VST amivs 18 0o /1Y 0,93 11F+) Jlo [lno,Lid g bvo sl Keilso

. A
fo/li)fo/bvb?u&/ujgy)f

bowe )
DOI: 10.22044/JSFM.2022.11601.3538 )}/‘t/u’v‘gﬁb

bl S liwlg SN Sy o0 i (glo gl glbazino gl wliles )l Juloos
031l 9 g il 1 Bl
T Sdodlawe oyT < Sani (o b 500 (e dums gl 010 p0
Ol e e Tl sl Bz olEidlS oy g8 GBS yaT ¢y GUSLEIIS ¢ owiitee poke 09,8 «Hboliwl’
el oo sl lard ) Bhizmo olEES1S (g5 (SUs 39T (b 0uSNS ( miditen pgle 095 (a0

Ol nl e Jad e syl Bhzxo o LSS ¢y 68 ‘512‘5)57 &P 0SS (Siloyghilgwm 09,5 «yloliw! v
AARAIER A SR O A SR VS ZA DTS SRR ) SRV AR VARSI FPRY Iy

ol

ol 00 g B Gi,,:h...;lgjz.iﬂ S, b slo pls aao gl Gi:)L..»l s L;)lu\ilﬁ.ls 9 kol Luiligs, jd, allis ol e
9,85k JasS 2 (555 5l ool | g yo3S (595w 5 Sl (2lyme 5955 (58,5 S5 50 b g S azmio 5l )L, oSl dolas
Sl cwlond Jo SoeS als b alals )l gl p o5 aolas .l o Cljéc;_.ﬂdj.‘;.lﬁ.g.o Jol g J‘b)j.o*&?j);c_la.w S8
S, AC Sige )l 5y SO alsg ) o s 5 995 00 3 DC ayly 5Ly S Jawgs amio lal a5 sl (5,3 «jslate (]
eS8 G55 sl oaile s, 5 il 4 pe LalS Jow o0 s] Cews 4 (sl S lws (Sl Jols b s> b 555 o
odlS 53 ey Wolee 500 @) Lo dns > as b ol sl a5 iz sl ol g, 5l oolicil b sl o ooliciul
ol 5 Sl | dss 55 55y 0 el 5 ogdl Sl 03,8 Ll 13 el ons gl | Lol (i), b gl pie g
Le“-‘u’dks'? &AL’UQ.ABMLM&JULLA—D—?U CJLHLOM-‘WQA.\ GO C_ILAJ el 0dls G‘J)fWLSLa‘ w;l;s)) 6....\[5)5
Py as iy s Sl AT o iyls (Saisde 5 eesS 6 5 Sedliuly Sl Ky 2 48 0 esls Lid b sanlice

AL iy Swed pp b (SNshcor Sl wly e dmiogl 6w byl b g oll e (SOl

s (5551 Sl e Lol uiligs, sk wlide ol )l tsl o pls amangils 1 gdudS” OlodS

Vibration Analysis of Circular Nanoplates under Nonlinear Electrostatic Excitation

Considering the Surface Energy and Size Effects
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Abstract
This article investigates the primary resonant behavior and static pull-in instability of a circular nanoplate under
nonlinear electrostatic actuation. The consistent couple stress theory, Gurtin-Murdoch surface elasticity theory
and Hamilton principle were utilized to derive the governing differential equation of transverse vibration
Kirchhoff nanoplate by considering the fluid damping and Casimir forces. The governing equation were solved
for small amplitude vibrations. To this end, it is assumed that the elastic nanoplate is deflected using a DC bias
voltage and then driven to vibrate around its deflected position by a harmonic AC load. The weighted residual
method of Galerkin was used to obtain a reduced order model. The method of multiple scales is used to solve
the nonlinear equation of motion and, the primary resonance mode frequency response equation is derived. The
obtained numerical results were compared to those of previous research works, and a good agreement observed
between them. The numerical results revealed that electrostatic actuation and Casmier force have softening
effects; but the surface energy can has hardening or softening effect depending on the surface mechanical
properties, dimensions and boundary condtions of the nanoplate.

Keywords: Circular nanoplate; Material length scale parameter; Primary resonance; Surface energy effects.
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