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Abstract: As a crucial supplement to the multidimensional state perception framework of battery manage-
ment systems (BMS), mechanical signals provide a novel observation dimension for monitoring the inter-
nal states of lithium-ion batteries. This study takes state of charge estimation as a case to systematically

investigate the performance enhancement mechanism of mechanical signals on deep learning-based state of
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charge estimation. A comprehensive discharge dataset was constructed, covering various aging levels,
temperatures, and operating conditions. Comparative analysis of Long Short-Term Memory (LSTM) net-
works and Temporal Convolutional Networks ( TCN) demonstrated that the inclusion of mechanical sig-
nals reduced the root mean square error by 15.45% and 45.88% ., respectively, significantly improving
estimation accuracy and effectively mitigating the convergence stagnation of validation loss during training.
Furthermore, feature importance analysis based on SHAP (SHapley Additive exPlanations) values
revealed that mechanical signals enhanced the synergistic effects among multidimensional features.
Robustness tests further confirmed that mechanical signals improved the model’s resistance to interfer-
ence. The significant improvement in state of charge estimation accuracy highlights the broader potential
of mechanical signals in battery state management tasks, providing pivotal support for next-generation
intelligent battery management systems integrated with mechanical characteristics.

Key words: lithium-ion battery; deep learning; mechanical signals; state of charge estimation; feature im-

portance
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