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Abstract: To address the difficulty of directly monitoring fatigue damage in bogie-end suspension components caused by vibration
during long-term service, this study takes a track inspection device as an example to analyze its fatigue failure mechanism and
proposes an indirect fatigue stress monitoring scheme based on deep learning. Hazardous measurement points were identified
via finite element analysis, and data on vibration acceleration at the frame end and component stress were collected through
field line tests. Three temporal regression models (RNN, LSTM, and TCN) were constructed to establish the mapping
relationship between acceleration loads at the frame end and component stress. The attention mechanism was introduced to
optimize model performance. Experimental results demonstrate that all three models effectively predict stress, with the LSTM
model incorporating the attention mechanism (LSTM-Att) achieving the highest prediction accuracy. Validation on six stress
measurement points of the track inspection device confirmed that LSTM-Att exhibits excellent predictive performance in both
the time and frequency domains. This proves the effectiveness of the proposed method and offers a novel approach for monitoring
fatigue damage in frame end-suspended components.
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for the track inspection device
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Figure 16 Performance statistics of the TCN model
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Table 2 Comparison of models with attention mechanism

AR P xR £(MAE) A FARRZ(RMSE) R

RNN-Att 1.087 1.548 0.858
LSTM-Att 0.913 1.238 0.909
TCN-Att 0.949 1.293 0.901
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Figure 17 Comparison of stress prediction performance
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Figure 18 Comparison of frequency spectrum prediction performance at different measurement points
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