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High-impedance fault line selection method for flexible grounding systems
considering harmonic injection from distributed generators
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(Key Laboratory of Modern Power System Simulation and Control & Renewable Energy Technology,
Ministry of Education (Northeast Electric Power University), Jilin 132012, China)

Abstract: In flexible grounding system under high-impedance grounding faults, harmonic injection from distributed
generators (DG) can distort fault features, making accurate fault identification difficult. To address this issue, a high-
impedance fault line selection method for flexible grounding systems that accounts for DG harmonic injection is proposed.
First, a flexible grounding system model is established, and the impact of the transient control process caused by the
withdrawal of the neutral-point small resistor on system parameters is analyzed. Then, based on the system parameter
distribution characteristics after the small resistance is withdrawn, the dominant resonant components among feeder
groups are extracted, and the phase difference characteristics between the dominant resonant components of faulty and
healthy feeders are quantified. Finally, the cross-wavelet transform is applied to extract highly correlated time-domain
features between lines, and stationarity tests are applied to eliminate the interference of DG-injected harmonics on the
highly correlated time-domain signals. A phase difference coefficient fault selection criterion is constructed, enabling
high-impedance fault line selection under coupled harmonic-transient scenarios. Simulink simulation results show that the
proposed method is applicable to grounding faults with a transition resistance of up to 4000 Q and maintains high
reliability under extreme conditions such as arcing grounding and strong noise interference.
This work is supported by the National Natural Science Foundation of China (No. 52377170).
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Fig. 1 Schematic diagram of 10 kV flexible grounding system
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model of a flexible grounding system with DG
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Table 1 High-resistance fault line selection results

Mgk Dikm  R/Q ¢ WELRLE R
I, 8 1000 [113.420.790.10 0.09 0.32] A
Ly 12 1000 [0.82112.60 0.13 0.03 0.14] A
I, 1 2000 [0.760.09109.27 0.14 0.28] A
L, 8 2000 [0.98221110.290.20 0.71] A
I, 2 3000 [0.861.740.74 107.61 0.82] I
L, 1 3000 [0.110.913.260.72 106.76] I
I, 14 4000 [0.110.913.26 0.72 105.23] I
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Fig. 11 Cross wavelet power spectrum between /, and /3

under noise interference
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Table 2 Fault line selection results under different

noise interference

4 ==} 3 4
by Toug s 9 [110.39 0.79 0.21 0.09 0.32] A
L, 100 12 [0.38 106.12 0.08 0.19 1.38] A
L, 100 12 [1.27 108.29 3.272.31 1.13] A
L, 90 1 [3.77 2.69 106.98 1.02 1.19] A
L 90 7 [3.211.31105.01 1.81 5.26] A
L, 80 10 [2.923.08 1.13 102.37 4.10] I,
Ly 70 1 [6.37 4.19 4.32 3.75 104.92] A
I 60 12 [5.53 4.69 7.30 1.31 103.07] I
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Table 3 Arc fault judgement results

b3 Dikm L3 ¢ b2
ek 251 g

1 [123.820.810.34 0.06 0.09]

[118.411.77 3.69 1.32 2.91]

~ |~ =~

; 1 [1.87 119.87 1.13 0.02 0.75] )
7
1
2 [5.09 116.64 6.87 5.16 1.35] 12
. 1 [0.62 0.26 109.62 0.87 0.35] l3
3
31
3 [3.162.91 107.83 5.85 2.11] l3
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Table 4 Fault line selection results of this paper’s method

Wik Dkm  R/Q ¢ MR aE R
L, 8 1000 [113.420.79 0.10 0.09 0.32] A
L, 1 2000  [0.76 0.09 109.27 0.14 0.28] A
1, 10 3000 [0.861.740.74 107.61 0.82] I,
I, 14 4000 [0.110.913.26 0.72 105.23] A
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Table 5 Fault line selection results of the method
in Reference [16]

E&I‘ﬁ@%& D/km Rt./Q [,Ll, H, K My /us]

1, 8 1000 [261.313.511.06 0.82 1.31] L
Ly 7 2000 [1.485.2897.310.147.32] 1,
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L, 11 4000  [1.488.2143.164.5221.5] A
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Table A1 Line parameters Table B2 Parameters of three types of arcs
2R A HBH/(Q/Kkm)  HLE/(mH/km) FL25/(WF /km) eS| V,/kV V/kV R/Q R/Q
P IEFY 0.178 1.210 0.015 1 2.2(120.45%) 2.0(1£20%) 800 750
i 0.250 5540 0.008 2 3.8(1£10%) 3.6(1£10%) 400 350
wacy, T 0.270 0.255 0.376 3 1.2(1£10%) 10(1£10%) 1200 1100
E i 2.700 1.020 0.280
RN BESH BE R
Table A2 Equipment parameters (1] #WA, 1546, Jo, &5 VE9NZRRE /N B BH R gttt
R Gy Lt B/ R R S AL SR [J]. LA, 2019, 36(3): 44-49.
B Rhipu.  Fikpu HiFE/p.u. MW YANG Fan, REN Wei, SHEN Yu, et al. Grounding fault
TR 0.00001  0.000062  0.003 77 315 processing strategy in Petersen coil paralleled small
GRS 0100000 0.00115 0.01030 3 resistance grounding system[J]. Distribution & Utilization,
Z RFJESS 0.100000  0.003 40 0.016 65 0.2
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Table B1 Correspondence between scales and frequencies

JRREB T R I
0.125~1 DI 1314.72~10 517.76
1~2 D2 657.36~1314.72
24 D3 328.68-657.36
4-8 D4 164.34~328.68
816 D5 82.17~164.34
16~ e85 2 [ AS 0~82.17
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Fig. B1 Emanuel arc model

(2]

(3]

[4]

(5]

(6]

2019, 36(3): 44-49.

TN, FBET, R, & ETIRELSHEMZERR
T R G O B AR A I T VR 0], ) RS AR
s, 2025, 53(11): 41-50.

ZHANG Fan, WANG Xiaowei, WANG Xingian, et al.
Single-phase high-impedance fault detection method for
flexible grounding system based on amplitude ratio and
phase difference[J]. Power System Protection and Control,
2025, 53(11): 41-50.

2N, FI. /NIRRT H P ot A B bt B
FRPBGTRE AT [I]. ISR, 2024, 61(6): 58-64.
LI Nana, WANG Bin. The analysis of zero-sequence
impedance characteristics of feeder in distribution system
with neutral point non-effective grounding[J]. Electrical
Measurement & Instrumentation, 2024, 61(6): 58-64.
EILU, EedE, DM E, 45 2T XGBoost MVZALES
FEAILIE (/I LR By 1 P 0 TR (D). T E B
1% %, 2025, 45(7): 71-79.

WANG lJiangbo, HEI Xiaojie, QIU Pengyu, et al. Small
current grounding fault direction discrimination method
XGBoost
optimization[J]. Electric Power Automation Equipment,
2025, 45(7): 71-79.

ENI, B, RIRERE GF RIGHM RGN IR
HH BT A RFAE B B A R 2 T e A )]. IR GR
HZh1k, 2024, 48(16): 174-183.

WANG Xiaoshuai, XUE Yongduan, LIU Cuicui, et al.

Transient characteristics of small resistor exit in flexible

based on and generalization feature

grounding system and implications for transient faulty
line selection methods[J]. Automation of Electric Power
Systems, 2024, 48(16): 174-183.

PR, 3, TR, 5 S0 A SR EK
TIC HL 1) 45t e 4 i o A JEL ARG IE R R S8 A T 9 T, R
THEARZER, 2025, 40(4): 1268-1286.

LI Zongbo, CUI Yijia, WANG Haoqing, et al. Method of



- 48 -

W) R GRP bk

[9]

[10]

[11]

[12]

alarm information correction and fault location for
distribution network with inverter-interfaced distributed
generation[J]. Transactions of China Electrotechnical Society,
2025, 40(4): 1268-1286.

A, BRacd, =E L, &5 ETRIZHELE R fFE
FEHA JRTC F e DrdP 77 2210, LA HB, 2025, 42(9):
55-64.

GAN Kai, CHEN Yizhe, GAO Yifan, et al. Grounding
protection scheme for low resistance grounded active
distribution network based on cosine similarity[J].
Distribution & Utilization, 2025, 42(9): 55-64.

e, kitR, BHEA. T S F T ik
AR F () R R G P ORI [J]. ARG H )
1k, 2024, 48(13): 171-183.

LI Xiaobo, ZHANG Shile, PENG Chaohong. Research
on single phase high resistance ground fault detection of
flexible earthing system based on zero sequence current
distortion rate[J]. Automation of Electric Power Systems,
2024, 48(13): 171-183.

FuRE, KA, FRE, 5 ET/NBERN GRS ®E
B € 1) RAIG M R GUEALETTIET]. BMEIR, 2024,
48(3): 1301-1312.

WANG Xiaowei, ZHANG Fan, WANG Yizhao, et al. Novel
fault location based on disturbance calibration after small
resistance input in flexible grounding system[J]. Power
System Technology, 2024, 48(3): 1301-1312.

Efk, A, xll, & BT RPN R i
R MIRIRLTIVED. B R G LI AL,
2023, 35(3): 46-52.

YAN Sen, HUANG Chun, LIU Yingtong, et al. Flexible
fault selection method of grounding system based on
zero-sequence power ratio[J]. Proceedings of the CSU-
EPSA, 2023, 35(3): 46-52.

BN, &8, e, & ETEF S0 R G
FRGF M b 7 ) ) ) Sk RO ARG A Bk,
2020, 44(17): 88-94.

YANG Fan, JIN Xin, SHEN Yu, et al. Discrimination
algorithm of grounding fault direction based on variation
of zero-sequence admittance in grounding system[J].
Automation of Electric Power Systems, 2020, 44(17): 88-94.
Zpele, IR, BRI, . T KRS
RGN R G0 B i e 2 k(D). O R Gk
P 5, 2025, 53(5): 59-68

LI Xiaobo, ZHANG Shile, XIE Jianfeng, et al. A flexible
grounding system high resistance grounding fault line
selection method considering unbalanced power grid
parameters[J]. Power System Protection and Control,
2025, 53(5): 59-68.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

TR, KB, R, F RHE SEEIREAG IR
R0 e PEL bR e 2k b O R T [D]. D RS A Bk
2023, 47(19): 166-176.

WEI Mingjie, YU Yue, LIANG Ying, et al. Application
of broadband signal in high-resistance fault line selection
of resonant grounded active distribution network[J].
Automation of Electric Power Systems, 2023, 47(19):
166-176.

ZEE, WK, R, % S EEEUHT AR A B
Pt e R AL BE 5 XEHERI]. T E AL TR R,
2025, 45(6): 2145-2159.

LI Zhengyang, CAO Yijia, CHEN Chun, et al. Collaborative
fault handling and area identification of grounding faults
in distribution networks with directly-coupled renewable
energy sources[J]. Proceedings of the CSEE, 2025, 45(6):
2145-2159.

RN, BEKEE, XUBREE, 4. A YRR H D FL R Rt
OB BT AR AL A LM AT 0], TR R, 2022,
37(3): 655-666.

QIN Suya, XUE Yongduan, LIU Lizheng, et al. Transient
characteristics and influence of small current grounding
faults in active distribution network[J]. Transactions of
China Electrotechnical Society, 2022, 37(3): 655-666.
XUMARR, BRSCRL, SR M, 2. FIH 5 IR AR AL AL
RRAIE 10 R0 4 M R R RE k2R U7 iR [T TR R
2022, 46(5): 1830-1838.

LIU Pengyue, SHAO Wenquan, GONG Qiming, et al.
Fault line detection of flexible grounding system based
on phase variation characteristics of zero-sequence current[J].
Power System Technology, 2022, 46(5): 1830-1838.
XIZERE, X%, Bk, 55 RIGHH RS h v
HUBHL BN A RFIE 2 AT 0], ) R 48 A Bh ik, 2025,
49(1): 172-182.

LIU Cuicui, LIU Xiao, XUE Yongduan, et al. Analysis on
transient characteristics of neutral point grounding resistor
throw-in in flexible grounded system[J]. Automation of
Electric Power Systems, 2025, 49(1): 172-182.

WL, xR, W5, & TR B ARG
RIG e R G B R e 28 7 v (7], LR R,
2024, 39(1): 154-167.

WANG Xiaowei, LIU Weibo, GUO Liang, et al. High
impedance fault line selection method based on inner
product projection of different time periods for flexible
grounding  systems[J].  Transactions of  China
Electrotechnical Society, 2024, 39(1): 154-167.

XU, BEA, RIRRE, & T HE-RRS KR
TR R SR R [J]. T R R A SR,
2023, 35(4): 124-131.



KB, &5

T8 A T o0 A 2L ERE N 1) SR 12 28 4 e FH i Pt 2 U5 92

- 49 -

[20]

[21]

[22]

[23]

LIU Xiao, XUE Yongduan, LIU Cuicui, et al. Fault
protection of flexible grounding system based on voltage-
current partition[J]. Proceedings of the CSU-EPSA, 2023,
35(4): 124-131.

HvE, FT, BreR, & ETIIERETEAG R R i E
MR G A MIRIE L TTE]. B RFEH B, 2023,
47(5): 171-179.

TANG Tao, ZHOU Yu, ZENG Xiangjun, et al. Transient
fault line selection method for flexible grounded system
based on transition resistance evaluation[J]. Automation
of Electric Power Systems, 2023, 47(5): 171-179.
Bk, 0, IRTIR. thrE AW I i R G
ANGER e A LR R I SN S & v 0 M SR E
HLLFE2EHR, 2015, 35(22): 5703-5714.

XUE Yongduan, LI Juan, XU Bingyin. Transient
equivalent circuit and transient analysis of small current
grounding faults in neutral point grounded systems with
arc suppression coils[J]. Proceedings of the CSEE, 2015,
35(22): 5703-5714.

TRVIIR, Tk, S0, S TCHL B SO R T
B IR I]. RS A B, 2019, 43(20): 1-7.
XU Bingyin, XUE Yongduan, FENG Guang, et al.
Discussion on several problems of earthing fault protection
in distribution network[J]. Automation of Electric Power
Systems, 2019, 43(20): 1-7.

REF L, HAR, B, BT RE IR el 4y
A 2 HL PR N R A b o B S A [T]. TR
GARP 5], 2025, 53(7): 16-26.

ZHAO Shuxin, XIAO Shiwu, LIANG Weichen. Calculation
and analysis of short-circuit fault of distribution network
with high proportion distributed generators based on

aggregated current[J]. Power System Protection and

Control, 2025, 53(7): 16-26.

XSy, B, /MR, 55 BT 20 S RHES R
JEHTC HL ) SRAR S R 2R T VR[], L R G IR S 4%
#ll, 2024, 52(15): 69-80.

DENG Xiangli, ZHAO Leixin, XIONG Xiaofu, et al. Single

phase grounding line selection method for distribution

[24]

networks based on multiple transient characteristic fault
degrees[J]. Power System Protection and Control, 2024,
52(15): 69-80.

GAO Jie, WANG Xiaohua, WANG Xiaowei, et al. A high

impedance fault detection method for distribution systems

[25]

based on empirical wavelet transform and differential faulty
energy[J]. IEEE Transactions on Smart Grid, 2022, 13(2):
900-912.

o=, g, 1IN AT RSO R P A A A
LRAT). TPEFEAL LR, 2020, 40(1): 96-107, 377.
WANG Bin, CUI Xin, DONG Xinzhou. A review of
detection techniques for arc flash high resistance faults in
distribution lines[J]. Proceedings of the CSEE, 2020, 40(1):
96-107, 377.

[26]

ks BHA: 2025-07-03;
fEE BN

MBE (1979—), %, Ad, s1#¥E, MRF@mALS
sk BRI 5T IS HERIR A AMALEAT; E-mail:
Ixjnedu@126.com

FIARIZ (1996—), F, MR A, R H @ AR ER
&5 5% 45; E-mail: 2664657106@qq.com

WA (1976—), F, @fEEH, W, g, B4
FIF, BRR T 61 A KAAEHT BRI ) 2 G A E S
#EH. AR EAK. E-mail: ydfnedu@126.com

(%3 #F )

&M@ HEA: 2025-12-07



