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Nonlinear Time Series Analysis
of the Rub-dmpacting Rotor Vibration Response
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Abstract: Rub=impact of rotor system is-a_typical failure for an engine- The vibration re—
sponse of a rub-impacting rotor\system exhibits-some nonlinear characteristics. How to diagnose
the fault of the rub<4mpact rotor with thenew theories of the modern signal analysis has become
a noticeable research project. In this paper, the researches of the fault diagnosis of rub-impact ro—
tor are carried out by thetheory of nonlinear time series analysis considering the nonlinear dy—
namical characteristics of the rub-mpacting rotor. Based on the theory of phase space reconstruc—
tion, the estimations of the embedding delay and dimension are deduced, and the reconstruction of
the time series of the rub-impacting rotor system is completed. T hen the correlation dimensions of
the different time series are estimated. The performances of the diagnosing methods are studied
and evaluated by means of the simulation data and the testing data of the rub-impacting rotor. It
is found that the correlation dimension values can describe the extent that the behavior of the sys—
tem approaches to chaos. The different correlation dimension values show the system to be in
quasi-periodic vibration, chaotic vibration with quasi-periodic or obvious chaotic vibration. When
rub-impact of the rotor system is serious, the correlation dimension increases. T he computation of

the testing data also prove this.
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Fig-1 Rub-im pacting-fesponse signals: poincare-maps; phase space trace, reconstruct ed phase space trace
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Fig.2 Block diagram of testing system for the experiment
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Fig- 3 Experimental data and estimation results of the correlation dimension
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