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Nonlinear Analysis of Beam Vibration with Impact
B.H. Leeand Y. S. Choi

ABSTRACT

Impact occurs when the vibration amplitude of a mechanical component exceeds a given clearance size. Examples

of these mechanical systems include impact dampers, gears, link mechanism, rotor rub, and so on. The vibration due

to impact has strong non-linear characteristics, which cannot be predicted by usual linear analysis. The designs of

mechanical systems with impacts should be done on the basis of overall dynamic characteristics of the systems.

In this paper, the nonlinear behaviors of a beam with a periodically moving support and a rigid stop are

investigated numerically and experimentally. The beam vibration with impact is modeled by the equations of motion

containing piecewise linear restoring forces and by the coefficient of restitution, respectively. Experimental and

numerical results show jump phenomena and higher-harmonic vibrations. The effects between the increase of

stiffness during impact and the coefficient of restitution are investigated through the comparison of the experimental

and numerical results.
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Table 1. Properties of the beam

! (length) 60 mm
h (Thickness) 0.4 mm
b (width) 15 mm

Table 2. System parameters of the beam

@, 4 I(mm)
98 0.03 48

Table 3. Base exciting accelerations

Force #1 | Force #2 |Force #3
Acc (m/s®) 50 100 150
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Fig. 2 Vibration levels for experimental results
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Fig. 3 Waterfall diagram (Force #3-0.5mm)
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(a) Experiment (110 Hz)
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(b) Piecewise linear model (110 Hz)
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(c) Model using coefficient of restitution (110 Hz)
Fig. 9 Time response of the beam (Force #1, 0.5mm)
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