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Approach to detect arc extinction time of single-phase transient
fault in transmission lines
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Abstract:In order to improve the success rate of adaptive reclosure and minimize the incomplete phase operative time, a method based
on flatness characteristics of all-phase FFT (apFFT) spectrum is presented to detect the arc extinction time for transient single-phase
earth faults in transmission lines with shunt reactors. The apFFT spectrum of the terminal voltage of faulty phase is analyzed. It is found
that, before the secondary arc extinguishes, the apFFT phase spectrum is not smooth, because of outstanding variation of high-frequency
components caused by the highly non-linear transition resistances. After the secondary arc extinguishes, the apFFT phase spectrum is
flat, because the transition resistance disappears and high-frequency signals change smoothly. Utilizing the difference of the flatness
characteristic in high-order harmonic apFFT phase spectrum before and after the secondary arc extinguishes, a reliable method is
proposed to identify the arc extinction time accurately and effectively. Simulations using ATP-EMTP verify the correctness and
effectiveness of the proposed method. The proposed method is almost insusceptible to fault location, transition resistance and power
angle. The validity of the method is verified by the analysis of the actual wave data.
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Fig. 1 Data flow of apFFT spectral analysis (N =4)
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Fig.5 Analysis of fault voltage in secondary arc stage
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Fig.7 System simulation model
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Fig.8 Voltage waveform of the faulty phase
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Table 1 ~ Simulation results under different power angle

(L=50% ,R =100 Q,K=70% )

W é/(°) FWTHLITE A1/ BRI A]/s
-90 0.419 1 0.4
-50 0.3923 0.38
0 0.369 1 0.35
50 0.435 1 0.42
90 0.3772 0.36
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=2 AEEMEETHESER(L=50% ,K=70% ,6=20°)
Table 2  Simulation results under different faults resistance

(L=50% ,K=70% ,5=20°)

R RO FURTHR ST [R] /s BRI [A]/s
50 0.394 2 0.38
100 0.4113 0.4
300 0.426 1 0.41

®3 FEBEMETHELER(R=50 Q,K=70% ,6=20°)
Table 3  Simulation results under different faults position

(R=50 Q,K=70% ,5=20°)

B E L% HBTHEIT /s SIBRARHIK ]/
0 0.3872 0.37
25 0.435 1 0.41
50 0.401 8 0.39
75 0.394 5 0.38
100 0.421 1 0.4

x4 FEMEETHHEESER(R=50 Q,L=50% ,6 =20°)
Table 4 Simulation results under different compensation
levels (R =50 Q,L =50% ,56 =20°)

HMEEE K% FURTHR S [A] /s BRI ]/
60 0.418 3 0.4
70 0.423 1 0.41
80 0.3825 0.37
90 0.3625 0.35
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Fig. 10 Optimal reclosing device for transmission line
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Analysis of actual fault recorder data
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