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Line Selection Method for Grounding Faults in Distribution Networks

Based on Phase Similarity of Characteristic Frequency Current
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Abstract: In response to the challenges of weak characteristics and the influence of grounding
transition resistance on line selection for single-phase grounding faults in low-current grounding
systems, a line selection method for grounding faults in distribution networks based on the phase
similarity of characteristic frequency current is proposed. Firstly, using signal injection method,
the distribution of zero-sequence current and characteristic current signal distribution after a single-phase
grounding fault occurs in a low-current grounding system is analyzed to obtain the fault characteristic
current distribution pattern. Secondly, the impact of different characteristic frequencies, line lengths,
and line topologies on the propagation characteristics of the injected current signals is analyzed,

with 220 Hz selected as the characteristic frequency for the injected current. Using the PSCAD/
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EMTDC platform, a distribution network simulation model is built. After a fault occurs,
characteristic frequency current is injected, and the amplitude and phase characteristics of the
characteristic frequency signals for each line are analyzed. By utilizing the phase of the characteristic
frequency current, a line selection method based on the phase similarity of characteristic
frequency currents is proposed, and criteria for single-phase grounding fault line selection are
established. Simulation examples are conducted for different grounding transition resistance
conditions of single-phase grounding faults, and line selection is performed using the proposed
method. Results show that under high-resistance grounding conditions, the proposed method can
accurately identify the faulty line with high sensitivity and accuracy. Compared to traditional line
selection methods, the proposed method has lower complexity and can handle grounding
transition resistance up to 10 kQ. This method provides a new perspective for the theoretical

research on line selection for single-phase grounding faults in low-current grounding systems.

Keywords: distribution network; single phase ground fault; signal injection; fault line selection;

current phase similarity
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in distribution network
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Fig. 4 Propagation attenuation characteristics of characteristic

current signals as a function of line length
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phase similarity
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Table 3 Characterization matrix when no fault occurrence

e FHA A AR BE

L, L, L, L,
L, 0 0 0.014 1 0
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I 0.0141 0 0 0
L, 0 0 0 0
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Table 4 Phase similarity characterization matrix after fault

occurrence (case 1)

s (IR TR VS
L, L, L, L,
L, 0 0.2873 0.014 1 0
L, 0.2873 0 —0.2971 —0.2941
L, 0.0141 —0.2971 0 0
L, 0 —0.294 1 0 0

VB ML L, WS, HRE R A R
5 kQUTHL 2), THAH BYRFIERE MR a2 5 PR 4
L e Xof o7 66 PR 19 47 R0 91 11 R 52 A BLRE 347 10 B T 3
S W O T R v At T R AR R 0, B
LB Lo KA T FRURH HE MR
K5 HER A AR AR B AR SRR (T L 2)
Table 5 Phase similarity characterization matrix after fault

occurrence (case 2)

ok A AR AL

L, L, L, L,
Ly 0 0.1309  0.0141 0
L, 0.1309 0 0.1206  0.1239
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L, 0 0.1239 0 0
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Table 6 Simulation test conditions and wire selection results
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Table 7 Phase similarity characterization matrix after fault

occurrence (case 3)

% FH AL AH AR BE
L, L, L, L,
L, 0 0.0641 —0.0166 0
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L, —0.0166 —0.0863 0 0
L, 0 —0.0255 0 0
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