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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present paper, free axial vibration behavior of functionally graded nanorods is studied using the
Received 05 March 2018 surface elasticity theory. For modelling of free axial vibration of nanorods, the Simple theory of rods is
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implemented. Besides using the Simple theory of rods, the surface elasticity theory is used for
considering the surface energy paramelers in the governing equations and boundary conditions. The
surface energy parameters are the surface elasticity, the surface density, and the surface residual stress.
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Keywords: A . i

szmd The surface and bulk material properties of nanorod are considered to vary in the length direction
Free axial vibration according to the power law distribution. Then, the governing equation of motion and boundary
Surface elasticity theory conditions of nanorod are derived using the Hamilton’s principle. Due to considering the surface energy

Functionally graded parameters, the obtained governing equation of motion becomes non-homogeneous. But in none of the

previous researches, for example investigation of free transverse vibration of nanobeams and free
torsional vibration of nanorods in presence of the surface energy, the surface energy parameters do not
cause the non-homogeneity of the governing equation or the boundary conditions. To extract the natural
frequencies of the nanorod, firstly the non-homogeneous governing equation is converted fo a
homogeneous one using an appropriate change of variable, and then for clamped-clamped and clamped-
free boundary conditions the governing equation is solved using Galerkin method. In order to have a
comprehensive research, effects of various parameters like the length and radius of nanorod on axial
frequencies of functionally graded nanorod is investigated.
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Fig. 1 Schematic of functionally graded nanorod geometry
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190.94 190.94 190.94 254.59 254.59 254.59 2
318.23 318.23 318.23 381.88 381.88 381.88 3
44553 445.53 445.53 509.18 500.18 509.18 4
572.82 572.82 572.82 03647 03047 063047 5

4243 4243 4243 84.80 84.80 84.80 1 30
127.29 127.29 127.29 169.73 169.73 169.73 2
212.16 212.16 212.16 254.59 254.59 254.59 3
297.02 297.02 297.02 33945 33945 33945 4
381.88 381.88 381.88 42431 42431 42431 5

Tode b aboasill oz 5 o (S (Gle= 2 Jgax

Table 2 The surface and bulk mechanical properties of functionally graded nanorod

Po,, (kg/m?) pop (kg/m?*)  p (kg/m®)  pgp(kg/m®)  Eo, (N/m)  Epy (N/m) E, (GPa) Ep (GPa)  Solfle cools

3.17x 1077 5.46 x 1077 2370 2700 -10.6543 5.1882 210 70 JL\.E..
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Fig 3 Variation of natural frequencies of nanorod for various values of geometry power (g). for L =30 nm, R, = 2 nm, R, = 1 nm; (a) first
natural frequency for clamped-clamped nonarod, (b) first natural frequency for clamped-free nonarod, (¢) 10™ natural frequency for clamped-
clamped nonarod, (d) 10th natural frequency for clamped-free nonarod
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Fig 7 Variation of first four natural frequencies of nanorod for various values of its radius, for R;=0.5 nm, p=g=2, L=100 nm: (a) for clamped-

clamped nanorod, (b) for clamped-free nanorod
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