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An inverter open-circuit fault diagnosis method integrating model-driven and signal analysis
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Abstract: To address the issue of subjective threshold setting and the difficulty in aligning feature signals with fault
information in existing inverter open-circuit fault diagnosis methods, this paper proposes a novel diagnostic approach
integrating model-driven and signal analysis techniques. First, a first-order differential tracker is constructed, and a
wavelet analysis method is applied to denoise and decouple disturbances from the three-phase output voltages of the
inverter. The residuals are then obtained by subtracting the nominal three-phase voltages, after filtering out noise
disturbances and derived from the generalized state-space averaging method. Second, a voltage residual evaluation
function based on short-time Fourier transform is introduced to calculate voltage time-frequency features and determine
alarm thresholds, enabling fault detection through comparison. Meanwhile, the algebraic and polar relationships of the
discrete Fourier coefficients of the voltage residuals are derived and summarized to identify the specific faulty power switch
devices. Finally, a series of simulation results and hardware-in-the-loop experimental results verify the real-time response
capability and diagnostic accuracy of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 52572487).
Key words: inverter; open-circuit fault; differential tracker; voltage residual evaluation; discrete Fourier coefficients

0 35

FEIBE AR TR SR, ThRIFSRAS T
WO BAT RFERI T IR B AU S o LM
b Tl SR GMERENIR L FRAR, RN 7 2 &
FIERE AT . H TR DR ST B2 W 7 1%,

ELWBE: AR aAAFEALTE 8 (52572487); Y
FEA LR RE -F LT ) sk (BF) - T AR B
(2024GX-ZDCYL-03-006) ; &8 54 F 40127 B AR B % 8h
(2023997); E B AT B s FHATIR B %8 (620230823)

o HR AR A Totibmok A, 387 B e B sk
I DR (B2 WL RS HE IR E L, B DRAE M
FTIRRAF B TR % RIS

H R X D2 I ok s (KT it s B2 Wi i m]
X930 BRERE . (55 A B AR A R s - N T
AEMEZE . Horb, EAEINED- N TR REHELL R K2
TTFAFAE WA R HLk = Y BE T Rk (1 v
FESKREE A B —E RIRE. 2T, fEfE
WA S BRI INS M S B TEOU R, PR T
BRIRA) 515 AL B2 W T %, SRR, KEHE
H B TR E b 2 5 5 L



-72- B 2GR 54

Fe TR IRAN ) AR 28 D 2R A2 W T
B 22 EN TR R TEN S TAR 22 TR
HISWIHESE R, SCHR[S1ET X 2 B PR 28 F 2 1
TR, 15 e FE A R TS R A e A f
KWL, AR b S AR R S R EE S
FENL BRI SR, SRR WL R 1
SEMRHRE IR RN, BUDHLIEE 8T, 7RIS TR P
ERNZWIHESL R, SCHR[61i e M) 2 e i i I A 4%
FUAE Y, Al T BN DG R A W R A FRLL, R AR
FHL AL 5 22 A QBB AIE 5 W s o M S ol R 28 . 7E X
BR[S-61/FERY I, SCRR[71E T BE A H B AR A 5 5% 2=
FRERMEIZWINESS, ol fag . SBsar. &
Bt i 4 0] ()~ 350 AH H R AR, RIS A AN R %
RS O AH F R, AR T A HE R TR ZE M S
fERHA TR e . 27 BT, 7EIUA 2 TR K 5)
HIZWIHELL TR, O RRe 2 R 1) e A — N R A i
Py S, DR Aok £ SR TR IR R E I
WY, SEERR . WA EEmRP,
PP AR 22 B SRR R, TR AR
Tt A, [ L DR] 2 560 TR 5 5 S0P il o R R R 2 I

KRG T A E AR 28 Dy R A2 W T
I3 il R o R AR P L B A I 2 B
P 2R BT R W RIS E 22 R, SCRR[16]
B0 H 2R 307 2% % A WU T A7 LE R0 R BT %
EMRRAEAR L, SRR XE DU R A, $2
FET I CIRAS R R ORI 77925, i S H R AN 4R 3
TUH TR IR O R . 7R T R R RAREAIE
ERSWHESL TS, SCER17)E A IEAE 74500 T,
FEH I IR Park I EASAE B WA N 7 v, FHT
7N HH B KR R 20 B ALK Bl A R B i B A I . 7
SCHR[16-171/ 564 b, SCHR[18 K Hu il e He P 34E.
AR AR 5 LA iz Wik s, SEELY AR 28 08 1
POE RIS W . ERE TS TE RS BESE T,
SCRR[19]4 HE 2 6 Aoy (e B -3 460 R 3 1 1 5 5 AR
P R 245 (1) F L ke MU S 28 o e B AR 6 )
IR 1112 Wi A7 I R 25 A NI RE . BT
FATLRE B Wb, SCHR[20148 H 2 T & 30 A4S 7 i F
Wigner-Ville 73 A7 AN 77 22 . 1% 77 58 A E £ FLIL A
A bR BRI Ao AR R MR S Wik . SR, R
FAAE 5 b 3 A2 W 5 VR0 23 RS 2 1 Ak 2
R, FEUGTE B W R AE S48 bR 1A O
AR, PSR S, BIALIKEN N ik
VE R WHEFRZ —, T B3 R Wi ks K eyt
R, JEExs% 2 TG S0 T E e, o]
FIEE( 5 A EE R TR TH R AT, AR Sz Wik
R W

BRI IR B 545 5 AL FS W HE 4 1 A7 A2 S 56
BREBE 515 5 HHE A ITBCRIRT R AL, AR
H R B R R AR 505 5 0 M7 (R0 A8 38 0T B e 12
Jiike B, MERIERS, IR/ NI
X 390 A% s i PR = AR L BEAT R S R RR S B
Mo FLK, MSBAERE TOU R SCRESE P
ARSI HCAREAY, AGA R r AR (. Zeh 7S
TE KR JE A ST =R H S 5 AR PR R R R AT L AR
Zo SRJE, ARIEFEI AR, g SO
(R SR ZE VA SRR, IR AR R, I b
I USRI S B (L S D B 2 . ), AR AR
HEL s B 22 1 A1 L AR B AR S AR AR AR R AR
R BRSSO, SCL MR DD R A5 RS HEE AL o
1 RS ERIOEN A EEAELR

il G A T O 5 455 0 AT IR AR S 0T s 12
Wi 755 BE A RE SN &L 1 B

lmzm: Bd()

T 1 M 7 o
e T I 7 () \‘w
u,, u
i e .

JETSTFTAIIEAR |
o |le| e g ||

” [ PTECIEYT |
_____ Vol RER

Fig. 1 Diagram of the inverter open-circuit fault diagnosis

method via model driven and signal analysis
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Table 2 Expression of discrete Fourier coefficients for voltage residuals of power switch devices under open-circuit faults
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and location scheme
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Fig. 5 Voltage reconstruction error under different SNRs
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Table 4 Diagnosis time for six single-tube fault conditions
under varying fault occurrence times
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Table 5 Diagnosis time for six types of single-tube fault

conditions under different load conditions
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