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Single-phase grounding fault detection method for a distribution network
based on phase voltage difference polarity value

LIU Feng, ZENG Xiangjun, XIE Liwei, YU Kun, TANG Xin, WANG Youpeng, DENG Qingbo
(School of Electrical & Information Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: There are shortcomings in the existing distribution network automation equipment and methods, in that they
find it difficult to quickly and accurately detect single-phase grounding fault of lines. Thus a single-phase grounding fault
detection method for a distribution network based on phase voltage difference polarity value is proposed. By analyzing
the voltage amplitude characteristics of the single-phase ground fault for a neutral point ungrounding system and the
neutral point through the arc suppression coil grounding system, the voltage amplitude relationship between the fault
phase and the non-fault phase is obtained. From the voltage amplitude law of fault phase and non-fault phase, the voltage
difference polarity value Q is defined. The corresponding single-phase grounding fault detection criterion is established to
realize the rapid detection of a single-phase grounding fault of the line. Simulation results show that the proposed method
can effectively detect the single-phase grounding fault of the line, and the detection results are not affected by the neutral
point grounding mode, load fluctuation and fault angle. It also has good resistance to high-impedance faults. Field tests
show that the proposed method can detect single-phase grounding faults within 3 ms, and can effectively detect the
single-phase grounding fault with a 2.5 kQ resistance. This has good engineering applicability.
This work is supported by the National Natural Science Foundation of China (No. 51737002).
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Fig. 1 Schematic diagram of single-phase grounding

fault of ungrounded system
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Fig. 2 Voltage vector diagram of A-phase-to-ground fault
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Fig. 3 Schematic diagram of single-phase grounding fault of

neutral grounding system through arc suppression coil
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Fig. 4 Voltage vector diagram of A-phase grounding fault
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Fig. 5 Flow chart of the proposed fault detection method
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Table 1 Line voltage difference polarity value with 0.1 Q

t/ms O, Oy Oc P 1 FildE 2
0.0642 0.00 0.00 0.00 x x
0.0644 0.00 0.00 0.00 x x
0.0646  -3.17 333 -3.33 y x
0.0648  -20.48 19.33 19.33 y x
0.0650  -47.62 48.30 48.30 y x
0.0652  -77.01 77.36 77.36 \ x
0.0654 -100.24  99.89 99.89 \ \
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Table 2 Line voltage difference polarity value with
1 kQ of phase A

tms 0, O, O FHE 1 F4E 2
0.0642 0.00 0.00 0.00 x x
0.0644 0.00 0.00 0.00 x x
0.0646  —0.72 0.79 -0.79 \ v
0.0648  -2.59 2.53 -2.53 \ \
0.0650  —4.02 4.00 -4.00 \ \
0.0652  -5.97 5.98 5.98 \ \
0.0654 773 7.69 7.69 v v
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Table 3 Detection results of different fault resistances of

neutral ungrounded systems
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Table 4 Detection results of different fault resistances on

over-compensation operation

IHEHE/Q MR Zl/ms KIS Z/ms F 2 A5 LA
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1000 64.5 65.6 &
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Table 5 Detection results of different fault resistances on

under-compensated operation
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Fig. 11 Voltage difference polarity value waveform

with load fluctuation
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Table 6 Detection results of different load fluctuation
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Table 7 Detection results of different fault angles
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Table 8 Detection results of different noises interference
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Table 9 Detection results of different fault locations
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Table 10 Detection results of the three methods
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Fig. 13 Topology of real field model
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Table 11 Detection results of real field test
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