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Determination of Nonlinear Normal Modes with Applications to
Prediction of Dry Friction Backward Whirl Motion of
a Rotor/Stator Rubbing System

CHEN Yanhua, JIANG Jun

(State Key Laboratory for Strength and Vibration of Mechanical Structures, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To determine the nonlinear normal modes (NNMs) and investigate the influence of
cross-coupling effect on the NNMs as well as the function of NNMs in predicting dry friction
backward whirl response in rotor/stator rubbing systems, a four-degree freedom rotor/stator
rubbing system with the consideration of dynamics of the stator and the cross-coupling effects is
investigated. Linear and nonlinear normal modes of the system are derived analytically, and the
relationship between the whirl frequency and the critical rotating speed of the dry-friction
backward whirl is exploited. It is found that the system possesses two linear normal modes and
its negative NNMs vary from one to three with the increasing friction coefficient on the contact
surface; the linear modal frequencies work not only as the existence boundaries of NNMs, but
also as the upper limits of the whirl frequencies of the dry-friction backward whirl motion.
Moreover, the minimal friction coefficient for the existence of the nonlinear normal modes is just
the minimal friction coefficients for occurrence of the dry friction backward whirl motion. The
results may facilitate providing a new prospective method for response prediction in rotor/stator rubbing

systems.
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