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Free Vibration of Thin Functionally Graded Plates
by Exact Finite Strip Method

M. Soltani?, S. Hatami® and M. Azhari?

1. Civil Engineering Department, Y asouj University
2. Dapartment of Civil Engineering, Isfahan University of Technology

Abstract: In this article, an exact finite strip method is developed for free vibration of rectangular thin functionally graded
plates subjected to in-plan forces. First, a reference surface, instead of mid-plane of the plate, is used to extract the equation of
motion based on classical plate theory so that there is no coupling between in-plane and out-of-plane equations of functionally
graded plates. Then, an exact finite strip method is developed for the uncoupled differential equation of motion by keeping two
parallel edges of the plate as simply supported. In the method, the multi-span plate is divided into a small number of strips. The
shape function of each strip is sinusoidal in the direction perpendicular to the simple edges; and in the other direction, the shape
function is the analytical solution of the differential equation governing free vibration of the functionally graded plate. Thus, the
elements of exact stiffness matrix for any finite strip are a function of natural frequencies, in-plane forces, and material and
geometry properties of the plate. As the standard eigenvalue algorithms cannot solve the free vibration problem, an efficient
algorithm is developed to extract the natural frequencies from determinant of the stiffness matrix.

Comparison studies are performed to verify the validity of the present results. Also, some examples are presented in an
attempt to illustrate the ability of the exact finite strip method to solve various problems with different parameters such as
boundary conditions, internal supports, in-plane forces, aspect ratio, and power of volume fraction. As expected, the natural
frequency increases when the stiffness of supports and in-plane forces increase. The exact vibration solutions obtained for such
plates can serve as important benchmark solutions for checking the accuracy of numerical methods for the analysis of FG plates.
But, the classical plate theory used in this study is valid for thin plates; thus in comparison to shear deformation plate theories,
the accuracy of results decreases when the plate thickness increases.

Keywords: Functionally Graded Material (FGM), Free Vibration, Exact Finite Strip, Classical Plate Theory (CPT), Thin FGM
Plate, In-Plane Forces.
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10. extensional stiffness matrix
11. Reissner—Mindlin plate theory

)}.J:L;a
1. functionally graded material 5. cross-ply
(FGM) 6. anti-symmetric
2. Ritz 7. Mindlin’'s plate theory
3. Galerkin 8. aline-trandational spring support
4. angle-ply 9. volume fraction
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