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Fig. 2 Young’s moduli of FGMs cylindrical nanoshell
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Study on Free Vibration of Porous Functionally Graded Composite Materials
Cylindrical Nanoshell Resting on Elastic Foundation

Zhang Fei, Bai Chunyu

Aviation Key Laboratory of Science and Technology on Structures Impact Dynamics, Aircraft Strength Research
Institute of China, Xi'an 710065, China

Abstract: In order to reflect the influence of elastic foundation on the mechanical properties of functionally graded
materials (FGMs) nanoshells and considering the porosities in the FGMs structure, the porous FGMs first-order shear
deformation nanoshells resting on the Winkler elastic foundation is established by using Mindlin's strain gradient
theory. The material length scale parameter is used to capture the size effect of the FGMs nanoshells. The differential
equations of motion of the system are obtained via Hamilton's variational principle. The natural frequencies of the
FGMs nanoshells are obtained by using the Navier method. And then, the free vibration of the porous FGMs
nanoshells resting on the Winkler elastic foundation was studied. The results show that an increase in the porosity
coefficient of the FGMs nanoshells results in a lower natural frequency. Winkler elastic foundation increases the
effective stiffness of the FGMs nanoshells, and the natural frequencies of nanoshells will increase with the increase of
the constant of the Winkler elastic foundation. With the increase of the dimensionless material length scale parameter,
the natural frequencies obtained by the non-classical continuum theories converge to the results based on the CT
model. The proposed modeling method can provide reference for the related scientific research of nanoshells, and the
research results can provide a basis for related engineering design.

Key Words: strain gradient theory; functionally graded composite materials; elastic foundation; free vibration;
porosity coefficient
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