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Research on open-circuit fault diagnosis method for inverter transistor based on

FFT and improved T-S FNN ensemble model
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Henan Polytechnic University, Jiaozuo 454000, China)

Abstract: Aiming at overlap and fuzziness between fault boundaries, faults, and characteristics under load disturbances
and measurement noise influence when the inverter is in an open-circuit state, , an inverter open circuit fault diagnosis
model built upon the fast Fourier transform (FFT) and improved Takagi-Sugeno (T-S) fuzzy neural network (FNN)
integration model is proposed based on the analysis of the characteristics of the inverter power tube open circuit fault.
Firstly, fault characteristics are extracted when different types of open-circuit faults occur in the power tubes according to
the three-phase output current waveforms of the inverter analyzed by the FFT. Secondly, the membership function layer of
the antecedent network of the T-S fuzzy neural network is designed by using the rule self-splitting technology and fuzzy

C-means, and the parameters of the T-S network are trained by leveraging the adaptive Levenberg-Marquardt algorithm.

I 75 B #3:2022-12-13; {8 B H #7:2023-02-14
EETR HE A APERES (U1804143) 3 i f 4 BHEE I 6 (212102210146)
BIRAEE )5 (1975—), 5 Wb Rl B2, E2NE AT REN T H AR TS ; E-mail : tectian@zjtu.edu.cn.



38 6 HHTTHR, A BT R Al L ek 2 R A T -S AR b 2 D £ A AT JR 11 395 7 85 FF KR 98 Wy 1 T 77

The trained T-S network is used to realize the diagnosis of multiple fault types and positions of the inverter power tubes.

The example results show that the diagnostic accuracy of the proposed model is up to 96%, which can significantly improve

the problems existing in the open-circuit fault diagnosis of inverter power tubes.

Keywords: inverter; open-circuit fault diagnosis; fast Fourier transform (FFT) ; improved Takagi-Sugeno (T-S) fuzzy

neural network ; adaptive Levenberg-Marquardt (LM) learning algorithm
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Figure 1 Equivalent topology of three-phase inverter
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Figure 2 The three-phase output current waveforms of the

inverter when VT, have an open-circuit fault
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Figure 3 The three-phase output current waveforms of the

inverter when VT, and VT, have an open-circuit fault
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Figure 4 The three-phase output current waveforms of the

inverter when VT, and VT, have an open-circuit fault
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Figure 5 The three-phase output current waveforms of the

inverter when VT, and VT, have an open-circuit fault
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Table 1 Classifications and characteristics of open-circuit

fault of inverter power tube
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Figure 6 The FFT and improved T-S FNN based inverter

power tube open-circuit fault diagnosis model
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Table 3 Definition of T-S fuzzy neural network diagnosis

model output parameters

i 1Y T R
At A i X

Na Y2 s Y4 s Vs

A 0 0 0 0 0 0
VT i 1 0 0 0 0 0
VT, 0 1 0 0 0 0
VT, s 0 0 1 0 0 0
VT, s 0 0 0 1 0 0
VT 0 0 0 0 1 0
VT 0 0 0 0 0 1

25 ETHERLMEZNT-SEMEENESH
T

LM 5532 HAT J W S50 B2 e LA B 5K ik 158 22 /)N
O 34, il s R A MR IS B e R e I 4 ik
ST JEE AN IR/ T B R AR SCR AT A GE B LM B ik
(adaptive levenberg-marquardt, ALM) X} T-S # K
MWLy b, F of BEATYINZE S

ALM B &8 bR o LM B35 1 S 808 85 A
A (1)L -

0+ D=0~ (y(D+y()1) ' @(z) (18)
b, w () MR Q (¢) B EEm &7 (2 ) A

IO7 2 23 38T 2R By b R SR 3 B A S 1) BRLSL B

%7 1R AN 75 BT Jacobian i B 1Y 3 % 12 -,
T J2 L H TH 530 T 7 AR RE W (¢) RS B2 1) £ 2 (2),
B 7 IF 0 B2 2R B MG 75 B . D3 Ah A I Ny )
oy (2 ) B 258 B 2 500 SR A, bR 2y o) R R
Rz ALRE ST o

F X e(t)=[e (t)es(t), = en(t)] WiR2L
L PNHEARRE X THp DFEA e, (1) 5E L]
SRk 5 00 2%t 22 ) A 221, B

e(1)=y, ()= vy, (), p=1,2,---, P (19)

()7 2 BN

p(t)=ale(s)|+(1—a)| ()| (20)

A, a(0<<a<<1)WFEMH =
w ()R Q1) 533 A A REAR TR @, (1) M
Tl w, () E A, B

w,(1)=j,(1)e, =2 (21)
o, ()=j, (1) j, 22 (22)
e
g, () e v FURE e T AT 1)
]'p(f):
O R S
ab, 7 ab,\m’ dc, 7 af.\z\/f’ 8{00’ ' aPM\

(23)
K, ey b0(i=1,2,3,-+,N; j=1,2,3, -, M ) 4}
590y i A2 X 46 v SR S eRS Y PO B . XA
A2 S REAS e B LG BE AT ) 8 XN T B A fE AT R
~H

de,( 1) _ de,(t) dy, (1) dT (1) dT 1) dpy( ):
ab(t) Ay, () aT,(¢) AT ¢) du,(t) dby(¢t)
ﬁT’([) N
(T S 2
M Fk abz‘/( )
o
de,(1) _ de,(1) dy,(2) AT (1) aT(1)
3(‘,,-([) ayop(f) a?i(l‘) aT/q f) a,lllj(f)
iﬁh)\
aﬂlj([) :*T](l‘) iFk - /,t;/(l‘) a/llj([) (25)
dcy(t) U i de(1)
(Eﬂuﬂ
du() _ 2(a(0) =)
b, 1) bi(t)
eXp[—(x(t) *c,;,(t))z/b?j(z)J (26)
A1) _ 2(x2) = cy(t))
dc;( 1) bi(r)
exp[—(x,.([)—C,-j(l))z/bfj(z‘)J (27)
JE  OE 8y() 8ym _ 4
8{0, 3yn ayw ap,\ o
on(n)=pn(n—1)—a e _ (28)
3{0w
om(n— 1)+ aT,x;




55 38 A 6 U HITTRR A% B TR L i AR A0 R R T-S AR ol 228 100 4 B AR AR Y 308 A 8 T B RS W T A R 83

AR SCAE Y T-S FNIN AR (g B2 o < DRI B
o3 B4 F AR FIASOR C (8 1 A8 B — AR 7R ) 30 L e
ZHUE I H ALM Jr ik B kAR # i B
ﬁa%frﬁ?ﬁ_fttiﬁf@ﬁ o] 5, BEAR T AR I2 W ) &

e, AR A AR T TR
2.6 LHIERRE

WAR BN AAE T B LIS W B A D RN

1) BRI R e AR |, 445 306 78 25 D) R A 1A
(7] 24 78 114 T 3% 55 e R EG XoF 7 9 = R L VAT 5

2) SR FH R o e L O A 4 X 38 7 ) = AR i
LU R AT A0 A, A5 B 5 R 2% ) R A T I B R AE =
SR (oL BIVEE NS

3) IR 4% T AAE TT BRI iy A\ S HTAL B 5

4) B 78 TS ASER A 25 0 2 11 JE AR 4544

5) K HI H 43 2425 5 R B e HF I 45 1 SR JE o
B2 R

6) F JH FCM w1 46 A1 11 19 245 1) sk ) B2 vk B 2
By by

7) KA ALM AL T-S M4 S8 e, b, 0k, 3T
BAL TS UM o 25 000 24 1) i o, AR R 25 KON R R
1B 3 M 5 1R 25 W L R AR A

»

3 SEERar i

TR P B AR S 0 DS1202 1
Dspace | H3 il 55 B £ 4L . 0078 8 Z 8K 4 s o
SO AR R, B G i Dspace SR AR 24 ) =
A UL, O 2% 2 H G S 5 AR S R PR AR B I 2
PRIBUH B REAE S8, JF i A 2 el T-S RO pl 22 1)
25 XoF A g 1) I R4S T B R R AT IS T

K4 #EXEAK

Table 4 Inverter parameter table

HEMEBIE,  BREY O BUEM JFRM

\% K /kW K /Hz K /kHz
300~600 30 50 50 0.99
1) FEAE

PLELI) R AE VT JT #, WA AR B D R VT,
VT JF 8, WA T 3248 VT VT IF B, DL OR
B T A VT VT B R N S22 Wi 26 Y .
T G E AR S ST B E T-S FNN 33 28 2% 1 5% 4

B 12 TS R 114 0 B R0 20 R 7 Y 2 e RIS BT RS R
TESCYG - 6 bR 30 A8 45 19 571 280l 10~12 kW 22 1]
A7V %, I 110 ZHKOHE A g REAS , JFE o 4 Fof il i
T E B T AR B A2 22 HRE AR B , 17 4148 Al
YRFEA B | 5 2 AR SR I R A H A

2) FH 5 BT

W VI 25 RE A BOHE D0 3R AR B A i) 3k A
2 Wi AR LM-BP 2 Wi B8 T-S FNN i W
B 5 30 T-S FNN 2 WA v, B A] 45 21 41 7]
A%&%ETHM%MEFUE%@W*%

A5 2 TR AE TF I RS T-S FNN 2 Wi B AL | i

#E T-S FNN 12 BB AL i Il 251 22 5 2% ARR B2 1]
B R NE 7 iR . B 72 Wi B oy oy s
YA HRE VT, VT, VT, VT Wis 7R &, mKE
TR AR AR R RE B AR AT, T-S FNN 2 Wi
M ZriR 22 R A TER GRS, HREEMR L 100
WA TR 5 okt T-S FNN B )l 2k 152 25 i
LR G NG AR 2R T 0, 76 %2 50
Wt TAE .

Bayes 2

70F | | | v 70 2

60| 160
sl Rk

40 140
K 30f <30

20} 1 20

10 10

0 100 200 300 400 500 0 100 200 300 400 500

HARKEL

S ARVE

100 200 300 400 500
AR AL
ik T-S FNN

0 100 200 300 400 500 O
AR
— T-S FNN

Bl7 #%BHFEFFRMES IR ) 42 £

Figure 7 Training error of inverter power tube

open-circuit fault diagnosis model
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