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Abstract

A Study on the Selection of Control Method for Electric
Propulsion System of Multipurpose Special Ships

hyo—min, Kim

Department of Electric, Electronic and Control Engineering

Graduate School of Maritime Industrial Studies Korea Maritime University

Recently, motorship 1s replaced rapidly by the vessel in which
Electric Propulsion System 1s adopted.

This system have many strong points especially in the vessel which
accomplishes 1ice braking or underwater research and investigation
mission or oil drilling etc. These kind of ships are so called

Multipurpose Special Ships.

In the Electric Propulsion System of the ships, maneuverability and
low wvibration characteristic and low noise emission 1s required
strictly. and so minimization of harmonics 1in the power line 1is

essential for these

In order to verify the efficiency of PWM methods and to choose the
best propulsion system, numerical harmonic analysis is carried out.

From the analysis result , Propulsion Converter control method 1s



selected for the Multipurpose Special Ships.
The THD (Total Harmonic Distortion) Property of Electric Propulsion
System configuration of the Propulsion Converter Multipurpose Special

Ships is analyzed and verified through computer simulation.

Currently the Electric Propulsion System hardware, its engineering and
technology are mainly depends on european makers, On the other hand

domestic level of technology is quiet low.

From these points of view, it 1s required that research and development
in electrical propulsion system should be <carried out by many

researchers and manufacturers and yard workers.

I hope this paper would be a small help to those researchers and

manufacturers and yard workers who engage in these field.



A+ A

w1l
=

=

A

Hoo}: }‘/\]— )

[

R
o =
In MM = > oy o po #
o R g o ar & K 5 oA o
o ~ ey Joo T B T BN
o T mﬁ N 22N = o~ T T BT T ;1om N
o - 0
wm wm e MWL E @ N o o ojo Ia o dro m,v oy
X X o W ~ N . T JJo ﬁl T = ﬂ.o! g = 1° o
e} oy M Mo N B T ok T o o ol op o
b T L o 2 ey Mo 2 o) K AT A
g x g R T S oM oo 3o ROE
xlﬁo%pﬂ%ﬂﬂ %ﬁ@%x%% o
T - o e BT G FoaX
S T N G 4 o w oz ® X
m_xmf_.@oﬂwoftaa va%zw,@mml
Y = Mo Bo2r oo X o (- 19:.; A B T o o~ Wo
Jo S ~o E e = gl | 4 Ml = o Ho rOREEN
70 = o] <0 ok s s o Nlo = o Nfo R wn
Mo 3 X < — B 7 N i mw o o % W A
N T o oo M Ho g i go S <~ N ol
O i : o odo T = ®
o o X T S~ ~ BIER— o) w2 TH ofp . m x
! =~ X N ~ N o ~X ‘Ul ) g
s = X o X! N Bl Ll 0 £ £ <] WS o K
CE ek L — = U Gl R ERETN
W ol AT K Gl 1| o —— om = J:m_ o ~ e mﬂ Njo w B
N~ e fren . N O A )A T ) 0 _ "o
cEztriii® e ARt ST
T F o T oW R OGS ~ WM I~ PoW T
o X Mo N e P © 22X S-S NI <
- AR i] | L
%d%%mzfﬂzﬂ ﬂmn,_a,mﬂ7% < =
N i i ) X ol T o oW Yo W
of il . o) — I — X o= Al ojo ol
o N = © &3 T TN X B
‘_lﬂm._‘_ H;l —_ ﬂ_ol — EU ﬂ Ot X 0 ﬁl “% ~ ;o,._ ﬂwo
o = 2 I ! m e 9 o R I H o
ﬁo,ﬂﬂe_ﬁwé_ﬂ i%%%@ﬁﬂ%.é
AR LN CErr il EED D
T oo T LN N 3L =) o< ) L o)
~X N - X M- T —
H oo - _Zfﬂgaﬁi T 3
s B o =0 N & o L4 o Mpr o T o T Gl
HE ! W :lm_vl,._ . 1;0 OM H%! :.L fAl el To©
iR, ARER %o
N ) _
e R

HA e

Joll A ARE-AL7L

A

=)

lo AW E

°©

I

°©

Ao

=

AT
—_ 1=



iy

==
1o

==
)

o

TH

el

o

A}

a1}

XA VAEEYS g
—]40 =
]_
]_ =
1 O =
i]’
3 153 =

/_\_]]



BK

o

b2 45 ojop

315
H o

S|
&

Eff ol A

€l
™

Al DP(Dynamic Positioning) AlZ=

2

A]

ﬂAO
il
K

H

1.1 A7)

T wdwk(Main Switch

7] (Generator) ,

S
Tl

=
T

: MSBD), ®<t7](Transformer), ZAWE (Converter), #-&7](Motor),

Board

XA 2" (Propulsion System)2 & A% T},

Propulsion
Systen

Motor

Converter

X

Propulsion
Systen

Motor

Converter

(= ==

D

Generator '.\-
Generator —.\— M

Generator —.\—

Generator —.\—

A= I



N

71ol2 AZdH o,

—_—

=
K

=
N

%5 (Propel ler,

=K

Azimuth Thruster, POD)ol uwh

=

D M/E), ®=H7], F

(Main Engine

F317) ¢
7101732} (Gear
Propeller) =+ CPP(Controllable Pitch Propeller)=® A% t}.

FPP(Fixed Pitch

G/B),

Box

| FPP &
CPP

L rrra

0 cpp

Gear

Main
Engine

Converter

L Box
Converter i

- B == =

Generator —.\—

Generator —.\—

H

EE

=E o

= 10~15

Z o
- —

A3} 140

e,

A4 (Patrol Ship)ell #

a8

3~15

80%=



<

o

2.1 &¥

il ez v

3|

o

=K

3 s
|~| —Iﬁ D
5 7 5 ;
E - = o}
< N o E
ek g TF 5 a
s w Y= o= 5 g
Jo 3 Mo N x| g g m% B r
ww T | T % Mook R B = o3
u,h_v m ojn o H = z _umw = i
£ oW g ®x 2% 3
= By R g
5 i Y qr =
E oo = o ot ®
W N " o v
| 5 = = &
Ea zT : = < S = X
| | B __/ ‘dl_b W_ W
68 -
= * .
ﬂmr_ do oy
— ojn @. ojn o . -
Pl < X4 A A v R
¥ w s o+ X ¥ 5 A ~
- | g T | W] %o | %o .| A o+ VT
S Y D ) LIRS
N ojn — X ST d 7
A g i) X SR G~
~ 4 Fo T © 12 RN e
Eo ~ S o = @_ ﬁi \_lﬁM
w = A = < =
_ = o) do = =
o N N N N = &
| | | X_ﬁ O_T_ ﬂ ﬂNlO
. iy Lo
0 Hﬂo Eﬂw x° {
< iy Aﬁ ~ N o
= Nd < z ®
< = A
™




2.2. AA4

il
W

N

18 ~31%

ok
o}

<
N~
o
-

=
A

e

X

i
N~
o
-

S Nhip
A1 3

A v Aoz eyt

g

&
~

A
i+

<
A

X

)

hv3

7)o} 4k}
#

171783

239, FA%EA,
&

-

i

(

sto] oF 9% 4 W,

S

i

1.1

AdRLHE




taL 5= 7)ol A

°©

Ay

=

=

713l M 7]

2.3 AXA

gl

2=
e

ol tha S7FEANE 71 AR o] o]

Nfo

<
-
ToR
-

e
A

v

¢

g

)
N

A
i+

A,

2.9
5.5

K]

L

s B

7)o} 42}
24, FAZA,
7

171784

%
LA

i

(

agelA Bl A7



H

|

%3 A7




T

o
LU
il Mo
oo
T T
™
~ARNS
i

‘WU
&

0 :

= ?

w % _F _ = :

i ~ = 9 7 N B B B |
<A ST~ ﬂrm MM ) IR
P s Prox 5

N R AT S -
s T e CrCN
o & N WS E
| | | \ 1_10
| | | | ) J|
| |
] B
i : 3
2 o
N = Y2 ey
% 5 &R o o | T T FlE
T i o )
— T - . B T
N noN N Tl
o on_LH E Yo ® T i
BN R N E s
| | | | 1_,_A|O N
| | "
JvA!O | |
" wjr
- K R X0 e ® %
: nm.o 04 MT. % x
G o
v X R | o m_u
JﬁNO




3.2 24E

%

TH
7K

!

&7V A Wl

o
N

jpuze)

A

2ol

K

~33%),

W

A

boE 7155

o8

H] A Sl A

_10_



M. A7FAAE" M9 F317] B u

gl

1. A7)FRA42] 724 2

=
h
A7 FAPA A§T 5

1.1 Propeller
FPP H+= CPP FX171& A& A7|FHA 2" 7], 5wt
71, WY, ds7] & Z=d, FAEA, EF(Rudder), Steering Gear,

Bow/Stern Thruster® A %l t}.

Converter H Hotor %>
1|} Propeller

4

Generator

(enerator r.\-
(enerator \-

Generator i

——

) Propeller

ol

Z1¥5 Propeller W2

_11_



1.2 Azimuth Thruster
Azimuth Thruster& F&gt A7|FAI A" B2, F v, ®1947],
ZAME, ds7] €9 Azimuth Thruster®

7} Z7hE,

¢

oX,
i)
=3
e
=
X
(o
fru
o]
@]
=
H
=
=
[y
w
@
@D
=

-

Generator

(enerator -.\-

@@ Converter Hotor %
Ch# Azimuth

U Thruster

@@ Conver ter _EEJ

L'# Azimuth

Generator -.\- U Thruster

(enerator -.\-

= D2 oo =

196 Azimuth Thruster "2

_12_



Generator .\J_

(enerator r.\-

Generator

Generator F‘

297 POD WA

Azimuth Thruster®= &e] F217] WH-ol PropellerE F+E53t= dAE7|7}
FzrEo] 9a, F 2 A5V 5 FEAGE sk VAR E ALESHA] o

2]
F217] EAH A 5E Propeller® Azimuth Thrusterol] wWhste] AAA, A

A4, A=A, 84, AHlaAAS RlaAEielth. PODYE 2 Azimuth

_13_



Thrusteroh WjaLste], 5717k F307] WFol dvk= A3 7k4 9] 2ozt 3l

or® F HEQEANA= Ashr =

2.1 AAA
Azimuth Thruster”7} Propeller Xt} & F Mo A oF 27% A= # & 3}c}.

o]+ Azimuth Thruster”} Propeller H.t} Fn]A o] 7tehadlr] wjF-o]t},

T & Azimuth Thruster Propeller

FAE A
(A&7, AWE, ®¥Y, 19 33

T HjER)

Azimuth Thruster 12 -

= z24e,
A A SARZA, H, - 9

Steering gear

Bow/Stern Thruster 1 2

T =79 32

44

_14_



2.2 AXA

Propeller2} Azimuth thruster A1=]%HH]

7 AAEH] T ]

2l

2] el 7k §ltt.

T & Azimuth Thruster Propeller
93 7] 95 95
F27] 56 -
357 14 40
Y H 8 8
F HjE Rk 5 5
Lo 13 13
B, 24949,
Steering gear, - 29
FAEA
Bow Thruster,
1 2
Stern Thruster
A 192 192

_15_




s
a

]

=

Azimuth Thruster 2

1318,

2 ¢

s
a

A A]

Propeller

1319

_16_



FSHA ST AFo] Qi Azimuth Thruster <]
|do=H A& H57]E AHESke Propeller Bth thas
& 9l A& He7] ARRel mE A, 59 Aol=
Ao gl S48t Uk, Yy AR A5 BaeA= Azimuth
Thruster (POD 323})e] 79 Ziu]E|o] A (Cavitation)ol 23 F3Feo] ASFS F
Zetal lar, AR AF9 QoA VEAE 23T TheA ol A

13102 Azimuth ThrusterE A}F83F Alaska Regional Research Vessel<]
TR S AE YEd Aotk 31.5~200Hz Alole] AFut JAelA 5
A]

=]. O A<
shs o = 9l

s

A= 7]

il

=

H

MN

— B Total With Add1
Treatments

/ =~ —(ce
140 &=

o
=]

Lp,dBre 1uPa @ 1m

/
/

110 ——

100
35 63 125 250 500 1000 2000 4000 8000

Frequency, Hz

—

71910, Azimuth Thruster A& ¥ FFUAALS

T WAL A S o] Mute] SaEA o F Q39 HES 2A|gthH Propeller W

Aol A Aesiet. ofef 8ol M9t o] Al A5 A

_17_



%

o
B

F A4 I =g | 7

CELTIC

52.5m

600VAC | Propeller | 2,000KW

RRS james

cook

89.2m

690VAC | Propeller | 1,770KW

G.0. Sars

77.5m

b

690VAC | Propeller | 3,000KW

Cefas

Endeavour

73m

7 Propeller | 1,080KW

RV Corystes

52.5m

660VAC | Propeller | 2,000KW

19112 Propeller

A A B5 ICES CRR 209 7

g QAo FEPHESE
%) ofele) et YHEL ©

160
150
140
130
120
110
100

90

80

70

dB re 1 uPa (1Hz band) @1m

1. | ICES CRR 209 |

0.01

1 10 100
Frequency (kHz)

1911 Propeller A8 AHl FFHIALAS

_18_




2.3 ZAAT

Turning Circle, 360%= # H9] A3A =
o] Propeller WA HTF 53 H5& 7k

e A A el

Azimuth Thruster

=) A Azimuth Thruster HH2l
o 360% W] A3l
AR o2 Thssh

Propeller W29l ¢+ Stern thrusterE F7} A 3}ofofsic}.

T T Azimuth Tthruster Propeller
Propeller 2t
Azimuth Thruster 2 Bow Thruster 1t
L7 A
Bow Thruster 2t} Stern Thruster 1t
Rudder&Steering gear 20
Turning circle tests at full speed
AlEZHA 0 | \
mAE ‘ ,’f_r\\
e | | Azimuth unit 35° \
Tanuanfinnal
= Conventional rudders 40°
400 / N\ \‘
R Al AN
3] 2 v
S (sd=x7) \ ) 71
NI
N
3] W o] 40~50 %
) B3
HaHnE $5g
360% A W<
A9l 43 7t A9 A3 7Hs (51
43 4%

_19_




2.4 AHFAY

Azimuth Thruster 2

2 Propeller ®2] E5F HE Qd"o] Hgstal,
A8 AN e A Wi,
F10 Aupd A¥57] FA%

T & | PR A= AH] F7]
Z ul Ak 121,000 A|ZH(27d)
AV H 50,000 A]7H(11d)
129

Propel ler 397 2,500,000 A1ZH(GT-4)

A% 7] 50,000 A1ZH(11)

TR & = A 5 71 A4
Azimuth Thruster 154 5d £V AHA
. T H R
Azimuth Propeller ®213} FA}
ZAWE, 7] FA A
Thruster _
Q5o u}
Ae
- 2 AAF7] ~104d
Q5] Holsg HH3F7] ¢ 5 ~10
-ades Ad 7] 02d

_20_



w
=
N

A4 F77] A4

F11 FFEA
TE Azimuth Thruster Propeller
A4 g 51| 73% 100%
Hyl 80% 100%
1\4;1]/@
=% 100% 100%
A7) A=y Zzde
289 | w7, A%7], Thruster | ! ° ! 44,
Steering gear
A&
=3 524 ZylZeolod mE
7]?'_";(] Zﬂ—i"l T-ﬂr—roa E'_—v ;ﬁ%lﬂ_—/’:%@] E'__é“
HEFsY | (AT 99 BuE)
. Propeller
DP & 7-7H] Azégxt%hzgg?ZEer Bow/Stern Thruster
Rudder & Steering gear
84 | IP HFoR Rl Rl
3 F9A -4 (70% FAH) HE
TeR 0% 4] 4% A%
8 F 3 v
A
824 -Azimuth Thruster 5% -Propeller & 54
=7 AA == 71 A
781]3] 1_51_/\3 "I‘O]:uu "1;7] =4
—frEAE7] AHgoR —frEdE7] AHRoR
BT PG T B 1 AL F

_21_




O:

Propeller, Azimuth Thruster = POD 2]o] 37}4] 749 % Propeller$}
Azimuth ThrusterZ ®]ul #A8}5 o, =

_]\:‘_]L_
84 SWAA Azimuth Thruster ¥2o] Propeller WA H U} 43k F o
7

UebA e A=A BEo e Azimuth Thruster7F 95 A F3 7oA
ICES 7]s=& WEelA] Yotz Ashsy 8o Brlystezs Mukegte] ikt

Aol whet AR HET} o] Foj Aok & Fojrt.

-

_22_



BEELEDED

24

7] stel T

2 @ AR F

Z o
] —

Sl

1
s

w

-
=

el A

1

s

3

°©

AL

=
=

)

o

=, SCR &

27} (ehol

471, A7,

T

s)elel

o
1l

19 e, ZnH

1(

)

%37k A% 2 o]

1.2 dgvte) I

o

No

_23_



o st

ER

., M7l

A&

=13
=

Hdo]
9]

1
s

Aol &l A

Bl

<7+

[€)

a4
SN

a3+,

]
=

WA Fzel AeEsst @

=
SN

3 e Ags

14 T8

)

R

¢+
N

—

o
el

Ho
!
o

==
o

23 Aol ¢

B

1.3 A7)

R

&l

O 1.
T

7V 2 o

s

%
]¢] Propulsion Converter wj-o]

R

T W=

=

o

=
T

Propulsion Converter 2]

A5 7] (Rectifier)

=

2

o5 o] Fol

=]

=]
T

oI Bl (Inverter)

1
s

Inverter

i
=
-
=

L)

a
o

Motor supply

DC Link

Network

1912 34 Propulsion Converter®] 4

3%} Propulsion Converter®] T4< e}

1
s

12

IGBT 52 wt=A] 4x5 A}

e

_24_



&3 AMERAME 292 GBL e 1% EAALH o3 B S
249 AU A/l THAL. olw) AR/ AN AL, AFE A% WY
cmwk s shz MNP BT AWERAN 2903 3 BaEHel A
stz mzsbsk WS Heh,

AZgE 2% oy 7HA] EAHE wEo] ZF AFelMeE d a1xy oS (THD
: Total Harmonic distortion)= “g3sle] Agkstar Qo™ ABS, DNV 4%
[e})]
=

5%, KRS A% A 2Ele] Atulalo] A 8p(wre mzu= 3%)2 X 3}ahA|
s tAS da, FAHORE [EEE 519014 W vt &S 547 Al
Fata dom, A mxy g ofgiA g o] FAHL

>h
k=32

l;{l

x100(%)

o] wlol W7ol w3t PIM dWE A&, ¥ AHA|, Active Front
End(AFE) 5¢ W& Abgebd iz £AE 23

X
o
fr
:?L_',
i
ot
4
X0,

_25_



1.4.1 g qE Ax
nEs WA $5 1 S0 wR dUEE WAt 499 YIPsE 2

A Fomm AR nEHE AGAZD F v, B g 0y

2ol AHF A
AF7F HA @Al aF AT AN dol AV #EAGS AASte] izt
£ Y § I

g NE o] o] &2 7HF Agsta, A7t olstAwt ggo] wWrh
1.4.2 &53I8 AX

.q:

I Az To] HAYARE x5 AlA o] FE A9 duusel M
Aued o] nlgo] wal HHrhs A7 Aok, FAol zhdsta, HE 2
BE7E olaty, A7 ARt ddH o A dMds FHo| oY
3L 3717 s A Wetet e g AN avE vt

1.4.3 553 A3

AFE 2o 7Hd & 5AES ARLA7E FEFgoR dAYdde] JhsstEs
a&o] vl Frhe Aot AHAALAR IGBTE AHE-ste] 9 =
o BAS AEH, AFE Unit o] BHE ol &shd d 129 &S 5% ol
T U=E A Ut

.5 YAe] W7l (Phase Shift Transformer)

A $]4FA o] = SCR(Silicon Controlled Rectifier)S 7IWFO 2 3f= AW
ol =ghEo] ARREM, AHHASt P EAT A dojur] wiZd
o] S FAste] AHE AlofstH, AAe] xS

¢

Md

Ed

i
ok
>

0]
AR

_26_



2. Propulsion Converter

il

1

o O
T

Fal Assk 7174 B A7 E 2] ARgE X AC e 7]l A

S

£l

o Slo] £= B EF AlojE ¢

Cyclo—Converter 2} PWM AWE 7} A}.

as

<

1

s

ol
AC-AC

==
K2

1

bol oholu iz}

AW E

°©

T

0
pal

o

-

ZiH el o
RN
Cyclo—Converter

T

9
pal

2.1 PWM AWE

[

il

3FLfe] SCRo| ar

<

(=L

°©

)

= 198 Axsee] 2%

SCR AMg-o.2 Ao

W
B

—_
o

of
an

o

z‘sl_

32 FAdo] i

=
T

1

s

t}. Cyclo—Converter

=

?ltﬂEil?‘oﬂj‘i “gi\_ %% xﬂo{éé}g;_z/q 3_7]9/}_ _zr_zq_

<
T

Els

@ol Agstar vk, PIM AW E =

i

il

=

=

Ho=

.]

S
Tl

=
T

]

PN AW E ol

38 PM A E
AREE L QLT



SR

1913 P AW E e 4 53

=
T

]

2914

714 5 o

Zéz:ﬂ_*r

M=

g 9

7t e
i A,

3|

fiES

a3l M e} o] Hx F

< steh. PN A HE <]

Al

o] WL

| g

o
1l

’

FE(Z

=
=

25 7F wh

=

2:9]

N

M

1
T

SCR, GTO, IGCT % MOSFET —z¥]x IGBT”} ¢it}. SCR, GTO, IGCT

A=

Aol Aa, £w7b we

M

1
T

£ MOSFET

49

’

o] A3, HE7t =2

POERES

o gAeld 7 %

B E

he

M

[GBT+=

file)

A

_28_



il Q1B E o
5% Wl vk

I3

Diode Front End(DFE)<}

=

[

0
0
0

.

=

}

9
pal

s
a

Imverter

glof 7]

1

T

=

=

A4

€l

5

SR

1 AAw DC A2 DC Link
O Link

&7 4

1.

=

7
1914 P AWE 32 %

J

!

SRR i B
H

[e)

Jo g 12 H29 24 H tho]o = HEIX|(Bridge) A]Z~H

Rectifier

o—
o
o—
H

1

PWM A B ol A
Active Front End(AFE)

14
FaE . DC LinkHF-oll A 9
A AWE A7)} H]&

2.2 DFE & AFE H|x

2.2.1 DFE

(Fault

E

3|

)AO

J %

o]

1
s

S

7FA 2T

=

=

7

=

[

Current ) 2]

71

o
S
i

ATt

o
P

0
paA

3ot

LHERL a2

=

bof of

S

s
=

R ES ERE
DFE A|2~Hlo] 3] =2
— 29 —

-

#¢)

1%

S
Tl

IH155



ACBus1 Q Bustie ACBus2
| +

-
7 il M

o L
Goh S

22 DFEQ] 2ol d Foll A &3
g nxy QFES ey Y&l 12 2 DFES] A -

=z
sta, 24 W2 DFES] A% mEsH BEE AESHA Rohw Wk

_30_



12 12 =2 DFE®} 24 =2~ DFE H| 1L

-
It

n X T ol oo ~
- N- : - i)

X o < % P
>~ 5° o Mr . N <
= o ~ g e o -

(3 X w T o

& o ! R B

= M = o o | { ~

<] N xR o . §s
X —~ ot . ©o

<t

S e BT w m- ol
Bk =l Lo (3 < K

- o B — ) -
m oo . i ﬁ W - A A mw
TR O w = o iy N
TR X0 T Crllen W
= M oEK o T~ oW N
ﬁ o N W I W m ~
T o0 o N 03 =
. B T e by T &
N = X ) y AN 4 N
T 5 Vo i3 N < B
= N — 5 ™ ol s —

€3] ~N frze) w &) 17_A| ZO X .

= al T W = , e
o = = o A 5

<] ~ w s AT T ED B =

. v T Lt

B v o Nd NN il o =
—~ ™ = S N © N W.a

[aN] X X ﬂ S -

— ™ = < - Ot =
Y Boor =g ~ A Mg
™ 5 X o s 2\ K s =

w = : N L o~
o 5 Ay = TET . | N2
o B fT % T % M E T OB g M
= B N T oF o o N ™% e S X

B

Ao R

s

H| 1l

24 A5

ol
=~

, 12 92

Ea

132 6 4

-
it

_31_



A ) 7 11 13 17 19
638 2~ 17.5 11 4.5 3.0 1.5 1.25
1289~ 2 1.5 4.5 3.0 0.2 0.15
248 2 1.5 1 0.75 0.2 0.15

19162 24 2 DFE Al=Hle] 3|2 kolth, 2 X 24 H F37]E MY
(24 Pulse Transformer), A% 7%17](Pre charge supply; DC link
X 6 H2 A7F7](24 Pulse Rectifier), 75 A (Drive Earthing), IGBT <!
B 29X (IGBT Inverter), &% ZH (Output Filter)® %o ¢

| (4xGPulse Rectiier)
YvYy i i
| b :
‘ i b Output |
‘i:@f ' fiter
| i} 0 i
24Puse e
transfo:rmer L3 ( M
4 i By
| Il Topulsion
— Motor
i =
iPrecharge Diode frontend IGBTinverter
- supply |

1916 24 2 DFE A28 3| 2%

_32_



9178 AFE A)2"e] Fzxo|ty, a8l ZE(Grid Filter), 2 X IGBT
SIHE =YX (IGBT Inverter), A% 7%17](Pre charge supply; DC link A%
=), 7% AA(Drive Earthing), =% ZH(Output Filter)® A% o] Slt}.

...............................................................................................................

i IGBT nverter (GBTinyerter  Machine

i reuits

| DC link |
w i i

o Pre i

| filter R charge Iyt Output

u filter !

| Y | e I 1§ | ;

l i i +

—Be & o

| iy L [(y1y B

| fopulsion

| hﬂ by [ L M ]| &

O LR [y %u -

TIHI18 AFE Al&He] FAEE vEkY. A 542 e 2o



-7t 919 BEe ¢l Agdola, 1718 My BadkA e
- 7} 99 B2 A A3 Alxdor FAHAT

-7 99 B5e wxy) FEe A FAI2E 7 Ao

- Bl e A9 AFe HER d49 5Y 228 o] gate] T

Busfie

Port @ @ @ Starboard
AChus 1 AC bus
s s i ow i o« | ] . K & 1 S
11 | 3? | 3;7 | 11
-5 H% H% H% N
] QO o
- ‘ $ 3
: ) | TIIE TR

fﬁ W )y ST i |

fﬂ \JH \ Js il il

/ Ou) O 1 1

/ b , "-;, 5 :.\ L ,"' "-.‘ ;
PowerBlock o R : . 7N :
In 2 cubicles @ @ @

1918 AFE Al2=® A%

_34_



r_‘i

l «\‘
Controller

PECe | . '- DC groundlng
switch & DB

Cooling unit with Terminals to DC capacitors Termina_qls to
standbhy pump transformer machine

1719 ARE Al~® AWE 34

2.3 IGBT AW H

Insulated Gate Bipolar Transistor(IGBT)+= &< Atshet wt=x] AA &}
E WA ~H (Metal Oxide Semiconductor Field Effect Transistor, MOSFET)E
Alo]Efo] W2 33 ERxAHE et A8 2z o)A On/0ff7} A
e AVIATE o He s A9 o] Jhedk WAl Azto|th. AREA

o NEf, &Y AY Az go] A M 9

_35_



The IGBT unit 2|0l E 2 sOlC) 202 Zst Mg A Hst 40 ER S
: 4ale] B pc/bc AHUE

2 Press pack neutral
3 modules = 1 inverter pointclamp diodes.

SE AWK U0LES 0|85t MY W &K

1220 IGBT Q1W €] A+

2.3.1 1.25KHz 9HE £9H
2 Aldlst BEJL ASED, AME 4% Faesl Loskizd A5e) A

-

P s gyt guh 9 adEiE Aelst "ee AgEHd

1w O

1.25KHz PWM QI E] WEte] ANE Wi, ol I >2= HAFE e,

v
1.00K

Fswitch = 1250 Hz

050K |-

0.00K

DSOK | mmmmm e mmmmmmmemmmooeo o

-1.00K

WRC1a)

600 .00
Irms = 163 A
<00 .00
20000

LT T L A T e T e e B £ R e L - o b o e S S 0 S VY S S T ) S B S L S T A S () i A o sk B

-200.00

-400.00

-600.00 . L =
12000.00 12005.00 18010.00 1801500 12030 .00
Time (M=)

1921 1.25KHz QI E 29X

_36_



2.3.2 2.5KHz QWE 293

Zel ARlsh BE ALGE T, e 2E Eugrt 256029 3] A
Mol s agozs goh. 9 adEi Alls BEe] AgE A 2.5k
PIM QIWIE] e ABE BT, oY dlEE AFE Uehdr)

W Driwve W _Prim
1.00K

|| I!||I|IIIII||||||||||IIIIIl T ooz IW
| 1

- LT ““‘~-| ||

¥ Lo SEEERE LS S SIS S e s PRI S SHEE S S e s s B

5
2

-1.00K

WRC1a)
200,00

Irms = 50 A

e N Y € e

L e - B | R . o e I B

-200.00 - - -
12000.00 18005 .00 12010.00 18015 00 18020.00
«

oleld Wgel AYolA ¥ WH Fugvt e AL FelFel,
o wE T Age fEaAe 2718 Fo o Ao ANEE ALY

A7 =T

i

N

2.4 Propulsion Converter Wl @ XA
Propulsion Converter W29 24 H~ DFES} AFEE H|w HAESF Ay 1%
g} o= Aol vrar, HH] A EV) o FEFa AX]Ado] Bo]sk AFE

_37_



[e)

=

Al

A e

o

Aol frelstet.

314 DFE®} AFE H] il

g = DFE AFE
1) 2 x 24 "H2 Fx7]8 W 1) 2 x Propulsion Converter
o}7 i i 2| &
= o ] 217] (Sine Wave filter #|2])
2) 2 x Propulsion Converter | 2) 5 wj&dyt
3) F vt
THD AFE Bt} &5 DFE Xt} ug
= = 28,000 kg % 20,000 kg
g SR WS STAE ¥
25 ST WS STAE ¥
I EA R R NI E =& NI F5
Zal 7k AFE Ht} @& DFE ¥t} %2
+&4 R A
A A4 Uh AA F7F4E48 A= g0l

3. Sine Wave Filter A& Wob

Propulsion Converter®] Sine Wave Output Filter 7]

E5ade] 28 Weke AEstux ).

3.1 Sine Wave Filter

e =

A

_38_

o

o= %‘O]—El’

o 5



A drk. o] & RSA7I7] AE gE 7lEA ) w3k =
Sine Wave®] & A4S 918 thadt 2ol AREH L ST}

- AIWH7E B% FIgddA s Al JAWMEe dE7] Alelel Sine Wave
Output FilterE A}g3HC}.

- AIHH7F Bop w2 FaedA Asd Al JIMEeE ds7] Akeolel Sine

Wave Output FilterE A}g3Hc}.

op
%
rO

3.2 Sine Wave Filter &
Al Y S A8 He Fubae, WY ¥ A, &4, A¥E A
7], BEE A Ak A8t =

229 $4L sfefo} G},

ARl BEE Ade] ¥EF A% B £42 8] 99

¢

ot

2 o &vEY HE7|E Ao o & A5 7MY Bo] A&¥H.

ARRITE AE & A &otA] &S A5oe A9 ARl 95 98 <IHH
o] Supply & Machine Bridge7} =&

= Ho]l gltt. oJ& E9] Propulsion Converterte] Supply Bridgeo©l

1.25KHz, Machine Bridge®l 2.5KHz =914 F3+E 483+ H<to] i},

3.3 Sine Wave Filter AA

Abelsd ZFAE &l Sine Wave Output FilterE A x| &t= Hetal Av g U
o Supply & Machine Bridge7} =& F3rolA 293 & 4+ JEF A3+
el B g Aol

Ak I B ¢} A% 7] Alolell Sine Wave Filter AFRS 1z u} whbado] o

r-°£

SRAQ sAe] WA o, EE AFE YA AWHE Ageluz 1

2]
Zub oSl 93k Ao M @A oA += Sine Wave Filter= A-83F4 &
S Aolt}.

_39_



4. A7IFH Aol W4 AH
DFES} AFEES W|:l 7 &3 Ay} 24 F DFESH AFE w2

4 nE
At 7)Eel BEshe AoR AT nx R Aol F o Wi, %

Hl AZ &7t som, S8 AXAdo] &old AFE BAS dEste Aol #¢
A=
ol el e} A% 7] Alolel Sine Wave Filterd Z-golf= %7 A4 A

A aigshA] g Aoltt,

c

™
2
2
ol
1>
rx
o
i
=)
=2
=)
i

MEFAQ 2 19237 2o,

POWER AFE DC Link Inverter

Controller

Propulsion Converter

%23 HW71%A Ao] WA TRE

_40_



V. 0EH 5549 129 4%

ol M= IGBT HEiaats A= PIM A F719 PN 2 E 9] 3125}
EA4& 4183, AFE WA 9] Propulsion Converter& 483k tf&2 5449

A71FRA Aol tste] A azst djs 2S4S F Al BAEE AT

Converterel whsto] RElyg B AlFeo]dES koL, A5 HA A

1. Propulsion Converter Ed@% 2 A|EF oA

AlEe ol del AR dhebulE gk #1659 Eot

315, AlEE ol AgH etrlE

TR A7 A
At 690V
A9l w) el A 0.5Q / ImH
DC Link C 200uk
i ol s e 38Q / 50mH

1.1 PPN A7
PWM 7871+ IGBT ¥+ MOSFET®} & d¥E& 29A& Ab&ste] d2~ &

aly

A A%E P ARIE ARE PIM AR uY g ALY ok A
G 21719 AR AE S5 GF Aol HopAAl Ho] o] gHel I &

e S, o SAHoR A& FFTlel ddde] w2 w@e =

)
[

[
jincs

_41_



nE

O

X

o,

—

m=1 <

oiae G

ﬁ;

1<~ mol]

X

ks

PIM F719] Z71Alofu] N

A,

I PSIM

3|

PN A5719] A

K

1
s

gk, 19 24

35

PN
T

=

ol &3kl AlEeeldS

g

Rk

ﬁEﬁ g@ g@

o f\/Lﬁ@
f\/Lﬁﬁ

&

f\,fo\l"‘t

Carrier Waveform

T1924 PIM AR BRE

_42_



0.02
0.0z
0.0z

0.025
0.025
0z5

0.0z

0.015
Time (s)
0.015
Time (=)
0.015
Time (=)

0.01
001

0.005
0.005
0.005

WTHD

WTHD
ITHD
ITHD

s00
600
400
200
-200
-a00
-600

0

T

K

K
ol
T

)

B!

ox

B!

Eh]

_43_



1.2 PWM Q18 E
PWM QIHEE DC AYS AC Aoz WM3lsly] 93] IGBN(EHEL) =

IGCT(HAHE) ok &2 d98 293 2245 AT

1326 PWM W E I E=

5=
ol
rlo
I
o
N
=)
L
v

Ak P I E o) 3 dgF R AR

_44_



WTHD

oK

ITHD

0.015
Time ()

00

400

ITHD WTHD

0.015 0.025

Time ()

oK

1927 PWM Inverte

Parameters | Other Info | Color |

Squirrel-cage induction machine

__welp |
Display

1 |
0.015 ||
1.48m =

Mame
Rs (stator)
Ls {skator)

Rr {rotor) 0.06 |
Lr {rotor) Jo.z3m e

[gm =
. =
e =
e |
L =

Lm {magnetizing}
Mo, of Poles P
Moment of Inertia
Torgue Flag

Master/Slave Flag

0018 0.0z5

Time (=)

=7 ol m =R
r =9 494 2 AF7 39
THD
Fundamental Fregquency 6.0000000e+001 HE
ITHD 4 6154457 e-001
W THL 14119557 e+000

1928 PWM QI E HAH A

A shepolE 2

_45_




XL

e
T
ol
ed

o)
ofy

w
N
£

19 280 A

% o

de HeErAT.

2 ¢l 5% o] =

0.46%°]aL, 7|

o

Propulsion Convertero] A PWM 4

1.3 &4&

7t AA ARl HAE7]

W

%!

=K

690V
60Hz

1,200KW

173 24

-
it

TH

0
Nhu
N

O

4 2npe] sebole ghe

0.8

16%

AFE
2, 000KW

_46_

A7) 2




®17 A B o)A AFEH AR Feg

T AR A

L2 / R8 180uH / 64Q

R5 / C5 0.1Q / 65u4F
L6 / R6 / (6 60uH / 4Q / 254F

RG / CG IMQ / 2u4F

L3 / R18 180 uH / 4009

Propulsion Converter2FH<e] &= A2 d1x3lo] =9 UQlo] #r}, o]
azy S 93 S5Us| 2= 19299F 2. IGBT TM1¥ IGBT TM2 &E A}
o] DC Link= FAd=o] drt. AYE= A4 LC Ao 93] wf{ L

n x| s zule] ordsre Az7ks 42 9l

GATTI GHT TH2 Indnction Motor

i ini e

S

71729 Propulsion Converter izx3} 32 wdl

_47_



440V Bus+

_48_

A71F5 Al aghe] aznt AAEY 24E A8 48 ETAP ZRIWS o] F
o] Al EH o)l AS 4339 2 | Propulsion ConverterE 2 -83F 1%y} af 4]
< 9% == 19307 Er.
Gen1t
1200 kW v ﬁien& kW " ﬁiﬁ"gg W ?eng
) ) ) 3
28
E%ka ‘ ‘ 0.69 kV ‘ ‘
‘ | T
- )
J. > }
T ol T3
A 1200 kVA AY, mw‘-’“—’j 1200 kKVA
E EBE
Bus5-1 Bus5-2|
0.44 KV ,,;.:Eﬁ pic| 044KV _|
)
] 3 3
Bus3 Bus4
0.69 kV [I.BQKV_
M0 500 kva %H@ %E £ HUNPZ00 kva
Ym(f?a Y,ﬁ%
2000 kW 2000 KW
T30 TR S5 A7) AlaE nzd g e
4-Generator & 2-Propulsion -89 7 nxyt o & A& A
= 131649 AL, 690V Busw YE S 2.50%, =¥ S5 2.58%% YEFREOH
2.76%% 7)FXx¢] 5% o] WE KT w3t



Gent Gen2

1200 kKW Gen3 Gend
k4 ﬁa b ﬁgﬂl‘w v ﬁgﬂkw ¥ ﬁgnkw

i 3 3 3
1s ‘ ‘ 25 ‘ ‘
0.69 KV 0.69 KV
| . —— .
y 50 £
Y §
ML Xl \Jw T3
FA'S 1200 KVA &Y, 1200 KVA
B
Bus5-1 Bus5.2|
0.44 kV 2% pic3 plcd 0.44 KV 206
§
) ; )
Bus3 Bus4
0.69 K| 0.69kV | 285
25y
440 Loads LUMP2
200 kVA o=y % 200 kVA
1 1
| ]
i ]
¥ ¥ .
Mird
2000 kW 2000 KW

713131 4-Generator & 2-Propulsion & A|&EdolAd A}

b 3183 At

Of

9 AlEE ol el e A

il

g

18 4-Generator & 2-Propulsion <& A|Ed oA ZAx}
T A nzx9 &
690V Bus 1 &5 2.50%
690V Bus 1&5 2.58%
440V Bus 2.76%

_49_



242he] st A5 AHEY S I9szel4] 134 2o,
Specirum

Bt ]

Uifage Spectrun]
8]

1 z E 4 =3 =) 7 = :=] 10 11 12 13 14 15 16 17 18 19 20

Harmanic Order

Specirum

5= 0 000 &)

Uifage Spectrun]
8]

& Fma o 1o dJanaslis 15 18 17 18 19 20

Harmanic Order

1933 8= 690V Bus 1Z 3y A EH
Specirum

B FcS- T 0T R

a

= -

=

£

E=

= 2

=

=

= k3
Q

1 z = 4 =3 s 7

= o 10 11 12 13 14 15 16 17 18 19 20

Harmanic Order

1934 8= 440V Bus 1%y A~ EH

14,

_50_



3-Generator & 2-Propulsion A|Z2®le] A 11z%3 & AlEHoo|A Ay
Y35l A9k Zar, 690V Bust ¥HESF 2.55%, == 2

440V Bus+= 3.73%= 7]5X%|¢l 5% o|HE EYF w35},

15 28
0.69 kV 0.69 kV

‘ ‘ 235

3

) 3
T 13

fix 1200 kVA iy 1200 kVA

2]
Bus5-1 Bus5-2
0.44 KV i pic3 picq| 0.44 KV a3
3
| é

J
Bus3 Bus4
0.69 KV 069KV | 256
256
440 Loads LUMP2
200 kVA H@ %H@ 200 kvA
ki i v O

Mtr3
2000 kW ghggg KW

718135 3-Generator & 2-Propulsion A]Z~® Al E# o)A Ay}

9 AlEE ol el e A

il
ol
Fﬂ
S
L
v

el s

19 3-Generator & 2-Propulsion <& A|EdolAd ZAx
T = THD
690V Bus ¢4 &= 2.55%
690V Bus ¢4 &= 2.86%
440V Bus 3.73%

_51_



2}2}e]

Uifage Spectrun]

Uifage Spectrun]

Uifage Spectrun]

323 2 a2 aE360 4] 12383 7).

Specirum

N 5 089 RV

1 prd 3 4 5 5 7 B8 k= | 10 11 12 13 14 15 16 17 18 19 20

Harmanic Order

Specirum

5= 0 000 &)

Harmanic @rder

937 85 690V Bus LZ23F 2~

14,
[
juits)

Specirum

B PS¢0 FT R

1 z E 4 =3 =) 7 = :=] 10 11 12 13 14 15 16 17 18 19 20

Harmanic Order

1938 8= 440V Bus 1%y A~ EH

14

_52_



2-Generator & 2-Propulsion

1390 M oF AL

690V Bus+

440V Bust 4.04%= 7]=*%) 5% o]
Genl
1200 kW 1
Y Gf
3 3
1S ‘ ‘
0.69 KV
| —
3 472
L }
T
AY, 1200 kVA
Bus5-1 2
044KV i pmgﬁ
3 J
Bus3
0.69 kv
T 3z
iR L%?[‘Ill']SkVA %H@
el
Mtr3
2000 kW

= = Z =1 o
5 EF skt
Gen3
1 i
tf
j 7
25 ‘ ‘
0.69 KV
‘}
} JW
A
2]
Bus5-2
picd 0.44 KV

Bus4
0.69kV _|

)

Mtrd
2000 kW

713139 2-Generator & 2-Propulsion A]Z=El A]E#o] A

3T =

Zy7v o] azsf xpbad e
N s (069 RF)
o
.
g 7
H
5
£
- I
o T T T -
z = =

N _

s

14000 A 1429 Pt

Specirum

[

LUMP2
200 kvA

23}

=

10 11 12 13 14 15 16 17 18 19 20

Harmanic Order

A= 690V Bus 11Z3f A%

=3
=

15,

E

_53_

25z

1200 kVA

doq



5= 0 000 &)

Specirum

B8 k= | 10 11 12 13 14 15 16 17 18 19 20

Harmanic Order

1941 8= 690V Bus 1%y A EH

=
=
=
S
S 2
B
F
= a
o
- - T
B PS¢0 FT R
s
a
= =
=
=
S
= 2
B
F
= 1
o

Specirum

iz 3 4 5 oK SEaGie, 124605 15 16 17 18 19 ZO

Harmanic Order

1942 8= 440V Bus 1Z v A~ EH

A AlEeeldel e 23 sk ®199F LA

320 2-Generator & 2-Propulsion &8 AlEd ol 23}

T THD
690V Bus 94 €= 2.72%
690V Bus 94 €= 3.22%

440V Bus

4.04%

_54_




=
o
)

=
K2

o A4, LNG

Au))ell A thA arFolw(eF 17~33%),

U A R
koM gy A#T T o AT
Wi Ol
TR o =
®O WY KO ST ~ E
o o ol mr o S =
&O ‘WOU ‘m_% ‘UI ‘.Iﬂn_v” =K O#E
W L
MR ol AR T
B o o X
. 3
o N o Tg
MU o_g. g
%o oE X 2] —
~ oy A]M o Ak m =
*m 5 (W RS
_ K —_— +
N LA,O N Ry £ 2
EO —_— wl m o—
7o N o A= S

" * o= S
Nfo T %Y =
Ry o | \ T
AR s - T
= oW B 2o o
‘w m;A R ° A HO a
o| ~ o wm o - 5
~ >AL O = Tr o —
ROXO - K° X e
_ Z..#O HT ) Q
5 0 ur N s g
o R L %o L&

vy for T ®
A Nfo
o B

2 ) oF g W

s 5oy (B ~
M.VJI o LX Lt ,M Z,.# ‘N,._ ‘ml
z m N T OROH N
o oF oy T N o s B
T - R s wu =

UT WAl U.fv ,.LL ﬂAIL L:o lar
S X o
BT T g Al X
Mmoo T ~

3 A

O A~
T

Fol ol P

<
=

Aol

[oiz
=

o} A of

=
T

Propulsion ConverterE A%

T

0
pal

=1
H71

°©

17

=

[€)

oAlA Azimuth thruster®2]o] Propeller®2] Ht}

of wa} AEE HEV} o]

A %

2 vepton,
5718 T

2 YegA e, AsA B-o| A= Azimuth Thruster7F 2

o



1

s

1 5% ©

3

8

At

=

AFE W21 9] Propulsion
=i]

1

s

]_

S

&o| IEEE 519

o

B3 AAE o] &3 PWM AF7]9 DC Link, 18]3 PWM SIHEZ A4y

7] s 2

%

&

-
ConverterE %83+ t}

Propulsion Converter

o
TR
i
o

ol =5

el

Alr

diolg 2

T

9
pal

AlE o]

—_—

N

_56_



N o =
ZaEd

[1] Agrawal, J. P., Power Electronic Systems: Theory and Design,
Prentice Hall, Upper Saddle River, NJ, 2001, Chap. 1.

[2] Baliga, B. J. Power Semiconductor Devices, Boston: PWS Publishing
Co., 1995.

[3] Bose, B. K. Modern Power Electronics and AC Drives, Prentice Hall,
Upper Saddle River, NJ, 2001, Chap. 1.

[4] Rashid, M. H., Power Electroniscs Handbook, 2nd ed., Academic Press,
San Diego, CA, 2007

[5] Hingorani, N. G., "High-voltage dc transmission: a power electronics
workhorse," IEEE spectrum, Apr. 1996, pp. 63~72.

[6] Malesani, L., and Tenti, P., "Three-phase ac/dc PWM converter with
sinusoidal ac currents and minimum filter requirements," IEEE
Transactions on Industry Applications, vol. 23, no. 1, pp. 71~77,
1987.

[7] Malinowski, M., Kazmierkowski, M., and Trzynadlowski, A. M., "A
comparative study of control techniques for PWM rectifiers in AC

1

adjustable speed drives," IEEE Transactions on Power Electronics,
vol. 18, no. 6, pp. 1390~1396, 2003.

[8] De Doncker, R. W., andLyons, J. P., The auxiliary resonant commutated
pole converter, Conference Record of the 1990 IEEE Industry
Applications Society Annual Meeting, pp. 1228 ~1235, 1990

[9] Divan, D. M., The resonant dc link converter: a new concept in static

power conversion, IEEE Transactions on Industry Application, vol. 25,

no. 2, pp. 302~316, 1990.

_57_



[10] Enjeti, P, N., Ziogas, P. D., and Lindsay, J. F., Programmed PWM
techniques to eliminate harmonics: a critical evaluation, IEEE
Transactions on Industrial Applications, vol. 26, no. 2, pp. 302~
316, 1990.

[11] Holtz, J., Pulsewidth modulation: a survey, IEEE Transactions on
Industry Electronics , vol. 39, no. 5, pp. 410~420, 1992.

[12] Trzynadlowski, A. M., Borisov, K., Li, Y., and Qin, L., A novel
random PWM technique with low computational overhead and constant
sampling frequency for high-volume, lowcost applications, IEEE

Transactions on power Electronics, vol. 20, n0. 1, pp. 116~122,

2005.
[13] o1, “d=di &8 7= axve]s 5 oy, A58 iz sy
oo 7o, 2010,

[14] Andrzej, M. Teznhadlowski, "&do] = dztzst" shdlnu|to] 2011.

[15] 53814, “AVleed2Ab oA, ZAlg&iol Aled: Ausd7e”

[16] BF=, “A=HAEe] axsh oA 7j=,” d3bd7] 995, pp. 42~53,

[17] A5, oled, M4, “A7IF3dS A% axak Ao Ate A+,
etxAes] SH=EF, 20083 99, pp.38~45.

[18] CONVERTEAM, "Electric Propulsion System Convert & Motor",
Presentation, 2009.

[19] ABB Marine & Turbocharging, "Project Guide for Azipod Propulsion
System, 2003.

[20] http://www.abb.com.

[21] http://www.converteam.com

_58_



	Ⅰ. 서론 
	Ⅱ. 선박의 추진시스템 
	1. 추진방식별 구성 및 특징 
	2. 추진방식별 성능  
	3. 추진방식별 분석 

	Ⅲ. 전기추진시스템에서의 추진기 비교 
	1. 전기추진방식 구성 및 특징 
	2. 전기추진방식 추진기 특성별 성능  
	3. 전기추진방식 추진기 선정 

	Ⅳ. 고조파 저감을 위한 전기추진시스템 전력변환장치 선정 
	1. 전기추진방식의 왜형파 
	2. Propulsion Converter  
	3. Sine Wave Filter 적용 방안  
	4. 전기추진 제어 방식 선정 

	Ⅴ. 다목적 특수선의 고조파 예측 
	1. Propulsion Converter 모델링 및 시뮬레이션 
	2. 다목적 특수선의 전기추진시스템 모델링 및 시뮬레이션  

	Ⅵ. 결론 
	참고문헌 


