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Fig. 1 Equivalent calculation circuit of fault phase and
voltage locus of fault point for single-phase grounding
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Fig.7 Trip logic block diagram of high-resistance
distance relay
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500 Q3 3 A~ ik B A5 43 5 E K (A) (K (BC) Al
K(AB) = Fh 28 B 2 (i 0 5 %€ 4 95.6°. 1 L 45 R
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Table 1 Directional simulation results

[ A= e B 28 71 e AL BH/Q 31 /A LR B
K(BC) 0 2536 X
K(BC) 100 555 X
K(BC) 300 192 X
K(BC) 500 116 X
K(AB) 0 2535 X
K(AB) 100 555 X
)
K(AB) 300 192 X
K(AB) 500 116 X
K(A) 0 3434 X
K(A) 100 566 X
K(A) 300 193 X
K(A) 500 116 X
K(A) 0 14 390 N,
K(A) 100 2388 N,
E i) HE e
K(A) 300 815 N
K(A) 500 490 N
2) DX A1 R A 42 1l i

DX AN AH 18] 19 A e B LS SR AN SR 2 B s o Al
U, DX A7 T A 42 b B I, Z 7T SE R B, 5 S 4y
Mr—=.
R2 XSMBEBEMBEBEHESR

Table 2 Simulation results of inter-phase grounding
fault outside protection zone

s mmmpa PR
®/%
K(BC) 0 105 2617 X
K(BC) 100 105 573 X
K(BC) 300 105 198 X
K(BC) 500 105 120 X
K(AB) 0 105 2616 X
K(AB) 100 105 573 X
K(AB) 300 105 198 X
K(AB) 500 105 120 X
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PR W B 7 FLAS SR R 3 Bn . mT L L IR
1] DX P 0L A M W N, Z 7T E S A 5 IE 1) (X 4k SR
FIZ M R B i, Z mT SR AN SR 5 3R 2 — B
F3 PMBHBEHELR

Table 3 Simulation results of single-phase
grounding fault

MRS SRR /Q  WRERRLE/ Y 3L/A EPHEEE
K(A) 0 95 3 544 N/
K(A) 100 95 584 N/
K(A) 300 95 199 N/
K(A) 500 95 120 N/
K(A) 0 105 3544 X
K(A) 100 105 584 X
K(A) 300 105 199 X
K(A) 500 105 120 X

3.2 ERLHBENFE

15 B H R 25 4 G S A B A3 iR . Hoh M
N.Q=M\EHEARAFKEERF . .OFHIN Za="Zs=
13.78./85° Q, FEFF M #t Zs, = 35.83.285°Q;500 kV
i 1L, L, Ly K B 40 51 150,150,100 km, H47
BE SR M A, HOE P BTN 0.27./85° Q/km, F ¥
FHHT R 0.75.275° Q/km, Hor L, (L, Ay [] 38 XUIAT £k
ALK T BA BT R 0.375.268° Q/km ; R 712 4 TE
B L MM, &S F, F, Fy, Ho  F
TR LN ZE B A7 19 95% 7 B AL, Fo 7 TR0 Ly A
I AT 5% A BAL  FA T M AR 20 T Ak
BOERHbIIRE ML L 2K IEFHEY . T EL
H I Z () 3k 5 R BELRE T B 0 s AR R T
T E A B R 31, > 100 A ;25 Hb e BH ) 1) % B
90.100.,300,500 Q% Hl i s ke i 2 78 43 53l ik Ry
K(A) . K(BC)FK(AB); E{H 0% & 7 97.3°,

B RMF AT R WU, Zo X F A 4 A
[i) 8 L[] 2 (1) 52 4% FRL IO 45 g A B G I, J2 T) g s ]
FEARIE
3.3 #MRERIKIIE

X} 2024 4F 2 H b A KR AR PR N 3k

cHMHEFE -

x4 EXBMHELR

Table 4 Simulation results of complex power grid

=4

T

BB E BRI EE/Q 3L,/A B

B

K(A) 0 2 684 N
K(A) 100 370 N
" K(A) 300 126 J
K(A) 500 76 X
K(A) 0 1940 X
K(A) 100 248 X
K(A) 300 84 X
K(A) 500 51 X
K(BC) 0 1411 X
K(BC) 100 244 X
f K(BC) 300 84 X
K(BC) 500 51 X
K(AB) 0 1410 X
K(AB) 100 244 X
K(AB) 300 84 X
K(AB) 500 51 X
K(A) 0 2452 X
K(A) 100 366 X
K(A) 300 124 X
K(A) 500 75 X
K(BC) 0 1777 X
K(BC) 100 184 X
s K(BC) 300 62 X
K(BC) 500 37 X
K(AB) 0 1777 X
K(AB) 100 184 X
K(AB) 300 62 X
K(AB) 500 37 X

500 KV £k [t ey B 22 Hh e [ i) O 97 2he 8 S Dl Bl ik
A5 U5 BT, Zo %6 5 BB 16k 4% B 42 1< 1E 7 B
PU, EAH 0 R 1037 PR 2% 4 b R B LR B oK
R sh A% 5L Zo shVE B DL an 26 5 Fr R o 25 R0,
LA () 4R 6 o o5 DR 9 76 8 R0 BEL B 17 00 2 b B 5
PRI BIARSIAE | Z X F 1 BH 12 H i B 34 18 W] 5E 3y
o 500 kV W 2 1 £ ) i ik B 5% ik 1 1A 8
B o

R5 LIRS FEEMEE G EKIE

Table 5 Simulation verification of actual high-resistance grounding fault

BTN MR R AR /Q 31,/ A PP B RS TRy B b g B P

500 kV = 1 £ K(A) 61,05 w2 927 5514 :PCS-931 i < w <~/
(BB K BEH 57 km)  BEWII 17 km Y Z .1 538 43 245 . PSL-603 ZM: X Z
500 kV ¥l = 11 4k K(A) 7903 W -2 430 %514 .CSC-103 W - X W~/
(PR N 57 km)  BERIM 19.15 km o =2 278 %5 245 . NSR-303 =) < Zf ./
500 kV 4 1 £k K(A) 148.68 JEm =790 1% . WXH-803 JRM - X S~/
(R KK 196 km)  BEJE M 116.6 km ’ .1 246 %524 .CSC-103 A < A/
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Selectivity Enhancement Scheme for Zero-sequence Current Protection Based on Distance Relay for

High-resistance Grounding Fault

LI Yong"?, LI Yinhong®*, LIU Huanzhang"*, LIU Yang"*

(1. Central China Branch of State Grid Corporation of China, Wuhan 430077, China; 2. Lamor Innovation Studio of Liu
Huanzhang, Wuhan 430077, China; 3. School of Electrical and Electronic Engineering, Huazhong University of Science and
Technology, Wuhan 430074, China; 4. State Key Laboratory of Advanced Electromagnetic Technology (Huazhong University of
Science and Technology), Wuhan 430074, China)

Abstract: The last section of zero-sequence current protection of AC line adopts 300 A, which has the risk of disordered tripping.
Therefore, a new principle of high-resistance grounding distance relay based on zero-sequence reactance line and non-fault phase
polarization is proposed. The relay adopts the technical route of phase selection before measurement. The phase selection element
combines zero-sequence reactance line and non-fault phase polarization method to form a variety of combined criteria to complete
the phase selection. Due to the phase difference between the zero-sequence current at the protection installation site and the zero-
sequence current at the fault point, the zero-sequence reactance lines of the single-phase grounding fault phase and the leading
phase of the inter-phase grounding fault have aliasing region when the fault point is near the setting point. The large variation of the
operation voltage of the non-fault phase is not conducive to distinguishing the two types of faults in the aliasing region, and thus the
phase selection element is divided into low-resistance module and high-resistance module. The low-resistance module adopts the
zero-sequence reactance line with the downward bias, which is used to identify the near-end and low-resistance short circuit. With
the assistance of the low-resistance module, the high-resistance module only needs to deal with the faults near the setting point,
which reduces the difficulty in distinguishing the two types of faults. After phase selection, the operation voltage before fault is
obtained by non-fault phase polarization method, so as to determine the operation characteristics of the relay. The ability of high-
resistance distance relay to withstand the transition resistance is far beyond the requirements of the regulations, which improves the
selectivity of grounding backup protection to high-resistance faults.
This work is supported by Central China Branch of State Grid Corporation of China (No. 521400230004 ).

Key words: high-resistance grounding distance relay; zero-sequence current polarization; non-fault phase polarization; zero-

sequence current protection; grounding distance protection; zero-sequence reactance line; distance relay steady state override
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