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High-Order Frequency-Weighted Energy Operator with

Applications to Train Axle-Box Bearing Fault Diagnosis
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(State Key Laboratory of Traction Power, Southwest Jiao Tong University, Chengdu 610031, China)

Abstract: To identify the weak fault impulses from axle-box bearing vibration signals, high-order
frequency-weighted energy operator (FWEQ) is utilized to demodulate the fault signals and
diagnose the fault. The FWEO improves demodulation robustness in interference environment by
introducing the weight of the instantaneous frequency. The FWEOQO, however, is invalid to
extract fault related information under heavy interference, therefore the high-order frequency-
weighted energy operator (HFWEQO) is adopted based on FWEQO and higher-order derivative
operation. This strategy improves the demodulation robustness by enhancing the weight of
instantaneous frequency with high-order derivative operation; and the correlation kurtosis
criterion is utilized to determine the appropriate order to guarantee that less noise is introduced

with increasing order, and achieve reliable axle-box bearing fault diagnosis. The simulated and
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test signals are analyzed by the proposed strategy and compared with the other traditional ones. It

indicates that this strategy can effectively suppress the interferences, and obtain better

demodulation result in low signal-to-interference ratio environment. The correlation kurtosis can

accurately determine the best order of HFWEQO to overcome the limitations of the traditional

demodulation in heavy interferences.

Keywords: train axle-box bearing; rolling bearing fault diagnosis; energy operator

demodulation; high-order frequency-weighted energy operator
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