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Fault diagnostic of insulatedgate bipolar transistor: Overview and prospect
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Abstract: Insulate gate bipolar transistor ( IGBT ) is extensively utilized in aerospace, weapon systems, modern industry,
transportation, and power systems. Due to the complex environment, IGBTs are highly susceptible anomalies, leading to system failures
and significant economic losses as well as casualties. Consequently, IGBT fault detection has garnered widespread attention and
significant focus from researchers. However, systematic reviews of fault detection techniques for IGBTs are scarce, hindering practical
engineers” deep understanding and knowledge of this field. Therefore, this review provides a systematic overview of research
achievements in IGBT fault detection from a methodological perspective. Firstly, an overview of the basic structure, operation principles,
and common failure mechanisms of IGBTs is presented. Secondly, IGBT fault detection technologies are categorized into three major
classes based on detection methods, with a summary of the advantages and limitations of each class. Finally, considering the current
technological advancements, a deep analysis of challenges and prospects of the field of IGBT fault detection is provided.
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Fig.4 The application field of IGBT
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Table 2 Overview of IGBT detect research

Year Authors Content Topic

2009 Bin Lu et al. ‘2! IGBT Fault diagnostic and protection

2013 Pramod Ghimire et al. 47! wear-out status of IGBT Real time physical measurement

2013 Rui Wu et al. 12 IGBT power electronic converters Catastrophic failure and fault-tolerant
2014 Hyunseok Oh et al. (48] IGBT modules Failure, condition monitoring, and prognostics
2016 Haoze Luo et al. [#] IGBT gate driving methods Reliability

2020 Keting Hu et al. (50] Two-level IGBT-based power converters Monitoring and fault-tolerant

2021 Ahmed Abuelnaga et al. (20 IGBT module Failure modes

2021 Meng Huang et al. (5] IGBT modules Detection, estimation, and prediction
2021 David Gonzalez-Jimenez et al. [51] Electric Drives Data-driven fault diagnosis

2023 Yongqiang Kang et al. (52] Welded IGBT Power Modules Failure Mechanism and Health State Evaluation
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W TS WE OCHR ], SCHR [ 64 ] AR 48 AN ] 1 )2 2% 1F
T AET O R AL R e/ NES A

(7) AT HE T A5 AL (1 22 5| R S8k b 8% It
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Fig. 5 Time domain signal detection method
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2) B fE S

(1) Py e HL A5 $8 ( fast Fourier transform, FFT) /&
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(2) /NI AR H ( wavelet transform , WT) ¢ Y& T8 B i
g T A 5 A B T RIS b 09 R 8RR, o A
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RpAt SRS 3 HE 3, AR AL 3Rl PR 5 Fndk
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(3) B HU/ N AR e (discrete wavelet transform , DWT)
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T3 SVM Ry S A . SCHR[ 93 1HE AR R GIA
YIRS R B A /D B [ U o 2 7y )

(2) E 4343 ¥ ( principal component analysis, PCA )
AT LA AR A 18 22 (] (0 AH DG, IR L3RR o — 4B 1Y 1
AR, R PCA HAEZR i 2 M AH 5 HL IR IE 285 0 A
WA 85, T 7= A A% E 85 48 BT (kernel principal
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(3) FEHLAR AR (random forests theory , RF) 25 A%,
) B B 2 IS P SRR AR B 355 43 26 s AR
— AR ISR SCHR[ 96 1 HE T 4 Fh SRR £ Ay
3BT e S R TR AR B[R] I, AR AN TR
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R 38 A ) TCER I R — 2 B AL AR 1 S RO ¢ &R, o
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RIS, SIS TR BE R A e P16

(3) & B # 2 B 4% ( convolutional neuralnetwork
CNN) A & 58 R I FFIESLICRE ) 38 3 5 AR AR 3K Jm
FRAE, SCHR [ 104 ] F) T 98 B2 & B A 28 0 2% ( deep
convolutional neural network , DCNN ) #5# 42 22 RRAE 1Y 2 >
FIFIEREST, SCHR[ 105] 19 GA-DCNN i ] GA X XK g
SHRHATAL . SCHR[ 106 ] ¥ CS-CNN fff JH H 45 12 o i
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BRI EOR B 1 5 HAUA DT 2 U SR AL
THAN (% DA e A B et M 3 W 1

FETRS 1Y 05 12 G TE &R G i 11 AR 5 FRAE I S i



-8 - LSRR R e o

38 &

00, g i 738 5 P T AR LA | U A AL AR AT
RS9 RE, B TS E . RM{ES 2L Hm W LR
AT PR S 5 S T X LA B Sl R L ), o 52 2% st/ il
WL 25 BRI TC 1 4 (b JE 08 AR T P S B R . TRz
P 308 PR A2 TG 12 305 0 A T Bt | 335 728 A6 A [
RS IGBT, HoR RS20 S BOHK i A al A5 5256 19 1w
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