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Prediction of Remaining Useful Life for Railway Station Central

Chilled-Water Air Conditioning Systems Based on LSTM-Transformer Fusion Model

[ Abstract ]

Lin Congyun BiHaiquan Zhou Yuanlong Wang Honglin

( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

The central chilled-water air-conditioning systems of railway stations are subject to fluctuations in outdoor

meteorological conditions, dynamic changes in passenger flow, and prolonged high-load operation, leading to equipment wear rates

far higher than those of typical public buildings. Accurately predicting their remaining useful life (RUL) is therefore crucial for

formulating sound operation and maintenance strategies. However, conventional prediction models often face challenges such as

difficult hyperparameter selection and declining predictive stability as operating time increases. To address this, this study builds a

simulation model of a railway station air-conditioning system in AMEsim and generates a time-series dataset by simulating the

system’s full life-cycle performance degradation. We then propose a prediction model that fuses a Long Short-Term Memory

(LSTM) network with a Transformer architecture for RUL prediction of the air-conditioning system. Using a small railway station

in China’s southeastern coastal region as the case study, we compare the fused model with standalone LSTM and Transformer

models. The results show that, relative to the two single models, the fused model performs better across key evaluation metrics

( MAE=49.91, RMSE=58.57, MAPE=0.064% ) and continues to provide more accurate RUL predictions as system operating time
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increases, demonstrating the potential of the LSTM-Transformer model for predicting the RUL of air-conditioning systems.
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Fig.3 Structure of the LSTM-Transformer fusion model
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Fig.4 Long-sequence simulation results under typical working conditions for two refrigeration seasons
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Table 5 Evaluation metrics results of predictive models

MAE RMSE MAPE

LSTM-Transformer 4991 58.57 0.064%
Transformer 65.78 80.59 0.080%
LSTM 139.42 176.01 0.180%
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