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Wide area backup protection algorithm based on grey correlation analysis of sequence
current and multi-information fusion
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(1. Shanghai University of Electric Power, Shanghai 200090, China; 2. Taishun Electric Power Company,
State Grid Zhejiang Electric Power Company, Taishun 325500, China)

Abstract: In order to improve the fault tolerance ability of Wide-Area Backup Protection (WABP), under the principle of
centralized distributed partition, this paper proposes a protection algorithm based on the combination of electrical quantity
analysis and multi-information fusion. This method first finds the Suspected Fault Line (SFL) after sorting the bus in the
partition according to the characteristics of the sequence voltage distribution. Then the regional center substation will
calculate the recorded data from each sub-station to obtain the integrated sequence current of the SFL, and then use the grey
correlation analysis to obtain the fault degree of SFL. At the same time, the regional center substation asks the sub-station for
the IED return protection information to calculate the SFL fault degree. Finally, the two fault degrees are weighted to identify
the fault location. The simulation results show that the introduction of electrical quantity can improve the fault tolerance
ability of WABP, and can correctly identify the fault location under complex conditions.
This work is supported by National Natural Science Foundation of China (No. 61403246).
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Fig. 1 Diagram of simple line fault
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Fig. 2 Sequence curve of integrated sequence
current of normal line and fault line

SRAFEERTZ0G, AR5 ISR RT G % 3 A
HIPTE R T o 5o TSI i 2 % P AT R — 2R 2R i
L, B b i R EXi () (t=t-nT, n=3,2, )E NS
TEFH, T S 2 SR 3 N B EAE N B
H12, e A R(3) (8 IR F FE A B 2
JT> FLE T I K G G B g4

A g2 K (3) A= (4) T LUK I, B TE T F1IA
FHACL (5 5 R TR R B OR) 1 R A 31 1 S R R L
AxXo(t), i) FEMZE , W2 (@4) T G132 1A%
FEWE /N . T AR I 5 FRL IR I 2
Higss 2 M ES, fEILARMLR S5SHL
% 2 (34T SRR EE AT, T DICR A Wb a1 AN
IR e 5 K ja 3 A 0% R T 1 4 33047 1F
. i ERZ2 05 s, HIHFFE ¥ E A
0.48~0.56 s, FIH 1.1 1A, Sikit&nrLiE 2
LRIRCE A T B A I AR E KT P o
1.5 ARG RBEE ITERIABE SHEEE

2t 1.3 WTHEE, SR B 1
5, B KEAMGTETEERE, n S5p M, n
B 1E 5 28 24 [P RH DG BE A BE R BB — 1, 031 g
JWHEIRTT. Bk, pn MRERE L, &, 25K
Lig TEARLBE T H A 20N

7 = 371;:72 (6)

[Fiy, @2 EE, SEEEPITHE A X

R Ab
p=-1 )
T

MU PKTF A, AHZET 1
2 ETFRPTERTEENRNEX

2.1 ETRIPTHEBHRIPEE
HRAESCHR[13], 7575 FEALL H 1 R Y e 15 B
F RN T A S AARRBZRBR PRI T IHE S, DA 5E
SLEAE B AL 24 B (8] O 5 (S RE T AR SCREA LR
HE ORI IO BV E REUCAECos, MBS TRYIT

A X AR 2 B WA B ) VT 7 R B2 AE Ceso
W T 58 R B Cosrte X AR B IR TR IRASAS
B —MUNME, EREBARLB R THREE R
W12 S i W AR FE VP
Cos=a(M+M")+¢ (D, +D/)+
a, (Du +Dj ) ta; (DIII +Dy, ) +F ®)
{H1: M. Div Du « Din 73 Al A2tk — Ml i) = fOr
PUEE BB L B FEES 1 B SR 11 B IBE(S
B M'.D.D|.Dj, 24 n— Mot E S o
a1 az a3 AEERY. BEE LB BEE N BS
FEES I BUWAUE . 4 FERY R B EEE S0, R4
TR R AT AR o SR /e AR 2 0% IR R AR O, B
PLlav e A 1o BITFREELRS I BREFEELRY 1
B OV BB AR 2R %, AR SCHR[14] 51 N iR
DTRRE IR, YONZREREEESORYT 1 BS 1 Boxt
SV 7 A 24 B AR A 418 42 B W B 1P 5 11 T ik S I % 4 B
O P v 72 AH B 28 124 (1) L A7) (R PR 379 [l R A
JE o % BB 7 SCRF R, FERA T, AEAUE (B
DUHREE a2 os FAE b, A SCEGAEE B ORI 11 BRAE
7 8 SR BUE T DAIER 22 N — 4 B 1) 30%4L,
FEES ORI =B vl 2B 2 N — LR IK 1) 100%, Atk
S ALR B AR 23R 0.77 5 05, F ARERRIRL
P R O I A WA, 7RG e 1E 7 TR 2
MBEZRFR [ £k, HAE N

0.5 L1
F=:025 (10),(0) 9)
0 HAth

ERO)H, HA UARLHBMIED 5K 77 17
JUHERA N 1, RUIER, 83— RIE R —
T7 R E ) I A B R A 25 1 1) g 55 4 BB fi o BT
Bk, HITTERIE N 0.

AH A1 2 1 X6 A ) g i T 5 2R $R Cas A2 HH A1 28
|ED 5 5k 1 25 56375 77 BE S 1B« FE BS 1R LA K2 77 61 76
PG B —ANIBUE . IINEEE N, &R AAHAT
242 B N (1) B2 25 11 B AR 0 [ T DA 381 A 2 B
T AT DA AR 2 % 5 o 21 A8 o ik, a0 =R(20) o

Cgs =ax Dy +bx Dy +Cx F' (10)
e Dy D)y 73 SR AB B ZR BN 1ED 3R 1] 1) R
B BSEEE N BRRESE S a b 20 il 2 X R
BUE, %R iU E 5N ECh 0.23 5 05; F
NABARER BN Rl oA S B A E, HEUES
F AR, (ERBUEFAE s, m)pr. H
ABARER S J7 A AR BRI A — E s B A b
LR BB, BT F IAUE ¢ BUA 0.2,



-22- ® LRI B R

0.5 (-12)
F'=10.25 (~1,0),(0,2) (11)
0 HoAt

o, F55 HE 3 AR IR 5 38 ) 77 1 e 1)
RS
2.2 MENHEENEESHER
2R W W BT I 25 B RN
Cout =COS + CBS (12)
W T R 2 S 8 S SCHR[L5], Coet 14118
IR R WAHAT R R BN n, R
T 1ED R, FARYE SN HAHATZ B 1IED &
RUIE, AR LR B A o . R I 2R B 50%4k =
RO R A W Cos 5 Cas HIPFIME 2 A 23 1
HE I RIER N
C.. =2.19+0.63n (13)

set

RN TR, R P T LU CoulCaee K
PR, BN L, R 1k

3 REHEERIFEZNEN

3.1 BiEEREN

A5 B R S R R 40 R P i o

(1) LR PN 4 = DR e I 2 e - HL#R 1E
WEnEEcE Rt TIRE B TIRER, K304
TR AR B3

(2) F 7y XA LR P 1ED SBPIRE(E B
R MRS s M AR IE S, (RIS £ R
TRAE BT R o5 BB i T s ks, )
o3 XN AR Ll R B A S 5 RS

(3) Whhs A L AEIL T it I, 300 S ki TR
PHERE, WPRAZRBRARE 2 D7 XA — 7R R

)t
3.2 ZEWEEHRE
%08 1.4 7955 2.2 50T LA 55045 31 5 R i e B

RN HASE S O\\-1 15 B8 L E Br T Ao &
P A, RIS R T FEABA s o 3 2 M e v —
SeALE, @A AL
P=0.6P, +0.4P, (14)
S Z TSI, REAE AT R 2R
RA4)EFH P>0.8, AT LA 2 N LR
PRI SRR R B LA 3.

4 BHI5Hh

N T B AR SR H R i A R SRR R R 1 R
s S, FIF PSCAD/EMTDC #5747 E 4
Fi7cir) IEEEL0 A1 39 15 M R Gk T 4., MR

WONBIEF 3 X, HESEZCN 220 kV, HA B4 2&[X
WA AR HLG, AR NSEE R R, X HoAth
REZEHEAE N Tk 2 RIAE 1. f2 A B s, Horp
f1 A%EIT B4 1) 20%4L, 2 A2k L1 A Ak,

mmmww\

B35 A T H PR
e LR E
SRR A B
PRI R
l
LR e LT
Y
'L TR T RS

I . 5[] 15 SR
RO IHRIE

|

R R

Al e e

3 IMERIPE A REE
Fig. 3 Flow chart of wide area protection algorithm
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Table 1 Suspected fault line selection results
under high resistance grounding fault

MO AP 7 BFE RS B S %
0 B2. B4 L1
100 B2. B3. B4 L1. L9
300 B2. B3. B4 L1. L9
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Table 2 Calculation of waveform similarity under different
transition resistors

IO 2% % 7, T
0 L1 0.431 0.559 0.463
L1 0.423 0.574 0.461
100
L9 0.994 0.991 0.993
L1 0.422 0.548 0.454
300
L9 0.995 0.90 0.971
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Table 3 Fault degree under different transition resistance

EREQ k% P Cos Ces Py P
0 L1 1 1.77 24 0.89 0.956
L1 1 1.77 24 0.89 0.956
100 L9 0.01 0.5 0.8 0.28 0.286
300 L1 1 1.77 24 0.89 0.956

L9 0.03 0.5 0.8 0.28 0.130
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Table 4 Waveform similarity for faults under open phase state

et Lk " 72 ’
CG L1 0.421 0.567 0.458
L1 0.410 0.560 0.448
BC L4 0.970 0.927 0.959
L9 0.941 0.935 0.940
L1 0.406 0.556 0.444
BCG L4 0.958 0.936 0.953
L9 0.945 0.936 0.943
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Table 5 Fault degree for faults under open phase state

TR Rk P Cos Ces Pu P
CG L1 1 3.54 24 1 1
L1 1 3.54 24 1 1
BC L4 0.04 0.5 1.53 0.431 0.196
L9 0.06 0.5 1.53 0.431 0.208
L1 1 3.54 24 1 1
BCG L4 0.05 0.5 153 0.431 0.202

L9 0.06 0.5 153 0431 0.208
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Table 6 Fault degree under IED information all disappeared

2 P Cos (o Pu P
IEDL. 8155 L1 095 252 208 0977 0961
o MEFS L9 002 127 0.3 028 0.124
IED1. 2f5H L1 0.95 0 286 0607 0813
S ISIEPN L9 002 127 025 028 0.124
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Table 7 Fault degree under IED information all error

i Py Cos Ces P P
IED2 155 L1 0.95 3.27 2.40 1 0.970
AT R L9 0.02 0.50 0.80 0.276 0.122
IED2.4 15 & L1 0.95 3.27 2.03 1 0.970

AR R L9 0.02 0.5 0.8 0.276  0.124
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