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Locomotive bearing fault diagnosis using hybrid entropy and combined
forecasting model

ZHAO Qingguo', YANG Jiangtian

(1. Luoyang Locomotive Depot, China Railway Zhengzhou Group Co., Ltd., Luoyang, Henan 471002, China;
2. School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Remaining useful life (RUL) estimation for bearings plays a key role in reducing unplanned maintenance and improving
locomotive reliability and safety. The accuracy of RUL estimation depends on the chosen diagnostic index and forecasting model. This
paper proposes the adoption of a novel hybrid entropy that combines the composite multiscale fuzzy entropy (CMFE) and composite mul-
tiscale dispersal entropy (CMDE), to uniformly characterize signal uncertainty in terms of randomness and fuzziness. This index outper-
forms conventional diagnostic indices. On this foundation, a hybrid forecasting approach is employed, which combines wavelet trans-
form (WT), an autoregressive integrated moving average (ARIMA) model and an improved GM(1,1) model. From bearing vibration sig-
nals collected on a regular basis, hybrid entropy values were computed to form a time series. The time series of entropy values was de-
composed by WT into different wavelet coefficients, and the decrease trend and stochastic trend of these coefficients were captured by
the decreasing sequence GM(1,1) model and ARIMA model respectively. Final forecasts were generated by wavelet reconstruction. Ex-
perimental results demonstrate the effectiveness of the proposed approach for locomotive bearing RUL prediction.

Keywords: locomotive life; remaining useful life; hybrid entropy; combined forecasting model; decreasing sequence GM(1, 1)

model; fault diagnosis; bearing

BAS B 2024-08-16; 45 = B #1: 2025-06-08



