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Abstract. The nonlinear dynamics of an asymmetric rotor subjected to the rotor-stator contact effect were investigated. The 

rotor was mounted on elastic supports and excited by an unbalanced force arising from the eccentricity of its center of gravity. 

Equations of motion in the two transverse directions of the rotor were obtained. The obtained governing equations of motion 

were solved numerically to unveil the system's dynamics, such as the transition among periodic, quasi-periodic, and chaotic 

motions. In particular, the complex dynamics of the system were studied with the help of bifurcation diagrams, phase plain, 

time history, and power spectrum. 

Introduction 
 

Centripetal forces generated by the imbalance can bring a serious hazard to machines. It is not surprising that 

studying the effects of imbalance on the dynamics of machines has been in mainstream rotor-dynamic research 

for decades [1]. This excitation can produce a vibration that causes rotor-stator contact [2]. Asymmetricity 

causes changes in the mode shapes and vibration patterns of the rotor system, therefore, studying the dynamics 

of asymmetric rotors subjected to rotor-stator contact is significant [3]. 

The governing equations of motion were derived with the aid of Hamilton principle by employing the Rayleigh 

beam theory. Impact interaction between the rotor and the stationary outer case was modeled in the form of 

discontinuous stiffness, and geometrical and inertial nonlinearities due to the inextensibility of the shaft were 

considered. 

Results and discussion 
 

Different tools for dynamical analysis were used to investigate the effects of system parameters on the 

dynamical characteristics of the rotor. Transition in the dynamical state of the rotor was investigated when the 

rotating speed, asymmetrricity, damping coefficient, and impact stiffness coefficient were chosen as control 

parameters. 
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Figure 1: The bifurcation diagram of the maximum displacement of the rotor versus the rotation speed. 

When the vibration amplitude of the rotor is smaller than the radial gap, the system vibrates with period-1. By 

increasing the rotation speed the system experiences quasi-periodic, period-n, and chaotic motion. Moreover, 

the motion regime changes from chaotic to multi-periodic by increasing the damping coefficient, and the 

asymmetricity and impact stiffness are also of great importance to the dynamical characteristic of the rotor. 

 

Acknowledgments 
 

This abstract was produced as part of the doctoral candidate’s participation in a project of the national agency 

for academic exchange within the framework of “STER” programme as part of the project “Curriculum for 

advanced doctoral education & training – CADET Academy of Lodz University of Technology”. 

 

References 
[1] S. Ahmad, “Rotor Casing Contact Phenomenon in Rotor Dynamics — Literature Survey:,” 

http://dx.doi.org/10.1177/1077546309341605, vol. 16, no. 9, pp. 1369–1377, Jun. 2010, doi: 10.1177/1077546309341605. 

[2] E. V. Karpenko, M. Wiercigroch, and M. P. Cartmell, “Regular and chaotic dynamics of a discontinuously nonlinear rotor 

system,” Chaos, Solitons & Fractals, vol. 13, no. 6, pp. 1231–1242, May 2002, doi: 10.1016/S0960-0779(01)00126-6. 

[3] M. Shahgholi and S. E. Khadem, “Primary and parametric resonances of asymmetrical rotating shafts with stretching 

nonlinearity,” Mech. Mach. Theory, vol. 51, pp. 131–144, May 2012, doi: 10.1016/J.MECHMACHTHEORY.2011.12.012. 


