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Fault Diagnosis of High-voltage Circuit Breakers Based on SMA-VMD and Energy Entropy

FAN Xingming, XU Honghua, LI Tao, ZHANG Xin

(Department of Electrical Engineering & Automation, Guilin University of Electronic and Technology, Guilin 541004, China)

Abstract: To solve the problem that it is difficult to effectively extract the mechanical fault features of high-voltage cir-
cuit breakers from the tripping vibration signals, we propose a method based on optimizing the parameters of the
variational modal decomposition (VMD) and extracting the energy entropy (EE) as the fault eigenvalues. Firstly, the pa-
rameter combination [K, a] of the VMD algorithm is globally optimized using the Sticky Mushroom Optimization
Algorithm (SMA) with the minimum envelope entropy as the fitness function. Secondly, the parameters of the VMD al-
gorithm are set to decompose the signal according to the optimization results to obtain K intrinsic mode function (IMF).
Then, the energy entropy of each modal component is calculated, the modal components that are more relevant to the
original signal are filtered with the help of the correlation coefficient, and the feature vectors are constructed and random-
ly divided into the training set and test set. Finally, the training set is input into the support vector machine (SVM) to train
the classification model, and the trained model is used to classify the samples in the test set. Moreover, experimental vali-
dation is carried out on a 12 kV high-voltage circuit breaker. The classification results show that the state recognition
accuracy of the proposed SMA-VMD-EE model is 95%, which is improved compared with the accuracy of VMD-EE,
PSO-VMD-EE, and SMA-VMD-SE models, and the effectiveness and feasibility of the proposed method are verified.

Key words: high-voltage circuit breaker; variational mode decomposition; slime mould optimization algorithm; energy

entropy; fault diagnosis
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Fig.1 Fault diagnosis flowchart
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Table 1 Laser vibrometer parameters
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Table 4 Correlation coefficients and energy entropy for each

modal component

7R SR (et
SHE EaRs R WY SERERE)
IMF1 0.447|0.307 0.494/0.327 0.514/0.345 0.538]0.356
IMF2 0.558|0.344 0.502/0.315 0.501]0.300 0.561]0.334
IMF3 0.531]0.325 0.552|0.340 0.464/0.291 0.583]0.340
IMF4 0.453|0.288 0.466|0.305 0.394/0.235 0.426/0.291
IMF5 0.423|0.279 0.367|0.251 0.361/0.217 0.306/0.243
IMF6 0.267|0.188 0.271]0.189 0.334/0.194
IMF7 0.378]0.257
IMF8 0.181]0.121
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Fig.7 Energy entropy comparison for different states
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Fig.8 Classification results graphs for each model on the test dataset
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