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Abstract

The problem of thin film vibration has always attracted scholars. The classical thin film theory is
based on the integer order calculus to characterize the wave equation of thin film vibration, which

NEFI M B, BGESE EH B B R AR R A i ARED]. 5 113K, 2022, 11(4): 942-953.
DOI: 10.12677/mos.2022.114087


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2022.114087
https://doi.org/10.12677/mos.2022.114087
http://www.hanspub.org

L, BREHR

ignores the characteristics of material memory in the modeling process. In this paper, a new film
vibration model is proposed for the temporal memory of viscoelastic film materials, which solves
the problem of time memory that the wave equations based on integer calculus theory can not ac-
curately characterize materials. The properties reflected by the fractional-order calculus model
are closely related to its entire development history, and this paper is based on the theory of frac-
tional-order calculus. The fractional order model proposed by Westerlund is applied to the free
vibration of viscoelastic film to obtain the fractional order wave equation of free vibration of thin
film. Combining the initial conditions and boundary conditions of rectangular and circular films, a
field system equation for the free vibration of viscoelastic films is established. Using the separa-
tion variable method, the Laplace transform solves the rectangular thin film wave equation. The
results show that in the free vibration of the rectangular film, the fractional order o of the in-
fluencing time factor has a very obvious effect on the mode shape.
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Figure 1. Free vibration of the rectangular membrane
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Table 1. The natural frequency of vibration of a rectangular membrane
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Figure 2. The mode shape when m is equal to 1 and n is equal to 1
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Figure 3. The mode shape when m is equal to 2 and n is equal to 1
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Figure 4. The mode shape when m is equal to 1 and n is equal to 2
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Figure 5. The mode shape when m is equal to 1 and n is equal to 3
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