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Centralized protection for a grounding fault in a low-resistance grounding distribution system

WU Haijiang, CHEN Jinrong, LIAO Feng, LI Yonghao
(Foshan Power Supply Bureau, Guangdong Power Grid Co., Ltd., Foshan 528000, China)

Abstract: In order to solve the difficulty of single-phase high-resistance grounding fault detection in a low-resistance
grounding system and the problem of protection rejection when single-phase grounding fault occurs under two feeders, a
centralized protection scheme for such a system is proposed based on the comparisons of zero-sequence current
amplitudes of the neutral line and each feeder. Combined with phasor analysis, the equivalent zero sequence networks of
the system are established for when single-phase grounding faults under a single feeder or two feeders occur. Then the
general characteristics under the two fault conditions are analyzed considering the different fault location, transition
resistance and line capacitance to ground. The common fault characteristics are extracted to form the grounding protection
criterion. This is applicable to single-phase grounding faults under single feeder or two feeders. The faults are isolated
accurately. This method can clearly distinguish the single-phase grounding fault of the feeder and the bus side based on
the relative difference of the zero-sequence current amplitudes of the neutral line and each feeder. The method remains
valid even when the transition resistance is as high as 1 500 Q. The protection algorithm has the advantages of low
starting value, high sensitivity, large margin of setting value and good stability. It is suitable for the flexible operation of a
distribution network. The simulation results show that the analysis of grounding fault characteristics is correct and the
protection scheme is effective.
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2012AA050213) and the Science and Technology Project of China Southern Power Grid Company Limited (No. 030600KK
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Key words: low-resistance grounding system; high-resistance grounding fault; single-phase grounding fault under two
feeders; zero-sequence current; centralized grounding protection
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Fig. 1 Schematic diagram of single-phased grounding

fault in low-resistance grounding system
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Fig. 3 Zero-sequence network of single-phase grounding
fault in low-resistance grounding system
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ground faults occur with different transition resistances

Rgp/Q  Rgi/Q  3lo/A 3lgo/A 3log/ A 3lo/A 3lgs/A 3lo/A 3Ug/V
10 30 24590 8240 1011 421 843 327.30 9820

1000 30 436 14210 451 188 3.76 146.00 4381
10 600 28430 725 890 371 741 288.10 8642

1200 1500 474 378 026 011 022 850 255

4  ZEip

R FH /0 B EL 3l 25 298 A A PR o g s 7

LR AR e TP R R F L S & tH R

TECAE AR 2, $R T — A b R 5

o BRIRAUTE 3 B AT . BRRH e g B Il P 2

s SR Te v N e [ Al 424 2 P [T 2 €2 o= 9B e SRV

R i 2 e L LA ) P 2 R R e

B, DA — SRR A T IR I KT H R AR

bk, HIHAER TR —+F. B

gt St (R A PR L T i S 2Bt

Fr L B AL ) AR PO ASE T 7 2 i B R 2 M i
PRI R Bl I /s e o KA P L, R

FERORHR ey s 4 6 PP 26 g e o O W PHL v 08

1500 Q FHEARSRBRAL , P H 2 12 b g i AN 32 g

ArE . I J HBE 2 e RN BT M FL A R, R ]

FEVE R FIAMRAAS S LR B S B A ANSKERR

GRS AR Z R 5 BN, IRIE(E L

BOKR, REVELF: (RPEBEERS . BYERP. HiE

A iC R R s s AT .

S0k

(1] ki, 323 P oIk B MR 2607k [3]. ik
Hi 2%, 2021, 57(2): 184-188.

HAO Yuefeng. Fault line selection method of active
interference arc suppression device[J]. High \oltage
Apparatus, 2021, 57(2): 184-188.

(2] ZpEE, J7 R, WORE, SF BRI T 2k

R AR 2 e 105 o3 M (9], PRIy, 2019, 52(9):
110-117.
QIN Weinan, FANG Yuqun, QIAN Liqun, et al. Research
on electricity burn of shorting grounding wires in EHV
and UHV transmission lines[J]. Electric Power, 2019,
52(9): 110-117.

(3] Z=3CH, 755, [l X ELR o F 19X ) s 2 % £ 3 i
B EH[). FEH A, 2019, 52(5): 119-126.

LI Wenming, SU Liang. Fault Analysis and protection
allocation research of park DC microgrid[J]. Electric
Power, 2019, 52(5): 119-126.

(4] iR#, ZHEEN, WIBES:, 55, 5 REABLIR UL T L A
FARE 2 Hh e 28 T v A [D]. R B Uy, 2020, 48(2):
92-97, 118.
GAO Junging, LI Tiyin, HU Xiaogin, et al. Line
detection methods for single-phase grounding fault in
distribution  network considering frequency band
selecting[J]. Smart Power, 2020, 48(2): 92-97, 118.

(6] E&, WK%, iRt & 2T FPRIBS RN



- 148 -

CEEE R R

(6]

(7]

(8]

[9]

[10]

(11]

FR) A W P2 W (0], & BB f1, 2019, 47(10):
112-119.

WANG Lei, ZHANG Hejun, XU Mingming, et al. Single
phase to ground fault diagnosis based on synchronous
waveforms and association rules[J]. Smart Power, 2019,
47(10): 112-119.

PR, BRAEEP, skdde, . A ST RHICEER
A Ll IR R S VR AR (D). PR S5 i BEUR, 2020
36(6): 1-7, 12.

HE Xiao, CHEN Jieyu, ZHANG Zhihua, et al. Action
behaviors of the arc suppression coil of the substation
containing the active intervention arc suppression
device[J]. Power System and Clean Energy, 2020, 36(6):
1-7,12.

T, HERUH, 2. TAT BRI 20 S R % 5 HL A
PRI 52 A B stk B [0]. W 50 v AR IR, 2020
36(7): 64-68, 74.

YU You, TIAN lJingfu, LI Tao. Influence of parallel
double circuits on inverse time-sequence zero-sequence
current protection and the improved algorithm[J]. Power
System and Clean Energy, 2020, 36(7): 64-68, 74.
RETAL, M, Bk, . DA T 00 A &
A0 J % e o B 7 S AL [J]. B ) R AR
71 54, 2019, 47(14): 166-172.

XIONG Weihong, MAO Xinghua, LI Jinglu, et al.
Influence of small resistance grounding mode on personal
safety and research of intelligent resistance grounding
mode[J]. Power System Protection and Control, 2019,
47(14): 166-172.

ki, D, RIEA, 2. 10 kv ECR P /N B P
ARG S B I]. B RFRI 5], 2019
47(14): 109-115.

ZHANG Jian, MA Wei, ZHU Yaqi, et al. Research and
design of neutral grounding resistance system for 10 kV
distribution network[J]. Power System Protection and
Control, 2019, 47(14): 109-115.

HREEHE, E5, SFM, S5, ik mA R e s o e
BEL 45 b Wit B 5 AIE 23 B AR N [3]. WD R G E Bh ik,
2013, 37(16): 85-91.

GENG lJianzhao, WANG Bin, DONG Xinzhou, et al.
Analysis and detection of high impedance grounding
fault in neutral point effectively grounding distribution
network[J]. Automation of Electric Power Systems, 2013,
37(16): 85-91.

Bk, XU, EHRA, S BT ERP R LLEREIBIN
/N B R GO [0]. ARG E Bk, 2016
40(16): 112-117.

XUE Yongduan, LIU Shan, WANG Yansong, et al.

[12]

[13]

(14]

[15]

[16]

[17]

[18]

Grounding fault protection in low resistance grounding
system based on zero-sequence voltage ratio restraint[J].
Automation of Electric Power Systems, 2016, 40(16):
112-117.

VRIROR, VAW, JRIMRIE, S5, /)N R BH T o ) 2 % R
AR R M) H ) &R G A Bk, 2010, 34(9):
91-94.

XU Qinggiang, XU Yang, ZHOU Dongji, et al. Analysis
of distribution network line relay protection during
single-phase high-resistance grounding faults in low
resistance neutral grounded system[J]. Automation of
Electric Power Systems, 2010, 34(9): 91-94.

R, 2B, TOAE, A b T AR ) SR e AR
Ja R HASRHMES T, B RSB 31k, 2019, 43(10):
134-141.

YANG Fan, LI Guang, SHEN Yu, et al. Electrical
characteristics of medium voltage distribution network
with single-phase-to-ground fault after arc extinction[J].
Automation of Electric Power Systems, 2019, 43(10):
134-141.

BRI /N B R G b R P T VERIBE R [D). T
P HEFFREL TR, 2020.

LIAO Yinghuan. Protection method of low-resistance
grounding system fault[D]. Guangzhou: South China
University of Technology, 2020.

FHER. 10 KV /)N BHFE 22 G e AR s 2 2 17 OR A 1R
FFEHE T[] b JiHER, 2009(1): 24-26, 29
WANG Yingmin. Cause of malfunction of grounding
transformer zero-sequence current protection in 10 kV
low resistance grounding system[J]. North China Electric
Power, 2009(1): 24-26, 29.

W, ZFRREA, 23, 45 10 kV /N HFHEE R G H
BEBEFARTIRSIVEGT 7], gk ds, 2003, 31(1):
30-33.

PAN Yan, LI Xiaoming, YUAN Yong, et al. Study on the
misoperation mechanism of zero sequence protection of
grounding transformer on low resistance grounded 10 kV
system[J]. Relay, 2003, 31(1): 30-33.

&R, XNER, FER, & BT RREER/N
L BH 3 R G e S B R [3]. FRLD RGER I
2018, 46(22): 15-21.

LIN Zhichao, LIU Xinxing, WANG Yingmin, et al.
Grounding fault protection based on zero sequence
current comparison in low resistance grounding system[J].
Power System Protection and Control, 2018, 46(22):
15-21.

RGN, A, bR, S BTV SRR S R
TR BERE 22 B0 1 /) v BEL e b 28 455 v PH e b Wl e W 77



R, %%

/N FELBEL P i PR R e 4 b s DR P B 5

- 149 -

[19]

[20]

(21]

[22]

[23]

[24]

[25]

V£, B J1E 3k, 2019, 39(3): 17-22.

SHENG Yaru, CONG Wei, BU Xianghai, et al. Detection
method of high impedance grounding fault based on
differential current of zero-sequence current projection
and neutral point current in low-resistance grounding
system[J]. Electric Power Automation Equipment, 2019,
39(3): 17-22.

VEVE, K, IRIR, 45, /N FHE R SRt
S IR o i R 9 [3). D R4 A Bk, 2018,
42(20): 150-157.

WANG Yang, XUE Yongduan, XU Bingyin, et al.
Zero-sequence inverse-time overcurrent protection in low
resistance grounding system with grounding fault[J].
Automation of Electric Power Systems, 2018, 42(20):
150-157.

SAMANTARAY S R, PANIGRAHI B K, DASH P K.
High impedance fault detection in power distribution
networks using time-frequency transform and probabilistic
neural network[J]. IET Generation, Transmission and
Distribution, 2008, 2(2): 261-270.

RATHE. v T Y ) e BRI 5 AR A AT SR IR B A
[D]. J7: 4EREEE TR, 2012,

ZHAO Weigi. Research of improving the reliability in
zero-sequence protection of small resistance grounding
system[D]. Guangzhou: South China University of
Technology, 2012.

TR, /N PE AR 8 A A R BT B DR T iR 2
WFFE[D]. I R P TR, 2013.

HUANG Junkai. Study on complex fault analysis and
new relaying principles in low resistance grounding
system[D]. Guangzhou: South China University of
Technology, 2013.

SRAE. /B R G A F e R BB A B [D].

UM ARG EE TR, 2012,

ZHANG Wei. Protection principle and device of the
distributed zero-sequence protection in a low-resistance
grounding system[D]. Guangzhou: South China
University of Technology, 2012.

MG, XIZERE, EILIR, 55, 1N 2 Rl
AR R G R[] B ARG AL H ML
i, 2019, 31(6): 67-73.

LIN Zhichao, LIU Xinxing, WANG Yingmin, et al.
Centralized protection for low-resistance grounding
system under multi-point grounding fault[J]. Proceedings
of the CSU-EPSA, 2019, 31(6): 67-73.

O, B, MR, S AR5 3T BG4 2%
WM REE ] B RGRI 53], 2020,
48(3): 130-137.

[26]

[27]

(28]

[29]

[30]

YUAN Chao, XUE Yongduan, MEI Rui, et al. Sensitivity
analysis of insulation monitoring of distribution network
under different grounding modes[J]. Power System
Protection and Control, 2020, 48(3): 130-137.

T, BRBAT, 5kEh, & H MR IR Bis AT
R[], = R R, 2005, 31(7): 80-81.

YU lJianlong, CHEN Zhongren, ZHANG Qin, et al. Study
on abnormal operation of auto compensation arc-suppression
device[J]. High Voltage Engineering, 2005, 31(7): 80-81.
XIAO Yang, OUYANG Jinxin, XIONG Xiaofu, et al. Fault
protection method of single-phase break for distribution
network considering the influence of neutral grounding
modes[J]. Protection and Control of Modern Power
Systems, 2020, 5(2): 111-123. DOI: 10.1186/ s41601-
020-0156-w.

AL, FEVE, B, KRR B2 Z 5 i 43 AT A
AESIAT[). HEITRLSE SEARAEAR, 2020, 35(2): 100-106.
DENG Jiewen, LU Yanxi, ZHAO Jun. Analysis on
distribution characteristics of zero sequence current of
feeders in asymmetric grid[J]. Journal of Electric Power
Science and Technology, 2020, 35(2): 100-106.

TREEGE, X, W, & BT ST B AR A
R PO B X B AR [J]. HR ) DR BIR, 2020, 39(1):
110-117, 164.

XU Haoyuan, LIU Bo, YE Kai, et al. Identification of
fault zones in distribution network based on zero
sequence current distribution characteristics[J]. Electric
Power Engineering Technology, 2020, 39(1): 110-117, 164.
XA, SRR, Wi, & TP A RS A
1 FR) 1 I P B T P P PR e PR R 9P B T VE D). R
1 A G AR 5, 2021, 49(8): 41-49.

LIU Zhanlei, ZENG Xiangjun, YU Kun, et al. A new
method of single-phase grounding fault protection for a
resonant grounding distribution network based on
unbalanced overvoltage dynamic suppression[J]. Power
System Protection and Control, 2021, 49(8): 41-49.

gFs HER: 2021-02-26;

{&EIHEA: 2021-07-08

fEEET:

EHIL(1972—), B, TAEmE, BIEHEE, SR I

I, AR T @R EEIER S RAIBT, R R AU EIRY
E-mail: whj3310@163.com

7

w7

MK (19740, B, A, SATAT, HET@H
R UEIRA R B L
B (1985—), B, M, BHAETALIF, HLAT AN
RGBS o

(%% B )



