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Fig.1 Waveforms of secondary current after
CT saturation and ideal secondary current
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Fig.2 Differential-current sampling points of internal fault

SCHRL11-13 1475 B W% 7 V6 A A HE DX At e
H AR BB n] g A1 Bl 22 Sl AR 4, 7R i
IS TFCPRAP [ I 7 DX A0 X PN g s P R B8 A 1
A TARINIF I E SRS o ER AR AR B BRI
UNSRAE 38 B L /N B TTARAEL, DU T LA W Dk
/N AN DN RS TR B SV R SE IS o SR

[4]H RGN B, A RANIE 3 s .

251

15}
=10t
5_

(0.402 7,7)

O 1 1 1 1 J
028 031 034 037 040 043 046
t/s

(a) HEAIHISN R KL

150

= 100

ES

B 50
0 L L VAN 1 )
028 031 034 037 040 043 046

t/s
(h) 2ZhiR
B3 RAREITHMENRPFRERL

Fig.3 Contitions of unblocbing differential
protection with different thresholds

TE 0.4 s I 20 S Az X PN e BRI BE, A SR RERE TR
TELRES) 7, AT LIZE 0.402 7 s I 20 TF RO, A HL AR
PA16 N [IA fEL I 0.414 4 s JF i Of 47 iE 4% 2 il
117 ms, $2 17 shE,

Hy b 37 U5 R R Gl AR B 5 K il
SR R B IR (A P LAl PAT B I 1 i e 2%
SRR BUE . RS SR R I 20 5
TR IR AL R A BRI R M AR B B T
AE L Y 6] R AU 2l PR R A R e R TR o
1.2 MR RERRFAMEENERRSN

T MR R LA I R RS A R
FETF AT TR M F R e 4 TR (A5
FERM) o FE R B — TN 0, Sl
Ly s KN &y, ORI e, , B —IRGEL
AT R R BELS R AR, A5 R o S A e fE

LB R L, o
i i

inf
L,
ell @ Ly Ry Tez uzl

R,

4 BIRERISRN T RSB
Fig.4 T-type equivalent circuit of CT
i FEL O L JR% gt — U R A0 1 L 0 R 7 G
5.
e,=—e,=N,AdB/di (1)
Horp A D R REA; Ny O 218 TG B A 1 I N
SR o
M TR
e, =1,R,+L,di,/di (2)
AR 22 B PR B, AT A — LI L A A
Al RGP 2 T R DR 2R
HI=N,i,=Ni,=N,i, (3)
b H 5 L & Az
(1) —(3), ATAG— IR I . IR LI A i
OISR ITRE N

2AdBdilR
di, "' dH i 2"
[T “
>N dH
R 2 SRGE R -
$=BS (5)

Hr, b=f(i,) HHGALIIZE; S MRS, ¥ o

A (4) A A th 2 AT, W0 T 38 3o £ (B AR o 1
IR B IR B KN

E— 20 b, 25 FEREG s 6T R I L JRR A AR AR RS )

R A L e ol 2 2k P B S AR e, L R PR A A

ARG Ri s = A 14 R S R A o B AT 45 1) BEORS B 4 Dl
WL, AW 0, N

i, =k, V¥ =k, (dp/de)?! (6)

Forp, B O TR AR R, P BRI AR PR TR ERE 5 4,
R

A1 _E 3R AT AT AN R LR U Y R
HEREALLT 2 fi:

a. ML IR A S 28 I K BT B
AR LB AC IR IO LU (B 55 5

b. — ALY , 41— U HL I A 8 25 0 RIS
(B A4 T332 ) — U PR U R/ A PR R A e
SN e SIS 2 €

— R OL T, R IR R s e, Y



F4H

2T, 55 < BT IR I HL AR 1) Pl 0 L SRR AR R U A 12 1]

SRS HRE , A ST P R i A 2
TS T L LI BE 2R 58 R R AR e A A
SN S B2 4T 2 BUE AR T LA AR PR A (] R
ARt — 2

PR, 75 FL J0 FL AR B 5E IR 0 1, AL il 2 B
AIHRE , PE U TR A R B B R A LA T A
i BE AT DR 2R — U R AL DR/ B e e st 2 i 7l
FRER N T HORR R A I 20 BE TE A 4% 3 — Y H
L, (L) AT G-k 8 B 1) 30 — OO Y 3
oA 5 iR E0 (1) L (2) Al Sl % 1 S80S —
UCHLL S B0 R/ 56 FE AR AT\ O ik i
R TR — UL IR SO R B RV o

L I, H I LA B AR AR B — KR

2 ERHIERRERESRBERERSR
TBFIRR B T ik

2.1 WHEERE

MRS 135 Al R0, o LR A R R S
— UKL RNV DA 56, T de /I T A (L 55 40 A A
FEAT %, PRI, A Bt 3 % o/ 1D M (i OOk T —
UL UL R PR AIE o B A ) — ORI R T
figk Ay o 0 o S i, AN T R BB AR SR — IR
LA -

i,(t)=1_sin(wt+a) +Cye™™ (7)
di, () C
ldt =wl  cos(wt+a) LT (8)

Hop 1L, g — U B R B SE U 2 R A s o D9 — IR UR
OSSR o3 B A0 15 Co O B 20 S R AL 7, I 1)
AR
HiSCHRE 4,6 AT 0, BB & A= ) 30 v il B e
RAMMZ AR — & R ML A2 X, R P52 k1%
8 DR, AT LA MU — IR R P o B X —
U AL AEAT — 5 BN 221 ¢ Ak EAT R PEAL AL B, O 4%
BLIER
i,(t)=A,+B,t+C cos 6+D sin 0 (9)

Lo . 1 _
Hrp A, :Co( 17‘3_’/,”) B, =-C, 76 [/T”;Cl =1, sin a;

p p
D, =1 cos a;0=wt,

5 3o 28 P X SR R T L5 0 B P
M5, R A, B, .C, D, 4 A~ B K% i #:
FEATLIE S 1, o Co T, HRARR (7) T LU !
SRR SR Fik 4 BRI

S 1T F g R B M AR 0k
LA X MR T THE( 5 — U AP AE X T D R
TP LML 56 2 2 4% , 1T LA 107153 7
M R S R A AR E A B

[ ARSNSCZR o AN SCIE I BP 28 ) 45 3703 i AT 40
A, LA AN S s o B 1o, 22 SHR
1E 1A R (1 A JRIIRAE 25 450 o

| UM 2 A |

GRS

THRRIE X HR

A BP M2 BRI E) T ME D

y
THEL LAY Y HE U 2l e A
1= 0.2 max(|f;,|)

!

T AN LR T 1 BRAE SR N

B S5 MistiErFIETiRER
Fig.5 Flowchart of improved judgement
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Fig.6 Flowchart of GA-BP neural network algorithm
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Fig.8 Testing results of GA-BP neural network algorithm
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Table 1 Simulative results
BT 21/ %ﬁ%ﬁ'ﬁ ST/ ms
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Table 2 Simulative results of external
fault with TA, saturation

e LEIX WML BRI Py shfE
Fm Johv/ms EHTIAEAE 1 L
AG 12.4 8 P14 IET B
BG 11.8 9 Eikd EfshE
CG 12.2 8 14191 IERShE
AB 95 11 414 sk
ABG 10.8 10 P14 EFSIE
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Table 3 Simulative results when phase-A grounding
fault at K, transfers to external fault

[ AT PRI TERC /s PRAPFRER (R373)
BF)/s  H TG ASord fegorik BIsml/ms {50

7.000 12 7.177 9 7.184 5 7 ERf sV
7.002 13 7.1795  7.1845 5 ERBhE
7.004 11 71779  7.186 2 8 NREILE
7.006 7 71679  7.184 5 17 ERshVE
7.008 9 71716  7.1849 13 ERshE
7.010 12 7.1788  7.1854 7 EHEE
7.012 13 7.1818  7.186 8 EREE
7.014 10 71756  7.1856 10 ERshfE
7.016 6 7.1662  7.1845 18 EHshE
7.018 8 71712 7.186 2 15 ERBEIE
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Table 4 Simulative results when three-phase short circuit
fault at K, transfers to external fault

W Mg BRPOTEONEs AR s

W Z/s H T Aok %0k B E/ms VRS
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7.012 13 71779  7.1849 7 EH s
7.014 10 71712 7.1829 12 EREE
7.016 7 7.1662 7.183 5 17 ER S
7.018 8 7.1749  7.1879 15 IEH B
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Improved identification of CT saturation based on
transient current characteristics
YOU Buxin,BU Jing, YIN Minghui
(School of Automation,Nanjing University of Science and Technology, Nanjing 210094, China )

Abstract : The CT( Current Transformer) saturation may lead to the misoperation of differential protection when ex-
ternal fault occurs in power system. The common solutions select the fixed threshold to unblock the differential pro-
tection and ignore the effect of the differential current distortion degree,so the threshold is larger under the less satu-
ration degree ,which causes longer protection delay. In order to solve this problem,a method based on transient cur-
rent characteristics is proposed to identify CT saturation. Based on the identification of CT saturation by constructed
restraint current,the CT transfer characteristics are analyzed to obtain the relationship among the CT saturation, pri-
mary current and its differential coefficient. The mapping relationship between the primary current characteristics and
optimal threshold is established by BP neural network, and the threshold to unblock the differential protection is
adaptively obtained to reduce the protection blocking time. The simulative results verify the effectiveness of the pro-
posed method.

Key words:current transformers; saturation ; constructed restraint current; neural networks; differential protection;

relay protection
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