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Study for identification algorithm of inrush based on sine degree principle of differential
current waveforms in non-saturation of transformer

LIANG Zhi-jian!, GU Bin"?, TAN Jian-cheng', LI Xiao-cong’
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Abstract: An improved algorithm based on the sine degree principle of waveform is proposed. In the proposed algorithm, the
non-saturation zone of transformer is decided by comparing the area in a short slide window of differential current waveform under
magnetizing inrush and short-circuit fault, then the sine degree of the differential current waveform in the non-saturation zone is
calculated to discriminate the inrush current and fault current. The theory analysis and the simulation experiment verify the algorithm
based on the sine degree principle of waveform in the non-saturation zone of transformer can correctly switch on the differential
protection for the internal short-circuit fault in operation and energizing with turn-to-turn short-circuit, and block reliably the
protection during the magnetizing inrush.
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Fig. 1 The T type equivalent circuit of transformers

BE—KW, AvHoed alE R RSB BE) , Ly
Lig h— ZIRGHRER, L IEBRKARR, L,
R hHE B, R ST R SR 4 v E A R A
HPH . MR R EFIBITHIEE TR/ L X R AL
K, EREARRBER,, TRNEERKOLN
Wi Bk NVFD . PR HIURN, XN R A RO IR
R IR i FER i, R/, R4 BRI T S AR v
ERPHAERKRT, YEEBEFBTIRTR
AEER L B KT LR R, kT ", ERE
LA R BR FRARFAE s 470 PR B8 S BT 1 I ] A
i, L, BIZARE, RSSO A AR L, T KT
LER, i BATi,, ERFINIEHBTUSE;
LA R RSP OB, BT R AR Wk
Mt , ZMRIAWMIFE. Fit, TEHTHR
TR R R, HERSFEEENHRERE,
BAARIATRREE, JFIEZXERHEERK.
1.3 EEMXBKERTE

AR X I SR T R A LU JEhRETR
WA, SRS IERMR S E AR SHT
[P ) A e S 20, TE S 08 P R L R B 40 o TR
TEBRERASBERMALEMNFER:
B,=0.7B,, B,=1.15B,, BHEEIMAKREZEERY
KRABRARERA, NTHEMHRESA, =MHZA
ANEEMBNBR, Bt A= BRI NXRE
MAER =B MEETEY, %K.
B, =0.7B,; B,=B.=-035B,:; B,=115B,;: «a,=0
Ca, 8 A MHAEWA. AT S HTAE
ANEN, TREESENEIR, RESTHRENK
SHZERER (30 ERED I E & WA BT
B2 wE20b) . MNEFHEBERAREMHT AH
EREW RN, 4N 1207, HEEEAX KEE
A 1/3 THA.
1.4 R IEZE B AR

TATHREY, SRRESEN X B 4/3
JARA B 1A s 38 ZE TR BEAH 4, (k) 1E A R B K3



ZEE, F  ETIREMXEEIEZR KRR IRMNEER -75 -

w, REBEEKEN 1/3 A, ERPE3IER
47/3 RZE S 5 JERRE 1/3 4 A RE S E A EERE
&, HFITEEEETERBEMNESTM, WA
8 VAT, A R8N EARTX N R &
XA A . M 1.3 7140, 1/3 FERE
BIEEKERBEBRIRNR IR ER (8
Wi, RIS A K BHE, FTUE—RE
MT, H1/3 BKERNEREEE & &/ NIRE
By & B K 380t R K R AR I I, X IR ST
B, XA OAEMX, R T RS AR
BT, ZXKRERERLSERRER, A
BRI

B 1140, WEEZXEEERUERSE L
B S, IR N E R SEEFE, W5
BT B B S EERER, ZERESENRIAHR
$RIE, XETRESIREFNRPENSIE. T, &
XA Bk

1
S(k)z[i,? +i2 202, cosZ(oATJz "

2sin2 WAT
i AEMER. S F—MIEEZE, X (4 HH
FEEEE AR REEE T EEE AR,
AT X KFERIRG. SRS PERERER 1/3 A
BKENIFERMXSEHET, HEELSXEAR
R ECF R,
3 k+%—1
(S)y=— j (5
E(S)=— j‘ékS(J) )
K SRR S EEEERS A, BirEdEmm
XBEEEFN ()5 ES) FIMHRS 2R 2R

6,8(j)= IsG)-E )l je[k,k+%—l] (6)

E'(S)
6,8(j) E=4r 2 — RAIRMAX AR TFIE N

k+———1

oS- 3 a8 (1)

Jj=k

b (2). (6). (7) whm, R (2) RIET
—AB AR BB PHIEEZE, R (6) RIET
FRMEXAENZIREBIEIEZRE, R (D RIET
AR AR %RE, YTPERTRT
R IR R, AR X S HE B b IESX B
EEE, A S()=E(S), 06,5(j)=0,5(j)=0.
HEFZHE, FRMXSEEREENEEZXNE
BHWAER, SGHA—ZUE, o,5() Al

B, o,S()h—EE, WEHEN:

0,8(j)>0Sed2 (8)
Hep: oSed2 HHHE T

2 FE#R

FI| FHPSCAD/EMEDCSHY/ A~ 11 = B4R 38 28 4
FE A W R PR R R B T
REE AT T E IS G UTE SRR A HE
AR AT

B 2~4 hEERIFEZEHN (2 WHHFHE.
B 2a. M)XK 4@a-. ®)F: B,=07B,:
B,=B.=-035B,; B =LI15B,; ,=0; M 2(c). (HKHE
4(c)s ()% E 3%: B,=B,=B.=0; B=LI5B,; ,=0.
Bl 2(a). (b)AXTRRIRANBA AT RIS (HKTH
P ZIKEBEE R, EHEZ“UJ, i ) b7 74 Fr 2
X, ZRIEIEZERM.

0. 50}

FFiLZAE

0.00
t/s 0,180 0.320 0.260 0.300 ~ 0.340 0.380
() ZHEWIFEKE

6.01

3.01
0.0

-3.0-
t/s 0,180  0.220 0.260 0.300 0.340 0.380
(b) SHER

1. 501

SR /KA

0. 501

E 1R 7:4

0. 00-

/S 0,180  0.220 0.260 0.300  0.340 0.380
() ZMRBHAERKE

3. 07
1L 5J

0. 0 Teeorys

ZHIZH/ kA

-~1.5-
t/s  0.180 ' 0,220 0.260 0.300. 0.340 0,380
(d) =HER
O—AMg; O—3BMH: A—CH
B 2 TIERE IR RRR

Fig.2 Waveforms when switching on

a transformer without load
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Fig.3  Waveforms for an operating transformer

occurring 5% turn-to-turn fault in phase A
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Fig.4 Waveforms for switching on a transformer without load

and with 5% turn-to-turn fault in phase A
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