact state
HA A
Mode
Cum Cr Cs
Y Close Open Close
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Table 3.12 Each motor dynamic parameter

Inertia
Name %LRC | %PF | %LRT | %MaxT
[H] [1b-ft?]
B/P 557.3 20.63 35.56 218.2 0.21 292.3
cC/P 576.1 19.47 38.12 244 0.12 269.8

¥ b ftP = kgm® < 2.2 x 3.28°

5.48 X 10~ x WR? X r/min*
MVA
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Table 3.16 Effects of harmonics in power plant

3.16

=0
a i
. T 0 o] T
o g e = o
3 ro X op o o -
o S|, A ol Zolgy = 0 ol
W . = ﬁ zﬂ &R BT Ay Y od
~ T =o
~ |No A :ﬁ e F B oo I O
N SR ) e T - [ ol
| I BT P ) o e B L B T L E
R I e i Ao B
41 B ao|BY we B M me B OEOI) BY o %o Rl oFT R E (R WolF mb N RO xo|<) A
R 2 do|F do ® M FAHE H o R M| (W T RN of|8 fir e T o[ oF
| | | | | | | | | | | | | | | | | | | | | | | | | | | |
X
- ~ 1Xro —
HO ~ o u S i~ e Cal = = —_
x| @ = W ~ S < <
~ i B GOy ~ X = < ~ W
o3 W o3 X X B
X/ X el B0 =
X
ﬂo

_33_



nzte] JFo Ry AAAEL Biey] ekl A AT nx
o AYE AYG5FE otz FAst glon, nxy A FARY dgt
710 2 THD(Total Harmonic Distortion : A x93} I E&)E ALE
st} THD:= 7|23 93 t)n] 1239 7ol 23 3¢9 Ax=2 e
i A (3.12)el o AqE o Xt
n=2 " \/I/§+ I/32+V:12++I/3
Vinp = = (3.12)
TH. I/l I/l

X 317 1x3} A 7)E
Table 3.17 Harmonic regulation standard

Harmonics %
Standards Comment
Max THD | Max single
Def Stan 61-5 5 % 3 % Max THD up to 50th
STANAG 1008 5 % 3 %
Llotds Naval Rules 8 % 1.5> 25th | Max THD up to 50th
IEC 60092-101 5 % 3 %
IEEE Std 45 5 % 3 %
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