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ABSTRACT 

Anisotropic friction can act as a source of vibrations and chaotic behavior in mechanical systems. To 
investigate this phenomenon, a dimensionless model of the specific mechanical system is developed in 
which the tip of a horizontal pendulum slides on a rotating disk, with anisotropy introduced through the 
surface structure of the disk (see Fig. 1). The considered setup can serve as an archetypal system for 
studying a wide range of practical applications, including disk brake operation and clutch dynamics. 
 

 
Fig. 1. Horizontal pendulum in frictional contact with a rotating disk. 

The results show that when the friction force is not aligned with the direction of sliding, the system loses 
its static equilibrium and evolves toward limit cycle oscillations. With variation of system parameters, 
these oscillations undergo a sequence of period-doubling bifurcations, eventually leading to the formation 
of chaotic attractors. The emergence of chaos is robust within bounded regions of the parameter space, 
although it remains sensitive to additional sources of energy dissipation [1]. 
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The mechanism responsible for the onset of periodic motion is explained using a reduced-order 
parametric model derived from the linearized counterpart of the system [2]. Both analytical and numerical 
predictions are validated experimentally using a dedicated laboratory setup. 
Although anisotropic friction is capable of inducing chaotic dynamics, the required conditions—such as 
a high degree of anisotropy combined with low bearing friction—are not commonly encountered in 
typical engineering applications. Nevertheless, the findings highlight that surface anisotropy can be 
treated as a controllable design parameter. On one hand, it may be exploited to generate complex 
responses, for example in energy harvesting systems; on the other hand, it should be minimized in 
applications where stable and predictable performance is essential. 
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