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Analysis on Hysteresis Characteristics of a Transformer Type
Superconducting Fault Current Limiter
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Abstract

The transformer is expected to be an essential component of a superconducting fault current limiter

(SFCL) for both the increase of its voltage ratings and the simultaneous quench due to different

critical current between high-Tc¢ superconducting (HTSC) elements comprising the SFCL. However, in

order to perform the effective current limiting operation of the SFCL, the design for the SFCL

considering the hysteresis characteristics of the iron core is required. In this paper, the influence of the

hysteresis characteristics of the iron core comprising the transformer type SFCL on its current limiting

characteristics was investigated. Through the comparative analysis on the hysteresis curves due to the

ratio of the turn number between the 1st and the 2nd windings of the transformer, the proper design

condition for the ratio of the turn number to achieve the effective current limiting operation of the

transformer type SFCL could be obtained.

Key Words :
Transformer type SFCL
1. M 8

AsAor TR Y AGaTe 493
SR QI AHAF FHFTIR V19 A7
o $F57ret AeFAL 8 BAHE wER
G v J1EHQ dAE F8Es) A U
or A% AFADNL A 44 T, A
EHES A9 weo] AR UrH1-5]

AA7A vk Jeje] =HEHdFA 77 AN
wEQlon, FxAA F9, £FFd FHAA 7
Zte] gagol gith 1 ol AP Fx 4
A7t et 2@stel frea 53, e
o83 A9 §4FY A AFTFEE B WA

1. sAdsw MI|SEE
(MeAl ST ME5HT 1-1)
a. Corresponding Author : superlsh73@ssu.ac.kr
™LXt 2009. 11, 25
1xF A AL 2010, 1. 5
AAbetz 1 2010. 1. 22

Superconducting fault current limiter (SFCL), Current limiting operation, Hysteresis characteristics,

2 293t Zbesivhe s 7 AL
FEE THE AT adsel A3
AEe] dold JAMFE <lE FAAA
grol sjAslofof & 7jE® wol SITH6-8l.
Ay E oz, shte] s

o
o i

Moo orle bR Sodu o b

2
il
=2

2 e 25 2dE2AE AAEe] 2
Aol fr7lE= FRHAE 8 FAAAE
sk gerel AlRkel

ME Aol Add 1, 22 @] A
o 7A
ooty s

» ES 43
7ol gl el wAMAA BAS) Eahsh w
3 5

7
[e]

= T

vk QlTHB9l AehE W
= ]

ut = =
2 A A El
]

4

& A9 DAAFAD 5 pams @4l
WASA Hol ool U BAW BYEHARES
S5 A aFHw Yk

WOl WE o848 2UE ARAT
Aol mAA Ao slaHE s B4 BAGe
24 WY 2AE AFARINE olgete] 1
AAFE ALY 45 ARAT Fte] By zelo)



=

20109 2

3,

A2

al

=)

1

A, A23

RERE

=
=

A7 AAA

R,

Load Emu. XA nns 4w e e
o E d £ |7 |als - i MR E e -
o S %o m ™ 1 o op < OF o = XA w o
o o 2 I T o ]J.O],IETJl ps ~
%) ;onm ) m IM. e X X0 o 'N P Lf ,le_M e
T w E S | w|-gBlalnle] ME L B T we®y 7
o " =3 TGS 0 Leiaﬂdﬂio}_#o_ T .
e N 2 pe B g = = BN il d X
N o » 5 48 L 1d Fewm L TaT o
PR = SR Fle - T %o X A AgT eI o
Ea\T T o T < 7 o G+ I e
U3 = 5ol sl B M Tz RS
- = o = = ) = 7 P - N oA S H -
_ fges SR o I s B 0 BTy X
Q8 — X S I ol e e I I 7)oy W - T L SN o
4 % v =E|ERE Rk RN B
® _im. 3 w R ~ 5% T oo T - - [ T
c A .nm = <[] 0 K] = oo B o| mE 1 X
iR B S3 B | K AR EsErl W=
‘ 39 S = R N A B
e —F® 0~ . EZ I | IR PR K= BN A ¥
% > Lg w35 ] IR B oo &0 e op X0
S e 2 — — o < CE ™ & A
o w;LEW.J K N o & o ~ <N < ﬂ.o&ﬂ.W = ﬂﬂ.ﬂc
o = = |dlemlca®| TEZ . By T mas g o
NN |0 7.._._A|L,.._M B =0 (ap] 1_r/.£ 1Tﬂ1odl lap]
= . @ T % oE X = ot T T W I !
md ) Qo S = Nk = = o N =] ! nal
wf Mo Wo© ! LT ) op M M
oF X T W A T N oo
]
= gy W T = Ry o o o = .
o= dﬁaAdm M%?Mm%%@%%éa‘_%mﬂ S HE TR R o
= R B ¥ B RN kAR m oW s
" g ML wEMoye TBERET P = B N
.'h N & ﬂm‘_ﬂwoﬂ Eoﬂw&‘maﬁﬂﬂ]oﬂﬁlLﬂQu R Dm_mmn maﬂu%;ojiﬂﬂ
SIS Ny PV iiw_muw_gT0 0 Bk taTww
= & A XA TR TMT R A WE M S FoM T WD
= T2 %o I e T ] e I O BN
? N5 D G T S i e R n o ® ST e
® ! o g B A ofl —~ = o ok 2 Ao oz e ,E!c;/oﬂ — H_Vl,m_ulw.o e TF oF BT
~ wa T < o= W - dl]ﬁm WPo]d.ﬁﬂA_l_.dﬂ Eﬁﬂelyﬂ_%, T XX = . %O
8 B W T K T dwx X 7T = T % = D S H TR
& - %mcﬂw Lo Wﬂocz%iﬂLma:L%Q‘ﬂiﬂUoﬂ1 ib_}ﬁwuxeﬂ
E X B O m o W= gR o] 00N e MNAXE LG
w3 TEEE y tLizatrlofiziiaiarEocen T %
N ) NPT s BTl TG Uy
Mo G M-I e R A A e S L
= o £ ot Y w i E.é%ﬂ}i - R NN oo N
- B3 T~ R I R RS
D2 T g 3 i Fe THET - o = z " T oot o #o o T
o1 5 O ]ﬂﬁdﬂﬂm N i,w.moNZ?Eﬂ,_ZuAlﬂlwrxLﬂLﬂi.imeEoéﬂl g CE
v ® 85 R H ® oo w M ] Wy g W
&~ m v ommmi aoovhcﬁiﬂﬁdrmﬂm«L L owoﬁaoqﬂiiwrmﬂmoﬂr?%
: B )l N om X0 5 TN = W — 2 udl N <
5 T LA %mvé%oﬂ.ﬂ%%qvlwﬂeﬂ;inziag
= ) x T B W T A I NES W N Y A
n e il P hrga e TasFaV Fealarow
T g ) m o — PR il _ v N o
= S PHRERRTHRFETT NIRRT T4 HRRF s @

L
L

sar

2 As7HA el

H7b 11 A%, 1, 2% A

165



J. of KIEEME(in Korean), Vol. 23, No. 2, February 2010.

[T ] oresstson TrEo¥ T T W RN PR T R T P
8 8 2 o xS B S L G
—3 8 ~ 7 EB 44 oqglnu_}g e A R
; — = T o 0 z i oM T A
© v g © 0 tM.M - T R0 A
T = < g ~ ATL]]i_solP‘__iﬂ‘aﬁ
I S pwE Ty L T
B w5 TRNIL  FIE K
T &°3g S SN
- o ~
e B . T, o ,mﬂix_oﬂou@_ﬂ:.uwﬁ
M_AILET = g ! 70?1_|mm0 Jl\wLJ.nno;o
el ZN] = o T oy K TR =
K lme ﬂ_AlﬂD‘_E o N — mweﬁ
o T A = X __ ol A m W~ X
A g8k Mﬂouipl@ﬁg‘mi
oS g LT T CERAGCS
,i,ﬁu_bsgﬂ_,& A eI T
i E - O B A I
aowrﬂomm,_ ﬁpcﬁaﬁAﬁiﬂﬂAEM%
—_ 4 = T ol
T e P _Te wHOBUBET oo
o8 & 9 S ~ Moo= oy =
=) JuL\..mW m ) — ) o X 2R K pgl
X2 B < THTE = ) RN
< < oo, ool W oo 4 -
R T S S N C I
[ S GalE BN
M i TEXATHE TR T
G2 mm ol Rl TN ol 4 Y wrmmmc?@rfrﬂwfewﬂﬂ%g
ey n TE R B NE . NET . T ™
" w8 ﬂﬁﬂs?fmgg77 i%@aawwbﬂhw,ﬂxy
[aN] = J|L7J|‘__e_uxo#eﬂﬁ1r1_l E,Aﬂulle X B R ll‘mﬂ‘mt
N g g XN X (ANNNS N e oX ﬂ;%7
— = G AN N NG B s i~ O R o Mo e
El ® o Xy M . T A N
) " N ) ol ) oy ~N O~ s Nl.lﬂ] < . I
N g © B NN N — "= 3N =3 e RO
o =R Mo e N <ol &R o ow M R
B 7S L Iy B I R O L R )
T g T S A I - O U T
e H g oz o -T oo e W 2 AR oy Ny T FE W
78 Tl ixPRee® ® ENZgg, B NF
® 7 E %a@ﬁﬂ?%ﬂﬂo%.1%0ﬂr._y@ﬁﬂx;a%ﬂﬂ
M — 3 o g = "B oy X — oy B oy R
w X % "o E AR i e o = S TR S o
m.*ﬂon .%.%dnxﬂ%ﬂoﬂ@omuﬁmﬂ__olno%ﬂﬁoﬂoﬁﬂur%ﬂ
! L2 3 = o = ! S oo
mmmmma Zﬂ%x%%o71ﬂﬂ¢.ﬂﬂoéAz_zimﬁL%mqyz
BN 53 ﬁﬂﬂi%iaiﬂﬁ%mﬁLﬂE R S P
T3 EP ERR Y s LR g T 0T o Do
= F By R TN A N S M. S T SO S B
BT E 8 5 B - NG B A N T (G
- CEH MR TR SR Y BEH Y L R NR W
& o PRew o O aoxdwelags s s dgw
_ oM NE 4 T, PER 6 E e
i S mE BovE T G " B NN T
n R T R EHF d o R NN T TR

166



=

20109 2

=,

A2

al

;,

1

-

=], A|23

&3] =

=
=

A7 AR

50

(a)

— (b)

Current [A]

0.12

[am] A

-5

=0.67
1
15

—a
—a

—a

N
°

% 5.

012

Fig. 5. Powerloss of HT'SC element due to the

£ 000
>

ratio of the turns number of 1st and

012

024

AdB7E 067, 15%9 B¢ ¥HE71E

o]

2nd sind windings in a tansformer type

SFCL.

a9 6

™
oo
o 5
T B
‘.m_.o

ol
!
<
~ ™
= B
Al
AR
.S
iy 1o
N R

-

ot

HA = ARE A d w7}

o]

Z}
=

=

()

g & oll A

jEayz FI R Eata i

3]

=
.

Aol Al
Fig. 6. Hysteresis curve due to the ratio of the

o

turns number of 1lst and 2nd windings

A
<!

gelgl s 2pado] v

in a tansformer type SFCL.

3}
=

aA AA

Al

ol

4

)

N
!
o

X

3
H

X

N

| o

N

o} #4H AT

o]

=

=7
=

3

T

Aekel 7]
1 2009-0075355) 2 A o]of] A=Y,

#Ate|

e

(FAH

5.

FEAA L, 22k A8 ddnlel w
A]

Aol

ol

oR
r

wa

and M.

M. Collet,
Bekhaled, "Toward the superconducting fault

A. Fevrier,
current limiter”, IEEE Trans. On Power Del.,

Vol. 6, No. 2, p. 801, 1991.

[1]1 E. Thuries, V. D. Pham, Y. Laumond, T.
Verhaege,

\

z

s} Al

A
e o4

A AAFH 1

=

A4
SHE oh]e A4 ol

714

i

o
i

25 Al

3%

o]

¢

%

)
o
el

w

[
i

167



J. of KIEEME(in Korean), Vol. 23, No. 2, February 2010.

[2] W. Paul and M. Chen, "Superconducting
control for surge currents”, IEEE Spectrum,
Vol. 35, p. 49, 1998.

[3] B. Gromoll, G. Ries, W. Schmidt, H.-P.
Kramer, P. kummeth, and H.-W. Neumitiller,
"Resistive current limiters with YBCO films”,
IEEE Trans. Appl. Superconduct.,, Vol, 7, p.
828, 1997.

[4] B. W. Lee, K. B. Park, J. Sim, I. S. Oh, H.
G. Lee, H. R. Kim, and O. B. Hyun, "Design
and experiments of novel hybrid type
superconducting fault current limiters”, IEEE
Trans. Appl. Supercond., Vol. 18 p. 624, 2008.

[5] O. B. Hyun, K. B. Park, J. Sim, H. R. Kim,
S. W. Yim, and I. S. Oh, "Introduction of a
hybrid SFCL in KEPCO grid and local points
at issue”, IEEE Trans. Appl. Supercond., Vol.
19, p. 1946, 2009.

[6] O.-B. Hyun, S.-D. Cha, H.-R. Kim, H.-S. Choi,

(7]

(8]

[91

and S.-D. Hwang, "Shunt-assisted simultaneous
quenches in series—connected resistive SFCL
components”, IEEE Trans. Appl. Supercond.,
Vol. 13, No. 2, p. 2060, 2003.

K.-B. Park, J.-S. Kang, B.-W. Lee, 1.-S. Oh,
H.-S. Choi, H.-R. Kim, and O.-B. Hyun,
"Quench behavior of YBaCuO films for fault
current limiters under magnetic field”, IEEE
Trans. Appl. Supercond., Vol. 13, No. 2, p.
2092, 2003.

S.-H. Lim, Y.-S. Cho, H.-S. Choi, and B.-S.
Han, "Improvement of current limiting capability
of HTSC elements in hybrid type SFCL”,
IEEE Trans. Appl. Supercond., Vol. 17, No.
2, p. 1807, 2007.

S. H. Lim, "Comparative study of current
limiting characteristics for hybrid type and
flux-lock type SFCLs”, Trans. Electr. Electron.
Mater., Vol. 8, No. 5, p. 222, 2007.



