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Progress and Status of High Temperature Superconducting
Fault Current Limiter

ZHANG Cuiping
(SMRC, Northwest Institute for Non — Ferrous Metal Research, Xi’ an 710016, China)

Abstract: The progress and development of high — Tc superconducting fault current limiter (HTSFCL) in the world have
been reviewed. As an ideal fault current limiter, the development of high temperature superconducting fault current limiter
has been a multidisciplinary technology, which related to physics, material science, electronic engineering and cryogenic
technology. The study and fabrication of HTSFCL have been improved in 18 countries, and 19 HTSFCLs have been installed
in different substations in the world, which had been operated or has been operating in seven countries at present. In China,
three HTSFCLs are operating in Yunnan, Tianjin and Baiyin. One of them is installed in the first superconducting substation
in the world — Baiyin Superconducting Substation in Gansu province. Analyzing to the research works on SFCL in different coun-
tries, it is concluded that the HTSFCL technologies have been improved, but large scale commercial application is still facing
several challenges, such as high price of superconducting wires, the operation cost of maintaining low temperature, building
product standardization and the market demand for high — quality electric power, etc. If the superconducting materials price
and the HTSFCL operating cost are reduced, the large — scale application of the superconducting fault current limiter will be
realized, so as to protect the power grid operating stably and to make HTSFCL as an ideal SFCL in the future.

Key words: high - Tc superconducting fault current limiter; Bi2212 superconducting wire; YBCO coated conductor;
short — circuit current; transformer substation

Vol.36 No.5

1 81 §
PRk 260 & ST B SR s, FRE & K L 32
o DO 2% Fg A ok A b O B, 2015

i BEHI: 2017 -04 -22
BB AN, 2, 1968 4F/L, F TR, Email:
zhangep6813@ 126. com

DOI: 10.7502/j. issn. 1674 —3962. 2017. 05. 03

AR 9 A IRE LA R D20 14 x 10° kWP 4R
KK 5. 73 x10° kW/h, it TSRO RS —, H
AT, TR LI PR AR “de gk, <2
TR S O TR DX TR B R BE R
BAR A, I LUK (67.4% ) o E, 0] AR fE PR K B
(22.2%) . WHL(7.0% ) . KIAFE(L.9%) J i, WA ¥
HL( 1. 4% ) 2R [ % v )7 SRR T 2K (2014 AR50 ,
TE AL B, IR RE R AR R, ANt R R
SeHe | S A5 O 2R G A R K SRR, R 4 M



336 Hh A e ik

5536 &

DX B L O O R B 2 et 1 B AR A T A B, T
H FF-adlioritl, 2aphslh ) REnL4eiEti.
T ] AL P, O 8 14 v R AT 5% i )8 6 S8 T BT H I A
63 8550 kA LI'F, “2007 4ELIK, T ZRHERIZA 500 kV 3G
FLIR 500 KV 1220 kYRR H LK TR T BT A i
i <2008 AR 7 P O (X £ 28 L LA o
T USRS i S0 KA”, 7 2009 4] ) AR H, R0
BR=A S MRAAZ R s AT 7500 KV IS HL R Bk, R KT
R 50 kA | TH2 63 kA, {HAE 2015 45, 4547 6 il
SRR bR o PRI, e R R U A H
ST R R AR G sz —"

308 PR ) P, g 28 8 H ) R0 P e DA T L I 25 4
A RSB AT I I BRI A 3 A m AT
BARnyrh: SRS, L BETT, /it
fietth, RATEBEPCAS B dv, BHERBPIE, THEETEAR,
KB PR A X R R G, R A R
T ARE], BRAR R 5 v R F R BR 3 # ( FCL — Fault
Current Limiter)

W BR AR T FEIT IR T 20 ih2 70 4840, HETH%
A 4 FERL: BBGERAL (A RSO R S )  JFER
FERAI( <20 kV) | HFARL, B (EESAL, wih T8
WHFTEITEL) o — MR R B UL AT R 23 (8 P T B AR
B, BB, B RGeS, Oy B
FA) B IAL A8 I 3200 L 0 18 T Gs AT e, A Hh B R
REAS PR R i At B AUE fL i, O ELTFITI RIAR e
MBI, X A ERAR A BR A 1 LASE B, R ok
SAELRA R - ESAT REASRE, 7R OE R
LB ZARTHFERL AR, > H IO R e i I TR A
A S AL Lo B, 5 A S T 300 A v BEL DA T R ) et %
M, B RYIES — 8 SRR RN T A Ry, HIF Rt
6] ¢ B/, ANTR) T BRIt d 22 B LC R 4% 1] % 3t 1 452 R dit
Ty MRV Bk B R AR A A2 ik, BTLL,
Sl R 3 % ( SFCL - Superconducting Fault Current Limit-
er) SRR AR R PR VAR -

HATC e il SR A 2 . BB, REif
gt wRml. Mg, BEG REAEZS
i € e s L e e SO N S w7 QTN e
P LA, A SORT K 1 - IR I 45 1) 45 4 LR A T
i B gt S S PR A T — A S 4
L) 1) fioh o £k BT O 1Bk — 4> BIR o £ B (o L BB -3 ) 17T i
IEHIBATIN, SR v U4 B e o T R B, R AR
BRI, R R I R Lo, B S TR S
— IEH KA, WSk 2B S R R, R
Fo B FR ML R, DT 7l R i ia . i BEL AR S B

s MR T SN DA D11 K7 NG SRV B U = R A W
BATIEREIREAF O AL, (H R TR BT, 25 ) BT
1 A AL R AR i A A A A

T P AR 2R AR FH A2 90 8 £ 4 BEL B oA PR i e o
W B PSS AR BB TS 4L ek, Hep—A
PO NI BRI 5 R A, S —A A SR
W AR SRAUIE I, LR RES th B S SR 4L I
ACULA SRR H R IO R R AR h A S SR LA
HERPIE M S, B 0 . RGIE R B TR, BN
LR A A SR ik, SR L ELL R B R
FHERES TR E VA, S I A U™ A2 R S UL 1 50 AN A LA (B
SBEEAX, REEMCHEDT, BIER @S 4l
BRI BCRE RIS 52 L 4 Pl 7 R8s v 7 A 1 il sl 3 42
I E RSN, Pl RS AR AN, SCised
YT, RG AR, Bk U 5 R
(9 S IO ) R 2 I [ A A i, AN A 2 Ak R B A
SR R 7 A ) S IR, P I 2 T RS A T R A

T IR AL e 22 2R P 1 ofg 2 S IR PR PR 3L A 1o 2K
PRI, BEASIESRIE ) RGER LAtk algErE, eI
. ESIANE N RGP BOEIE, it e
FL IR (ERERE T EE 1) R GE MRG0 W i 8 A T
BT, TS B BT, R RSB T AR
S S N g U RV L IV E e S BN U SR v €l

2 BERAFHARZERSIRK

2.1 RiBEEB SRR

1982 4%, 9% [H A /R B M HLZ 7] ( NEIL Peebles Co.,
Led. ) R AR 5 NDTi G il T 55— MG S S e
DPREIES(LTSFCL) , aniEl 1 iR, 950 3 kV/566 A, i
ARG SRR, (I SHEARE — KA Th
PO e R L YA R B TR, B ZE A H AT DK BRI A
RIE TR 3 AN HBe: S —BirBe (1979 ~1995), LA NbTi
LA A 2 B (0 AT S BRI A R s 5 BB (1996 ~
2000), LA Bi2212 5§ Bi2223 LM (i S5 — X
WH1G) S E MR R T R AT 9T 28 =B B (2000 ~
F4), KM YBCO it 25344 (i il 555 A 4 26)
Sy PR 2 B 11 v T A S PR 2 AT

NG — G IR T Rt 45 R 4y, 12 R H A AR
Ak JRIT TR T BRI A B BIF S . 1988 45 ] ] $4iy i r,
F18F) SR AR IR R S4B NDTi fF) T 225 kV (KRB
SRR, fERRE 63 kV HL M AT T 40 kV A B
1, AR Il B L TP S B A B RE AL, DA 1992 4
TFR, HAR Seilei K, ARZ . Kyoto K2, AIST tLAH4k
TFRE TR IR AR S R AR ORI 9T, Horh A T NbTi L8 1



$5 3

SRR - e il B 2 BT S 2 337

P 1T 1982 A3 [ S A R UL S W] AR A S 12—
AR AR G R SR RERL )

Fig. 1 First superconducting fault current limiter prototype

with low — Te superconductor NbTi wires fabricated

by NEI Peebles Co. , Lid. in1982!")
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Fig. 2 First high — Te superconducting fault current limiter fabricated

by ABB company in Swiss!'®:1%]
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Fig.3 12 kV/800 A HTSFCL fabricated by Nexans, which

installed in Boxberg substation, Germany!?*]
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Fig.4 Pilot 1 HTSFCL in UK. It was supplied by ASL and Nexans,

which installed in the substation at Bamber Bridge in ENW’ s

network 1?23
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Fig.5 115 kV/900 A resistive HTSFCL fabricated by American

Supercondutcor company, its prospective fault current is 63 kA 3!
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Fig. 6 138 kV/1840 A resistive HTSFCL fabricated by SuperPower

company, its prospective fault current is 40 ~90 kA 3!
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Fig. 7 Topology of the Baiyin superconducting power substation
developed by IEE, CAS, including HTS power cable,
SFCL, SMES and power transformer!®]
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Fig. 8 220 kV/800 A HTSFCL fabricated by Innopower company,

which installed in Shigezhuang substation in Tianjin, China (40]
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Fig. 9 22.9 kV/630 A HTSFCL fabricated by KEPCO, which installed in Icheon substation, Korea [47]
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Table 1 High - Tc superconducting fault current limiters have been operated or on operation installed in seven countries at present
Superconducting .
Year  Country Developer Voltage class, Type . Site, Statements References
materials
. Swiss hydropower plant, one
Switzer- 10.5 kV/70 A/1.2 MVA
1996 lw‘dzer ABB oot bse e ’ Bi2212 ring  year. [17] [18]
o feerphase mmduetve first HTSFCL in the world
10.5 kV/1.5 kA, three-phase Gaoxi substation, Loudi, Hu-
2005  China IEE/CAS bridge, current limited from BSCCO type  nan. third HTSFCL in the [34]

3.5 kA to 635 A

world, first HTSFCL in China
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- Superconducting .
Year  Country Developer Voltage class, Type . Site, Statements References
materials
35 kV/1.2 kA/90 MVA, three-phase [37] [38]
2008  China Innopower saturated iron core reactive, current Bi —2223 type  Puji substation, Yunnan 139]
limited from 41 kA to 20 kA
Baiyin superconducting substa-
10.5 kV/1.5 kA, three-ph ti Gans HTSFCL  fr
2011  China IEE/CAS : » Hireerphiase BSCCO type  L1om> Gansu, o 136]
bridge, Gaoxi substation and devel-
oped)
Shigezhuang substation, Tian-
220 kV/800 A, three-phase saturat- . jin.
2012 Chi | S Bi —2223 type 40
China nmopower ed iron core, limiting time 8 ms ' PE the highest voltage class HTSF- [40]
CL in the world
United Nexans, ASL, ENW, o . Liverpool substation,
2012 11 kV/400 A, re 3 Bi -2212 2
0 kingdom  scottish power V7400 A, resistive ' tube Second HTSFCL in UK [25]
s01p United ., ASL 11 kV/1250 A aturated Bi —2212 wbe  orthen Power grid. [25]
Kingdom energy power, , pre — saturated core i ube . HTSFCL in UK
10 kV/10 MVA, three-ph Sis-
: A4y TCETPHASE TESIS™ i 2912 tube,  Siegen Netphen, RWE grid,
2004 Germany  Nexans tive, current limited from 18 kA to [20][23]
YBCO bulk Curl 10 plan
7.2 kA
12 kV/100 A, 50 kA, three-phase
L 7 O .ree phase Bamber Briddge substation, [16][19]
2009 ~ Nexans, ASL, resistive. First peak limiting 6kA, . . R
Germany ) o ‘ Bi —2212 tube Lancashire, UK. operating 9 [23][25]
2010 vattenfall limiting time 120 ms, operating T = . .
months. first HTSFCL in UK [26]
73 K
12 kV/800 A, 63 kA, three-phase
2009 ~ G Nexans, ASL, resistive, First peak limiting 30 kA, Bi —2212 tub Vattenfall, Saxony Boxberg sub-  [16] [22]
2010 CHmAY L attenfall limiting time 120 ms, operating T = ! ube station, Germany [23] [26]
65 K
S Boxbe substati
2012 Germany  Nexans, KIT, CDUT 12 kV/560 A YBCO type  oony BOXDerE SUBSENON, 55
Germany.
Middle grid in  Stadtmerk
Siemens, 817 A/15 MWt, three-phase YBCO type adie end adimerke
2015  Germany L . " Augsburg, Germany. [21]
stadtmerke augsburg resistive, middle voltage (AMSC) R
ASSIST project
Shandin, Avanti substation,
2009 ~ United z ) 13 kV/1200 A, three-phase saturat- Bi —2212 ¢ Los Angeles, 2 years operation, [16]
2010  states T8y powet ed iron core ' P Southern  California  Edison
operating
2011 ~ United Bi —2212 type
2012 st:tle: Zenergy power three-phase saturated iron core lYB co typyff)e TIDD substation, Ohio [16]
Applied materials
United PRhe md‘ena % Knapps  Corner  substation,
2014 Inc, three-CE, 110 kV/400 A YBCO type [33]
states New York
super power
2011 Korea KEPRI 15% k-V/Z kA, three-phase hybrid YBCO type Gochang Povaer Testing Center, [16]
resistive Junbuk province
2012 Korea KEPRI 22.9 kV YBCO type Icheon substation [46] [47]
2010  lialy RSE SpA 9 kV/3.4 MVA, resistive Bi -2212 type  San Dionigi substation, ltaly [16]
Mile iddle voltage distribu-
2012 Ttaly RSE SpA 15.6 MVA, resistive, middle voliage ~ YBCO type Hano miccle vortage TR 1977 [28]

tion network
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WA, HETEAE ™ YBCO 3R 2 Sk TR KA A w
FEA: £ IGC SuperPower 24 v, 3 [H M & 2 ¥
AMSC. H#s ISTEC/Fujikura 23] . 58 [E SuNAM 23 7] &,
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