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Abstract

Aiming at the problem of rectifier fault diagnosis in wind power generation system, a classification
algorithm based on particle swarm optimization-support vector machine (PSO-SVM) is proposed
by taking a three-phase fully controlled rectifier circuit as an example. Firstly, the fault signal is
obtained by MATLAB simulation, and then the fast fourier transform (FFT) is used to preprocess
the fault signal. The principal component analysis (PCA) is used to extract the main frequency
domain features, and the time domain features in a cycle are collected. Finally, SVM and PSO-SVM
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are used to train and test the extracted time domain, frequency domain and combined time-frequency
domain features. The experimental results show that the fault diagnosis rate of time-domain, fre-
quency-domain and time-frequency-domain features using the PSO-SVM method is higher than
that of SVM, and the diagnosis time is also greatly improved. The effect of fault diagnosis using
time-frequency-domain features is better than that using time-domain or frequency-domain fea-
tures alone.
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Figure 1. Permanent magnet direct-drive wind power system
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Figure 2. Three-phase bridge rectifier circuit
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Table 1. Classification of thyristor open-circuit faults in three-phase rectifier circuit
1 SHHERE R SR E T REE S A
AR S b TT A
1 VT1 F1VT6
2 VT1 A VT2
3 VT2 f1 VT3
4 VT3 1 VT4
5
6

VT4 1 VT5
VT5 #l VT6
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Figure 3. VT1 and VVT6 open-circuit rectifier circuit outputs
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Figure 4. VT1 and VVT6 open-circuit rectifier circuit outputs
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Table 2. Time domain feature extraction
2 2. FHYHHERE
[ ess [ PIwis X1 X2 X3
1 VT1 f1VT6 0.0117 0.015 0.0184
1 VT1 fIVT6 0.0121 0.0154 0.0187
1 VT1 M VT6 0.0138 0.0171 0.0204
1 VT1 M VT6 0.0154 0.0186 0.0219
2 VT1 HI VT2 0.015 0.0184 0.0217
2 VT1 M VT2 0.0154 0.0187 0.0221
2 VT1 H VT2 0.0171 0.0204 0.0238
2 VT1 f VT2 0.0186 0.0219 0.0254
2 VT1f VT2 0.0184 0.0217 0.025
3 VT2 1 VT3 0.0187 0.0221 0.0254
3 VT2 F1 VT3 0.0204 0.0238 0.0271
3 VT2 fT VT3 0.0219 0.0254 0.0286
3 VT2 1 VT3 0.0117 0.015 0.0184
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Figure 5. The local spectrum of six kinds of faults
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Figure 6. Pareto diagram of principal component analysis
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Figure 7. Flow chart of fault diagnosis
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Figure 8. SVM Flow Chart of Particle
Swarm Optimization
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Table 3. Diagnosis results

3. MEEISHEER

SVM PSO-SVM

i B s e WeRBE  WRER
HE PEC e edimoe  CWRTIUS e g, CBTMIUS

1 71.3 58.62 33.99 78.26 75.86 13.1

2 71.3 62.07 42.42 80.87 65.52 12.55

i} 32, 3 74.41 69.57 52.66 75.65 75.86 6.55

4 71.3 55.17 49.86 80 68.97 10.01

5 73.9 55.17 52.69 75.65 75.86 6.88

15 72.04 60.12 46.324 78.09 72.41 9.818

DOI: 10.12677/s€a.2022.114076 740 B TR R


https://doi.org/10.12677/sea.2022.114076

REH, BRL

Continued
1 89.56 79.31 28.35 100 100 5.09
2 86.96 89.66 34.91 100 100 3.27
At 3 83.48 82.76 26.56 100 100 3.24
4 87.83 86.21 31.38 100 100 3.24
5 82.61 65.52 35.65 100 100 3.34
P35 86.088 80.692 31.37 100 100 3.636
1 84.35 79.31 47.32 100 100 9.39
2 85.22 75.86 49.87 100 100 9.37
I A9, 1 3 89.57 79.31 48.63 100 100 7.87
4 87.83 86.21 50.79 100 100 8.03
5 88.7 82.76 48.86 100 100 9.49
T 87.134 82.76 49.094 100 100 8.83
1 56.67 16.67 12.59 90 33.33 5.92
2 50 33.33 14.54 96.67 16.67 4.13
I A, 2 3 56.67 0 13 83.33 33.33 5.02
4 56.67 16.67 15.61 96.67 50 4.36
5 46.67 0 11.54 80 83.33 4.69
T 53.336 13.334 13.456 89.334 43.332 4.824
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