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Research on series arc fault detection method in
three-phase frequency converter circuit

Gao Hongxin  Wang Kunyuan Wang Zhiyong Cai Jiacheng

(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: The series arc fault is one of the main causes of the electrical fire. Aiming at the problem that the series arc fault is difficult
to detect accurately under unknown working conditions, a series arc fault detection method based on real-time training and updating
kernel based extreme learning machine prediction model was proposed. First, the series arc fault experiments under different power
supply harmonics, the carrier frequency and operating frequency of the frequency converter and current level conditions were carried out
by using the three-phase motor with frequency converter load circuit. Second, the current signal was denoised by using singular value
decomposition filtering and improved single exponential smoothing filtering in turn. Third, the kernel based extreme learning machine
prediction model was trained and updated by using the first two cycle current signals, and the predicted residual of the next cycle current
signal was calculated. Then, a matrix was constructed by using the absolute value of the predicted residual, the residual matrix was
reduced to one-dimensional vector by combining the non-negative matrix factorization, and the maximum value of the one-dimensional
vector was used as the fault feature. The series arc fault was detected by using a fixed threshold. Finally, the series arc fault detection
and anti-noise performance of the proposed method were tested under unknown working conditions. The results indicated that the
proposed method can effectively detect the series arc fault under four kinds of unknown working conditions, which are unknown power
supply harmonics, carrier frequency and operating frequency of the frequency converter, and current level, respectively. It showed that
method has a strong anti-noise ability.
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Table 1 Harmonic parameters of power supply U2 and U3

U2 U3
WAL ot A, ot A,
TR/ A B/ A
3 1. 1%/0° 2.2%/0°
5 2.8%/0° 5.6%/0°
7 1.4%/0° 2.8%/0°
9 2.3%/0° 4. 6%/0°
11 1.5%/0° 3.0%/0°
15 0. 0%/0° 1. 4%/0°
21 0. 0%/0° 1. 0%/0°
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under different thresholds
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Table 3 Detection accuracy of series arc fault

under unknown working conditions
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Table 4 Detection accuracy of series arc fault under

different noise intensity conditions
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Table 6 Detection accuracy of series arc fault under

unknown working conditions by using

different detection methods (%)
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