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Open-circuit fault diagnosis of MMC sub-module based on multi-source
fusion graph and SE-BiGRU-ResNet model

Liu Shuxi,Liu Ke,Huang Siyuan, Wang Qianyun, Wang Zhen

(School of Electrical and Electronic Engineering, Chongqging University of Technology, Chongqing 400054, China)

Abstract ; Artificial intelligence algorithms are widely used in fault diagnosis of modular multilevel converter (MMC). However, the
existing algorithms require a large number of target domain samples to train the model. To address the problem that it is difficult to
diagnose accurately under small samples, a MMC small sample discrete fault diagnosis method based on a multi-source fusion graph and
SE-BiGRU-ResNet model is proposed. Firstly, according to the characteristics of an open-circuit fault, the output phase current and
bridge arm voltage is selected as the key fault parameters. Secondly, the 1D fault parameters are mapped into the corresponding 2D
feature images by using the recurrence plot, Markov transition field, and the Gramian angular field algorithm. To comprehensively
strengthen the feature saliency of the image, the multi-source fusion graph is obtained by adding each graph according to the channel
dimension. Finally, based on the residual network (ResNet), to improve the ability of the model to capture key spatiotemporal features,
the squeeze-excitation ( SE) module and the bidirectional gated recurrent unit (BiGRU) module are introduced. The SE-BiGRU-ResNet
model is formulated to train and test the multi-source fusion graph. Compared with other methods, the experimental results show that the
accuracy of fault diagnosis of IGBT in the fault bridge arm and positioning sub-module reaches 98. 10% and 99. 13% in the case of small
samples, and the diagnostic accuracy is high. The test process has a second-level response time. It still has good diagnostic performance
and strong generalization ability under extreme conditions.

Keywords : modular multilevel converter; fault diagnosis; small sample; multi-source fusion graph; SE-BiGRU-ResNet model

Wk H .2024-04-22 Received Date: 2024-04-22



5511 40

XRE 2 HF LA B S SE-BiIGRU-ResNet F7 () MMC T4 B TF 3 i b 12 Wi 323

0 3l

T

ARk Fe E W ) RGN R BETE H 45 35 K HN
P At A A R R 0 AT M R B R O T HL ) RS
HORE DA AR B R B2 i 9 R B B, B 2 T
Wi 4% (modular multilevel converter, MMC) ¥ ¥ & fE
S8R 22N 11 EIGC T (B R i P R AR R G A HR
TE BT RE I B 06 AR S M D i v, TR A A DG ST
Rz, FEE MMC i B P50 T s, MMC A
e ('sub-module , SM) MELAEAWIIE TN, B4 FAEE 1 )
FEOCAAFE LRy 1 VTR SRR A5, A DA 5 2 B 46 It 45 i
i LA op T2 B UK 2 4 1A %E (insulated-gate bipolar
transistor, IGBT) F">' | MMC 3 UL %) IGBT i [ 40 45 J
S O e ARV T e S e, e B i B A R P R AR i, (ELTE SR )y
P B 1 2 35 IR 7 S NS R B S e S e DD Bk 2 T £ 47
MMC B TE R IBAT 3 FF SR R AR 55 BN B e
TRV IEE B RS W5 v T R B AR
vt H s R UL DB O W AR 6 R R 1T ROV B T R G
MIEH 84T, B, #F%E MMC " IGBT JT #& i Fsi2 Wiy
A0 MMC FRE 11T 5 HE

FIHT MMC H IGBT JF % b 12 W7 i BF 92 43 R A7
BRERURIN TR 3 2607 | 35 T 3ok 3 dole = o) il o
BRI 7B RE 1, B TR BIE AR 2 BR T X sl 2 &
S5 RS B T4 R A O S B0 28 Ak S B IR T A
TR RE I B A 5 s | PR e v 4 I 28
FEELeME 12 W 0] @ E BA L5 2% > S5 ab 3 ae 01, I
MMC. H R DR 25 28 d #E A7 AR AE T2 4 1l 7 RS T A
BBt

FERFAE TR ST 5 T, H AT FRRR IR 4R B 2 K
Bi—ZEmf P (5 oM el R 5. —4EfF ook ER
fIEH MMC A= BB A el B 4 AE , R Z 02 WS
Xt R4S S A B A S e KBRS B
AR N AR T A A 5y 1 I T AT AR S e A (R
JEABGE T ARME S AR 5 v BRI TR] SCIR M H.32 AT

s2MA . SCHKL 8 ] LA 3 U 1] (recurrence plot, RP) ¥ A

() 5 B X 1 — A 5 5 8 Sy 2R TR, DA P4 B
eIt 7 A5 AR B ARRAE . SCHER[ 9 ] R E 7R ] R
3237 (Markov transition field, MTF ) ¥ # [ 15 5 5%
ATRLARARAE S, SCER[ 10 ] A A% 748 £ 3% ( Gramian
angular field , GAF ) 4 JF: o0 33 A2 25 S £F T 6 i i 1) 175
B o A7 5 5, A TS B A A1 ( Gramian angular
summation field , GASF ) & 1% FI#% Fr i} 4 2% 3% ( Gramian
angular difference field, GADF ) RI{% Xt F M 386 28 2% 7 IGBT
ARSI I W, A BIF 9T 208 0 — R S 4 b
ARUASE IG5 0 T4 b 3 {H b A7 D0 e R AR A

s AR OL T, AT RE S S BOSWHER R A B3
FRE, SCHERL 11 ] A 20845 5 A EARKE e AR AE R
I i [1) A i e 50 Aok St Ay AR i P45 I Bl 45, A L P R e
BEERAAIE S PR Ak, AH LG T R — {5 5 B B L S S e i 7 AR
ARSI

FEVSWIE R Ty T, R B 2 2T FE AR iR | BB K
R 55 s 12 W7 26 4000 A o, Sk [ 12 ] A1 A
HL 25 L R 45 JRUUA RO, R CNN S8 T % MMC 1432 e
5L AE B s e A T R R R A B B R i
PG W R A T, HORAE TR 25 f R e T
Y X, SRR H B 2 i B R T,
A2 B 2 B I HE™ B[], SCRR[ 13 ] T2 F
B E -4 ( squeeze-excitation , SE ) WYL R IR B 1] 4 B 4
TR 2% 30 3o UR B 0 2 S I 6 R 1, A 2800 (8
F XA RAE A RE i, (AR S B rh 2 AT R 07
MBS, SR AR, SCEk [ 14 ] 82 T & T 1D-
CNN-LSTM R - S A5 i 12 W 7 12, Rk 9 IR % 5K
2205 BT AE B REAE 35 % R] L, 1 VR B K i R
P st 25 o ) BRORCRRAE | (EUR i TSR RRIR M, S 8 A
B S — AR, Tk ARG R B TP T A (R R .
BRI 1S ¥ F R A W RS S L6 B 24 BT AE S
0l €1 O = 2 NN | S W N B DI R R A e
> 5 J5 H Softmax 43S & i BB 2 W 5 R (B2 %k
KA S iE 50 MMC HAEEBCE R 6 17 R
KK SCHRL 16 R /INEERBR 27 > HL- A shZm bt 25 F 1%t
TR L 25 R YRR SR S BRI T, 12 ks B v, (H
A PR s P B A AR P 1 T 3 0 5 A5 R A
JEINR, TR (BB IGBT 37 8

FESERR TAEH , MMC P8 IGBT & A= T 6 il s
B, B —AS B 70 2 H bR REAS 1 B 4 T AR 2 KR
K FoR S, Mk HAREUEEAR RS, 12 Wik AR ME A
PR AR AS b2 o] BIMERR A REARA e . BRAF M DR 7 VR R T
FEABHRE AT HIEY 78, LIKBUE B 28, *F T
PEAT I IS W Y — R B P A5, AT SR G SRR 15 5 B
T v 0T A M R SR S B R s [ e 4 45 T R i 3 B X
I, FEXF AINBEAAT 5545 — 72 (5 Bl (R AAN 8 X6 — 4k i
AR BRI , A X EE i 2R e A AR R
RORAAE FrE— T, UL, R 58 —Fhad T /VEEAR
FAET MMC FAEH A TT I 2 W AT SCPR i L,

25 AR, A SR = A MMC g RS R4 2 —Fh
Z 5 R4 K F SE-BiGRU-ResNet #5741y MMC. 5 f% 12 Wy
Fik, B, BT MMC 76 IE 5 RS S 50T A T AEAL
il , e e A BN [R] e e 28 ) B A5 SRR AR A R il b 5
BER/ QLS at e i L e LT R R (T R T
AN 2 WA 78 A 1 25 5 03X 0t R ) B A i
454 RP MTF Fl GAF F3006 4% S it WLy AH N — 445



324 f# £ ¥

a5k

AR I Hs HoAte w4 3 S o 2R B s, L
5% 22 M 2% (residual network , ResNet) H3eall, 454 SE &
JIHL I A5E e A0 X ) 1] 45 4 25 59T ( bidirectional gated
recurrent unit, BiIGRU ) A8 | 41 57 14 # & 57 SE-BiGRU-
ResNet iZWiSi 8L $2 T HFURS I , J0iE 7% i TE/ A
R 0T X R e R R B IGBT 12 W 5 7 7 g
Jio SERRAE RN B 5 s ne v I ki A v i B
it R R ST 2 W BE IR 38 B RS e 6 3 TR b
HYERE IGBT A7 &, AR R B D | i Aok BE & TER
ZAET A RERS PR UE S = (IS W R

1 MMC iEZ{TRIBR E&SESFES R

1.1 MMC &R ERIEITRE

& 12 MMC 3 A i N LR A 4R Fh gl iy, o
U, B, 5350 B A s u, o, i, FD, 535000
J=A,B,C) M L NV AT u, A TR A
H ;i S PR . MMC =AM ST AR A
LA, BV NV ARSI A, R R 2 A R
B2 ANHPL RS L, BB 7E MMC JF 85 TAF i 4 i 55 1 o
R Y RN U i BZ ST &-aa o 4 A s WA N Rl e i O
Ho BT AE T, T, M4 D, D, 5H
2 C HHAGRL

B

-

—. 2
A I !
D, - dcl

L

El 1 MMC 3 S H e b

Fig. 1 MMC main circuit and its sub-module topology
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Fig.2  Sub-module open circuit fault operation
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Fig.3 The four image fusion process
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Fig. 7 RT-LAB process to verify MMC feasibility
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Table 5 The size of the corresponding evaluation index

in the process of model diagnosis and location
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