5551 4 5510
2024 410 A 10 H

HLAIL-S5 4 O ]

Electric Machines & Control Application

Vol. 51 No. 10, October, 10, 2024

CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2024. 105

X EHS :1673-6540(2024) 10-0009-10

FESES . TM 777 XHERARERD - A

ETFOFBEETHHNEBT EREKEMN
M EEAMMMN Vdip FEHAR

Z A, AR, &

', RRAT, BRHR?, D E

(1. d s WA PR AT AR 3] B4R B By iy 3008 571442,

2.mRF LAEREIRER, Mw Ki)

410082)

Research on Optimized Vdip Method for Ground Fault Location on the

Low-Voltage Side of Distribution Transformers Based on Negative

Sequence Voltage Variation
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Abstract: To address the problem that the voltage monitor
has difficulty accurately locating ground faults on the low-
voltage side of the distribution transformer, this paper
proposed an optimized voltage dip ( Vdip) method based on
negative sequence voltage changes. First, the asymmetric
fault location probability calculation method was used to
compare the negative sequence current of the feeder substation
and the negative sequence voltage on the low-voltage side of
the distribution transformer to determine the probability of
asymmetric fault location. Then, based on this probability,
the ground fault location was confirmed. Finally, to address
issues such as frequency deviation and inter-harmonics, an
inter-harmonic elimination method based on sliding window
averaging was proposed. Through simulation experiment on
the short-circuited auxiliary resistance of the resonant
grounding distribution network, and verified in a 22 kV
resonant grounding network of a certain regional power grid,
the average ground fault location error was 1. 06 km.
Experimental results showed that the proposed method could
achieve a fault location accuracy of up to 98. 7% while
avoiding inter-harmonic  interference, and the model
performance metrics were better than existing methods.
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WS Ry AL/ 1R/ AU 7V
M5 Q A km DTS1 DTS2 DTS3 DTS4 DTS5 DTS6
1 10 113 -0.1 62.6 65.1 64.9 64.8 64.8 15.6
2 10 112 -0.1 61.8 64.3 88.3 83.3 83.3 154
3 10 11.1  -0.1 61.7 64.1 832 92.8 92.7 15.4
‘ p— 4 10 11.1 -0.1 61.6 64 83.1 95.1 95 15.3
5 1E] /ms
5 0 11 -0.1 61 63.4 823 94.1118 15.2
B 5 FHEHERMRE 6 0 0 X 16 16 159 159 159 16.1
Fig.5 Average inter-harmonic effect 1 200 5 -0.1 28 29.1 29 29 289 7
o . 220 5 -0.1 27.7 28.8 39.6 37.4 37.3 6.9
AT JE X b 6 fros
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Tab.2 Ring network configuration

W Ry AR/ R/ AUE /V
£ R= ) A km DTS1 DTS2 DTS3 DTS4 DTS5 DTS6

1 10 11.4 -0.1 49.8 51.7 46.4 43.8 43.6 33.6
2 10 113 -0.1 44.6 46.2 63.3 54.8 54.8 40.6
3 10 11.3 -0.2 422 43.7 549 60.5 60.5 44.3
4 10 11.3 -0.1 422 43.6 54.8 62.9 62.8 443
5 10  11.2 -0.1 41.8 43.2 54.3 62.3 86.4 43.8
6 10 0 X 159 159 159 159 159 159
1 200 5.1 0 224 232 209 19.7 19.7 15.1
2 200 5.1 0 20.1 20.8 28.5 24.7 24.6 18.3
3 200 5.1 =01 19 19.7 24.7 27.2 27.2 20

4 200 5 0 19  19.7 247 28.3 28.3 19.9
5 200 5 0 18.9 19.6 24.5 28.1 389 19.8
6 200 0 X 69 69 69 69 69 69
1 400 2.8 0 12.6 13.1 11.8 11.1 11.1 8.5
2 400 2.8 0 11.3 11.7 16 13.9 13.9 10.3
3 400 2.8 0 10.7 11.1 13.9 153 15.3 11.3
4 400 2.8 0 10.7 11.1 13.9 159 159 11.3
5 400 2.8 0 10.7 11 13.8 15.8 21.9 11.2
6 400 0 X 3.8 38 38 38 38 38
1 600 1.8 0.1 82 85 76 72 72 55
2 600 1.8 0 73 7.6 104 9 9 6.7
3 600 1.8 0 69 72 9 99 99 73
4 600 1.8 0 69 72 9 103 103 7.3
5 600 1.8 0 69 7.1 9 103 142 73
6 600 0 X 24 24 24 24 24 24
1 1000 1 02 43 44 4 38 38 29
2 1000 1 0.1 38 4 54 47 47 35
3 1000 1 0.1 3.6 38 47 52 52 38
4 1000 1 0.1 3.6 38 47 54 54 38
5 1000 1 0.1 3.6 37 47 54 74 38
6 1000 O X 1.2 12 12 12 12 12
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Tab.3 Actual experimental results of resonant

grounding network

fEe e i e WBhELRH BEESIRZE/km
1 1.2 kQ 0.5 /35 km -0.4
2 430 O 0.5 Q/35 km -1.19
3 210 Q 0.5 Q/35 km -1.19
4 T 0.5 Q/35 km -0.8
5 HEEM 130 0.5 0/35 km -0.6
6 1.1 kQ 1 Q/35 km -1.19
7 440 Q 1 Q/35 km -2.19
8 280 Q 1 Q/35 km -0.6
9 LR 1 Q/35 km -1.39
10 HEEM 13 0 1 /35 km -0.8
11 1.1 kQ 1 Q/23 km -2.8
12 430 O 1 Q/23 km 0.2
13 270 Q 1 Q/23 km -0.64
14 LT 1 0/23 km -0.19
15 B 13 0 1 Q/23 km -1.75
YRR B2 1.06

HY 2 3 AT, A (] F) el Bl e, L {0 B i e
Jri B E N IR 2Z VA B E R, 75 A=0.2 km
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4N 1R 2% ( Mean Absolute Error, MAE) (3477
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Tab.4 Comparison of different fault detection methods

Tii: MAE  RMSE  R%/% MAPE/%
SCHR[17] 0.169  0.211 89.66 3.541
SCHKk[20] 0.133 0.206 90.13 3.158

WMz M2 0,103 0.136 93.69 2.697
Ak 0.033  0.056 98.58 2.336
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The distribution network aims to safely and
effectively allocate electric power to customers.
During the operation of resonant grounded medium-
voltage distribution networks, the high complexity of
the network makes it one of the key research focuses
in the industry to quickly and accurately locate ground
faults. Currently, the identification of fault feeders at
power supply stations is reasonably reliable, but due
to the reactive power compensation of components in
the distribution network, the ground fault current is
relatively low, resulting in the need for improved
accuracy in locating feeder ground faults.

Traditional methods for locating ground faults
involve sequentially disconnecting and reconnecting
segments at the fault feeder. This approach heavily
relies on the number of monitored components,
leading to high costs and operational complexity. In
cases with fewer fault indicators, operators must use
auxiliary means such as trial switching to ultimately
locate the fault in a selected section of the network,
resulting in complicated fault location. In recent
years, the use of voltage monitors has expanded the
scope of fault location methods, with researchers
proposing methods based on voltage and current
existing methods have not

status.  However,

eliminated inter-harmonic interference in fault
location, and accuracy still needs improvement.
Therefore, this paper proposed a Vdip method
for locating ground faults based on the changes in
negative sequence voltage on the low-voltage side of
distribution transformers, as shown in Fig. 1. This

method utilized the segmentation of network topology,

allowing ground faults to be located along long feeders
or their laterals. By calculating the probability of
asymmetric fault location, the location of ground faults
was determined based on changes in negative
sequence voltage and current. Additionally, a method
based on sliding window averaging was proposed to
respond to inter-harmonic frequency disturbances.
Experimental results indicated that the proposed
method was accurate and effective for locating
asymmetric faults and was applicable to ground fault
location in various hybrid resonant grounded medium-
voltage networks, as compared in Tab.1.
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Fig.1 Symmetric component scheme for networks

affected by ground faults

Tab.1 Comparison of this method with other methods

Detection Detection
Method Communication
time/'s accuracy/%
Reference[ 17] <1.5 vV 88.6
Reference[ 20] 1.3 vV 90.2
Reference[ 22 ] 2.4 X 94.6
Gradient Booster <0.7 X 95.1
Proposed method 0.04 X 98.7

S2

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



