141-131 a0 09 o plesb 18 095 1397 )3T (e Sulle wiie alxe

uu&j).‘ uolc asliale ?’ l" —______
0 Sl (wigo S
i
mme.modares.ac.ir el el

QoY1 (53955 31 oolaial b oo b SBdlogil (§ygom 3T DLl ) oy
=

2 ot S (e Sl a0 L

laals qlaal olBiily W Silsn iz jlslial -1
ot gl ol (Sl s o] 2
mazemnezhad @du.ac.ir 36716-41167 oy 35« laals &

FXVLEN i, Sl
Sl s jokiin & 395 0 ddllas o dioV] ()05 3l o3linal b 70 b (cloabagl (g)gme ] cililai) i, lia oyl B gy Al

1396 wiwl 14 :cdl
1397 cutgus) 05 150k
1397 FIHES 10 eols » &l

4 e oVl ()95 3 diale o3l (655 ool JUS" 3 el 005 o2zl oo 03l (95 1 latluagih (g p2xe ol i)
V] Jpin |) o (351 sloailie ool o odlit (g0 by ¢ 05 o Vileo 13 s (55l slaadlie 035 5 o sl

Sy 4 o B 3 55 dhagl s g o (Sl olgs o S (s Slany 5 3 s S gl b
A 4l ol gl sl alegil (gjpe Lulpd g 08 > dbles qgdan fol jlodlinal b s sl 0ad 4 5 L o Jlgi dagl
SLoby] ) sy Ao ek elaingdy S g 5 Lol el el Cusd 4 pRanl o8 s dobee o (555 claailie 38 &g M bl
S by b e dols (13 (Sank o zdaus (550 sladdlge a5 9 )3 badloagil oy SLALT g o yiglh i e s ooVl 08
S dblas 4 g canls pie sl oolizal b Renl o8 o dbles Ll wlagl ands gla WilS )i 2liscul coa Ly 00ls T b

sokiie 4 ool 05 Jo iyl o 508058 cie boyd g3 lil 4 28 ilas (oSS hgy J edlisel b e g 0 (Se
55 5y 390 Tt A dloaglh 5y (S lS 3 g dluaglh gl g Jobo silo Cilie (clayiall 55T gl o9 el

Free axial vibration analysis of functionally graded nanorods using surface
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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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Available Online 31 May 2018 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.

Keywords:

Nanorod 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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Table 1 Comparison of natural frequencies of nanorod for various values of its length (GHz)

Mk oy 50 Lo

B

390 0 lesd mm) Jobs
[14] g1, [4] Jbs ol allis [14] g, [4] oS ol allis

127.29 127.29 127.29 254.59 254.59 254.59 1 10
381.88 381.88 381.88 509.18 509.18 509.18 2
636.47 636.47 636.47 763.76 763.76 763.76 3
891.00 891.06 891.00 1018.35 1018.35 1018.35 4
1145.64 1145.64 1145.64 1272.94 1272.94 1272.94 3

63.65 63.65 63.65 127.29 127.29 127.29 1 20
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 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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