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Revealing the mechanism causing stepwise maximum bounce height changes in a
collision system and its engineering application
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The bouncing ball system is a simple collision system. Previously, we
studied the bouncing ball system numerically and experimentally, and discovered a new bifurcation
structure in which the maximum height of the ball increases stepwise and non-smoothly when the
frequency of the oscillating table is continuously increased, even though the bouncing ball is in a
chaotic state.

In this study, we focused on the time interval between the takeoff and landing of the ball, and
found that this bifurcation occurs when this interval and the vibration period of the table are
nearly integer multiples.

In addition, we performed the same experiment as the bouncing ball system with another collision
system that mimics the rigid overhead line and pantograph of a subway. As a result, we confirmed a
stepwise increase trend similar to that of the bouncing ball system. However, there were some
differences, such as not all of the generated vibrations being chaotic.
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