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Abstract : To gain a comprehensive understanding of the whip effect in a double-degree-of-
freedom system, the study examined the ratio of upper to lower structure displacement am-
plitudes as a characterization of the effect, for both undamped and damped cases. It inves-

tigated four parameters, including the ratio of excitation frequency to the upper structure
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natural frequency, the mass and stiffness ratios between upper and lower structures, and

the damping ratio of the structure. The results reveal that, for undamped systems, the

whip effect depends solely on the frequency ratio, where the amplitude ratio becomes infi-

nite at a ratio of 1. In damped systems, the whip effect weakens with increasing damping

ratio, while mass and stiffness ratios have a negligible effect, provided the damping ratios

of two-order vibration modes are equal. However, if the damping ratios are unequal and

the stiffness ratio is greater than the mass ratio, the second-order vibration mode damping

ratio has a more significant influence. When the stiffness ratio is less than or equal to the

mass ratio, the first-order vibration mode damping ratio is more significant.

key words ; whiplash effect; mass ratio ;stiffness ratio ;modal analysis
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Fig.3 Amplitude-frequency characteristic curve with the same stiffness ratio and different mass ratio ( The stiffness ratio is 0. 1)
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