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(A Study on the Effect of Superconducting Fault Current Limiter in Power System with
Separated Bus and Superconducting Fault Current Limiter)
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Abstract

Currently, separated buses were increased to limit a fault currents in power transmission system.
However, separated buses caused bad influences such as a decrease of reliability and stability.
Superconducting fault current limiter (SFCL) was proposed to limit a fault current lately and that has
many merits beside any other solutions. Therefore, we proposed the install of Superconducting fault
current limiter (SFCL) in power transmission system with separated bus. And our proposal was

verified by reliability of power system.

Key Words : Superconducting Fault Current Limiter(SFCL), Power Transmission System, Distance of Relay

© FAA AW B AN TR A
s DAL A A7) Y g
* Main author : Masters course of Electrical
Engineering at Soong-sil University
xx Corresponding author : Professor of Electrical
Engineering at Soong-sil University
Tel : 02-820-0647, Fax : 02-817-0780
E-mail : jckim@ssu.ac kr
Aedzt 20129 109 31
1344 02012 119 29
AAreb R 2012 119 269

D

GABe 5 YoEag Hh AR o2

AF7 S7heke

>
N
)

{i mj_l
ox
ol
ol
2

X R
o3

[ e
ST
Loy

Lol o

N
lo
o
Jo ¥
e 2L
¢
£ op
U
w M
2 P
off X
lo o
ofL i
“ ol
o S10
=2
E i
ok %
NN N
yo, 1o 4
KT

Z, o
2
Jo
o
¥

32 o
o
2

— i 2o [o

Mooz B

(

o3
)
=i
( r_ln
2
ol
m
%
<
=
o
2
2 o
"

rx
L He
o
)
o
ofe
>
L
N
fl
1o
3
S
o o
ox
&
4
)

o
>
2

1)
At}
[ M
L
£y
[gt]
g
ofo o
z,
ol
rO
it

a3
ox
oft
1o,
x
o
T
=
B\

o T o=
rt
O

ox T olo
=)
o
P
>
k
rot
b
N
rlr

i B
)
K
_—)‘4_1‘4
1o

_

Ol
L
et
u
o,
0%
>,
=2
rir
jale
)
i
>
il

o
Ry
%

2L S oo
lﬂl%‘
ME
© &2

(IR
2
otk

Lot gy

2L g oy koot 1 L
>

Ll b1 o
=2
2
P
r>4
—_>‘4—“4

1z o=
ox,
>,
oY
0
X

Ju o N
offt X

%
o3l
Ju
il
2
AN
=
i
v
i
k
o3l
)

2

Journal of KIIEE, Vol. 26, No. 12, December 2012
Copyright (© 2012 KIIEE All right's reserved



N

(o

Fgobsol nlel o] Q] Wt Hriyo] et
AT7F A ek FA7AH] 0] 2 T
W3 A= 229V e AlEel A8 B Aot
= o] Hdet. 1yt AT S $4
SolM I 3Pe] HRAa o] 2 I AT A%
3 A diFERITE aes S AlEel =
7S A88h7] 7k thekdt A £

22
Moy

_

OB T X AN 2

™
Ogﬁ-"
ol
9,
£
—_
ﬁ

e
» i
e
flo
o
of
b
o
)
ol
2
P
2

¢
ﬁ
re
=
i
5
of
2
N
of
b =

B ok
=i

N
g X

—V*Ho 2

i o

L

odu ook
N

> o2 Mo

Ol
o

o2 op op ot
>
ol
k%
o
0 U
o
Lo
0,
QL
R

b &

o 3
ox
o
i
ol
2
v
H oo
N 2

ﬁd
Moo M o N o

ol M £ 1

o

MR fo X Y Ho

o3
=
=il

N

jh)

[o

H
ot
ok
2
o

§2 It
o~
2,
op

ol
ol
dB
:‘_]‘
.
o
fo
2
ol
ol
ol
lo,
y
(S
fui)

o, o ol K ) o
cft
z

e

Ay
et
fru
td
[
S
ACH
Mo
N/
B
=2
N }-}Jt
2l
k
N,
> o I

oo
offt
ol
td
rx
r2
X,
Yo
2

)
ft
ol
ol

AL S
m)
rt

K
o

mi'i o rob o 2 I

=

Uﬁ o,

oF

rO

10, ol

Jo

ol

o,

o

o

i

ol

ol

32

o
ol

2

2

2

o

S

N

N

oo

o

!

-0,

ol

i)

k%)

2

S

=)

B

N
o o
>
o2 —
0% P

: T
o\-)t
Fﬁi
é

iEZiE
2

W] Qe Wb} s T
C B2 ukA JRsA]o] EAsiel 1y
oAM= olefdt A LA 7Fe Aol vl

2o 22 7Y

154kV A=HAIE ol =
ZALT 357 ALA FIe)
o] PSCAD/EMTDCE &3l L
== :FL@]_O}ME]'

e SlR 7)Ee) o A& 6}91 Bus; 7
Busy/h AR 37 BAIR Ql5to] wA el &
A 95 7Pgstar ok ®2o] 3= el AL

%1 - A7) =EA A26d A123, 2012 129

39 T2 AN ol 1R BYoE Q)
A Vg 2 AFE 2] ol

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

Jgl 1. RRE 32
Fig. 1. Modeling circuit

[ :cs
AL, : HTSC

~: CLR

| Y Y Y|
a8l 2. =M sRVI9 7
Fig. 2. Structure of SFCL

o] B|Rol|lA AFEH 2HE IF7E EdA FeY
A% 37715 ARE sl 2d® dhgr]e]
< a9 25 FE YERIITE 7 BAA] 7]
ZAE /\ZHHTSC)E A% 4%7} S2A Hi x
T A

R () 1‘)4'

z;ﬁg iX} kol A= = A7} F2Ete]
A% AR T2E WFHFE ATl o)F §
3 2= 2xE BEdh 2% 7o dad
2 TS AR E AR 0623 2] HE (Zow)
j05QE Zhom A ® gHF7] A8 fixel] we daF



[t
320
Mo
ACH
Ho
o
of\
ro,
=
E
Y
off
9,
b
L
k1
ok
=
N
2
ofo
fols
)

I G5 gRlsky] flete] A= ol A8%= 19
AX e} Bl tie FElE AE¥= 28 YAE HE
o] 4S5 sk

A%k 7] A8 AAIA7 Y IRlst
7] 918t Line ol ABAIA71E A8 2 Line
o] T ol 16kmelth 1elRE ARAIT= A4
A 5ol whe} ek Afar BAA] Zone o] 4SS Busi =
H-E] 12.725km7HA] 7F H ek

P

f

N

3. AME PHEI| Mg Tt ¥ ¥F

31 0% MR ML TY TM o I}
5% HE

7 3 B =RolA sbgeta gt mo) B2 1

S AT AR o s
W 713t o] 34wt g WA Avtoln] b 2
DPARE S skl mA A A A

7y Allel] oiek 7Hd A B 1S

o) 72 Qlstel urle) JAR GBS
A5 7R Aol B =RelAE Ajwtr]e] 4
AHERE AR 714

E 1. 2ZH Al JFE Abe
Table 1. Situation of each cases

7} Ahg
TE
A A ZHAE FFIN(HA)
Case0 A A ] A -8
Casel 2= ] A&
Case? A7 281
Case3 AA 2 8-(2)
Case09] 17gAF A g x| oF4kA=Z 27]9] 4

= >
Aaha girk B4 oA AR AENE of 25kA
o 2718 nglow mA R 294 IAFE 2

gl 753tk

Fault
105 -

?f,Casst; i

: Casel 1 ; i
70 4 : feusel foms) caseo If(rms)_Cnse'l

e} 41[kA]

il \ U 25[kA]

[
a
1
— =

Current[kA]

o
L

-354

__<
<
[

-70 | T

0.25 0.30 0.35 0.40 0.45
Time[s]

18l 3. Case0z} Case19| & FHZ

Fig. 3. Fault current of Case0 and Case1

oA B Al & F A=A FoNA g F
o] F7F FAIE sAs] et B4 e 241
e A$-E Aot siA N B Bl A
AEe] AEE, MEE 5o FHAA FAAI o
&S gt o83 HHES Hosly] fld =
A A7 ERE FAEH AL 3FT] HES B
3 FAFE A7k Case29 495 7H4 3k
th 2% SF7E 1H A6 48 H3om o=
Line;®| Bus; @72l sid¥t wdd®/ 2Aa=
a9 4% T8 Yl addRE 2ax of
kAR 2AE 7] A8 FlA LEAFE

o=

AT A7 292 7R A SRR Linex©l
A% BF71E Hgajor BN ThsEx

S AL FFIE B tie FEHE A

oo L K1 oI
>
58
rl

Journal of KIIEF, Vol. 26, No. 12, December 2012



= 1% 490 Case2 A3Fe} 4 Yepl AT}, 2%
7ol AF A= oF 38kA°|Th Case3oll %= 74 H
A7) AAAGEF olstE AFHFIF AT
of A QA7 sl gl 7 stk

Fault
105

!‘ f Casel ¢ .
V\ f(rms) Case 1, ey
70 |
C A a 41[kA]
- I i i T1-38[KA]
< 354 A I - | | 11 31[kA]
= “
t |
£ i 1
3 0T \.v
-35 - \
lf,CrISFZ . t
70 : : : : e : :
0.25 0.30 0.35 0.40 0.45
Time[s]

12l 4. Case0, Case2? Case39 1z M7
Fig. 4. Fault current of Case0, Case2 and Case3

3.2 MEE PIIE T MY {=2F

P AT F7h AL Qse] wAl 2] £
Fol QA 2UE FFY) 482 T wAA
AR 7PsE St R olel @ Aete] &
4 AR 9lste] we] Aol tig e A
2% Po1E QYA Boh Aok E 28 Be 1}

Case0= 702 Casel ¥ A1¥% H7F A3E H]
A B B g ow s AEEs) SeE e 8
% 7Fs 8}t Casel©] B4 LGN E 2HL Fals]
o} Q= Agtelm T4 71719 FrE)Alzke] vilg- o]

02 4550l vlal 2% 37 A37t o9 s
Case0S 71502 Case2¢} Case3e] A= H7F 4
3} BlwA] kA Casel} 7o) Al w7} s123hs: 3
2 7Fs3siek SHAIRE o= Casel el vl&) vg- 42

TolH o]= %ie—:‘.ﬁlioﬂ A% FF7] LR
6* Aoty =W E 7] HEo = Qg A%

(o )y o

%1 - A7) =EA A26d A123, 2012 129

B 2. ME|= HI} A}
Table 2. Results of Reliability

RE

T A r U
f/yr hour hour
Case0 0.000048 120.6812 0.005861
Casel 0.48361 2078.54 90.290374
Case2 0.000048 120.6947 0.005861
Case3 0.000048 124.2238 0.006066

3.3 T BHRI| HEA HYAHXIIY

—
1]
[0

o2

AZAA718] AS G ol 28 %= 7717}
Hul 24 §57)9 vdze wg A% A
wE A= gke] Wk A Ads)e @Ry Qlud
27F WsksHA | of= AYAATIZE 2=
7] Agom el W= el A o 7hss
o eee aikg Wstel wE AgAIr]e] 2t
ANE A stk 2 ARl 2% SR A&
AR 1oz M= el 485 30S woln Hab=
1% 55 F3l YeEhUTE Zonel & 7102 AElA
A7) 7} v = Oﬂ?ska AESY .o Zonelo] A4
o o Aeatld AT o] 12725km7kA ot} 1

59 (v =A% 3HF7] HAE Ale] AjolH
125km 31787 7HA)= Zonel &) oz vl
;4]7(40] 743]7;]]z47]94 EXL oﬂ@jﬂ Lﬂi Cdg}oﬂ Exl
< 0}—; 13km _,—_r_X]—?G 51“: ?:1! [ PN ;]];Go] J_Eo}
& 34 sromz YR oz YH¥ol
82 91 s 79 59 (b A )
&4 Asolr). ek Avhel @2 Zonelo] F2 T
2.5km A3 3ol A dudz AF o] 72
719] F&ES el =28hA] fsto] 52t o=

@D

rlm 2)

B
O
1_4
O
-
Pﬂ
N
1_,

SRR
oy
—_



=
A AA71e] @ - Fg Ak A Al % 7|3k
7 Sk PN

4
doig ST E 2AE A5l A9

o =)ol Wet & - $EA gL Sojd Folek, 1
Hue $U7% Yol 2AE #57] 484 2AE

7)o fudAE aefd

Zga=2 HAch
——12.0[km]
—+—12.5[km]
—4+—13.0[km]
5.0 @
g
2 454 /
s characteristic curve of distance relay
E 4.0
¢ .:____“/’://
3.5 - .
5.0
(b))
o
‘> 4.5
2 characteristic curve of distance relay
3
& 40 -L—'\__’//
1
@
3.5

T T
0.5 1.0 Resistance[Q] 1.5 2.0

a8 5. H2[AHIEY SE
(a) =M 8HR7| OIFHSA|
(b) =M 77| HEA|
Fig. 5. Operations of distance relay
(a) SFCL not in circuits
(b) SFCL in circuits

4. 8 E

2 =dAe 1 Al 2d% ] A8
AT A A7E AF S7F 2A= dste] A
e F9F 2o 154kV AHAES FAste] 21
= 7] A8 el dEFe drlekitt 2= @
7] A8 ol A F S7HE A% Ao A
AR 23 ZAE 2 Thssiaitt = 24
= 3R7IE B9 A F Al sl 2 Ee
& % a2 WEY A= WA ¥ Fasta
ol& Rl AlFE FUHE oldste] YERITE =
A& F7717F AAS ARz vAs 932 v
fetAt A% 1S F3 BAAA &l b

= AE XAZH o
7|E7EAI | detoz =R,

References

(1) Kim, J. S, “A Study on Application of Superconducting
Fault Current Limiter into Large Power Transformer
installed in Distribution Substation”, Soong-sil Univ, 2009.

(2) T. Hara, T. Okuma, T. Yamamoto, D. Ito K. Tasaki, and
K. Tsurunaga, “Development of a new 6.6kV/1500A class
superconducting fault current limiter for electric power
system”, IEEE Trans Appl.. Power Delivery. vol. 8, no. 1,
pp. 188-198, Jan. 1993.

(3) B. Gromall, G. Ries, W. Schmidt, H.-P. Kraemer, B.
Seebacherm B. Utz, R. Nies, and H-W. Newmuller,
“Resistive fault current limiter with YBCO films-100 kVA
functional model”, IEFE Trans. Appl. Supercond., vol. 9,
no. 2, pp. 656659, June 1999.

(4) Kim, J. S, Lim, S. H, Moon, J. F, Kim, J. C, Hyun, O. B,
“Analysis on the Protective Coordination on Neutral Line
of Main Transformer in Power Distribution Substation
with  Superconducting Fault Current Limiter”, Journal of
KIEE, Vol. 58, No. 11, pp. 2089-2094, 2009.

(56) H. Kameda, and H. Taniguchi, “Setting Method of Specific
Parameter of a Superconducting Fault Current Limiter
Considering the Operation of Power System Protection”,
IEEE Trans. Appl Supercond., vol. 9, no. 2, pp. 135571360,
June 1999.

(6) Kim, M. H, Kim, J. S, You, I K, Moon, J. F, Lim, S.
H Kim, J. C, "A study of Re-Fuse Coordination
Method of Distribution System with SFCL”, Journal of
KIEE, Vol. 58 No. 10, pp. 1835-1841, 2009.

(7) Kim, M. H, Kim, J. S, Lim, S. H, Kim, J. C, Choo, D. W,
“Analysis  of  Transmission Power  System  with
Superconducting  Fault Current Limiter for Reducing a
Fault Current”, Vol. 2011, No. 7, pp. 718-719, 2011.

(8) Bae, . S, Kim, S. Y, Kim, J. O, "A Study on the
Reliability of Superconducting Fault Current Limiter and
Adjacent Distribution Equipments”, Journal of KIEE, Vol.
58, No. 11, pp. 2122-2127, 2009.

Journal of KIIEE, Vol. 26, No. 12, December 2012



O MR O

LT (2 #4)
19861 99 23U 4. 2011 ko) A

71
AArgstat 24, dA sAgSa ek

A7) F e AARA,
E-mail : surfnlead@ssu.ac kr

LY (¢ RE)

19834 1€¥ 2694, 2007 A&k
A71Fshd 91, 20099 A0 gk
A71esta S (AA . 20099 ~ & A
SAEa el 71387 SR,
E-mail : redwolf832@ssu.ac.kr

3= A267 Al123, 20124 12¢Y

LB (e B)

19739 1149 194, 1996 A 5o 7]
F3hat E<], 1998 & wiste x7]
FA FQAAD. 20039 5 dighe
A7l skat Q0. A s A7

J zale s

=T AT
E-mail : superlsh73@ssu.ac.kr

SE (e#H)

19554 749 1294, 1979 Ao 7]
sotak 41, 1983 A2 distal okl
A7) 8 (A4, 1987 & ikl
A71& st S0, 19889 ~ A A

AW A7)Fsty wg B o8k 7hAL
E-mail @ jckim@ssu.ac.kr



