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Nonlinear free vibration analysis of Timoshenko beams with
porous functionally graded materials

TENG Zhaochun, MA Lingquan, FU Xiaohua

(School of Science, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract; Based on the theory of Timoshenko beam, the nonlinear free vibration of functionally graded material
beams is studied. In view of the two forms of uniform pores distribution and linear pores distribution for porous func-
tionally graded material beams, the governing differential equations of nonlinear free vibration of porous functionally
graded material Timoshenko beam are derived firstly in terms of the generalized Hamilton principle, and the dimen-
sionless form of the governing differential equations are also obtained. Secondly, the governing differential equations
under various boundary conditions are transformed by the differential transformation method to obtain the equivalent
algebraic characteristic equations. Finally, the dimensionless natural frequency ratio of nonlinear transverse free vi-
bration of porous FGM Timoshenko beam under four boundary conditions of clamped-clamped (C-C), clamped-
simply supported (C-S) , simply supported-simply supported ( S-S) and clamped-free (C-F) is calculated. It is re-
duced to the nonlinear free vibration of Timoshenko beam without pores, the nonlinear dimensionless natural fre-
quency ratio is compared with the calculation results in the literature, then the validity and correctness are verified.
The effects of the boundary conditions, porosity, slenderness ratio and gradient index on the nonlinear

dimensionless natural frequency ratio of porous functionally graded material’s Timoshenko beam are discussed.

Keywords: porous functionally graded materials; Timoshenko beams; nonlinear free vibration; natural frequency;

Differential Transformation Method ( DTM)
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