[ Downloaded from mme.modares.ac.ir on 2024-04-09 |

[ DOR: 20.1001.1.10275940.1393.14.16.2.1 ]

26-17 oo 16 o lesds 14 0,95 1393 Ssauml 03l Ggd ¢ )30 SWlo (w0 Idio dlxo

A9 3y okt dolinlo .

=
a M = i
OV 0 Sl  wiigo = &
= L1\
mme.modares.ac.ir U‘T)/;‘g;:%;

s luzo ;0 dodud Slgo jl cuds Aslw b i gl Jas pd alllolg Ol | Jdoxs
ozt 3 b 5 ST 5385 550 b )

*ZGJLﬂ:ﬁl Lhé" ‘ld‘r&“’}::\“:\.lbéd:ﬂm

by (S ol (Sl pwdige eyl ol S (gl -1
Cady (S oISl (Sl i olutisls =2
r_ansari@guilan.ac.ir 3756 _zu oo wudy *

oS>

Al Ol

5 Sl 585 i b iyl Laee 5 Siabin Slge 5] o05aB Lo (sla piglh Lkt 4wiloly SLELS) Jubo ey ingst ol 0
Joad asle dlajiglh (S5d (el & 2980 (58 Cunl 0D Aty 35 Jo gy S (mdgord AWl (655 g (o
ol § o2lizd U blite gjn Lulyd g s i Sy dblas A8 1oats e (clil) > Sl Lty g5 (slive 1 Jinbin Slgo
5 Sl it o5 5 T35 355 i) Sl 5 o3l U 9o il g sl 5 5395 Sl 5 e
Boleo ilS S5 gy 1l s dlies o pgliiods N5 45,8 5 atel Canddy cNolns > sudgorst Syl 5 ks
oy 5 oolial b s eholas i) 398 on 48,5 JSe gane b i nalyisd dblae S 4 S litiia b b oSl sulyisd
G ey o ol ol i slagall Sl el ond 3 g o kb ogosy 6z sloubie liliz!
@S e 355 o B (o D90 sl (s b aibly i) qoly o> Sy g 550 balpd ndgen el (b
G S e alS oS 290 ol i g e duglie ;S8 b oK) 5 1598 (58 S Atpuri¥] (sl sy5

JolS cimg sy dllio

1393 s>, 16 1l
1393 5,205 06 2 s e
1393 (106 1colu s 41

bl 4l

Liodn dlge 3l osds il Higl
byt awslsly Lol
e 15 A

o9 pd Sl

38 J>

Ol mzmon ol oo Sl il rculns 13 3l 5 35800 gl (S¥igd Cous (bt Sy S e (o
Dgd e AL gl (SNed Coue oS pl 18 ¢ mdgepd sahly SRl L &S él )

Nonlinear forced vibration analysis of functionally graded nanobeams in
thermal environments by considering surface stress and nonlocal effects
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ARTICLE INFORMATION ABSTRACT

In this investigation, an exact solution is proposed for the nonlinear forced vibration analysis of
nanobeams made of functionally graded materials (FGMs) in thermal environment by considering
the effects of surface stress and nonlocal elasticity theory. The physical properties of FGM
nanobeams are assumed to vary through the thickness direction on the basis of the power law
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distribution. The geometrically nonlinear equations of motion and corresponding boundary
conditions are derived using Hamilton’s principle on the basis of the Euler-Bernoulli beam theory.
Using the Gurtin-Murdoch and Eringen elasticity theories, the surface stress and nonlocal effects
are taken into account in the obtained equations, respectively. For the solution purpose, first, the
Galerkin procedure is employed in order to reduce the nonlinear partial differential governing
equation into a nonlinear ordinary differential equation. This new equation is solved analytically
by the multiple scales perturbation method. In the results section, the influences of different
parameters including power law index, surface stress, nonlocal parameter, boundary conditions
and temperature changes on the nonlinear forced vibration response of nanobeams are
investigated. Also, comparisons are made between the results obtained from the classical, Gurtin-
Murdoch and Eringen elasticity theories. It is shown that as the thickness decreases, the surface
stress effect moderates the hardening-type nonlinear behavior of nanobeams. This effect is more
prominent at low magnitudes of thickness. Moreover, it is shown that by increasing the nonlocal
parameter, the hardening-type response of nanobeams is intensified.
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1- micro-electro-mechanical systems (MEMS)
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strain gradient elasticity

couple stress elasticity
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