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Vibration analysis of circular single-layer graphene sheet under temperature
changes in thermal environment
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ABSTRACT

Considering broad applications of sheets, specially circular sheets in the industry and the widespread
use of nanotechnology to pass from limitations of each branches of science, particularly mechanics of
materials and also importance of vibration (or buckling) due to temperature changes or thermal loads, in
this thesis, development of relative relations of circular single layer nanographene sheets’ vibrations due
to temperature changes, were studied. Nonlocal thin plate theory of Eringen is employed to investigate
effects of thermal environment on the behavior of circular single-layer graphene sheet freely vibration
containing a circular perforation of arbitrary size and location. In order to analytically solve the equation
of motion, the separation of variables method in conjunction with the translational addition theorem for
Bessel functions is used. The results of changing various geometric and physical parameters and
different kinds of restrains and boundary conditions on the natural frequency of a single layer circular
graphene sheet were examined and discussed. In some cases, thermal buckling phenomenon was
observed.

ARTICLE INFORMATION

Original Research Paper
Received 10 February 2018
Accepted 14 April 2018
Available Online 11 May 2018

Keywords:

Graphene sheet

nonlocal elaslicﬂy

thermal effects

translational addition theorem
eccentric perforation

Y S sy Vb Colen L 4 e )l SlKag S Ao -1

#b olse 4 byl 5l gl (il Glolame b ol 4 SIS
o 85 aiajl o 3,5 ooliad (K5 sla e 5 ) slogesss
el 00l pad B jlalie o bz gige b ey g gk 0 YL
ol &y ol o GELS (sl oo iy ool slao ) 5l e
5 Louiir 5 lalanlsn glogrm,g5 laoy ;3 Lidlxe ;o s 4 Lo

005 03,54 olge b awslis 1o ' 235 Y ST by Pl 2 4SS L
looile slp 1y osill glao )5 3 b pse slaojls glsl o
b S gl s 4 adbusiasly dlgs ol 51 a5 WS e bles
g 0 sy So )l 5885 51 VL esgame 1o ol VL lns
Fb g ieee IS e 4 SOl sl Kol

2 Nano-electro- mechanical systems (NEMS)

! Single Layer Graphene Sheets (SLGSs)
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® Translational addition theorem
’ Covalent bonds
® Hookean solid
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! Nonlocal elasticity theory of Eringen
% Small scale coefficients

* Simply support

* Winkler—Pasternak elastic medium
$ Levy Solution
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Fig. 1 3D view of a circular graphene sheet with an eccentric circular
perforation in thermal environment
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Fig. 2 Geometry view of a circular graphene sheet with an eccentric
circular perforation in thermal environment
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! Laplacian operator

? Elastic stiffness
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* Shear modulus

* Thermal expansion coefficient
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Fig. 3 Comparison of the fundamental frequency parameter of clamped
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Table 2 First three symmetric and antisymmetric natural frequencies

(GHz) of a C—F SLGS with an eccentric circular perforation for various
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