FaA5%E F 191
201710 H1 H

€Y EREY DN

Power System Protection and Control

Vol.45 No.19
Oct. 1,2017

DOI: 10.7667/PSPC161592

ZASRIP RN R R TIRFAINR

ME, B A, FOh, RRM, WAL, 3 M, x|

(7 B R S TN, (I dw 211102)

M, X RIF

B DIDFR AR ) R G R S S DR B A AR e A HLD AR GTH R, AR A R AL T
A BEAE R A PO R SRR R AR . R T AR LR, /N A AR el O T AR R PR i PR 2R 3
T TN T RS AR AAR SR B, NAEDRIE N D A A AR AN A BTSSR
TIRIBIERIN AL FEE . 6T ARRZ BN D AR AR e, I e R LI ) RO T BRI T ARG R
P T R AN DA RS AR ) 2 BRI SEIE, 58] THEAN R ZIRGAR T R BT 5. BT
SIREFERKNNRGIRY) &, 138 T SR

KR IR AARSS EAREE AR KRR I T B

Research on low power current transducer used for transient protection

XU Lei, LU Wei, LI Li, ZHU Xiaotong, LIU Dongchao, LIU Peng, LIU Bin, LIU Gaopei
(Nanjing NR Electric Co., Ltd., Nanjing 211102, China)

Abstract: Low power current transducer insulates and converts current on the secondary side of the power system. As the
power system develops, the current transformer is required to accurately convert transient fault current during the transition
period. Based on the equivalent circuit, the influence factor of transient characteristic of low power current transducer is
discussed in depth. In order to reach a more realistic effect of aperiodic component transmission, the secondary circuit
time constant should be improved as far as possible under the premise that the low power current transducer does not
saturate. For low power current transducer with restricted volume, by deducing the relationship between secondary circuit
time constant and core width, a quantitative design and calculation method of the low power current transducer is
proposed, and then the optimal design schemes are obtained under different secondary wire diameter. The theoretical
analysis coincides with the test results of the samples, and the theory is verified by practice.
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Fig. 1 Equivalent circuit of low power current transducer

(converting to the secondary side)

(SIS I /SE 7T | e/ ¢ 113 Rl QS ¥/ R L VA
N A L IR, B A Ty N IRER,
FNLA A Lo AMEHES, BN H Ry N IR%E
HWEH, AR Qs Ly WIsHIE, A4 H; R4
B, AR Q.

X ¥ L) 2R G B AR N (R A L, R
T4y IE 5% I 2 B AN R O S s ) HE R 35 43
mAN, Bl

t

1, =1, [-cos(wt+6)+cosbe "] (1)
X LKA, A8 As Ly, A— R
Wy S IRAR, AN As o I FRAIE, BLAT R rad/s;
(/S LN (TS X VA S PR Ay e/ L1 2T R T PR £V
s O FEERBEE WA, A rad.
20 =0, JEEI TR IA 25 KM, B
N ER AW, A SR 1 SR AR A
ZUP AN P

t

I,=1,, (-cos wt+e_7l) )
WA 1, AR REs ot
1/2
I N 1+ 0’2 .
IZZL{_COSQ)Z‘—F C()ZTZ 51n(a)t+¢)+
Nz 1+o T
) a\I2
00 Ty =7 \1+0'7y
(3)

Kb L TIRBGRL, BN A NI —IRGAR
B Ny A IRGEHINEL; 7, A Aar SO I Ta) A
BRI s 1y K IRBIEE I TRV E, B4 ss @k
9RE, AN rad.

2'2=L2/(R2+RZ) 4)
Ty =(L,+ L))/ (R, +R.) %)
2
¢:arctanm 6)
(7, —7,)

@)1, L A SR BE N R A 7
T, TR AR R 43 B 20, Horb YR [P 5 I T 4
T BRI VR AR R 23 R A e, AR R
BN, HBIARESL R, 7, =ooltf, —IKARSEI =
SEARTCM AL AR B IR My, =, B, IKHR
PR EIR R, BRI e Wl
FEAZF] kA

LIRS I TP A B RER PR AL T 2R PEIX i
HEK Lo ANEAEBEKIAR AL . R, AR THIN IR
AR S R AL AR R R EUSI AR AR — YR ]
AW B, NARE AR RIEE S RS
I} N T AR e g AN R A AR TR N, R R
T IR AT B A 3 8 7

SCHR[ 107X 8 25 A% AR Ry () R 2 AR AE B
TR UG AT IR 152 2 AR J 30 4 b S il e 0 50 22

1) o0 R UEAR IR IF 35 22 o KO8 T Sk XU v
C-1'-0-1, -C-1"-O (5 VX H I (10 #2538 12 1 AR
[f)o ¢ S IHFE ], 4 40 ms; ¢ J25H
TR ], A 40 ms; g5 AETCHURINE], Ay
960 ms o WK 3 T 1A HL I T IR 40 R N IAD A
100 mso ZERAERAME MR 20 5 KM 65
H100%H B RIS IR IR 22 AN KT 10%.

2) {EJEIIA 4> s gl (A B 2 o AR I
B, RHESFEIRIOFEDE 2l 3 A5 R A, $aHH
A ) £ A R B L (I R A A B K, AR
Ay EERERIN AR B 0.1's, SR AR R 2kt
) B 22N T 10%. MR R B 5 25 5 F
KAEK A S AL AR S5 (= 8 3 o S g TR HE 4,



-138 - ® LRGP B R

S BT Ty A A s U R
SRR S,

I
. =0.09/In—2 (7)

s oM IEEE S UM, AN As b A
MRS IR, A A.

v, 5 I, =0.1 s 2 [H] R AR 22/
h AR RS 4y S et () EoR 2 . iR (7T
JiERT LIS B2 /N D) 2 i AR S AR AR JE 1) 0
AR A BRI R B e, 5z, R R,
e 2 fis.

0100

0.095

0.090) /
0.085 /
0.080

0075

T(5)

0510 15 20 25 30 35 40 45 50
T

B2 o, AR

Fig. 2 Relationship between z_and 7,,

T 2, D gRASR A 31 00 B el ] iR <
10% A HER, Wiz >0.09's, WI/NT)2E Bt A8 4t
A PNLRIE 7, >1.5 86

X A ) U3 TR U I ) R Y EESROBE HH T
TPY Z0ETARY I At Fse i kY, X —gisk
TRAE T A IR AR AR B “ i AL, /DI
YRR B BEVH I 2 2EHE R, AR 2R AR A Y]
3 R E I T AR R R

2 ERSPINEREIRTIRIEFANRT

N A AR B R AE AR S BB, A
AE A R AR UORSETHERE . DIET S
ARG IFERTCAN], X ERAS N D) Z R AL e
(R K SEVFAM T 54x54x38(Kox i x iy, mm).
FEATRRAOAS TR A, AR CT BRI —X
[, R E &AL BT %, A
EAFE G IR, AR TRl 470 S
S A AR R (K SCHAE 1 P ey — R[] IS
)AL 7, 5 BN DA AS AR 1 — IR GE AL T L
%, W TR R R, R R Ly, 3K
©LIEEE
Ty =L,/ (R, +R.) (®)

Wi SRR Ak HL RS, R T 2 K(9)
P,
:%WS
@+L

H,
b LA, S Hs 1 B AR
MM, B ms e RIS RS LA O
SR, N ONLRBIINE, S WEOAREImR, HA7
N’y LR EIRAR K, L m,

KOS N

L=

L 107 9)

ﬁﬂ%@iuo7 (10)
AP, WERCHER A SR S 26

p=— (1n)

1+ p =
o

BN A AR e g A AR R (R AR Ak
B, AR Aok, AR
4x107zN,’S

TZO -

@+2x&+&> (12)

NI R KHE A 1A A
SA JUEH, WSRO, BUE Y
BN 0.175 Vo BERMIAT, BN TAERESS, {RAE
LA SA IR 5,
VDTS FE, T 1 A (/NS A
B S, SA BRSO 1 I, i
B TN S A, T KR LI 3 mm TERY
Betkzsin).

B4 1 ot A 3 /) 2 e B
TP, B E R T A R,
(1 s B P T, B REERCE B JA 1
P AU, AMEAIE 3 B, B B3
S N T e,
ik, S,

B 3 ElfF$kits CT
Fig. 3 EI blade core type CT



A== I
MO, &

PR AN D)3 AR AR HAR T T - 139 -

ELBCASBIRIIE 4 i, 8 E IR0 x,
A mm.

X
]
]

B 4 EI $ki%
Fig. 4 EI type iron core

/Ny L AR S A R TR 56 4 ) FH 48 g 2 )
Kk Bl AVERE, A A A G 7 (B F5AME 5T
BN, BB IRGEM. IR, 4% )E R BERL
JEEEVH 2 MIAE =428 0] B ROCR, nf33] =
AL AR T AR Sy(m*) K

S =4x10°(23-x)(11.9375—x) (13)

2 82| ZIRGEA A sehl T oA oy JAsel, il s
Bk, —IRGAURTT ARG, 280 dmm), S
G I — 5 B RIA— IR 0], O T BHE
AL T A, DT T XSS AR R v S SR S 4
AT ], AT R RGN
S, 4k(23-x)(11.9375 - x)

N, = k1 PE e (14)
RS
__________________________ LML TE
9000
<—
OO0 —
<_

5 TIRGABE N

Fig. 5 Distribution of the secondary winding section

KADT, RE kb LG 2 TR AL
0<k;<lo [BEAE— VBN, k EEZLAZNI 0,
—HAEOUT, AR, Bk, kb, XH
SEH T AR 2 RSB RS IR LA L R 24 d F Ky (1)
KRR, WK 1R,

T1dM kL HEEXRER

Table 1 Empiric relationship between d and k;

d/mm 0.08 0.09 0.1 0.11 0.12

ki 0.9 0.89 0.86 0.83 0.79

BRI AT, RS LA 2RO Sl
CIRGA B EAR W 6 B

6 ZRERLAATER BRI AR
Fig. 6 Contour shape of the secondary windings

HIE] 6 R A2 RSB IR KL I(m) Ay
/= Nz[(2x+2.875)x2+(H+2.375)x2+2n§] =

22.8672x 107k (23 — x)(11.9375 — x)(x +10.3215)
d2

(15)
HE20°C I FEBH Ry p =0.0175 Qmm?/m, 7] 75

B IRGEA I FH Ry(Q) N

__ P
2 2

d/2

1.6><10’3k1(23—x)(11.9375—x)(x+10.3215)
nd*
FH R B 3P A5 IRE HIA T(A) N
2
I - IN, 1.25d (17)

N, k(23-x)(11.9375—x)
INTH R A A R IR N

U,=0.175V, TJ{32IEFEHEE RA(Q)N

U, _0.14k,(23 - x)(11.9375 - x)

R =—% . (18)
I, d
PR S(m®) N
S =8x107k,x(x —3.3125) (19)

KA, ko ABRBERI(ETH), LR &
FiJes BEASERN T (K0S R RS & 7 B S B
B, B WRAEAN P R I SRR, e i P
JERSEBR IS AT R B BsE, WE TR
ol o IXHLE k=095, I

S =7.6x10"x(x—3.3125) (20)
T ELE X CT, AR USRS L.(m)
[ =4x107(38.25-x) (21)

FRAE N BN # e = 4.44 N, B S , AL At 5
132, N IR A AR AR AT FLIA N R G B, £
47 0.001T, /NI VAR e 25 02T A8 VRV 1R Jah s
HIRARERER N, WL G S 2 B &, R
TV, X FLUERR R OB H 2k 35ZH115)
1EB=0.1T. f=50 Hz W [HEF2, © =27056 o X}



- 140 -

® LRGP B R

TNDPR AR AR, AR L S EEPR ) L EK A
K, WAL, X% 6 um ALFE,

B BikgE AN (12), AT 3
TO::0645ﬂnhx(x—33125X23—xX1L9375—x)
g 10°d?

U&%4—ﬂ@+HB2H+3ﬁ”R

TIRERAT d IR e YE L, MO A R

I8, ARERYN, WS H BAREAH, 15 0)%E
BN, IRIEEGL D, A RlIEEER 1 5 Rl
RIPERAE d, AR kys FeZn] 50 BIRAS IRk
(] 286 B V)5 B0 7, DG T — R o x [FOR R o IX L)1)
PYEH d 4 0.08 mm. 0.1 mm. 0.12 mm, AJ%: &35
Kl 7. B 79 x BEUETEEY 3.3125<x<11.9375,
JREAE T LI B2 A B 530 5 BUE A e sE 4
FIH AR, IR PRGOS BE, N
A as PERE R 22, X HEAFHIR.

3.0

(22)

N

25

2.0

» =
= L3
W

: -k
1/ \

3 4 5 6 7 # 9 10 1 12
EI #5415 v/mm
(a)d=0.08 mm

E} 4 5 6 7 8 9 w11 12
El $i54% vYmm
(byd=0.1 mm
30
2.5
1
) /
0 /
. /

304 5 6 7 8 9 10 1 12
El #4510 % x/mm
{c)d=0.12 mm
B 7 TREEE A S 1, 5 Bl ST x ER
Fig. 7 Relationship between the secondary circuit time constant
7,, and edge width x of EI iron core

i 7, TR EHEARZR FRERIN D%
HAV AR e BT 5 58 S A5 B X I S i T 5 iz
72, R 2,

% 2 TRIZR%AE d BE&ARE E1 B CT RITA R
Table 2 Optimal design scheme of EI type CT with different secondary winding diameter

d(fjfnﬁ H %ﬁjﬁ AR AR /mm? ZIRITEL N, R LR R/Q Ty /8 S i;ﬁ;?;;%fmﬁm
0.08 7.86 271.6 34725 1215 2.85 -5.42
0.09 7.87 272.6 27 048 947 2.75 -5.61
0.1 7.88 273.5 21 104 739 2.59 -5.94
0.11 7.89 274.5 16 780 587 2.43 -6.31
0.12 7.90 274.4 13379 468 2.25 -6.79
EHR 2 WP d=0.1 mm 55, T REET

10 HU/ND R B AR e gs A i, Jite 0 R s 3 i 4 A {2

3 FEAIE AR ARSI B 100% WA « o 7] BN

WM 0.1 s AL, RIEASCE 1557 1k

J7VE,  SEINAF 3R A 3 43 S ek v 1] B0 22 1

BHELI N -5.8%, FIF 2 B4 RIEARY) &, —

S AR I R H R B W& 8 i R

Fah, WHERA2)FR(16), ATLAE— A H N
Ty A AR et b Tl AR A S B IR G B AR
K, AT 3 3 5 ek [R) 8 B0 22 1) A2 4k

[ 8 ik CT #F A E S RIRE TR

Fig. 8 Transient transmission waveform of CT sample



Ay = I
MO, &

PR AN D)3 AR AR HAR T T

- 141 -

P, DS F e B 2 R H0 0.0039/°C K5,
R 3BT SEINE I LA
R 3 NNRBRTIRBATRERE T BOEZSHE
Table 3 Transient characteristic of low power current

transducer under different temperature

AFJAI 5> T PRI ) 3 HOR 2/ %

HEE/(C)

QETAL! SR
20 -5.94 -5.81
70 -6.88 -6.93
-40 -4.78 -5.05

FHER 3 TI0, BEEELE T, i He P R K,
TIRGEH WK, Al S A, DR kA
% I 1) B0, AR FA A 20 8 gl i TR) i B0R 22 1
HIHEA KR, [RZ IR

29, fEC-1'-0-1, -C-1"-OfFHH, Ik
DB AR W IS 308 25 8 /N T 10% . W R/ Ty %6 g A
o /2 TPY 208Kk, i A2 SCHR[10-117% 8 4%
AR I K
3 it

1) 7E/N D r i A e s RO 32 BRI AR
ARSI IR I R A, SR TR AN
HHLYRASHAR 0 R B ATHEvk. 1E
T R I ] 5 0 T /N 2 AT AR ik A
—ZEIELRR, WRBIEAR T IREAE N R
(NS

2) WFHI FR) /) Ty 24 R U0 2 480 45 PO B AN R 12 3 2
FHOCARAEREESK, Il S B3 ) T KIE .

3) AW T4 AR AT B AR H/N DR iR
AR B IR UL S A
SR
(1) TR 2 W IR N RHAER: GB

20840.2—2014[S]. dbiT: H EbRUEH AR AL, 2014,

Instrument transformer-part 2: additional requirements

for current transformers: GB 20840.2—2014[S]. Beijing:

China Standards Press, 2014.

(2] /pIhAerp i AR s GBS AT: TB/T 10635—

2006[S]. Abm: HUBE Tl ik, 2006.

General specification for current & voltage transducer

with small power: JB/T 10635—2006[S]. Beijing: China

Machine Press, 2006.

(3] 2Kk, VU BB VRN 2k o DR AP 1) 56 i B ety

WE[T]. HLI2EAR, 2009, 24(2): 137-139

LI Zhiwu. The influence and solution to the saturated

state of the electric current mutual inductance machine on

relay protection[J]. Journal of Electric Power, 2009, 24(2):

[4]

(5]

(6]

[7

(8]

[9°

[10]

(11]

137-139.

DB, A, R, BF. ABHEL TN R A 2 8)
PR Bl e D R A D). R R EOR, 2011,
37(12): 3099-3106.

HUANG Shaofeng, GU Jun, ZHENG Tao, et al
Mal-operation of transformer differential protection with
inner bridge connection and countermeasure[J]. High
Voltage Engineering, 2011, 37(12): 3099-3106.

D R N i R = 45 S S € 258 T I L2
SR IEX T 2], RS A B, 2007, 31(4):
66-70.

LIU Zhongping, LU Yuping, YUAN Yubo. Linear anti-
saturation strategy of digital differential protection for
current transformer[J]. Automation of Electric Power
Systems, 2007, 31(4): 66-70.

FARE, R, BEK, . v E R O
LT A U1 L SR T (0], H D R G R a4,
2015, 43(13): 15-22.

WANG Zhenhao, WANG Xuebin, LI Guoqing, et al.
Analysis of simulation and experiment on the characteristic
of the current transformer used for protection affected by
DC magnetic bias[J]. Power System Protection and Control,
2015, 43(13): 15-22.

LA, NI, P B R L BT s Ok R AR 5
(). RS RY S, 2015, 43(12): 117-122.
JIANG Ziqiang, LIU Jianyong. Study on Nanyang
substation of UHV circuit failure protection[J]. Power
System Protection and Control, 2015, 43(12): 117-122.
BB, IR, AT, A& R RS
FEMEIED]. ARG S, 2015, 43(22):
69-76.

QI Xuanwei, YIN Xianggen, LI Gan, et al. A construction
method for the simulation platform for the analysis of the
current transformer[J]. Power System Protection and
Control, 2015, 43(22): 69-76.

R, R, BRI, 5. FI R TR R )
FHUR RO FLA T[], B RGHENE, 2010,
34(23): 87-91.

CUI Yingbin, TAN Zhenyu, LI Qingmin, et al. Simulation
study of influences of different factors on residual flux
occurrence in current transformer[J]. Automation of
Electric Power Systems, 2010, 34(23): 87-91.

Bl A A SUE JE TR Q/GDW 11015—
2013[S]. bl HE Iy HAREE, 2013,

Testing specification for merging unit with analogue
input: Q/GDW 11015—2013[S]. Beijing: China Electric
Power Press, 2013.

220 kV~500 kV H1JJ R G A) A I0 Fe e BRI 2K



-142 - ® &R B
DL/T 663—1999[S]. 4txt: [ ri g Hikidt, 1999. (17] ZE4EMS, fe8 J7, X7, JEJRH o &0 i %38
Test requirement for 220 kV~500 kV power system fault AWM. B A &, 2006, 26(8):
and dynamics recorder: DL/T 663—1999[S]. Beijing: 15-18.
China Electric Power Press, 1999. LI Yanpeng, HOU Qifang, LIU Chengzhi. Influence of
[12] REdTY, BT, Forwg, 5. 110 kV 7 HEAR HL non-periodic components on transient saturation of current
G IR ICSHE SL A BT SO SR [I]. B LR R, transformer[J]. Electric Power Automation Equipment,
2015, 30(16): 255-260. 2006, 26(8): 15-18.
JI Jianfei, YUAN Yubo, WANG Lihui, et al. Analysis and (18] Bfffimy, UM, 7%, 6. MM R IR Sk
countermeasure on abnormal operation of one 110kV PR 56 5[] Eﬁﬁ%,ﬁ%f)ﬁ"ﬁ 2], 2008, 36(13):
intelligent substation merging unit[J]. Transformer of China 1-4.
Electrotechnical Society, 2015, 30(16): 255-260. CHEN Deshu, YIN Xianggen, ZHANG Zhe, et al. Test
[13] &My, SRk, méiem, . BA A RRbb o e ae study on the transient performance of the electro-magnetic
JTRIRUS A A ML S s B A SR D). type current transformer[J]. Power System Protection and
HiAR 2, 2016, 31(19): 182-190. Control, 2008, 36(13): 1-4.
LIU Sumei, BI Tianshu, XUE Ancheng, et al. Analysis [19] #HmEYG, T30mt. H I B RS R A8 0 ] A Lty
and calculation for short-circuit current characteristics for I NE A HT[I]. HEIMEIR, 2001, 25(11): 58-61.
doubly-fed induction generators with asymmertrical HU Xiaoguang, YU Wenbin. Transient simulation of
fault-ride-through capability[J]. Transformer of China current transformer and wavelet analysis of its core
Electrotechnical Society, 2016, 31(19): 182-190. saturation[J]. Power System Technology, 2001, 25(11):
[14] ZHANG Baohui, HAO Zhiguo, BO Zhigian. New 58-61.
development in relay protection for smart grid[J]. [20] werA. AR RS EART M. b5t E Iy H
Protection and Control of Modern Power Systems, 2016, Jik AL, 2005.
1: Tpp. [21] Eafh. B rARRSTIM]. e LT REE BRI
DOI 10.1186/s41601-016-0025-x JikL, 2007.
[15] JUMBER, FMMEE, TR<x, 45, AFBHLINTE 2% K R ARG R
SRS A Bk, 2013, 42(4): 107-108.  BASEAR: 2016-09-22;  {ZRIR: 2016-12-26
WU Pengyue, SUN Ganghu, XU Jin, et al. Analysis of & E . .
. . . MmoH0976—), F, ME, SERIERIF, RS EH
causes and suggestion on misoperation of generator .
breaker failure protection[J]. Thermal Power Generation, FAER 036 E-mail xul@nrec com
2013, 42(4): 107-108. ” 75 1986—), %, d@fetd, M, TP, AR
[16] #7U5. J I RG] A%k, 2015, 7 OAE mx%o E-mail: luwei@nrec.com

44(9): 113-116.

LI Zifeng. Optimization of relay protection for a auxiliary
power system[J]. Thermal Power Generation, 2015, 44(9):
113-116.

(hig RaAH)



	DOI: 10.7667/PSPC161592 
	暂态保护用小功率电流变换器的研究 
	Research on low power current transducer used for transient protection 
	[1]  互感器 第2部分: 电流互感器的补充技术要求: GB 20840.2—2014[S]. 北京: 中国标准出版社, 2014. 
	Instrument transformer-part 2: additional requirements for current transformers: GB 20840.2—2014[S]. Beijing: China Standards Press, 2014. 
	[2]  小功率电流电压变换器 通用技术条件: JB/T 10635—2006[S]. 北京: 机械工业出版社, 2006. 
	General specification for current & voltage transducer with small power: JB/T 10635—2006[S]. Beijing: China Machine Press, 2006. 
	[3]  李志武. 电流互感器饱和对继电保护的影响及解决措施[J]. 电力学报, 2009, 24(2): 137-139. 
	LI Zhiwu. The influence and solution to the saturated state of the electric current mutual inductance machine on relay protection[J]. Journal of Electric Power, 2009, 24(2): 137-139. 
	[4]  黄少锋, 谷君, 郑涛, 等. 内桥接线方式下变压器差动保护误动原因及防范措施[J]. 高电压技术, 2011, 37(12): 3099-3106. 
	HUANG Shaofeng, GU Jun, ZHENG Tao, et al. Mal-operation of transformer differential protection with inner bridge connection and countermeasure[J]. High Voltage Engineering, 2011, 37(12): 3099-3106. 
	[5]  刘中平, 陆于平, 袁宇波. 数字差动保护抗电流互感器饱和的线性区方案[J]. 电力系统自动化, 2007, 31(4): 66-70. 
	LIU Zhongping, LU Yuping, YUAN Yubo. Linear anti- saturation strategy of digital differential protection for current transformer[J]. Automation of Electric Power Systems, 2007, 31(4): 66-70. 
	[6]  王振浩, 王学斌, 李国庆, 等. 计及直流偏磁的保护用电流互感器仿真与实验分析[J]. 电力系统保护与控制, 2015, 43(13): 15-22. 
	WANG Zhenhao, WANG Xuebin, LI Guoqing, et al. Analysis of simulation and experiment on the characteristic of the current transformer used for protection affected by DC magnetic bias[J]. Power System Protection and Control, 2015, 43(13): 15-22. 
	[7]  姜自强, 刘建勇. 南阳特高压断路器失灵保护的研究[J]. 电力系统保护与控制, 2015, 43(12): 117-122. 
	JIANG Ziqiang, LIU Jianyong. Study on Nanyang substation of UHV circuit failure protection[J]. Power System Protection and Control, 2015, 43(12): 117-122. 
	[8]  戚宣威, 尹项根, 李甘, 等. 一种电流互感器仿真分析平台构建方法[J]. 电力系统保护与控制, 2015, 43(22): 69-76. 
	QI Xuanwei, YIN Xianggen, LI Gan, et al. A construction method for the simulation platform for the analysis of the current transformer[J]. Power System Protection and Control, 2015, 43(22): 69-76. 
	[9]  崔迎宾, 谭震宇, 李庆民, 等. 电流互感器剩磁影响因素和发生规律的仿真分析[J]. 电力系统自动化, 2010, 34(23): 87-91. 
	CUI Yingbin, TAN Zhenyu, LI Qingmin, et al. Simulation study of influences of different factors on residual flux occurrence in current transformer[J]. Automation of Electric Power Systems, 2010, 34(23): 87-91. 
	[10] 模拟量输入式合并单元检测规范: Q/GDW 11015—2013[S]. 北京: 中国电力出版社, 2013. 
	Testing specification for merging unit with analogue input: Q/GDW 11015—2013[S]. Beijing: China Electric Power Press, 2013. 
	[11] 220 kV~500 kV电力系统故障动态记录装置检测要求: DL/T 663—1999[S]. 北京: 中国电力出版社, 1999. 
	Test requirement for 220 kV~500 kV power system fault and dynamics recorder: DL/T 663—1999[S]. Beijing: China Electric Power Press, 1999. 
	[12] 嵇建飞, 袁宇波, 王立辉, 等. 某110 kV智能变电站合并单元异常情况分析及对策[J]. 电工技术学报, 2015, 30(16): 255-260. 
	JI Jianfei, YUAN Yubo, WANG Lihui, et al. Analysis and countermeasure on abnormal operation of one 110 kV intelligent substation merging unit[J]. Transformer of China Electrotechnical Society, 2015, 30(16): 255-260. 
	[13] 刘素梅, 毕天姝, 薛安成, 等. 具有不对称故障穿越能力的双馈风力发电机组短路电流分析与计算[J]. 电工技术学报, 2016, 31(19): 182-190. 
	LIU Sumei, BI Tianshu, XUE Ancheng, et al. Analysis and calculation for short-circuit current characteristics for doubly-fed induction generators with asymmertrical fault-ride-through capability[J]. Transformer of China Electrotechnical Society, 2016, 31(19): 182-190. 
	[14] ZHANG Baohui, HAO Zhiguo, BO Zhiqian. New development in relay protection for smart grid[J]. Protection and Control of Modern Power Systems, 2016, 1: 7pp. 
	DOI 10.1186/s41601-016-0025-x 
	[15] 兀鹏越, 孙钢虎, 徐金, 等. 发电机断路器失灵保护误动原因分析及建议[J]. 热力发电, 2013, 42(4): 107-108. 
	WU Pengyue, SUN Ganghu, XU Jin, et al. Analysis of causes and suggestion on misoperation of generator breaker failure protection[J]. Thermal Power Generation, 2013, 42(4): 107-108. 
	[16] 李子峰. 厂用电系统继电保护优化[J]. 热力发电, 2015, 44(9): 113-116. 
	LI Zifeng. Optimization of relay protection for a auxiliary power system[J]. Thermal Power Generation, 2015, 44(9): 113-116. 
	 [17] 李艳鹏, 侯启方, 刘承志. 非周期分量对电流互感器暂态饱和的影响[J]. 电力自动化设备, 2006, 26(8): 15-18. 
	LI Yanpeng, HOU Qifang, LIU Chengzhi. Influence of non-periodic components on transient saturation of current transformer[J]. Electric Power Automation Equipment, 2006, 26(8): 15-18. 
	[18] 陈德树, 尹项根, 张哲, 等. 电磁式电流互感器暂态特性试验研究[J]. 电力系统保护与控制, 2008, 36(13): 1-4. 
	CHEN Deshu, YIN Xianggen, ZHANG Zhe, et al. Test study on the transient performance of the electro-magnetic type current transformer[J]. Power System Protection and Control, 2008, 36(13): 1-4. 
	[19] 胡晓光, 于文斌. 电流互感器的暂态仿真及其铁芯饱和的小波分析[J]. 电网技术, 2001, 25(11): 58-61. 
	HU Xiaoguang, YU Wenbin. Transient simulation of current transformer and wavelet analysis of its core saturation[J]. Power System Technology, 2001, 25(11): 58-61. 
	[20] 凌子恕. 高压互感器技术手册[M]. 北京: 中国电力出版社, 2005. 
	[21] 王全保. 电子变压器手册[M]. 沈阳: 辽宁科学技术出版社, 2007. 



