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Fault Diagnosis of Axle Cracks and Wheel Flats
Based on Optimized VMD
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Abstract : In order to solve the problems that the vibration signal of the train wheelset is easily affected by the wheel-
rail noise and it is difficult to extract the fault characteristics, a fault diagnosis method based on optimized variational modal
decomposition (VMD) and multiscale sample entropy-energy (MSEEN) indicators were proposed. Firstly, a wheelset
vibration test bench considering the wheel-rail contact was built, and the wheelset vibration tests under the conditions of
healthy, wheel flat, axle crack, and wheel flat-crack coupling fault were carried out respectively. Secondly, using genetic
algorithm, the best decomposition number and decomposition center frequency of VMD were searched with the minimum
sample entropy, correlation coefficient, and mean square error as fitness values. Then, based on the optimized VMD
algorithm, the wheelset vibration signals in different states were decomposed and the MSEEN indicators of the intrinsic
mode function (IMF) components were extracted. Finally, the indicators were combined with BP neural network to perform
wheelset fault diagnosis, and the total recognition rate was found to reach 94.44 %. The method in this paper may provide a
basis for fault diagnosis of train wheelset in actual operating conditions.
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