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Performance analysis of saturated core-type superconducting current limiter based on PSCAD
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Abstract: In order to accurately analyze the performance of the saturated iron core type superconducting fault current
limiter, a three-stage mathematical model of the current limiter is established according to the requirements of parameter
design. The static characteristics in different working areas and the impedance changes during short-circuit current
limiting are studied. In the single machine infinite bus system, the fault process is subdivided into different stages for the
change of the current limiter impedance to analyze its impact on transient stability. Through PSCAD simulation, it is
found that the critical clearing time of the fixed inductance model and the current limiter model are 0.31s and 0.21s
respectively. The results show that the current limiter has better current limiting effect and improves the transient stability
of the system, and the model can obtain more accurate critical clearing time.
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Fig. 1 Structure of saturated core type superconducting

current limiter

IEHEOLR, LU O T el e flix
KA G ELTR G PR IAE I B0 P B L
FORFFAAR, MURARL S B N, SN LS
BILTNE, LRSI THRESURES. MRS
I A BRI B ) S SR K ) ReL i HLL R A
— MR EALRES, PO SRR, B2 AR

AT Rl v 5 S RETE et AU aRdl b R
NHENH, BATHURE, A, i BRI T
JeL i LA o

AR BRI SRR EOR, il 20 PR
AT A B S HO0T

(1) HL P A A B I, A s BR Jft s o DR 42
IEFZR R A AR

D(t)=@, sinwt =B _Ssinwt (1)
R V2 or o P B SR T A o
\2U =2nfN_B, S )

A, B S. Us N AMBGREE S BER A, B

VIR PR & L H A AT L DA S AT
SR L el 1 K

(2) R IR 7 K L B L A R A — S VE L Y,
DUIGE G BE 4 2 0 AR AR o AR I HL 5 LN R 2R 2
k(0<k<1), kK, SbsiylgsTon, IR
RIEE JB0a o RE T PR 7% I IR TR G A2 BA R 263K,
Herb 1 o0BUE M LA

21N, > “TS s

(3)
I
(3) BB PR AR A Him G i &, 1IEW TAE
I, SRSl IR V21 . PR TR
Wb THIFIRAS, 0 — 8RO N H e B 3R ik e 2
3 (4) ARV 28 Kb T A RT PR I 45 A o
NI, -N2I=H] @)
S, N, Hoo 149500 P10 S8 2 PR 4
BRI RIS 37 98 DA SR OV A S, KX (4K
HANGEA R BRI S 200 2 = A
NI, -N~2I>H] 5)
(4) e B ORI S ARG A 1 )5, B0V it
B B 11 B T7 TR T AR B K, AR UEAT i Ge 4 A
B oA Re A gt . 9O I RTE N,
PR as S HV AL 5 (6), L gy, S SRV
MR, 1, ARSI,

(1/4-2@)&% (©6)
i

[y e FIR SRR —4 Sy I N~ N,

SRR RE R PRI RS o T8, nl e

SAFII BRI A WAL Th 2R it — BEAN R R 1) H 2k

I, FRARAL SR SFCL WG4 ith 2 1
2 fizse

Kl 2, ek 1 3R J0 BEim i B I AR O )

Witk the, M BERPRA R LB i My, 7

S O R R R S A R ek 2.0 3

TN B U E G RO R th e, B E & s



_74 - SRR T

P PRI S AR IREAC I ZE 4, 72 T BB, BRYAS T
VEAEIEHRAS, PIBO IS AR s 78 LB
BT TARAERRUIRAS, PR OSSR 2 R I
Bt AL FL LR I, BRI ASEA TR BL, Mgk
P IE S SRR B, k2 BRI AEHT

A 4 .
I
(7 I
|
|
n /o
3.1 2
[ |
! |
A R
RYEVARRIVEES i

1

111

2 (AL BB SRR v FHERZ
Fig. 2 Characteristic curve of y—i in saturated core type

superconducting current limiter
2 SFCL &3St

7E PSCAD #fFH A e 4L, #ig&—Ah 3
BOANF R B ZM B0 w —i M2k BT5TA R TAE
DX Bt PN R B DL K H s B R AR B, PR A AE
600~2 000 A RS BRYAEH , FRFUIE HLER 0.4 H.

(1) IEFIBATH, BROIRZ AL THRAPIRAS, PRI
P EARN, X RGTCEm, Wil 3.

NMain : Graphs
aoto0 L AHE S0 AR UG
000754/ . ; \ o]
000504/ s
00025 {7 Al i :
ooood! - ]."
=0y = 2 i

Wk

-0u00s0 4
~0.0075 4
-0u0100 -4

0500 0810 050 0530 0540 0550 0560
s

3 500 A B BRIAT RS M um FL R PR R A BE TR 1K
Fig. 3 Voltage drop and flux change of the current

limiter in case of 500 A

() IR AL T i —i BF, SFCL 3 H s %
S A QB 4 PR

P 4RI, 78 R AE I, SN T i
S50 —80, BRITEE W R B R
Wio P& 4(a)t, Bl HLUEEE N, R SR
TN L By 3 B A P R B A B d KA. FRIRIA B i

RABI, BRI REBEMCZE 73 AT WU B N %o LU
I RIUTR BR By, RABEtBEZ MR, N BN
A RS P9 e I A s B B fE, IS {E
HIJR B BRI, 2 F AR AL T R AT B0 IR
BENVIMIX N, WEEEAR AL ZIE T 28, BRI
g LS B R E R R GETCRE M, LR S IR
WIF P, B 4(0)h AU IR E BT 4, » PR AR
P S HEL S BRI R, A S AL P I e, B
TBRLS o

ain : Graphs
50 I00 AR |=T00 APEIREFMHER
404 \ |
] | I'| 1
204 II T |
04—+ b
o7 I 1 10 1 [
= |
2 =l H L[ ]
204 v iy
a0+ A \ f
40
504 1
0500 0510 0520 0530 0540 0550 0,560
s
(a) 700 A ] PR 25 P o Pt s g M g A A
Mein : Graphs
a0 1900 gt = 1900 AP i 8474 L[5 1
400
2004
z o
-200 ki
6o 4
0500 0510 0521 0530 0540 0580 0550

Hs

(b) 1900 A It Bt s P i HiL L o o 20 A
4 B RIRIRE T MR ERS X EE
Fig. 4 Comparison of fault limiting states under

different current amplitudes

(3) AU HL UL I AR o AT - PRI, 8 gL I
il RN T I RGBT A A .
PR i, N, REEECURISE N, BV s A i L A £
e ONAR,  BEAT FL ARG N i s PR S M PG .
PRI A i I, PR AL T IR S A AR
WEBEREAE FRAE S KR AL, H ] LU AN
vhy KREMRGER], Wil s Pros.

8] < IRIETIPS PG N V1= SR R e A D
PO FFHEAARMIARGS, WAHE 1 S K E BT
Bt R /b R S BRI S ) 0, R B 4
i, HURFEE RN, AU i, 4REE T R K]
PIMATIRGS, P i L T % . ik A
IEFHHIREL, & 50y, RIS LAt E 145
I, PRV AR AL AR FRFCIRAS AN TR AN BT, PR3
RORZE



£, & LT PSCAD VRO Y T R A e 2 Hr -75 -
Main : Graphs Wain : Graphs
o0 "RRAS =210 ABRESTS oo = ERSALRR A = mASFCLAR A =
4004 :I: \ ——— + :"II A 8 [ i hoyh 1 1l
f [ [ 60 | \ il b -
| IF \ il ! I [ I
m. A ';f'f" I'l,. I.' L 404 | ..,1 (, il h I‘H |i | || |
ol HE S VMESSA | S : g fﬂ“,w“}ﬁ“..ﬂﬁhﬂﬂﬂﬂﬂﬁﬁ
Nl VAN RN/ VAN EEN S A A
-l :;. .": T 40 | | U ‘;I | i 1 ll. 4 i|| I! |
. W ¥ B =~ i RAR { |_ P J _
0500 0510 0520 0530 0840 0550 080 o0 0&0 100 110 120 1o
(a) 2 100 A I} BRYAE 2% i oL s e B R A4 7 SRS HA A4 % B LR E
= 00 58 = :mfzmnpﬂﬁﬁﬁﬁ%&ﬁ Fig. 7 Comparison of line current during short circuit
|l i\l -\ i ~ NN w25 B8 piy 35 3 )
ot M1 Tﬁ 1 | JREL % g SO 1) 9 28 PR U 45 R IR O AN A TE X
441 1 IHE U L | I \ \ \ o S S N
I i TSRO B DR ] A 5,
) | N IV I 8 1y W90 25 2 T A 03 ) A
:I'.' I.- | .|!| II | |I I| Mein - Graphs
4001 i rl Tl it J,‘ f 7 0450 = ERBESFOLE® 2
-600 4 1 | | | 1 04004 "
050 0810 0520 0530 0540 05850 0550 03504 |
43 0300 §
(b) 4 000 A 11 L 28 P e I 2 il 2 B
5 FEERIEET RIS RBURZSXT B ::2 '
Fig. 5 Comparison of failure states of current limiter with 0cs0/ | |
different current amplitudes nmm - : = — S

3 SFCL % PRIk o4

L s e R v TR P R R A AR S Y
oy, AU AR AN R RV N S AR AR, I L
IR AR, 3 SO I TR RO B A (R
PR IX TR AEAR ALY, BT DL R s BB AE R A
JEP A A . BL 20 ms 2 — AN IAREAT 4
B, RIS AEREAS I A5 A i it 27 R A A
Wk 6 Frzr, FESAR Bl AT B0 SFCL it
IrFLpTa

=S
SFCL -
& 6 BiEiAFMEk 0B SFCL Z3 [0 i

Fig. 6 Equivalent circuit of single-phase
saturated core type SFCL

K6, RS R 220 KV, FHL A RUE R
127 kV 2kigrf, FEBEeE 1s IR, 58202
S LR RT3 R £ % e T B 7 BT

ALV, BRSBTS IR A RN 0.4 KA,
A e A i G FEL (R B 9 KA, IMANHTSCHTIR
SFCL Ji 2% LG TR 4.6 kA, X B eIk
ABJE, HARAMEM 5.2 kA RS 1.4 kA, BRTIAL
PRTEN

s

[ 8 #EREHAE SFCL R
Fig. 8 SFCL inductance during short circuit

FHP 8 T %n, FEIARRRAIHAI IEILT N, 1E
BRI TR] LB 0.4 Ho Wb WIUREY B, BRI FL I
RGEABREIAE BRI I N, RN F A P BRI )%
f, BEAE LR R ETRR S, RN N AR
TRCL ] P (1) B D) 20 1 I RS o« A8 H s
B BEAN F I P R IRy s AR AR R AR b 1
J&. BERE 20 ms X SFCL HUBRHEA TRy, Wik (7)k
PR A PN () FRUB IS (LA b S5 2% L R o

ty+T
LM:L L(t)dt/T (7
S s A A L P 9
Wain ; Graphs
0350 SLAE N — o
0,300 4 + T T
2504 | |
- 02004 T
: 0180+ T
Q1004 t
0.050 + t
o] | [ | L
0.90 1.00 110 1,20 1.30

t's

9 %EE&HAE SFCL &4k
Fig. 9 SFCL equivalent inductance during short circuit



-76 - @A &R B R

P NG B S R N BRI 2% 5 1 H R AT L
B, W 10 Fros, wf U H I FR AR SRR
JHI 3, FER AT, UER T A R )
AR
i Wiz

|

1.04 o )

kA

:E-' YUY VY LFI lILF L L

204

& 10 ek tbEE

Fig. 10 Comparison of short circuit current
4 SFCLEAMARGE SREXN

AR T PRI A e N LI, W A ) R 38 2% 1) Rk
W B A8 TN S, SRR SRR
AR, DLRHLRSGNE], K HELEAR 2S5 ]
T L 2R B B N T 5T KL, AE XU Rl i B3
SFCL, HE&smomixkrigsds, w1 s,

CB1 SFCL1 CB2

AL

B AR —
CB3 SFCL2

1 BHEE KRR TEE

Fig. 11 Schematic diagram of single machine infinite bus system

ARG LA, RS RO REE ST, xR
GUBAT ARG, RGO L H )
FrtERIs R .

XZO:X(;JrXTl+%XL+XT2 ®)
P()zEUsiné' )
P X X Xpon Xov 8 23000 K HHL P 8%
AEERYL. RS EBPL. SRyl L
RN
RIS L2 ik A = A e, s
=HrBONRGEHAT T, T RS E R,
SIHTIS BBEATE o BB T2 L2 A=A
FLEg S, SFCL b ARBNBHPT, K AL S M) H
DR, MRSy, 30X
—Br B R, IR B R GE R BT AR U L
DI

X, =inf (10)

B =0 11)

W BOE 3 IR Ay o A BH BT, RS

RVPUAARAE T EUR AU SRR R 2 A

AL, —AHREESE DTN %, ISP B R G EERL
HLE A 12 fros .

Xy
2228

12 MR kR
Fig. 12 Transmission line diagram of the second stage
Zend i = AR, A 13 PR,

E' Xia

U

Xio X0

13 SHTIREE ML kg E
Fig. 13 Transmission line diagram of the second stage

after equivalent transformation

SRR BOAR G S FB BT ACR U U HE DR M A
(XL; +XT1)(XT2 XSFCL +A2) (12)

Xpy =X, =4+
Xeper X

Y sins (13)
K A4 =X +X, +2X, + X, 5 4,=2X X, +
X2 o MBI A T BRI A FEPUE X 380,
RGP, RN RS N, kb
TR, SR A  HPTIIESAE L, R
Y BN 4y AR A
BB L2 P T s M N B VR R
MRk, RGBT ML TR Ny
Xy =X+ X, + X +X,, (14)

p=L

Usin5 (15)
g EPTR, ¥R EH AT UL S =B B
Dy FfRE I Hh Ze 2zl an &l 14.
B 14, MR AR, RFHLARLE Py itk
Eoa i BN BRI SRR Pr AR, A RAL
DIfh 8y o RAZ=AHRI R MR I, Wi vl e Bk

E
1)3:




E i, &

KT PSCAD (MM B0 AGER 2 R A3 1 R 70T - 77 -

»
»

e’

S]‘

S IANNJTTN]

14 ZMB ARG A E

Fig. 14 Power angle curves of the system in each stage

2%, RUHCEREAIIYIZ, iRk thd
Py RHEMLINMABERE 5, o 403 K7 (1 B 1 () 5
NG BB, - IR T E I R 4R
P, BB B BEAS053 PR s S5 R0 v B T 14
DR E e 568 B, R AR 2K T
W Dhae, Kbt mife g Bl b JUS TR ¢ R,
B it T SFCL BHHTHI B 2R 4k T 30 0 fadee ik it £k
B LR, i DR B D, BT i
M, H MBS RE, REPUs T ARz
TR BB S BRGEIE AN S
Ik AR 2 B T W B 2R 2 S N = B, AR
SEEAEHIVI RS 2%, DIBRIgEA) D) A IR AR,
RENUSAT S f B E g 5, IR LR
DR T RN, I 38 D 23 AR kv,
M B BB AT R T RI2D e, D gk sy
Ko ST R b N R R R [P T 1A
B KA 6, » BB BUsG# RN Syo 52k it
T D5 e e Ak S0k,  THAATFGRIDN, RA
THRERDUR, TAE AWK RIS, HERgH
FEAERL)E, R FALE I Il 399 ) fe 2 h e A0 B 1)
P a’ o

#7JC SFCL W N, b i 1n) ke e WL e e
TN, ket th&is4h Py, SFCLE#NIG,
A B 1) PR L H D, b T s A,
fem T A SRE.

7t PSCAD "1 &L KRG AT I,
REGBHU T KN Son=150 MVA, Ugn=13.8kV,
f=50Hz, X!=0.314 pu; 4% T1 Stni=150 MVA,
AFLE N 13.8kV/242 kV; BT X1=0.31 Q/km,
KJE =100 km; ABHEZS T2 Spno=150 MVA, 4FLL

9220 kV/110 kV; JEIF KRS U=110kV. {£8s
IR A A R, 0.2 s a4k RIS, i)
R U5

TS B PR A AR L[] e S TR AR ) )
ARG, SRS RGIATH R, Wi
WA 15 P,

Main : Graphs.

kA
=1
=}

750 800 810 820 830
s

15 RSBk g E% R IR E

Fig. 15 Short-circuit current diagram of the fault circuit

HE 15 w4, LA a AN B, G e PR
it I T PRV (LA B T 4.66 KA, HE N PRVLAS 5
B W R AE R 2.05kA, R BE LA 5
56.0%. HI N 2 P BT HUER 0 R S 4 F A 7S
LB I AR S /N, Tl 1.20 KA. {H FH TR ) o
BB A AT R ) N PR RS N, T 2 (R
HmA REE TARE . 50— U7, BT RS
U TR RN G T A i, BN T RS R ) A
i, DRI L PRS2 T, R AL
DA TR AT 20D, f7 B R 16, K& 17
FioRo

L e
PO =t
37254 +-
32004 £t — y |
ERER LAt . & L —

31504
3125

ov{rad’s)

310.04
30754
305.04
3025

7.0 80 90 100 1na
s

16 ¥ FiR &~ EE

Fig. 16 Schematic diagram of rotor speed curve



_78 - @A &R B R

BIrh, O FIALAG 7t Sl s 39 ) ) e AL
323.30 rad/s FF&%1 319.95 rad/s, MM Lhff Hthk 15
BT WESGE, TR R O TR
Kraihsk, TEEZN WS RFDHE, F3)
A E RGN, HAREAT LT N BRI A B 2
b, EIREThfILS] 2.57 rad, HIELT H N PRV A
T 0.97 rad. TR BEANAS [RIEG A R ik R
WA, WA DA 2 an ] 18 P

Main : Graphs
T BTN TS
2504
2004

1.50 4

Srad

1.00 4

0504

0,004 o + Sy R
050

700 750 800 85 400 850 1m0 1050 10
1is

B 17 A& RER

Fig. 17 Schematic diagram of power angle curve

Mein : Graphs
LY =01 = 04H
2,504
2004
] NN N
1.00 4 /p-":

0.504

rad
;)

Q.00+ e W

0504
800 850 200 250 1000
is

18 R[E) R MU PE BRIT RS 3 R 4 & 7SR ERI#2 M
Fig. 18 Influence of fault current limiters with different

inductors on transient stability of the system

Kl 18 i, BRAs B TR R OR, Wil B ) o)y /52
MW, RS E SRS . XA
Bt A5 B i IBPT e N, ZR e e i S Tml i) 4 4% FHL
PUBBIRN, i G AS 2B, skeb T
HHAN, SHAERTESRE . BN a5 [
SERPUR T BEATXS LG, W Th A th&k an &l 19 .

Bl 19 H1, F - PR A A 20 7 s O ) A J
P SUG) FRJAL 7 L A () i F S 28 BR A/, [
S8 ST A Rt R QR B NG . R AR
P A8 24 5% 284 7 5 i B 1) i 8 N ) T 34 S5 Uk L
fi] s SRBURERTE /N, i A Ep NSRS AR LE T e
N [ 5 TR IR i A3 28 1 I A i AR 5K, 39
T 5.59°

L ] R I W R T 2R
1754

1.50
1.254
1.004

Srad

0751
050+ Vg A —f A

025 ! ' :
0.00 4

7.0 20 90 100 1o
L]

19 Iji £ i 2 LL AR R

Fig. 19 Comparison of power angle curves

[F1]  ETE2 B FR AT A RS TR S AT 2 bl PR
DIBRIN ], EA A ol AR b fR) 22 ) e i s PR VT
SRR T PR 2253 P 20 D AN R RBD) BiR N 1] 457 56
(RIFe 1 Hd 2

Main: Graps
dsp O hAGE = Oi2Asflic T = ORI
4251 —=
4004 i
R =
3
333_
S~
3254 ol
— S— | T o
304
7.0 20 90 100 1o
s
(2) TORERFSE 0.21 s Ty Ff 0 7 11 2%
Main: Graps
asp O3S hAE | = O3t T = OSSR 2|
o =
4251 - wad
400 4 ol ki
E o7
£
333_ st
325_
304
7.0 20 90 100 1o

t's

(b) MBEEREE 0.31 s Dy w2k
20 RGTh LRttt

Fig. 20 Comparison of system power angle curves

K 20(a) 1, B VIERI (A 0.21's, ARBEBIR
TR G RN R LR, R R a &
HINUFE 2 iR Ja IR I T AZESRF[RID . B 20(b) i
BESEIR 2 0.31 s PIBR, 1125 rg e 1] BT A2
W, BRI ARG CICVELE R D, T
A I8 EPTII R GEAR RE DR B A LI [ 2E o TRl
HS N PR UE A BRI A L ] T A B 7)o o i) 5
s SR INAER -



E i, &

T PSCAD MBI ENE T R IR 28 1k Re 04T

- 79 -

5 it

AR SORATER O B A B v R it A2 I 24
FORMHAT LS, #F PSCAD WAL, AT EA
[l TAEDC 8] N SFCL i PERE, UEW] T SFCL fE
LIt B A ) P TSl A AR A IR LA T 252
#£ PSCAD R BRIEAHEAN ML KRG 570
PR ke BN IEAT LU, AE ARSI D0 B 20 b 1 i
T SFCL LA 5 B R Gk i 3 e T 2
AR TR DL KR8 AN RRUE 3 RS o 7 L4 RAIE
W TN RIS G, RECESERZIW] 2k
fes JF HA T BN BRSO, 1
INT B R DIBR IR, b A3 N[ 52 R AT B, AT
75 20 5 A MERF AR BT B3R N 1] o
Sk
(1] Wi, 201, 95, & ) AR AR F TR b )

BT RED). rE TR, 2011, 5(5): 90-93.

YANG Zhengang, LI Li, LI Yangxu, et al. The issue of

short-circuit current being out of limitation in Guangdong

power grid and related countermeasures[J]. Southern

Power System Technology, 2011, 5(5): 90-93.

(2] i, B s v o0 HR IBC T AR 20 B PO PR i S B
FoAR[. P E LS, 2017, 50(6): 56-61.

LOU Baolei. Research on key technologies of series

resonant type fault current limiters for EHV grid[J].

Electric Power, 2017, 50(6): 56-61.

(3] fekd®, Amefd, Xy, & KHHLLLRIETESOE B 5
SEEARRH]. 75K H, 2018, 47(5): 8-13.

HOU Yuting, LI Xiaobo, LIU Chang, et al. Flexibility

reform situation and technical application of thermal

power units[J]. Thermal Power Generation, 2018, 47(5):

8-13.

[4] ALFEROV D F, Akhmetgareev M R, EVSIN D V, et al.
Effect of the rate of the rise in current on transient
processes in a superconducting fault current limiter[J].
Technical Physics, 2018, 63(1): 26-31.

(6] SRR, FE#hul, mifEsk, 55 ERE A I8 T R
SRIE R TR ). O R G RYT 5], 2018,
46(7): 63-67.

ZHANG Xietian, ZHUANG Jinwu, GAO Hailin, et al.

Study on forced commutation method of DC hybrid

superconducting fault current limiter[J]. Power System

Protection and Control, 2018, 46(7): 63-67.

(6]

[7]

(8]

[9]

[10]

(11]

[12]

[13]

e, H¥, P78l SRR as FE A S A A
F[I]. L CHLAEFI IR, 2017, 36(10): 1-7.

XIN Ying, TIAN Bo, WEI Zigiang. Fundamentals and
prospective of superconducting fault current limiters[J].
Advanced Technology of Electrical Engineering &
Energy, 2017, 36(10): 1-7.

MORICONI F, DE LA ROSA F, DARMANN F, et al.
Development and deployment of saturated core fault
transmission

Applied

in distribution and
substations[J].  IEEE
Superconductivity, 2011, 21: 1288-1293.

5 . VERIER LR S PRV 8 S PR BRI 5[], R
FERE: FARBIE, 2017, 47(4): 364-372.

XIN Ying. Research and progress in developing key

current limiters

Transactions  on

technologies  for  practical  saturated iron-core
superconducting fault current limiters[J]. Scientia Sinica
Techologica, 2017, 47(4): 364-372.

TR, JARE, SHE R, S5 H AN g0 s ik SR
A SERATIUI]. b B AL T RESA 4R, 2015, 35(2):
494-501.

ZHANG Wanying, ZHOU Hui, HU Xuefeng, et al.
Experimental research on a novel saturated core high
temperature superconducting fault current limiter[J].
Proceedings of the CSEE, 2015, 35(2): 494-501.

O, AEmERy, SHEH, A5 R PR AT L 22 A AR
5E IR0 B B AR FURIR [T]. v P S50 b e, 2017,
33(7): 25-34.

LU Yazhu, CUI Xiaodan, HU Yang, et al. Effects of fault
current limiter on the safety and stability of power grid
and its application: a research review[J]. Power System
and Clean Energy, 2017, 33(7): 25-34.

BT, BRIGE, JREFLT, S B MM S A T IR R
ST EHTE]. (IR ER A4, 2013, 35(6): 471-475.
ZHAO Shuo, ZHANG Wanying, ZHANG Xuhong, et al.
Simulation research on an novel saturated core
superconducting fault current limiter[J]. Chinese Journal
of Low Temperature Physics, 2013, 35(6): 471-475.

Wi, BoEs M7, A& L THNIEIIN BRI MERY Y
BEPRATASLT). ) B LB, 2014, 34(10): 169-173.
YAO Lei, QIAN Yingfeng, MEI Jun, et al. Series-
compensation-type FCL based on core control[J]. Electric
Power Automation Equipment, 2014, 34(10): 169-173.
W, HERAE, Bhoese, S5 AR PRV RN i R
i TS X L I e 2B D FA[D]. B, 2015,



- 80 - @A &R B R

39(11): 3273-3279.

LEI Yang, TIAN Cuihua, WEI Liangliang, et al. Fault
ride-through capacity enhancement of wind parks by fault
current limiters of different limiting impedance[J]. Power
System Technology, 2015, 39(11): 3273-3279.

[14] LEE HY, ASIF M, PARK K H, et al. Feasible application
study of several types of superconducting fault current
limiters in HVDC grids[J]. IEEE Transactions on Applied
Superconductivity, 2018, 28(4).

[15] YANG Yude, SONG Anjun, LIU Hui, et al. Parallel
computing of multi-contingency optimal power flow with
transient stability constraints[J]. Protection and Control
of Modern Power Systems, 2018, 3(3): 204-213. DOI:
10.1186/s41601-018-0095-z.

[16] REDE, THT, LI, 5. MESHO RN &F
SEPE R[], T EHT), 2017, 50(8): 87-92.

SONG Junying, WANG Weiyu, JIANG Xuejiao, et al.
The impact of grid parameters on transient stability[J].
Electric Power, 2017, 50(8): 87-92.

[17] SON G T, LEE HJ, LEE S Y, et al. A study on the direct
stability analysis of multi-machine power system with
resistive SFCL[J]. IEEE Transactions on Applied
Superconductivity, 2012, 22(3).

(18] Vri&, 0, Whin, 5. 25 REISAT 10 FE A bee PRV 25 411
AR LR W ARG RY 5], 2015,
43(5): 21-26.

XU Kui, SUN Ting, HAN Song, et al. Optimal sitting and
parameter selection for fault current limiter constrained

with power losses[J]. Power System Protection and

Control, 2015, 43(5): 21-26.

[19] LLAMBES J C, HAZELTON D. Performance of 2G HTS
tapes in sub-cooled LN2 for superconducting fault
current limiting applications[J]. IEEE Transactions on
Applied Superconductivity, 2011, 17(2): 1903-1906.

[20] ve, £1, 285, & T8 PG R RGN DM

B A ROE R RIS (D). ) RGP 1,
2018, 46(15): 101-110.
LIU Yang, WANG Qian, GONG Kang, et al. Transient
stability control strategy of microgrid frequency based on
SMESI[J]. Power System Protection and Control, 2018,
46(15): 101-110.

(211 i, THISE, AR, 55 BSRAE R LR 2L

AP R G SR ], O RGRY 5
i, 2018, 46(22): 22-30.
YUAN Chang, DING Yufei, FENG lJiayao, et al. Transient
stability analysis of virtual synchronous machine distributed
parallel system under off-grid condition[J]. Power System
Protection and Control, 2018, 46(22): 22-30.

[22] iRy, Sl ok &R N HERM]. Jbnt: iR
S H AR, 2009: 172-185.

YrkS HHEE: 2019-05-21;
fEE B
i@ (1995—), B, AEHRA, ARG 6 AHRBFR
ABLEEH A% T LA, E-mail: 18368493872@163.com
¥ &1983—), F, @, WL, T, RS
FIAARFRABAEC N ZARF LA, E-mail: yaolei_usst@

126.com

{&El HHF: 2019-07-05

(R# REE)



	DOI: 10.19783/j.cnki.pspc.190577 
	基于PSCAD的饱和铁心型超导限流器性能分析 
	Performance analysis of saturated core-type superconducting current limiter based on PSCAD 
	[1]  杨振纲, 李力, 李扬絮, 等. 广东电网短路电流超标问题及对策[J]. 南方电网技术, 2011, 5(5): 90-93. 
	YANG Zhengang, LI Li, LI Yangxu, et al. The issue of short-circuit current being out of limitation in Guangdong power grid and related countermeasures[J]. Southern Power System Technology, 2011, 5(5): 90-93. 
	[2]  娄宝磊. 超高压电网串联谐振型短路电流限制器关键技术[J]. 中国电力, 2017, 50(6): 56-61. 
	LOU Baolei. Research on key technologies of series resonant type fault current limiters for EHV grid[J]. Electric Power, 2017, 50(6): 56-61. 
	[3]  侯玉婷, 李晓博, 刘畅, 等. 火电机组灵活性改造形势及技术应用[J]. 热力发电, 2018, 47(5): 8-13. 
	HOU Yuting, LI Xiaobo, LIU Chang, et al. Flexibility reform situation and technical application of thermal power units[J]. Thermal Power Generation, 2018, 47(5): 8-13. 
	[4]  ALFEROV D F, Akhmetgareev M R, EVSIN D V, et al. Effect of the rate of the rise in current on transient processes in a superconducting fault current limiter[J]. Technical Physics, 2018, 63(1): 26-31. 
	[5]  张谢天, 庄劲武, 高海林, 等. 直流混合型超导限流器强迫换流方法研究[J]. 电力系统保护与控制, 2018, 46(7): 63-67. 
	ZHANG Xietian, ZHUANG Jinwu, GAO Hailin, et al. Study on forced commutation method of DC hybrid superconducting fault current limiter[J]. Power System Protection and Control, 2018, 46(7): 63-67. 
	[6]  信赢, 田波, 魏子镪. 超导限流器基本概念和发展趋势[J]. 电工电能新技术, 2017, 36(10): 1-7. 
	XIN Ying, TIAN Bo, WEI Ziqiang. Fundamentals and prospective of superconducting fault current limiters[J]. Advanced Technology of Electrical Engineering & Energy, 2017, 36(10): 1-7. 
	[7]  MORICONI F, DE LA ROSA F, DARMANN F, et a1. Development and deployment of saturated core fault current limiters in distribution and transmission substations[J]. IEEE Transactions on Applied Superconductivity, 2011, 21: 1288-1293. 
	[8]  信赢. 饱和铁心型超导限流器实用性技术研究[J]. 中国科学: 技术科学, 2017, 47(4): 364-372. 
	XIN Ying. Research and progress in developing key technologies for practical saturated iron-core superconducting fault current limiters[J]. Scientia Sinica Techologica, 2017, 47(4): 364-372. 
	[9]  张晚英, 周辉, 胡雪峰, 等. 新型饱和铁心高温超导限流器的实验研究[J]. 中国电机工程学报, 2015, 35(2): 494-501. 
	ZHANG Wanying, ZHOU Hui, HU Xuefeng, et al. Experimental research on a novel saturated core high temperature superconducting fault current limiter[J]. Proceedings of the CSEE, 2015, 35(2): 494-501. 
	[10] 吕亚洲, 崔晓丹, 胡阳, 等. 故障限流器对电网安全稳定的影响及应用研究综述[J]. 电网与清洁能源, 2017, 33(7): 25-34. 
	LÜ Yazhu, CUI Xiaodan, HU Yang, et al. Effects of fault current limiter on the safety and stability of power grid and its application: a research review[J]. Power System and Clean Energy, 2017, 33(7): 25-34. 
	[11] 赵硕, 张晚英, 张绪红, 等. 新型饱和铁芯型超导限流器的仿真研究[J]. 低温物理学报, 2013, 35(6): 471-475. 
	ZHAO Shuo, ZHANG Wanying, ZHANG Xuhong, et al. Simulation research on an novel saturated core superconducting fault current limiter[J]. Chinese Journal of Low Temperature Physics, 2013, 35(6): 471-475. 
	[12] 姚磊, 钱滢锋, 梅军, 等. 基于铁芯控制的串联补偿型故障限流器[J]. 电力自动化设备, 2014, 34(10): 169-173. 
	YAO Lei, QIAN Yingfeng, MEI Jun, et al. Series- compensation-type FCL based on core control[J]. Electric Power Automation Equipment, 2014, 34(10): 169-173. 
	[13] 雷洋, 田翠华, 魏亮亮, 等. 不同限流阻抗下故障限流器改善风电场故障穿越能力研究[J]. 电网技术, 2015, 39(11): 3273-3279. 
	LEI Yang, TIAN Cuihua, WEI Liangliang, et al. Fault ride-through capacity enhancement of wind parks by fault current limiters of different limiting impedance[J]. Power System Technology, 2015, 39(11): 3273-3279. 
	[14] LEE H Y, ASIF M, PARK K H, et al. Feasible application study of several types of superconducting fault current limiters in HVDC grids[J]. IEEE Transactions on Applied Superconductivity, 2018, 28(4). 
	[16] 宋军英, 王炜宇, 姜学皎, 等. 网络参数对电网暂态稳定性的影响[J]. 中国电力, 2017, 50(8): 87-92. 
	SONG Junying, WANG Weiyu, JIANG Xuejiao, et al. The impact of grid parameters on transient stability[J]. Electric Power, 2017, 50(8): 87-92. 
	[18] 许逵, 孙婷, 韩松, 等. 考虑运行损耗的故障限流器布 点优化和容量选择[J]. 电力系统保护与控制, 2015, 43(5): 21-26. 
	XU Kui, SUN Ting, HAN Song, et al. Optimal sitting and parameter selection for fault current limiter constrained with power losses[J]. Power System Protection and  Control, 2015, 43(5): 21-26. 
	[19] LLAMBES J C, HAZELTON D. Performance of 2G HTS tapes in sub-cooled LN2 for superconducting fault current limiting applications[J]. IEEE  Transactions on Applied Superconductivity, 2011, 17(2): 1903-1906. 
	[20] 刘洋, 王倩, 龚康, 等. 基于超导磁储能系统的微电网频率暂态稳定控制策略[J]. 电力系统保护与控制, 2018, 46(15): 101-110. 
	LIU Yang, WANG Qian, GONG Kang, et al. Transient stability control strategy of microgrid frequency based on SMES[J]. Power System Protection and Control, 2018, 46(15): 101-110. 
	[21] 袁敞, 丁雨霏, 冯佳耀, 等. 离网条件下的虚拟同步机分布式并联系统暂态稳定分析[J]. 电力系统保护与控制, 2018, 46(22): 22-30. 
	YUAN Chang, DING Yufei, FENG Jiayao, et al. Transient stability analysis of virtual synchronous machine distributed parallel system under off-grid condition[J]. Power System Protection and Control, 2018, 46(22): 22-30. 
	[22] 金建勋. 高温超导体及其强点应用技术[M]. 北京: 冶金工业出版社, 2009: 172-185. 



