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A fault identification method of an AC transmission line based on a multifractal spectrum

LI Xiaopeng', DING Xuanwen', SHU Hongchun®, AN Na, DONG Jun?, TIAN Xincui’, ZHANG Xuefei’, DAI Yue?
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, China; 2. School of Electric Power Engineering,
Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Simulation and analysis of the internal and external faults of a high-voltage AC transmission system shows that the
physical boundary formed by the AC transmission line wave trap and the bus-to-ground capacitance has an attenuation effect
on the high-frequency signal. This makes the high-frequency component of the fault voltage at the measuring terminal at
external fault low, and the probability of mass distribution is relatively uniform in different time periods. When a fault occurs
in the area, the high-frequency component of the fault voltage at the measuring terminal is high, and the probability of mass
distribution is uneven in different time periods. Therefore, the non-uniformity Aa of the quality probability distribution of
each subset on the multifractal set formed by each division is calculated using the single-side fault phase voltage of the line
within the short-time window to identify the internal and external faults. This method can distinguish between internal and
external faults by only using a single-ended voltage, is not affected by the channel, has high reliability, and has great
engineering significance. Through a large number of PSCAD simulation experiments, it is concluded that this method has
high reliability, strong ability to withstand transition resistance, and has a good ability to distinguish different fault types and
remote high resistance.
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Fig. 1 Structure diagram of AC transmission line system
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Fig. 2 Line wave trap circuit diagram
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Fig. 4 Frequency characteristics of line traps
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Fig. 5 Fault voltage component of measuring point

in case of fault in the zone
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Fig. 6 Fault voltage component of the measuring point

in the case of an outside fault
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Fig. 7 Additional network of fault components in the
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Fig. 8 Multifractal spectrum in case of faults in the zone
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Fig. 9 Multifractal spectrum when faults occur at
different positions of the line
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Fig.11 Additional network of fault component

in case of out-of-area fault
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Fig. 13 Multifractal spectra under different fault

types outside the area
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Fig. 14 Unevenness of various external faults
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Table 1 Maximum three-phase unevenness under
different transition resistance
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Table 2 Probability density under different transition resistance
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Table 3 Maximum three-phase unevenness under

different fault conditions
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Fig. 17 Voltage waveform and multifractal spectrum under the

fault of the Liyue transmission line on July 3, 2019
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