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Fig.1 Waveforms of normalized differential current
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Fig.2 Symbol sequence diagram of differential current
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Fig.3 Schematic diagram of transition mode
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Fig4 Simulative results of Case 1
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Fig.5 Simulative results of i, and r,, in Case 2
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Identification criterion of transformer magnetizing inrush current based on

symbol sequence characteristic of differential current
WENG Hanli'*, MEIL Hanyul‘2,GUO Yida'?, JIA Yongb03,LI Zhenxingl‘z,HUANG ,]ingguangl‘2
(1. Hubei Provincial Key Laboratory for Operation and Control of Cascaded Hydropower Station,
China Three Gorges University, Yichang 443002, China;

2. College of Electrical Engineering & New Energy,China Three Gorges University, Yichang 443002, China;

3. Xinyang Power Supply Company of State Grid Henan Electric Power Company, Xinyang 464000, China)
Abstract:In the process of no-load closing of transformer,the magnetizing inrush current with large amplitude
will be generated. If the corresponding locking measures are not taken,the transformer differential protec-
tion will be misoperated. In order to solve this problem,an identification criterion of transformer magnetizing
inrush current based on the symbol sequence characteristics of differential current is proposed. This criterion
firstly symbolizes the sequence of differential current, and then quantifies the characteristics of differential
current waveform according to the proportion of correlation pattern sequence in the symbol sequence,so as
to realize the identification of magnetizing inrush current and the differential fault current. PSCAD / EMTDC
simulation software is used to verify the validity of the proposed criteria under various types of in-area and
out-of-area faults and magnetizing inrush current conditions,as well as various types of conditions accompa-
nied by current transformer saturation.

Key words:transformer differential protection;relay protection;magnetizing inrush current;differential current;

symbol sequence;current transformer saturation
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Table Al Absolute value of differential current difference between adjacent sampling points at each sampling

frequency
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Table A3 Pattern distribution

[l B IkHz B h
00 1 22
BRI IX P 4 37 2 36 0.027
X P FSC e i RIS LU AR 4 39 1 36 0.013
R G 2 oI i) g e 4 36 2 37 0.027
MR L R 4 16 47 14 0.610
SRR TR I PR I LR AR A A 4 22 34 18 0.460
X FRPETR 4 22 30 21 0.411
X A e R B PRI LR AR N 4 20 28 24 0.389
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Fig.Al Model of double-sided power supply and dual-winding transformer
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Fig.A2 Second harmonic content of differential current in Case 3
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Fig.B4 Waveform of phase-A differential current waveform and ry; when internal fault is accompanied by current
transformer saturation on one side

100

I L8 i BT 4y b %

0.40 0.45 .5 55 0.60
fis

& B5 XAHFEFRE—MERERFIOMATER 2 RERSE
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current transformer saturation on one side

H1/& B4, B5 FTLLVE Y, - L0 iR ISR, ZEIR Y AR B R
S ZER A 2 OB A B, AE =042 s 1T, 2 OB A BERFSE AT 15% I3 TIHE, SR
PR Bl A5 AR SR 2 DB BB 23 R E I R A 2R 5 A A A e sh 1

T AE A SRR KA 5 n, FERE S 1A T T TR v, o, - FEORY BERE DR B 1E



% ) & % iR B

fi% C

I B A0 H A i — IR T B R4 B A, AR SO AR S AR A 2 A
500 kV A, 2Lt 500kV/220kV ) =AHAZ 48, AR YIABEL T ROERM) 3 ME K &
2 KV e A, FEHELA 462V/I200V FI AR R . 2 METITERS A5 4. BEAS T.
JhREHR . REE% EIEERL. AR RGN CL s,

. 7
51 — Il

| B <= S, |
) .
®_/ I I — @ 4 } D
A TA; TA; F

Cl sh7SEMIA IR E
Fig.C1 Model diagram of dynamic simulation experiment
ZIERRI RGUA 50 Hz, RAEAZ N 4 kHz, R HIRAFE 80 A Al, iz FF4k
AT J5 3k 550 AN RAE R HLREAE «
D 55 1. [T JR] Hf
FESE 150 AN RAE s KX RIS %), AR5 2% Yo (A B AH 4.35%582H A s e .

1.5

0 100 200 - “300 100 500
FAE

C2 B 1HE BIEPETHIERK ri K
Fig.C2 Waveform of differential current and ry; under phase-B turn-to-turn fault condition
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Fig.C3 Waveform of differential current and ry; under phase-B no-load closing condition
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Fig.C5 Waveform of differential current and ry; when phase-B is closed with a fault
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