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Vibration analysis of circular single-layer graphene sheet under temperature
changes in thermal environment
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ARTICLE INFORMATION 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
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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.
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! Single Layer Graphene Sheets (SLGSs)
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’ Covalent bonds
® Hookean solid

08 o louis 18 ©)9> 1397 UL\T WP S» Sl WAy

78 S 40,8 olal K053 )l5e ()l g Ulfad slaailr jobpan
@ wilgi oo oil> sla il gl a8 ash s Sy v ;o i
oolicl 3,90 gillo oo (Lo Jaler 508tk 5 cyirbil ol 4y (gl (Slals e
Pl 8] cgz (S5 ol 5l Slogas (Sb 1S S
Ewgd dwdid 05,8 e )18 soalinul 550 baojle ob Sl Ll
g ol a3 g 68 () Ceglie iy (23S b o5 (golse
ol 1] wims e lis 03 5l mosle gl 5o 1) 5 2t 5> s 5lab
S5 aY S sl b oWl 2 b Sl S o
G193 Jals ojl 5L Sy 0l wal B > 52 295 00 olall gags Wl
ST Y S slens 0 S s o S ol e (1T
il olal b o S b Jos Sy anlE ol o osn 88 i s
gzl bkt Lol ) J,mS asle sl jglate a4 ool Sas
@ olgie |y sl ol 5l cam 05 sl ol arsis g gl
B8, Jelos (285l 5 olgmds e g ol b 901 Elygw S plge
Ceme pie Sl S eal el Elige SO L sanb (IS G
g s
Sppe 1T oy ol clils) das ;5 gl Slalllas
P 4250 by U s )95 2] o) 5 LLBT o il
o8 eV rdgant a3 (5595 5 eslizal b 1) by
Pz lapine 37 oulheSzss Sl plojer 5pE Sa oLl
gl g Ll §y9 ulid 1) (Bp A5 am 0 B NS
a1y Rl oadge et wnt W (6055 [3] lasly g gojge oS
Sl s, giluooky o518 4 S5 gla gy lbles) ful asllies
g o S0 LS AY ST 50 al s ] SVl 2y
Sl plS B wad (Sadly 5l Sl bl sove @l sl I3 o)
Slagg ol Slals )l 5 Glllae cils (culieSzsS culpo & by
[4] oK 5 stazme ool abnly ©y30 ) slame o 31,8
5 )i elad b oo | il 5 s3ale S5 sl ol Slale )
S s 0 LT G Jl e jo inls 15 aadllag 590 Lo s
N8 sl 3 j0m e 13,5 Jre (ol (omdparl (5,055 5 uB 03l I
S Y S5 gys Gl olals)l o [S] o) 5en g jlegs 288
g s ue5 jleslinl LIy ad s 18 gpady Sl my 5 &S
58 1S ) olinKsS 3 oy onbyeed: Wy <SS
AL a3 L Lt 315 4V SO G5 Sl b Al
Fr PR [6] O g b Jawgi 51> slalacxe [0 Teols
@ ay 55 slse (ol g oad a8 S e s ea (Sl S adllle o
sl oad o> JoSlge Salus giluact 5l et (28 Leo
Sa955) Sy 3 (Killage s Slilesl [7] luslosly g 03ty Jols
LS g e Sl fptoes win S o |, (S s 5 oo
485 )8 argispse polgladl o b Sl b o ST sla s
P pad S5 clag,g 9l Sl ileS [s] T2 § 5359y el
UV (JPC 5 PSR AR O SN S
Fb Ceyd Umol, Jow g8 54 L [9] oo isls )3 adllas 5,80

! Nonlocal elasticity theory of Eringen
% Small scale coefficients

* Simply support

* Winkler—Pasternak elastic medium
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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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* Elastic stiffness

* Poisson's ratio

* Shear modulus

* Thermal expansion coefficient
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(GHz) of a C-F SLGS with an eccentric circular perforation for various
temperature changes in low and high- temperature conditions (R; =

10nm, R, =2nm, ¢ =4nm and u = 1 nm)
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Fig. 4 Comparison of the fundamental frequency parameter of clamped
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Table 1 Comparison of first two symmetric and antisymmetric natural

frequencies (GHz) of a C-C and C-F SLGS with an eccentric circular
perforation (R, = 10 nm and R; = 1 nm)
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