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Research on temperature field prediction technology for traction systems
based on hybrid DNN

ZONG Zhenlong"?, LIU Guanfang"’, YANG Liuqing"’, PANG Cong"’

(1. CRRC Yongji Electric Co., Ltd., Yongji, Shanxi 044502, China;
2. Shanxi Key Laboratory of Traction Motor for Rail Transit, Yongji, Shanxi 044502, China)

Abstract: Since the temperature changes of various components in a traction system exhibit nonlinear dynamic pattern, a one-di-

mensional modeling method is difficult to simultaneously obtain the spatial distribution patterns and long-term dependencies of tempera-

ture fields. A temperature field prediction method based on hybrid deep neural networks (DNNs) is proposed to address the technical

challenges of spatiotemporal coupling modeling in temperature field prediction for traction systems. This method constructed a high-fi-

delity and multi-condition temperature field simulation dataset for traction systems and, when integrated with resampling and standard-

ized data processing, parameterized geometric modeling, and multi-physics coupling simulation techniques, generated high-quality spa-

tiotemporal samples. Moreover, this method designed a dual-branch network architecture that integrated graph attention mechanisms and

temporal modules to accurately depict the thermal conduction paths and distribution patterns of traction system components in the spatial

dimension, and to enhance the ability to capture nonlinear dynamic patterns and key abrupt features in the temporal dimension, thus real-

izing the temperature field prediction for traction systems. The experimental results show that the training loss in the 5-minute prediction

scenario is 0.003, and the prediction error at key positions is within 0.5 °C.

Keywords: traction system; temperature field; Fourier transform; graph neural network; stacked GRU; ITA module; simulation
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