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Research on Fault Diagnosis Technology for Four-Quadrant

Pulse Rectifiers Based on PSO-Optimized CNN

Chen Runze
[ Zhan Tianyou College (CRRC College) , Dalian Jiaotong University, Dalian 116028, China ]

Abstract: [Objective] Open-circuit faults of insulated-gate
bipolar transistor (IGBT) in four-quadrant pulse rectifiers
exhibit strong concealment characteristics, which can
inevitably induce grid-side current distortion, power factor
degradation, and DC-side voltage fluctuation. Traditional
convolutional neural network ( CNN) model applied to fault
diagnosis is restricted by low diagnosis accuracy and easy
trapping in local optimal solutions. To address these
limitations, this paper adopts the particle swarm optimization
(PSO) algorithm and proposes an intelligent fault diagnosis
method integrating wavelet transform and the PSO-CNN.
[Methods ] Firstly, a single-phase two-level four-quadrant
pulse rectifier model was established based on Simulink.
Seven graded voltage fluctuation operating conditions and ten
different IGBT open-circuit fault states were set to simulate
complex and realistic equipment operation scenarios.
Subsequently, grid-side current and DC-side voltage signals
were collected. A six-layer wavelet decomposition was
performed on the signals using the db3 wavelet basis, and
normalized feature vectors were constructed by combining the
frequency band energy coefficients. Considering the feature
differences between current and voltage signals, a dual-
channel CNN was built to extract fault features of grid-side
current and DC-side voltage respectively. On this basis, the
PSO algorithm was introduced to adaptively optimize the key
hyperparameters of the CNN. [Results] Weighted F1-score
and confusion matrix were taken as quantitative evaluation
metrics for model performance, and comparative tests were
conducted between the proposed PSO-CNN model and the
traditional CNN model. The experimental results showed that
the PSO-CNN

model increased the weighted F1-score from 0.45 to 0.92. It

compared with the traditional CNN model,

effectively reduced the misclassification of faults with
overlapping features and maintained stable fault diagnosis
performance under voltage fluctuation conditions, with only
minor recognition deviations in a small number of highly
similar fault categories. [Conclusion] The combination of
wavelet transform and PSO algorithm significantly enhance the
feature extraction ability and classification reliability of the
CNN model. The presented intelligent diagnosis method is
suitable for real-time condition monitoring of four-quadrant
pulse rectifiers, and it provide a feasible and reliable
technical reference for intelligent operation and maintenance
as well as performance improvement of various power
electronic conversion devices.
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Fig.1 Topology diagram of four-quadrant pulse rectifier
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Fig.2 Grid voltage-power utilization percentage curve
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Fig.3 Single-phase two-level four-quadrant pulse rectifier model
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Fig.4 Feedforward direct current control block diagram
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Fig.5 Waveforms of grid-side current and DC-side voltage under normal operating conditions
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Fig. 6 Waveforms of grid-side current and DC-side voltage under T1 open-circuit fault
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Fig.8 Wavelet decomposition diagrams of grid-side current and DC-side voltage under T1 open-circuit fault
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Fig.9 Wavelet decomposition of grid-side current under normal operating conditions

F2 WMBETREERY
Tab.2 Energy coefficients for grid-side current

R E, E, E, E, E Eq E,
EH 0.371 6 1.381 8 0.735 1 0.679 7 0.371 9 1.133 9 48 900.352 2

T1 0.134 5 0.565 4 0.993 4 0.5123 0.224 2 0.517 9 24 216.760 2

T2 0.090 3 0.376 2 0.626 8 0.331 4 0.148 4 0.3259 16 174.051 3

T3 0.091 2 0.379 1 0.636 1 0.332 6 0.150 7 0.323 9 16 313.660 7

T4 0.134 9 0.566 9 0.990 5 0.515 8 0.234 5 0.5349 24 281.583 5
T1T2 0.083 5 0.584 1 3.826 3 1.324 2 0.751 2 4.379 6 33 490.672
T3T4 0.084 8 0.593 5 3.889 4 1.347 7 0.717 9 4.288 2 34 023.779 2
T1T3 0.083 3 0.589 8 3.891 6 1.307 7 0.756 9 4.326 6 33 861.608 1
T2T4 0.083 9 0.587 3 3.8152 1.355 8 0.717 5 4.369 9 33 580.839 7
T1T4 0.120 2 0.438 8 0.233 9 0.186 9 0.087 7 0.288 3 21 220.578 2
T2T3 0.095 6 0.354 1 0.186 2 0.150 6 0.071 4 0.232 4 16 487.141 4
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Tab.3 Energy coefficients for DC-side voltage

RE E, E, E, E, Es Eq E;
B 0.003 7 0.002 1 0.002 2 0.000 8 0.004 5 0.034 8 10 664.368 4
T1 0.001 8 0.001 2 0.001 2 0.000 4 0.002 1 0.018 4 9 020.911 2
T2 0.000 7 0.000 5 0.000 5 0.000 2 0.000 8 0.007 1 7 743.056 3
T3 0.000 7 0.000 5 0.000 5 0.000 2 0.000 8 0.007 0 7747.117 2
T4 0.001 8 0.001 2 0.001 2 0.000 4 0.002 1 0.018 3 9 031.799 8
T1T2 0.014 0.086 3 0.028 7 0.009 4 0.030 2 0.403 6 7 496.365 1
T3T4 0.015 0.092 5 0.030 8 0.009 5 0.032 0 0.433 8 7 924.609 9
TIT3 0.014 7 0.090 1 0.031 2 0.009 6 0.031 3 0.426 2 7 949.439 3
T2T4 0.014 2 0.088 4 0.028 2 0.009 2 0.030 7 0.412 3 7 545.592 8
T1T4 0.001 8 0.001 1 0.001 2 0.000 5 0.002 0 0.015 6 10 178.003 6
T2T3 0.000 7 0.000 4 0.000 4 0.000 2 0.000 7 0.005 5 7 536.159 2
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Fig. 10 Comparison of prediction results for two
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