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Robust fault diagnosis method for Vienna rectifiers considering non-stationary characteristics

SUN Zhang', JIN Weidong', WU Fan?, ZHANG Youhua®, WU Yunpu®
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China; 2. School of Automation
Engineering, University of Electronic Science and Technology of China, Chengdu 610095, China; 3. School of
Electrical Engineering and Electronic Information, Xihua University, Chengdu 610039, China)

Abstract: The open-circuit fault signals of Vienna rectifiers exhibit non-stationary characteristics and are susceptible to
sensor noise, reference offset, and load variations, which reduces the performance of traditional fault diagnosis methods.
To address this, a fault diagnosis method based on significant feature extraction and improved random forests is proposed
to improve the open-circuit fault diagnosis accuracy and robustness of Vienna rectifiers. First, the non-stationary
characteristics and underlying mechanisms of open-circuit fault signals in Vienna rectifiers are analyzed. Then, an optimal
discrete wavelet transform is defined to focuse on signal details, enabling multi-scale fault feature extraction. Meanwhile,
considering the mutual effects of the features, the improved ReliefF algorithm is employed to select the most important
features. On this basis, a robust accuracy-weighted random forest algorithm is utilized to map important fault features to
fault categories. By performing noise robustness testing with the out-of-bag (OOB) data, the voting weights of decision
trees are adjusted, thereby enhancing the accuracy and robustness of the fault diagnosis method. Finally, comparative
experimental results show that the proposed method is robust to non-stationary variations and achieves an accuracy rate of
99.84%.
This work is supported by the Young Scientists Fund of National Natural Science Foundation of China (No. 62203368).
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Fig. 1 Topology of Vienna rectifier
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Table 1 Label of open-circuit faults

TFH KT W AR 2 VAR L Earit) W 2E
7 0 T1&T6(T16) 11
T, 1 T2&T5 (T23) 12
T, 2 T2&T4(T24) 13
T; 3 T2&Ts (Tas) 14
T, 4 To&Te (Ta) 15
Ts 5 T3&T4(T34) 16
Te 6 T3&Ts5 (Tss) 17
Ti&T2 (T12) 7 T3&T6 (Ts36) 18
T1&T5(T13) 8 T4&Ts (Tas) 19
T1&T4(T14) 9 Ta&T6 (Ts6) 20
T1&Ts(T)s) 10 Ts&Ts (Ts6) 21
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Fig. 2 Input current waveform of T1 open-circuit faults
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Fig. 3 A-phase current path of T, open-circuit faults
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Table 2 Zero current platforms of single-tube open circuit
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Fig. 4 Waveforms of current during T; open fault

with noise disturbance
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Fig. 7 Fault diagnosis process
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Table 3 Parameters of Vienna rectifier

SHALT HfE
HINHIE e, /V 380
N IR f/Hz 50
BiE BHEHIE v, vV 600
BUEIhHR PKW 10
FFERIIZE f/kHz 20
SEURAN R L/mH 4.3
BN HLZE C/pF 480
IGBT ® 5 SKM100GB12T4

3 4 Vienna BB HMIERIRE
Table 4 Fault database of Vienna rectifier

Sl IREE i SE
(FUBRINFRIEE/RW) (PRI FE /W)
B PE a 0.1~2.5 2.5~10
B b 2.5~5 0.1~2.5, 5~10
G ¢ 5~7.5 0.1~5,7.5~10
Hd e d 7.5~10 0.1~7.5
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8 M[E] ros M v RHIEHIS KA THZR

Fig. 8 Mean diagnostic accuracy at different ., and v
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Table 5 Comparative results of diagnosis accuracy

Xt b7 THERIZ/% T/ % EIEERA
1D-CNN 95.79 96.10 95.45
LSSVM 96.64 95.74 94.55

HEL 94.73 93.09 95.59

BN 91.76 87.74 86.75
RFs 89.55 90.33 91.77

FIr 7% 99.84 99.74 99.85
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Table 6 Comparative results of diagnosis time

St Lk i 1000 ZHFEA (1~ 1312 Wi 11 /s
1D-CNN 10.23
LSSVM 6.87
HEL 8.73
BN 2.02
RFs 0.81
JTiR Ik 0.83
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Table 7 Comparative results of load robustness
10 RS0 45 B P R /%

Xof b 752 — — - —
HARPE a HARFE b HARIE ¢ HARPE d
1D-CNN 62.26 65.45 65.27 68.16
LSSVM 67.55 64.42 68.31 69.27
HEL 87.16 84.35 88.34 87.27
BN 81.15 85.26 82.39 84.71
RFs 83.68 86.67 86.13 83.44
Fr ik 99.56 99.62 99.75 99.67
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Table 8 Comparative results of noise robustness
10 RSEIR IR T35 B2 W 2/ %

X i F,=20.5A Fy=%1A Fy=%15A

Sy =20dB S =10dB Syx =0dB
1D-CNN 91.79 75.45 65.27
LSSVM 90.73 74.42 63.31
HEL 88.64 82.35 70.34
BN 87.76 81.26 71.39
RFs 83.55 80.67 73.13
Fr 7k 99.47 98.62 97.75
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Table 9 Comparative results of combination methods

10 SRIG44 J P WO S W 32/ %

HEHR F, =10.5 A Fy=%1A F,=+1.5A
Sy =20dB S\ =10dB Sy =0dB
FFT + RFs 83.55 80.67 73.13
FEP + RFs 92.47 91.32 90.65
FFT + IRFs 91.57 89.66 87.56
FEP + IRFs 99.47 98.62 97.75
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Table 10 Comparative results of extraction methods

10 VR SEUS R T 2 W2 W v s 22/ %

W% F, =10.5A Fy=%1A F,=+1.5A
Sy =20dB Sy =10dB Sy =0dB
FFT + IRFs 91.57 89.66 87.56
ODWT + IRFs 97.61 96.71 94.56
IReliefF + IRFs 98.63 95.63 93.86
FEP + IRFs 99.47 98.62 97.75
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Fig. 9 Visualization of fault features
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Fig. 11 Online robustness experiments under load disturbance
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