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Intelligent identification of inter-turn short circuits in brushless DC motor
based on feature distillation of multi-source electromagnetic field signals

Wu Zhenyu',Qu Xianfeng', Wang Hui’, Liu Yongbin', Lu Siliang'

(1. School of Electrical Engineering and Automation, Anhut University, Hefei 230601, China;
2. China Electric Power Research Institute , Beijing 100192, China)

Abstract ; Precise condition assessment of brushless direct current motors (BLDCM) , as critical power units in industrial drive systems,
is essential for ensuring their safe and stable operation. However, insulation degradation between adjacent stator windings can lead to
inter-turn short circuit (ITSC). Early-stage ITSC present significant challenges, including spatially scattered and highly redundant
characteristic information, posing new difficulties for equipment evaluation. To address these issues, this paper proposes an intelligent
ITSC identification method for BLDCM based on electromagnetic field feature distillation. Firstly, an electromagnetic equivalent model is
established to analyze the physical relationship between leakage flux signals and winding states, revealing the nonlinear law governing the
spatial redistribution of leakage flux relative to the number of shorted turns. Secondly, multi-source spatial leakage flux signals are fused
using recursive phase space reconstruction techniques to construct high-information-density electromagnetic field feature maps,
overcoming the limitations of traditional single-dimension analysis. Finally, an augmented training set covering diverse noise scenarios is
constructed to significantly improve the model’s robustness in complex industrial environments. Through the synergistic optimization of
multi-source feature fusion, lightweight architecture, and anti-interference strategies, this research provides an innovative solution for
highly reliable online monitoring of motors in industrial settings.
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Table 5 Model training platform configuration

GPU NVIDIA RTX 3060
CPU Intel i9-10900F
BIERSE Windows 10
TRIE 2 I HESRL Keras 2. 6.0
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Table 6 Comparison of result accuracy of different

deep learning methods

LR HERRR/ % /M B A [E]/ ms
FELLAE Y 9.8 1.2 2.6
ResNet 99.2 6.5 3.1
RegeNet 98.3 4.8 4.2
SwimTransformet 97.6 12.3 5.6
ConvNext 98.6 8.7 3.8
AR5k 99. 4 1.2 2.8
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Table 7 Robustness performance of the model under

different interference conditions
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map of motor B under typical operating conditions

Multi-source electromagnetic field characteristic
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Table 8 Performance comparison of different motor
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