FS51EETH
202447 H 10 H

HLAILS 4 10

Electric Machines & Control Application

Vol.51 No.7, July, 10, 2024
CCBY-NC-ND 4.0 License

DOI: 10. 12177/ emca. 2024. 054

X EHS :1673-6540(2024)07-0103-16

FESES . T™ 772 XHkFRERD ;A

ETWURAFZEEBEMAR VSC-STATCOM
T E W EiZ TR i
FUALC, Hedfar't, ARt EaEm, BRAR, kEMA, RER

(1.R2REIRE & AHTRFR, =d 29 650500;
2. =& E M S LA R B gl b =d R 650041)

Fault Diagnosis Model of VSC-STATCOM Inverter Based on
Dual-Mode Decomposition Multi-Channel Input
KONG Fanwen', BI Guihong'*, ZHAO Sihong', WANG Xiangwei’, CHEN Dongjing',
ZHANG Jingchao', CHEN Shilong'
(1. School of Electric Power Engineering, Kunming University of Science and Technology,
Kunming 650500, China;

2. Yunnan Power Grid Company Kunming Power Supply Bureau Power Control Center,

Kunming 650041, China)

Abstract: Aiming at the problems of insufficient signal
feature extraction, insufficient recognition ability of deep
learning network and low recognition rate under high noise
condition in inverter fault diagnosis in traditional voltage
source converter static synchronous compensator, an inverter
fault diagnosis method based on the combination of dual-mode
decomposition, multi-channel input ( MCI ), parallel
convolutional neural network (PCNN) , bi-directional long and
short-term memory ( BiLSTM ) neural network and self-
attention ( SA) mechanism is proposed. Firstly, the three-
phase current output of the inverter is decomposed by
variational mode decomposition and time-varying filter
empirical mode decomposition, which reduces the complexity
of the original signal and realizes the law complementation
between different modal components. Secondly, MCI-PCNN-
BiLSTM-SA combined model is used to extract, learn and
recognize the feature matrix. Finally, the proposed method is
validated by simulation, and the results show that the
proposed method has strong feature extraction ability, with an
average recognition rate of 99.48% in the case of no noise and
95.59% in the case of high noise.
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and operating vector diagrams
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Fig.3 Current output waveforms of the inverter in different operating states
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Fig.5 Fault diagnosis process
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Fig. 6 Dual-mode decomposition results

FUR T HBHE AL T W — 4, I FR R L )5
TREHE A AL ALK S | 58 AR AS I B BERRAIE 42
A RDRE PRI S B | T B BRI T I —
FRAb 3, AR X (26) H4 20 5 i RS F 9 B0
H—ALZ[ 1,17 XE N,

- (20)
K FLL A ED G000 R AR ) 5 ST A
JEAAE RN — AL S L, R, L 25l
FHAY IG5 AT 7P 0 v 9 e B R e /ML

(3) BB FRE . VSC-STATCOM ¥ 7% 48 3
FLHS T 6 S HRRF 2 A, 2o N B3I R ARl S, |
S,.S5.8,.Ss Fl Sg. B IEHAT BUE KR K 1F H ia
FRRAS L0t 22 B TARARES X R FEAS bR 28 an 2
2 IR o SRR R B2 R AL I 2 B B 1Y
R ITHE

(4) IR . o A9 2% AR B50H0 R AS 411 45 43
F U — 0S5 1 =R H B S AR AR 2 B 80%
MBI AR] 2 2R 4R | BE TS F 20% A9 B8
AR AR AR PSR R RE

(5) W30 25 . o I X g A B I R0 Fg A
R SE ) LG T AR 4 5 L S bR 25 BV AT 45 21 %

A2 WG
x2 HEXRINRE
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S, .S, FFiK 13 S, .S it 45
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Tab.3 Accuracy comparison under different network

architectures and parameters

% ijﬁi; B2 BilSTM ##1£2 T4 K /%
2%2 3%3 100 98.93
3%3 4x4 100 99.48
4x4 5%5 100 98.74
5%5 6%6 100 97.27
3%3 4x4 50 98.14
3%3 4x4 100 99.48
3%3 4x4 150 98.77

5.2 AESHEFIENL
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Tab.4 Comparison of recognition accuracy under different decomposition modes %
TR HER
[H4EE S VMD TVF-EMD VMD+TVF-EMD

Mg 30dB 20dB 10dB EMES 30dB 0 20dB 10dB EMES 30dB 20dB 10 dB

Te kb 95 95 95 95.5 98.5 98.5 98.5 99 98.5 98.5 98.5 99.5
S, JFi% 96.5 97 97 93 98 98 98 97 99.5 99.5 99.5 98.5

S, Tri% 97.5 97.5 97.5 97 95 94 96 97.5 98.5 98.5 98.5 98
S; Tt 99 99 99 96.5 95.5 96 95.5 95 100 100 100 99.5
S, FF i 100 100 99.5 98 99 99 99 100 100 100 100 100
Ss JF i 97.5 97.5 97.5 96.5 96.5 96.5 96.5 98 99 99 99 98.5
Se TF 97.5 97.5 98.5 98 97 97 97 98 99.5 99.5 100 100
S1.S, T it 100 100 99.5 98.5 100 100 100 99 100 100 100 99.5
S;.S; T it 100 100 99.5 86.5 97 97 96 92.5 100 100 99.5 90.5
S, .S, TT 99 99 98.5 92.5 83 93 93 91 98.5 98.5 97.5 93.5

S, .Ss JF% 96 96 96 91.5 93 93 92.5 89 100 100 100 95
S) .S T 98 98.5 99 89.5 97 97 97 92 99.5 99.5 99.5 96.5
S, .85 Frits 97.5 96.5 96.5 93 93.5 93.5 93 83.5 99.5 100 99.5 96.5
S, .S, T it 99.5 99.5 99 97.5 99.5 99 99 94 99 99 99 95.5
S, S5 T i 99 99 99 94 94.5 94.5 94.5 90 100 100 99.5 96.5
S, \S¢ JFi% 96.5 96.5 97.5 89 96 96 96 89.5 99 99 99 97.5
S5.8, TT 100 100 100 91 100 100 99.5 98.5 100 100 100 96.5
S5.S5 T it 97.5 97.5 97 85.5 98.5 98.5 98.5 93 99.5 99.5 98 87.5

S3.S¢ TT 99 99 98.5 87 96.5 96.5 96.5 90.5 99.5 99.5 99 91
S, S5 T #% 97.5 96.5 95.5 81.5 93 93 92.5 81 99.5 99.5 99 89.5

S, .S T 97 97 96 82 95.5 95.5 94 85 99.5 99 98.5 87
Ss5.S¢ T it 100 100 99.5 97.5 99 99 99 96 100 100 100 96.5
14 98.16 98.11 97.95 92.32 96.16 96.57 96.43 93.14 99.48 99.48 99.25 95.59
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Fig.7 Visualisation of model output features for different decomposition methods
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Tab.5 Comparison of recognition accuracy of

different models %
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Fig.8 Visualization of output features for different models
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Under the background of carbon peaking and
carbon neutrality goals, high proportion of renewable
energy and high proportion of power electronic
equipment have gradually become an important trend
in the development of new power systems. At the
same time, with the large-scale new energy grid
connection, the wide application of power electronics
technology and the continuous addition of various
nonlinear loads, the deterioration of power quality is
becoming increasingly serious. As an important part
of reactive power compensation technology, static
synchronous compensator ( STATCOM ) plays an
important role in improving the power quality of
power grid. As a power switching element in
STATCOM, insulated gate bipolar transistor (IGBT)
is prone to single-switch and double-switch open-
circuit faults in practical applications. Timely
detection and judgment of IGBT faults is the premise
to ensure the safe and reliable

STATCOM, which is of great significance to the
voltage stability of the power system and the

operation  of

improvement of power supply quality.

In this paper, an inverter fault diagnosis method

based on the combination of dual-mode

decomposition, multi-channel input (MIC) , parallel
( PCNN ), bi-
directional long and short-term memory ( BiLSTM)

convolutional neural network
neural network and self-attention (SA) mechanism is
proposed. The fault diagnosis process is as follows
Firstly, the fault simulation model is built by
Matlab/Simulink,, and the three-phase current data
under 22 different working conditions are collected.
The three-phase current signals are decomposed by
time-varying filter empirical mode decomposition and
variational mode decomposition, and the multi-scale
components of each phase are merged to construct the
corresponding characteristic matrix. Subsequently,
the proposed combination model is used to learn and
identify the feature matrix. The spatial and temporal
features of the fault are extracted by PCNN and
BiLSTM

correlation between different positions is dynamically

neural network, and the weight or
calculated by the SA mechanism to capture the

important information in the features.
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