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Analysis of nonsmooth collision dynamics of three-ball chain system
SUN Huajing, CHENG Yongbo, ZHANG Xingang, LIU Yanping, ZHANG Shucui, YAO Wenli
(School of Science, Qingdao University of Technology. Qingdao 266525, China)

Abstract: The dynamics of three-ball chain collisions is a fundamental problem in multibody contact simulation of
granular systems. Previous studies. primarily focusing on smooth systems or adopting simplified collision models
to analyze nonsmooth contact problems with friction, fail to accurately reflect energy dissipation and the stick-slip
switching mechanism. By employing the impulse analysis method, this study first carried out the non-smooth
modeling of the three-ball chain system. By describing the collision as an increase in impulse, it analyzed the
evolution of tangential velocity, normal impulse, and work done by normal forces and provided an analytical
criterion for stick-slip state switching. Simulations revealed the phenomenon of secondary collision in the ball-
chain system and investigated quantitatively the effects of mass ratio and coefficient of friction on secondary
collisions. The results were finally validated by experiments. The study shows that the proposed method enables
the precise modeling of multi-point frictional collisions, effectively avoids the stiffness problem of the traditional
penalty function methods, and ensures the uniqueness of the solution. This work provides a novel pathway for
the refined analysis of nonsmooth frictional contact problems in granular systems.
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Fig. 1 Three-ball chain system model
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Fig. 11 Evolution of tangential velocity during the stick-slip switching under different initial conditions
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Fig. 13 Relative velocity evolution trajectory on the contact surface
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