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Single-phase high-impedance fault detection method for flexible grounding system based on
amplitude ratio and phase difference
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Abstract: Protection in flexible grounding systems mainly relies on time-limited zero-sequence overcurrent protection
methods used in low-resistance grounding systems, which have limited capability to tolerate transition resistance. As a
result, existing methods struggle to effectively detect faulty feeders. Aiming at this problem, a detection method based on
the amplitude ratio and phase difference of zero-sequence currents is proposed. First, time-domain equations are used to
analyze the zero-sequence currents between each feeder and the neutral point after low-resistance grounding. Then, by
incorporating the inherent parameters of the distribution network, the specific differences between the amplitude ratio and
phase difference of each feeder after adding the small resistors are obtained. Finally, by comparing the amplitude ratio of
the zero-sequence current between the faulty feeder and the neutral point, it is found to be significantly higher than that of
healthy feeders, thus forming Criterion 1. Additionally, by analyzing the phase difference of the zero-sequence current
between the faulty feeder and the neutral point, it is found to differ by 90° from healthy feeders, thus forming Criterion 2.
Simulation and field test results indicate that the proposed method can accurately detect single-phase high-impedance
ground faults in flexible grounding systems, and is robust against current transformer polarity reversal, data loss,
intermittent arcs, and strong noise.
This work is supported by the National Natural Science Foundation of China (No. 52177114 and No. 61403127).
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Table 5 High impedance parameters in different cases
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Table 6 Detection results during arc fault

D/ikm L FIE 1. 2 iHHER

TR EL: [0.983,0.022,0.032,0.017]

HIf72E: [184.02°,105.77°, 104.98°, 105.79°]
TEAE EL: [0.027, 0.982, 0.032, 0.017]

I EIVR

b Z3 o
FHRLZE: [105.88°, 184.33°, 105.58°, 106.01°]
IEfE L [0.027,0.022, 0.982, 0.018
Lo ompl R ]
ML ZE: [106.92°, 107.21°, 183.76°, 107.21°]
, TEE s [0.027,0.022, 0.033, 0.980]
Iy ESUD

AL ZE: [106.82°, 106.50°, 106.60°, 184.63°)

3.5 JRMEA T

ARG UESRME S T, Z VR . W
B 2 kA B B b, B ERH D 3000 Q.

14(a) /N EBHFE NI 5 #5102k S A 1t i %
IR, WA 1 dB 588 T30, 45
R 140)Fr. B 140)TEL, LT F
FHI B e PR . 1T 14()FN ] 14(b) I TE )
W B B FI AR AL 22, H A5 7000 8 [0.983,0.022,
0.033, 0.017]. [184.04°, 106.04°, 105.69°, 106.15°];
[0.937, 0.022, 0.033, 0.017]. [184.55°, 106.96°, 105.29°,
106.68°]. LTI RN, SHEME S T H AT 7 B
THESE AR N, AT HERG ) s ek, R IHZ
TTEANSZ W S T

10 20

-10

7 /A
L ¥ HI/A
(=)

-20 -20
0.46 048 050 0.52 0.54 046 048 050 052 054
tls tls

(a) TR (b) HMe 7
14 TIREMARERTFER

Fig. 14 Zero-sequence current without and with noise
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Table 7 Detection results at strong noise interference
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D/km R/Q SNR/dB
TR fE L
L2 :
HRfE L
L2 :

15 2000 5

I 2500 1

MEAR EL: [0.026, 0.021, 0.956, 0.016]

I 3000 -1
AR ZE: [109.86°, 107.74°, 187.98°, 110.02°]
MEAREL: [0.027,0.021, 0.031, 0.964]

Iy 3000 -5

[
[
[
[
[
[
[
[

ML ZE

3.6 =HAFHAXHR

SRR R R SRR I = AR A I AR SE AR,
R, BOUEZ AT 1% LU FIE N M. B 15(a) R
IEHIBATIY, ZAH BRI IRAEOL T 54 1, H =AH
i, B 15(0) 9 K A S AH e BB S B B, = AH 7 3
ARG O BB AL L B = AR . T EE
15(b) IEOLI B AR RE L 5 ARAL 22, A5 R:
[0.983, 0.022, 0.033, 0.017]. [184.04°, 105.96°, 105.61°,
106.18°], FHUL AT E A [ kit . dE— DR,
B = AH A A BRIIG LT, 1714 Re % i

100.45°, 104.16°, 100.56°, 182.96°]




_48 - o) R R HiEH

BAASLIN HH PR 512G

200 —,

—iy —iy

220 -
846 048 050 052 054 046 048 0.50 052 0.54
tls t/s

(a) —HH fudar V- i (b) SAIS A i
B 15 [, =1 RUE R

Fig. 15 Three-phase current waveform of /;

3.7 FEEMIEh iR
ek B DX A 7 s e b AR S A (1) R g
For i 2 B Tov WA AR A B, 3 O K
AEAE o AT IR 1Z 5 VETE ZM i 000 s N
M SEAS I BE 1 BRI B — LR, TR AR
Sk P MRS O, R I 1A R R R S I A PR A
M. BTk, =0.0865, FTLART&BIEAN 0.1, 4

WEAE LR T BB R, Pl N bEisd. Wi 16
FIios, R 1 RN 1, M4k R AR SRR R B B e, B2
Hu e BHZ> 009 1000 Q AT 1500 Q, i S IRE R
IR L 5 AL 22, 4558 8 [0.027, 0.022, 0.598,
0.390]. [105.83°, 105.98°, 182.24°, 183.51°]. 45} %
B, TRER L AL, LR, P RRE T IEAE
B S,  RERSAERAHURSIN HH P9 UM 4% B e

0701 —io —ioy — iy — i 400

— o1 —do2 —lo3 —loa

0.35

A H
ML Z/(°)
[\]

S

0 0
0.480.500.53 0.58 0.63 0.68 0.480.500.53 0.58 0.63 0.68
t/s t/s

(a) ML EL (b) ARfiL 3%
Bl 16 MR R MEE R

Fig. 16 Two successive grounding fault detection results
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Table 8 Different fault conditions
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Table 9 Detection results of method of Ref. [10]
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Table 10 Detection results of method of Ref. [12]
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Table 11 Detection results of the proposed method
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Fig. 17 Calculation process of methods of Ref. [10] and [12]
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