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Analysis of Oil-membrane Whirl Signals of Rotors Based on
Nonlinear FM Component Decomposition

LI Ling-ling, CHEN Shi-gian , PENG Zhi-ke

( State Key Laboratory of Mechanical System and Vibration, Shanghai Jiaotong University,
Shanghai 200240, China )

Abstract : The vibration signal of rotor bearing systems often shows the characteristics of nonlinear frequency
modulation in non- stationary conditions. Traditional spectral analysis methods are sometimes difficult to deal with these
kinds of signals which components are mixed in the frequency domain. In this paper, based on the parameter resolution, a
method of the nonlinear frequency modulation signal decomposition is applied to the analysis of oil whirl and oil whip
characteristics. Firstly, the instantaneous frequency parameters of the signal are estimated by optimizing the spectral
concentration index. Then, with the estimated parameters, the nonlinear FM signal is used as the stationary signal. Finally,
the demodulation signal is extracted with the band pass filter. Results of simulation and test of signals show that this method
can effectively decompose the non-stationary signals in the frequency domain. The fault characteristics of the oil whirl and
oil whip of the bearing system can be extracted effectively. The initiation and development of the oil whirl and oil whip can
be observed clearly and the time-frequency and amplitude information can be accurately detected. The half-frequency oil
whirl can be found clearly from time- frequency spectrum diagram and the time domain waveforms of the extracted
components, which provides time information for fault diagnosis. The results provide a basis for early judgment of oil whirls
of bearing systems of rotors.
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