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Fault diagnosis of inverter based on DCM-PCA and GA-BP neural network

HUANG Jingyao, CHENG Yu, LI Yatian

(College of Electrical Engineering and New Energy, China Three Gorges University, Yichang 443000, Chain)

Abstract: Aiming at the open-circuit fault of the photovoltaic grid-connected three-phase voltage-type inverter, .a fault
diagnosis method combining deep cascade mode-principal component analysis (DCM-PCA) and genetic algorithm-
optimized BP (GA-BP) neural network is proposed. Firstly, the open-circuit fault of the inverter is analyzed and
simulated, the three-phase current is determined as the fault signal, and 22 types of fault states are selected as the
diagnosis objects, and the fault features are extracted through the deep cascade model with sparse representation
classification as the basic operation unit, the DCM fault features are stratified based on the characteristics of hierarchical
learning. The t-SNE method is used to verify that DCM has good feature extraction ability. PCA is used to reduce the
redundancy of fault features, retain valuable principal components to improve the network mapping ability. Finally, the
fault feature vector is used as the input of the GA-BP neural network to identify the fault and output the diagnosis result.
The fault diagnosis accuracy of this method is 95.64% through simulation and experiments, compared with the DCM-
PCA-BP, FFT-GA-BP and FFT-BP, the accuracy is increased by 8.71%, 20.64% and 51.70% respectively, indicating
that the proposed method has better fault feature extraction capability and better fault diagnosis performance.
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Figure 1 The topology of three-phase voltage

type bridge inverter

FE = AH LR AL AR 28 R IGBT JF 5645 1 T
T B — G Tk P A 5 & O DA KRR 5 1R Y 2 14
Wt FEL W IT 3 8, Y TF O K A S R
FGRE A O Bl 1 A DL R RO T R TR
T SO B AR B AEAE 25 T QA8 A T I i e
i 2R G AT ] A 5 — /N BE RS 1R B 0 aE 4T (HAR &
&2 R G HABER A A E WS RGN
e, A A DL b AR R A MR
B /NI DA B R KU T 6 RS R AT A

E MATLAB v 2 51 9 336 42 8% 14 {7 LA A
K FH 45 ) AT SVPWM 3 il {1 45 2 4 LA o 1)
6 DR oL T TR E T R L RE T . B R R
LS B LS R RO 4 A TR S B R S G 4%
PR B A AN L Bh# Ok 220 VL HLIH R 40 A T GE
Ty &k 26 kW (R BB A +15% ¥ 3, W) 52
T £ R TR IR M 456.79~618.01 'V, XF I Y
Wi HL TR U B /N H 618.01 'V, % [ #1545 11 37 )
HL . U 88 700V, 5 il 455 B v () I SC 0 56 4% 8o
20 kHz, WA

L<

3E; sin“p + 3E,, Sin¢JEi sinp + M*U; — E;
3E, I, singe2xf

(1)
P, En 2l 28 Ui A H TR WA 5 1, Ry FL VR VA 5 0 T
R Use 2 BN LR 5/ 20 HL 30246 50 Hzs
M =/3/3 %5 SVPWM ¥l iy oo i 5 KR i 26, o
3 L<<5.3mH, S &M N 5 mH, % E%Z 2%
JE e P S g APT46GA90ID40 i IGB T, Hiifit &
B 900 V, fix K538 B il 87 A B S h
195G75 [ LR, Hode RBUE LN 75 Ao R G
BHBHMNE 1R,

1 T = AR AR, LA A R R 191 45 i
B I 0 14 0 L D e 36 A8 2 1) T I B AR AT
Mo W 2 FT7R 8 A A HL 320 S IE (B 2405 1) L 7E
EFROLT 2 L > OBF, B3t PR o 4 Vo
W VW, Il VoaE [ 3 5 Ve Wi V. Sl
BF, U Iy 3B VI ROIF IR A VDL 1) H ) 520
TE 2. R, Y I, <<Omf, By JR il 2 S B A2
B Vg0 VORI T, 38 5 A VD) S8 B ] 22
Wi s ViR WT Vo 538 B H 3 T, D3 e VR ) G

R1 FRETRARAGNH ALK

Table 1 Simulation parameters of grid-connected

inverter systems
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Figure 9 The t-SNE distribution map of feature

extraction results
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Table 2 Eigenvalues and cumulative contribution rate

s FHIEE (E-04) it siwkR/ %
1 6.20 7.00
2 5.96 15.00
3 5.52 21.00
4 5.07 27.00
5 4.83 33.00
6 4.69 39.00
7 4.52 44.00
8 4.37 49.00
9 4.32 54.00
10 4.26 60.00
11 4.14 65.00
12 4.08 69.00
13 3.84 74.00
14 3.18 78.00
15 3.11 82.00
16 3.02 85.00
17 2.70 88.00
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Figure 10 Prediction results of BPNN under different

output labels
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Table 3 Comparison of prediction effects of different

network structures

iy 2 &5 HER 2/ % PR 22V - 25 446 X 15 9
bR A 14.58 [—2,2.5] 0.689 5
6 17 4 5 41.32 [—0.6,0.8] 0.1657

w3t AL /NI ¥ 2 (A5 E A R R AIG , #E 0. 1 B 3T B
HER R Fa s, SO E w ol 0.1 38 15 B 1k (10 ol 7 A
i HAE 40~200, 38 OHE 2 R0 AR S A8 AR A A HIERL(E
0 EEL 43 51 R 0.3~0.9 F10.05~0.3" 0 SR 38 /) 9 2% (1)
THOA B B ) IR R R Ry 40, 455 SCHR[ 25 ] 10
XA 0.4 B AR 0.2, HE 11(a) s i
SF- 438 1R A il 2 AT 2 kAR R B Hz i 50 B
B3 Ny R M ot T AR E , MO E GA B B R AR
WA 50, ¥ & BP M 45 1 Il 2k B bR /N iR 22 0
0.001, & 11(b) @y Il i 22 it Ze ] 0, >4 2 AR
o0 100 B il £k 1+ o f e, iR B R R IE B
100, I H 24 8RR B3 S0 I, a8 8 7 H AR iR 22,
X 53 S R 2k A 4 R —



268 B B %5 B OR ER 20244E1 H
Ra TR T HEE A & LA x5 MBAEKEE
Table 4 Switch tube failure categories and code Table 5 Network parameter settings
e IR 2 ORETF A OREARM b o SRR SR
IEEARES T 1 000000 1Mk Z 5 0.001
beM WERE 0.1
Vi 2 000001
v, 3 000010 R/ 100
v, 4 000100 BP [ % R 0.07
A B v, 5 001000 Uil 25 B b i 22 0.001
Vs 6 010000 AR AL 50
Vs 7 100000 GA A& A S 0.4
ViV, 8 001001 IR 02
g VeV ) 100100 LR NN R I R G RO B N |
VoV 10 010010 KRNI B ARIR 2 . SR 75 TR 52 bR
Vi Vs 11 000101 B, R GER B AT IR R MR S D BE R
Vi.Vs 12 010001 AN Gy WA K BB A o PR A R A NRE AR
s VeV o V10100 A5 L 10 45 3 R AT 7R 7 0 S W2 T R . It
w0 e RSO 22 EORERAE T 264 LB . T GA B
VoV, 16 100010 TR BP 25 I 45 4 36 4 (1 B 4 1 15 N B A
_— . - Fov 176 20 006 HF U1 25 0 4% 380 4% 1Y) 88 4 25 s
_— s 00011 RT3 DI 2k 45 45 21 0 15 22 il 22 an i 12(a)
BHRE VLV, 19 001100 Fiom o b 560 il 2 TR 50 I 4% 1 805 RE T .
e e V,.Vs 20 011000 M SR 2 E 2 6 IR JC ¥k FEARET , B ASE 0k I 5 .
Vi.Vy 21 000110 P55 50 R AR I, 50 TIE 1% 25 38 B R, 2k AR B A
Vo Vs 2 110000 56 YK IS 455 1k U 25 DA By 1k et 045 o 15 oA G B AR 22
1.80 0.1, 3 RE A HE Bl A8y 95.6400 0 T a2
1757 BmE 12(b) P, B 12(c) BB T @ 5 2R 2>
2l 19 52 25 140 43 5 37 6 4 oo 19 22 6 B REIR 7S
B OL60[ FEAR DR 22 7 —0.4~0.6, F 1 46 %F 15 2 4 0.023 6.
2 05 T2 5 9 90 07 18 BLA 6 0 B R0 0 % L
145t N \ ARG RS Wi . L, 7 TR PR, %
140 S e D5 VAT — R 1 A AT
B AL SCHR[3-5] F il i FRT 42 UM B 5 4F , 360 31F 1
() Y- 34738 I e 3 A o £ BP 1 28 [0 26 3 47 55 B 12 WT ) R AT P . AR, e 48
1o° B4 b B 07 Bk 40 FFT A7 A8 45 4 Bl 2 462 1] B, ) i
10/ A BP #2812 % 5 B A SR M. R T i s
y o 1L, A% SCR T GA K A7 AL BP 1 45 1 K £
5 .
10° o 5 UE T DCM-PCA Fl GA-BP (¥ i b 12
0 5 e 5 100 05 X6 TF OGS 0 BE RU RE g, O A A i R 2

AR
(b) P25 5 20 1 25

Bl 11 GA-BPAY 2 W %9 % 1 &

Figure 11 Training curve of GA-BP neural network
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Figure 12 Test results of GA-BP neural network
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Table 6 Experimental comparison results
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Figure 13 Error comparison of different methods
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Table 7 Network diagnosis results for 4 types of faults
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