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Study of DC high temperature superconducting fault current limiter using soft magnetic composites

CHU Jian-feng', MENG Xiang-jun®
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2. XJ Flexible Transmission System Corporation, Xuchang 461000, China)

Abstract: The progress of the research on DC power system protection equipment is reviewed. A magnetic core direct current (DC)
high temperature superconducting (HTS) fault current limiter (FCL) saturated by DC bias winding is presented. The core of SFCL is
made of soft magnetic composites (SMC) to prolong the current limiting time. The inductance of the winding, which is connected in
the power system to be protected, is small in normal operation. However, when a short-circuit fault occurs, the SFCL can provide
large inductance to reduce the fault current. The design and analysis methodology of the SFCL is developed. The performance
evaluation of the SFCL is performed through numerical simulation by using 3-dimensional finite element analysis (FEA) of magnetic
field coupled with the transient nonlinear circuit model. A comparison with silicon steel core FCL shows that the SMC core HTS FCL
has rapid response to limit fault current and a good limiting effect. The maximum value of short-circuit current will be reduced to 12
percent at 8 ms.
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Fig. 1 Schematic diagram of DC saturated core HTS FCL

e PR Pl R AT I s RE 3 ), REGUAE IE
WOLARRE, DG HIRARG, 2R 2 Bl ifo A T
', REHURIR AT RE ST L TGS R &2
Rk i 2T AN DX, T A 2B i AR 40K T
TEIRZS SHER BIAR L e X, LA S i R X A
RS B PR . ELUR O B AR G AR e BB R v
S AR o 7 2t A PO A2 LU P S R R Y P AR
FA RIABRE ) LA S

i U 3 R A, ERGRIEH BT,

BROAET I B AR, BRITEAT REGETC . f
W R A T, T ) 9 A P PR AT £ P k0 e
) R O LIRS ) IE W AV AR AR, AERMFNX
BN, BB TR AR K, SR R,
FRGEI I TR) RGO, 2 P 1 PR A FH 38 ot

HILRGIE T TAER, 0 TAR i p BARA &
76 R W PRLR A A AR X A B, —J7 T L
YE SRR AN X 3k, R AR AR I, B IR RE
IR PR NZEAEIX, K FLEK R A% PRI i % FL g i LA
PR, RS R S N B AR PR, AT AL e
PR WA TIBE s 53— 7 I RR AR
i LRI i, 325 B TN B B R GE ) A,
TV L DX 30 o 2 Pl 11 FELIRAEL AR /DS, RIS
(e
1.2 MEE SR E T

WG 5 M B Soft Magnetic Composites, SMC)
i ph 7 L 2 10 N ORI L /N
TG AR, PR EEAN BN ), 5 RER
R 1 P = 3 I K1 29609 /AN P L €= 71 4
TR RA R AP e . SMCREHTI B A X
SRR, ERES R e, K22
SMCHIEEMN IB-H M4k, v LLE HSMCI¥IB-HMZ:
W0 LUREEN Y B-H 2122, RIZFABNHENRE, K
FEANAP R AR 8 AR RIS . BRI SMCHF
BRI R Ly BELEREN R PR T PR LU =
G T2

22 -

20

18 //’
L6
14
12
L0
08
0.6
04
02
0.0

B(T)

0 T 10000 20000 30000
H/(kA/m)
2 SMC FEESRAA#Y B-H HiZk
Fig. 2 B-H curve of SMC and siliconsteel material

2 DA ESER

H1 ¥ SFCLAE R CAIRA N, HB O 3R 5
L LA IR R R BAT AR SR AR R R R . A
ANSYS#, HFfg R Eah il P S 2 e e A



Wi,

HI SMC 8L il 8 5 e KR ot 2% Al 91 - 61 -

] FELVAE N AR H AR A 2R (L-TH 2% ), 7F Matlab?A 35
A H B 7 RS Simulink B B 6 374 B L %
BEAY, B L-TH 2 i N2 05 B L b, S i r gt
TSI T4 R
2.1 tHEBR

K RE R s 5, Rk PR L B n
MEZEA, EHillLedl b i i, REmEE Ay N
HEA LR B P A7 (M 7 e A

W= W= Z{ZJ‘;:Z: (Likii).dik:| (D
i=1 *

i=1 [ k=1

Hrf -4 ik=1,2n 2

IR AR E— TN ACAL, SRR e AH
NPT NG AW T AR /N, Breh T
WL R AR, WAWTE N

AW = Z[;L,JA iidik} -

(3

- A 1
Z L, _[ idi + Z
i=1 i

i=1

n S

i +AQ L.
ZLik,[- idi,
k=1 k

(ki)
3l (3) G H R

B d*w B a*w (4)
YAy ™ da)ddy)

Hor, Ly RFEINSEHAPEHE, Lagt FHiNSEHsS
kNG 2 A HEK

NV FHANSY ST £k el e 4 s« Rk
Fotik, HOoRAYEHISOLIODI 750G, % e ST
TG FRPE, A BRI I A,
B3P, b 2o M2 el b A 22 Pel, A 2k Pl oy e 3
T BEHI I £ P

&l 3 FCL Hyt& Ry
Fig. 3 FCL model

2.2 HEREME
T B 20 ) Lt I v s 2 R 28 K ri s
AR T R S o R AT R

LL:&MHJQ+L@§§ (5

b, L) My 2 Pl i R AF o A FH Matlab B A4 1)
Simulinkffj FUALER, R¥E RS LK 7, BIA(S)
TN EAER, W4T R . Hrh &R ABELLOOK-UP
TABLEH ) L-i¢ & 2R B A 2.1 v 45
ARG AR DK B DU/ L oA - R sk g, Bk
A E H0.000 01 s, AN IR ZEANERL0.001,

4 PRI AT ERE

Fig. 4 Simulation model of limiting circuit
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Fig. 5 Relationship of inductance and current
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Fig. 6 Limited fault current curves in simulation
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