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Research on ground fault location in 10 kV distribution networks based on fuzzy entropy
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(1. School of Electrical and Electronic Engineering, Chongqing University of Technology, Chongqing 400054, China;
2. Chongqing Engineering Research Center of Energy Internet, Chongqing 400054, China)

Abstract: To improve the stability and response speed of ground fault location devices in 10 kV distribution networks, it
is necessary to investigate more effective fault location methods and design corresponding hardware devices. First, the
transient zero-sequence current characteristics of single-phase and two-phase ground faults are analyzed for different
neutral point grounding modes (i.e., ungrounded and grounded through an arc suppression coil). Subsequently, the
superior performance of fuzzy entropy in identifying changes in zero-sequence current is verified through theoretical
derivation and Simulink simulations, demonstrating its strong noise immunity due to a continuous fuzzy membership
function, low parameter sensitivity, and strong capability in analyzing nonlinear dynamic characteristics. Then, based on
the calculated entropy ratio between adjacent detection points, combined with the principle of fuzzy entropy fault section
location and an internal non-fault threshold (0.75~1.2), efficient and stable identification of the fault section is achieved.
Finally, a device centered on the STM32F103C8T6 development board is developed, and two operating conditions (ungrounded
neutral point and neutral point grounded through an arc suppression coil) are set up on a 10 kV distribution network
simulation platform. Experimental results show that the device can accurately identify single-phase and two-phase ground
faults in the first section, the last section, and between detection points. The device exhibits fast operation, high stability,
strong noise immunity, and high location accuracy with minimal influence from communication transmission errors.
This work is supported by the Natural Science Foundation of Chongqing (No. CSTB2023NSCQ-MSX0337).
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Fig. 2 Zero sequence current of neutral ungrounded system



-78 - B 2GR 54

M LI

5 2
rwn—
-5 >
N A Z P H N A 5 HLiL
o} <« 21
< < 0
2 s | 2 o [
sy =
% % PriE )T HIR % PrE 7 I
nid ~ uig 20 /-
N /N / \ /\
0 / 0 /
-50 \/ \/ -20 L / \\/
QRFTHIL QAET HiL
50 20
0 /\/ g —/\//\/
FY o
0 0.02 0.04 0 0.02 0.04
i [8l/s I} [l /s
(a) FAHEEH (b) W AH ¥z b s
& 3 it m g HI kB R G T FER

Fig. 3 Zero sequence current in neutral point via arc

suppression coil grounding system
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Fig. 4 Approximate entropy value and entropy ratio for each detection point
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Table 1 Experimental results of faults in the neutral
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Table 2 Inter area fault experimental results of neutral point via

arc suppression coil grounding system
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Table 3 Neutral ungrounded system first fault experimental results

; RSME LG s
Pt st N
M/N N/P PQ IXIH
15° 107  1.05 1.04
30° 108 1.07  1.05
15Q
60° 110 1.08  1.02
A A 90° 112 1.09 1.04
B 50 1.06 1.03  1.02
10Q 110 1.07 101
90°
15Q 113 111 1.05
20Q 109 1.06 1.03
HE
15° 1.08 1.04  1.00
30° 110 1.06 1.04
15Q
60° 111 1.04  1.02
A. B 90° 1.14  1.05 1.03
[EiEE3i 50 .11 1.06 1.02
10Q 115 1.07  1.01
90°
15Q 117  1.05 1.04
20Q 1.16  1.05 1.03
F 4 PHSEHINGERED R R ERHPELRER

Table 4 First fault experimental results of neutral point

via arc suppression coil grounding system
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FH ARSI SRR AR 1 L Dy
R(X.Y)= FuzzyEn(X) (13)
FuzzyEn(Y)

KA. XY [MNPQ].
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Qi = [ROCY) MR B (14)
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Table 5 Experimental results of tail section fault in

neutral ungrounded system

IR {E b W A L e
et % 1F N et AT N
M/N NP P/Q [XIH] M/N NP P/Q IXIH
15° 102  1.02 1.00 15° 097 096 093
30° 1.03 103 1.03 30° 096 095 092
15Q 15Q
60° 103 1.02  1.02 60° 093 092 091
A A 90° 1.05 104 101 A 90° 091 090 0.89
b 5Q 1.04  1.04 1.01 et 50 096 095 0.90
10Q 1.09 107 104 10Q 094 092 0.89
90° 90°
15Q 110 1.10  1.02 15Q 0.89 087 0.87
20Q 110 1.08 1.03 20Q 091 091 0.89
HE BB
15° 102  1.01 1.00 15° 095 094 0.89
30° 1.04 103 101 30° 093 091 0.64
15Q 15Q
60° 107 105 1.04 60° 091 090 0.87
A. B 90° 109 107 1.06 A. B 90° 0.88 0.88 0.88
Wi AR Bz 5Q 1.04  1.04 1.01 WA FEHb 5Q 090 089 0.86
10Q 1.09 107 107 10Q 0.88 087 0.85
900 900
15Q 111 110 1.09 15Q 0.85 0.84 0.83
20Q .10 1.08 1.07 20Q 087 086 0.86
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Table 6 Experimental results of neutral point via arc suppression

coil grounding system tail section faults

; 1L LL e
B N

M/N N/P P/Q IXIH
15° 098 097 094
30° 096 096 0.94

15Q

60° 095 094 092
A fH 90° 093 093 091
i 5Q 091 090 0.87
00° 10Q 092 091 0.87
15Q 091 089 0.85
200 092 091 0.87

BB
15° 094 094 091
30° 093 092 0.89

15Q
60° 093 092 0.88
A. B 90° 092 091 085
(g3 5Q 091 090 087
90° 10Q 089 088 0.87
150 087 087 0.83
200 090 089 0.86
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o= | > (g-w)’ =014 (16)
U - 1 &€ 0n-fault

HL95% BAT AT, Bttt T2 20 A xR 3
M 124 g H1.96

[4—qgo u+qo]=[0.731.29] 17)
BT SLhRREEIE, BARSEREARE T, -
T Y5109
Ty =min(£2,, ) =0.75 (18)
Tign = max(Q,,, ) =1.20 (19)
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Fig. 12 Scatter plot of fuzzy entropy ratio
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Fig. 13 Diagram of accuracy rate vs. communication quality
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Fig. 14 Comparison chart of noise reduction
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Table 7 Comparison of error rates of fault location devices

with different types

SE N B E R WEIHE Y%
HLp FPI 2-8
AT\ FPI 1~5
LTS VAR U P B Ao e 2~6
T EBES e E 2~5
5T FTU M€ b £ 50 2~6
BET- RIS 1w o 2 2.08

10 KV A s AN B 44 T I 2 Pl e R 40
Mg e, Fe VPl iRz 4T 1~2 W%, WA
W — M ERTE 100 ms P9 IR 3R 8 st %

7 8 AN[E)EBYERE E {3 3% B e R A [E) Xt EE

Table 8 Comparison of response times of fault location

devices with different types

TEA R B Ay ] 7 [ /ms
Bkt FPI 50~200
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BT ERESN e E 220
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