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Analysis on the Forced Oscillation of Nonlinear Oscillators
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Abstract

Problems involved in the numerical analysis on the forced oscillation of nonlinear oscillators such a
microbubble oscillation under ultrasound and Duffing oscillator were discussed. One of the problems is
proper choice of the time scale of the driving force, which is related to the numerical artifacts due to the
mismatch between the natural frequency of an oscillator(or bubble) and the characteristic frequency of the
applied force. Such problem may occur in a nonlinear oscillator whose behavior is crucially dependent on the
frequency of the applied force. The artificial resonance problem during the numerical evaluation of such
nonlinear systems was also discussed.
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Fig. 1 Theoretical radius-time curve for air bubble of
Ry=8.5 tm at P,=1.075atmand [ =26.5

kHz by KMNS with two time scales (From
reference 6)
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Table 1. Calculated and measured maximum bubble size
and the corresponding period of bouncing motion
after the first bubble collapse for air bubble of
Ry=85mat P,=1.075 atm and [ =265

kHz (from reference 6)
Maximum Corresponding
bubble size period
Boun (um) (us)
cin, |
- N Mea- Calcu Mea- Caleu
number -
Sured -lated Sured
lated
value value Value
value
1 19.9 20 3.56 3.62
2 15.6 16.2 2.43 2.76
3 13 13.6 224 2.24
4 11 12.1 2,06 2.07
5 10.4 10.5 1.87 1.90
6 9.7 9.5 1.87 1.82
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Fig. 2 Theoretical radius-time curve for case shown in
Fig. 1 by RP with reduced frequency.
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Fig. 6 Theoretical radius-time curve for air bubble of
Ry=4.5 (m at P,=135atmand f =265 kHz

by RP with the characteristic time scale of
driving force, 107s.
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