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Soft Fault Diagnosis of Power Electronic Circuits Based on VMD-IBKA-ELM
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(1. College of Electrical and Information Engineering, Anhui University of Science & Technology, Huainan 232001, China;
2. Institute of Environment-Friendly Materials and Occupational Health, Anhui University of Science and Technology,
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Abstract: Aiming at the problems of low feature differentiation and low diagnostic efficiency of traditional power

electronic circuits in soft fault diagnosis field, a fault diagnosis method based on variational mode decomposition (VMD)
combined with improved black wing Kites search algorithm (IBKA) to optimize extreme learning machine (ELM) was
proposed. Firstly, the collected fault signal is decomposed and reconstructed by using VMD technology, and the fault
diagnosis feature vector is obtained. Secondly, the improved BKA is used to optimize the ELM parameters, and the
IBKA-ELM classification model is obtained. IBKA initializes the population by Sine mapping, randomly selects three
different individuals for differential mutation operation, updates the leader position, and introduces adaptive inertial weight
factor in the leader position update, which can effectively improve the optimization ability and convergence speed of the
algorithm. Finally, the proposed method is verified by a 150 W Boost circuit. The experimental results show that the
accuracy of VMD combined with IBKA-ELM in the actual diagnosis reaches more than 99%.
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Tab.1 Common time domain parameters
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Tab. 4 Capacitor failure modes

Wi CL(CB)HA/uF  CL(CB)EILZL/%
f11 988(916) 0~10(0~10)
f12 988(887) 0~10(>10~20)
13 988(653) 0~10(>30~40)
f14 988(554) 0~10(>>40~50)
21 864(916) >10~20(0~10)
22 864(887) >10~20(>10~20)
23 864(653) >10~20(>30~40)
24 864(554) >10~20(>40~50)
31 655(916) >30~40(0~10)
32 655(887) >30~40(>10~20)
33 655(653) >30~40(>30~40)
34 655(554) >30~40(>40~50)
fa1 546(916) >40~50(0~10)
f42 546(887) >40~50(>10~20)
f43 546(653) > 40~50(>30~40)
fa4 546(554) > 40~50(>40~50)
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Fig. 9 Voltage waveform of measuring point 2 in f11, f21,
f31 and f41 fault modes
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Tab.5 Common diode failure modes

MR SEERNY RERRR/pA  IBREE/%
fl 0.71 12 0~5
f2 0.75 45 >5~10
f3 0.79 8 >10~15
f4 0.82 11 >15~20
f5 0.85 15 >20~25
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Fig. 10 Trouble shooting flowchart
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Tab. 6 Diagnostic accuracy of each diagnostic
model(capacitor)

W RACERRR%  EEETEE% FIMER %

ELM 94.583 98.750 96.458
MFO-ELM 96.250 100.000 98.452
SSA-ELM 97.500 99.167 98.482
HHO-ELM 96.667 99.583 98.274
BKA-ELM 97.500 99.583 98.601
IBKA-ELM 98.750 100.000 99.256
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Tab. 7 Diagnostic accuracy of each diagnostic model(diode)

TR RHERRER%  mmAERRER%  TIHER %
ELM 95.642 97.667 96.354
MFO-ELM 97.163 98.788 97.992
SSA-ELM 98.291 100.000 99.065
HHO-ELM 97.163 99.047 98.744
BKA-ELM 98.614 99.677 99.281
IBKA-ELM 99.710 100.000 99.913

TEAH [F) S 58 PR Fh o 82 508 30 ¥k, HCF3{H I
BEAT 0. H13% 6 A %0, BKA-ELM 2 Wik %
98.601%, IBKA-ELM [FiZ %N 99.256%,
IBKA-ELM (2 2 A0 E T BKA-ELM 27+ 1
0.655%; SSA-ELM [1) 12 Wi ifE i % 2 98.482%,
HHO-ELM [FJi2 Wi fE#fi % N 98.274%, MFO-ELM
ZWrERf %N 98.452%, AHELZ T IBKA-ELM 2k
RIS WS BT . 1R 7 v, BKA-ELM )2
WriEHfE Y 99.281%, IBKA-ELM KIS WrEri %N
99.913% , IBKA-ELM [1J & Wi #E #f % A b T
BKA-ELM #2717 0.632%; SSA-ELM [(Ji2 Wr itk i
N 99.065%, HHO-ELM [¥)i2 Wik % A 98.744%,
MFO-ELM HIiZWrifEffi#ey 97.992%, MELZF,
IBKA-ELM 2 Wi Y [RIFE A P, ARBL T 5
PR G . 28 AT, ASCRTIRSEIELE DC
- DC HL B M 2 W Sy — & S5 H

5 & i

N T T LT R ORISR 2 I R RRAE [X 43
FEAG S RAMESE A B, A SCHR H —Fh4s & VMD
ek ) BKA SRACAL ELM 7328 3% (2 I 77 72
) FH A8 43 15250 fif (VMID) Ko 5 2 3] 1 e s A5 5 40 fi
RS AL (IMF) 7y &, X IMF 2y s e S
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