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Abstract

In this paper, a novel wavelet-based method is proposed to improve the performance of the single-pole
auto reclose (SPAR). Despite earlier approaches, a new mother wavelet is developed in this study to
carry out the adaptive reclosing instead of using standard wavelets. However, the innovation of the
research goes beyond this. The paper's originality also includes the use of a new combination of filter
bank coefficients and the proposal of a two-threshold logic to distinguish between permanent and
transient faults and to identify the secondary arc extinction time. In order to evaluate the performance
of the proposed method, a typical 400 KV transmission line from Iran’s national grid is simulated under
different fault scenarios and various operating conditions in EMTP-RV transient mode software. The
obtained results demonstrate the optimal accuracy of the suggested technique to distinguish between
permanent and transient faults. Additionally, secondary arc extinction is detected at a faster rate
compared to existing methods. On the other hand, the proposed method does not impose a heavy
computational load, and its implementation is quite affordable.
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Figure (1): Single-line diagram of the simulated power system

Table (1): Equivalent impedance of sources
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Table (2): Characteristics of the used conductors [6]
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Figure (3): How to implement discrete wavelet transform by filter bank method
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Figure (5): High-pass and low-pass filters produced by the proposed mother wavelet
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Figure (6): Flowchart of the proposed method
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Figure (7): Voltage waveform when the line is fully transposed at, a) Abbaspour, b) Anjirak buses
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Figure (8): RMS value of 5th order detail when the line is fully transposed at, a) Abbaspour, b) Anjirak buses
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Table (3): Sensitivity analysis for transient faults with different conditions for the fully transposed line
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Figure (10): RMS value of 5th order detail when the line is not transposed at, a) Abbaspour, b) Anjirak buses
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Table (4): Sensitivity analysis for transient faults with different conditions when the line is not transposed
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Figure (11): Voltage waveform when the fault is permanent at, a) Abbaspour, b) Anjirak buses
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Figure (12): RMS value of 5th order detail when the fault is permanent at, a) Abbaspour, b) Anjirak buses

Table (5): Sensitivity analysis for permanent faults in different phases with various fault resistances
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Figure (13): Voltage waveform when the neutral points of the reactors are directly grounded at, a) Abbaspour, b) Anjirak buses
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Figure (14): RMS value of 5th order detail when the neutral points of the reactors are directly grounded at, a) Abbaspour, b) Anjirak buses
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Figure (15): Voltage waveform when the neutral points of the reactors are grounded by the neutral inductor at, a) Abbaspour, b) Anjirak
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Figure (16): RMS value of 5th order detail when the neutral points of the reactors are grounded by the neutral inductor at, a) Abbaspour, b)
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Table (6): Sensitivity analysis for the impact of the reactor's neutral point grounding technique
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Figure (17): Voltage waveform with different arc characteristics at, a) Abbaspour, b) Anjirak buses
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Figure (18): RMS value of 5th order detail when the characteristic of the arc is different at, a) Abbaspour, b) Anjirak buses

Table (7): Sensitivity analysis for the effect of different arc characteristics
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Table (8): Comparison of the proposed method in this article with similar methods
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Table (9): Comparison of the proposed method in this article with methods from other groups
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Table (10): Wavelet function and scale function values for the proposed wavelet
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Table (11): Filter bank coefficients
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. Power line carrier (PLC)

. Artificial neural network (ANN)

. Long short-term memory (LSTM)

. Convolutional neural network (CNN)
. Support vector machine (SVM)

. Total harmonic distortion (THD)

. Discrete Fourier transform (DFT)

. Fast Fourier transform (FFT)

. Wavelet transform

. JMarti

. Curlew

. Kizilcay

. Scale

. Shift

. Continuous wavelet transform (CWT)
. Discrete wavelet transform (DWT)

. Detail

. Approximation

. Down-sampling

. Orthogonal

. Biorthogonal

. Decomposition

. Reconstruction

. Reconstruction detail coefficients

. Root mean square (RMS)

. RMS value of the fifth order details (dd5)
. First threshold (Th1)

. Second threshold (Th2)

. Geometric mean distance (GMD)
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