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Surface Energy Effect on Free Axial Vibration of Cracked Nanorods Made of
Functionally Graded Materials Based on Rayleigh Theory

R. Nazemnezhad®*, H. Shokrollahi?
L Assoc. Prof., Mech. Eng., Damghan Univ., Damghan, Iran
2 Assis. Prof., Mech. Eng., Kharazmi Univ., Tehran, Iran

Abstract

The aim of this research is investigation of surface enerfy effet on free axial vibration of cracked
functionally graded nanorods modelled based on the Rayleigh theory of rods. In Rayleigh theory, the effect
not only of the axial inertia but also of the inertia of lateral motions are considered. It is assumed that the
material of nanorod is functionally graded in its length direction and varies as power low relation. The crack
is also modelled as a linear spring in which its stiffness is proporsional to crack severity. The surface energy
is included effects of the surface density, surface stress and surface Lame constants parameters. Due to
considering the effect of surface energy parameters, the governing equations of motions and corresponding
boundary conditions become inhomogeneous in which to solve them, they are converted to homogeneus
ones using an appropriate change of variable, firstly. Then, the natural frequencies of fixed-fixed and fixed-
free nanorods are extracted using the method of harmonic differential quadrature. In addition to type of
boundary condition, effects of parameters like length and radius of nanorod, severe and location of crack,
and mode number on natural axial frequencies of cracked functionally graded nanorods in presence of
surface energy are investigated.

Keywords: Rayleigh Theory; Crack; Surface Energy; Free Axial Vibration; Functionally Graded Materials.
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