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Degradation Prediction Method for
Train Electro Pneumatic Valve Based
on Multi-phase Degradation Modeling
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201804, China; 2. State Key Laboratory of Rail Traffic Control &

Safety, Beijing Jiaotong University, Beijing 100044, China)

Abstract: To improve the reliability of train electro-

pneumatic brake system, an adaptive degradation
condition prediction method for electromagnetic coils of
electro pneumatic (EP) valve, considering multi-phase
dynamic changes of degradation trend, is proposed. First,
the accelerated degradation test data and exponential

fitting form are used to derive the state and observation
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equations of the extended Kalman filter (EKF) algorithm.
Second, the EKF algorithm is used to obtain the optimal
estimation of degradation data, reducing the interference
caused by uncertain volatility of degradation data. Third,
the original degradation model is established based on the
optimal estimation of historical data, and the interaction
between the predictions and observations of the next
degradation phase is used to update the degradation
model. In the end, adaptive forgetting factors are used to
adjust weights of historical data and new observations
after EKF optimal estimation, and adaptive updates of
degradation model are accomplished through multi-phase
degradation modeling. The verification results show that
the proposed approach can accurately and effectively
achieve multi-phase continuous degradation prediction;
the proposed weight adjustment strategy with adaptive
forgetting factors can significantly improve the accuracy

of degradation prediction.

Keywords: degradation  prediction; multi-phase

degradation modeling; extended Kalman filter; adaptive

forgetting factor; electromagnetic coils of electro

pneumatic(EP )valve
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Fig.1 The structure and internal components of an
EP valve
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Fig.2 Degradation prediction scheme of EP valve

electromagnetic coil
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Fig.3 Curve-fitting of different models to
degradation data
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convection oven
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Fig.6 Prediction comparisons: original degradation
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Fig.7 Different update strategies comparisons: pre-

dictions without and with weight adjustments
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