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! Micro Electro Mechanical System (MEMS)
2 Nano Electro Mechanical System (NEMS)
% graphene
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2 Nonlocal theory(NT)
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2 Carbon nano tube



Ao Jsl Ja

w‘d_m ) LS’LM“’ (5)'“"["&5’ swL_A gsi’)"SJ‘ uo‘9.> J&]bda uﬁ‘; w0ole ﬁli?o.u‘ 5 0912 RESUOWW.-
D] el atesgu e Yo 5>

i (i el (Faj gy pebel 5 Sl et aly 4l LS5 sl )8 ol ool
a5 il )T g oladl aile ol oo Lid Jgare e g o (g, 18, wcilizee cla,lisly o )8
IVElass S o 1) ool amgi 5 005 T 51 o 45 Wlsili o | sl g i s lidy oy s
S (00885 i 5 (Il san S (ST 5 Lol aw lags 3sll alnly
oo aslllas (S g ill g Yeoiol g 95 oo 45 31,5 ()8 (g g0 JSCE o axslis
sk

B} A .Y = =, . . =

Py S e Bolssi 5w (62, A yiearie o8l Sl S50 09,5 SO VN Jluyo
E9—5 (g dw S8l F L Ll o )5 Jb sl sl 81,5 a0 oliws (gl 1) glaste MalS
O 5l 05 e 4 i  SilSeg,See bl a5 g, 5l eolatul b )8 ol 5l VS G g wis,S
D#lass szl sl

L 4 aied sgocmme oye Ly 5815 5,5 sloay VoS5 Lulul SaYaus 2815 slodansgils
Ol 445 815 61l (sled )5 51 (6 lemsailons arils oS5 KuSG LS chnd oudlyjaily (595
Eg—oa,yd Al 5Lg (glaes S a4 SOl L Jlsl b (S S olul> (6l s o)L
oL abley 5 mly ool Bsd (i3 YU 6 pdyaillas! YL Sl Jsow a5 MLGNRS ) ool
GiiSly a4 b0 )5 5 (i) Lid 5 (i e o Sigeal 2T iy (sl a3ylo YU (S, sl
SlSe g oSS sl ples ol (Sae 45 diied o8 (55, ey 4 Jilaze LT casls

DVlaas s 1, Ll

! fullerenes

2 Geim

® Novoselov

* Multilayer graphene nanoribon (MLGNR)
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Abstract

In this study, thermoelastic damping in nano-electro-mechanical resotators made of
multi-layer graphene is investigated. Also pull-in voltage and thermoelastic damping
with electrostatic actuation is investigated.In this study nano ribbon resonator as nano-
electro-mechanical resonator is investigated which is modeled with wide Euler-
Bernoulli beam. At first the governing equations of vibration of nano ribbon
incorporating interlayer shear effect using nonlocal elasticity theory is extracted. Then
the thermoelastic equation using Fourier's law and boundary conditions and continuity
between the layers conditions was solved and was added to the equation of motion.
Solve the equation of motion for single-layer graphene nano ribbon by Galerkin method
with consider one mode-shape had a good maching with the analytical results obtained
in previous papers. Therefore, with solving equation of motion of multi-layer nano
ribbons, by Galerkin method with consider one mode-shape for current boundary
conditions, both of end simply-supported and fixed-fixed, complex frecuency is
calculated and using this thermoelastic damping is obtained. Also effect of nonlocal
parameter and various physical and environmental parameters on thermoelastic
damping is investigated. Then by adding electrostatic actuation to equation of system,
pull-in vitage that is resulting from the direct actuation voltage is calculated for fixed-
fixed and both end of simply-supported boundary conditions. Then the complex
frequency of vibration of system with electrostatic actuation is obtained by Galerkin

method, and therefore, thermoelastic damping with electrostatic actuation is calculated.

Keywords: Thermoelastic damping, nonlocal elasticity, multi-layer grapheme

nanoribbon, elecrtostatic
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