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Fig. 1  Schematic illustration of the LMS algorithm
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Fig.2 Single-order FrFT filtering of an LFM

signal with two components
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Table 1 ~ Parameters of the fault bearing
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Fig. 6 Comparison before and after noise reduction of the

inner race fault bearing signal
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Table 2 Accuracy errors for the first three harmonics

of the inner fault characteristics
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Fig.9 Comparison before and after noise reduction

of the outer race fault bearing signal
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Fig. 10 Comparison of the processing results for the outer ring fault bearing signal
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Bearing fault diagnosis under varying speed conditions based on
fractional Fourier transform ( FrFT) filtering and least mean
squares ( LMS) noise reduction

JIA JinJun' HUANG YuJing® ZHANG Tao® TANG Gang””

(1. Shenhua Railway Equipment Co. , Ltd. , Cangzhou 061113 ; 2. College of Mechanical and Electrical Engineering,
Beijing University of Chemical Technology, Beijing 100029 ; 3. AECC Key Laboratory of Aero-engine
Vibration Technology, AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China)

Abstract: Diagnosis of mechanical faults under varying speed conditions has gradually become a hot topic in the
field of rotating machinery monitoring. Faults are more likely to occur with varying speeds, and are accompanied by
greater noise, but there is currently no reliable solution for reducing such noise. In order to address this problem,
a fault diagnosis method based on fractional Fourier transform (FrFT) filtering and least mean squares ( LMS) noise
reduction is proposed as a way of reducing the noise of bearing vibration signals under varying speed conditions,
and non-stationary fault features can then be extracted. In the first step, the vibration acceleration signal and the
speed pulse signal are obtained simultaneously. Next, the peak search FrFT is performed on the demodulated signal
using the Hilbert transform, and FrFT filtering is employed to search for the best FrFT order and aggregation posi-
tion. Then the signal obtained by FrFT filtering is set as the reference signal, and the original envelope signal is set
as the input signal and LMS noise reduction carried out. Finally, order analysis is performed on the signal after
noise reduction, and the order in the envelope order spectrum is compared with the fault characteristic order as a
means to diagnose the fault.

Key words: rolling bearing; varying speed; noise reduction; fault diagnosis; fractional Fourier transform; least

mean squares algorithm
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