112-101 Yoo 2 o louid 15 093 1394 i d )l ()30 SHlo (JwIdio dlxo

gy ele dolinle =
= —
4 . A
O3 Sl (qwiigo = 5
mme.modares.ac.ir j,.;‘g;:%;

b 53 g 90 S 35 g5 (515 0311 & Aty o pé  AAS (S INLL o
(SFHGE (Fds 9 995 9 U 0L (5595 3l ool

3* . w2 . 1 .
s alb o asl gy e S b jaaal Ty g oan S layl

35S a6 )5 50 oSl ¢ wtigee 5 (B oISt ¢ Wbyl polis )8 =1
O o el oKl (e (ige S (10 =2

35S s )5 yocs oSl ¢ ptipee g (38 oSl Jbabiusl =3
tadi@eng.sku.ac.ir 115 s, Ggtio o) ™

LRXVLES Al wleWb!
03,5 cal> 555 a4y Sl 5 Sl gl ey |y (o0l laieadle gl sloojle s lubl o, Jue 3l ams o Jo (oingy dlie
£5 o sies b Slos 515 aisle (Sulfop S 5,5 slapionms 2 5 Sl ol (Kol 5 slaguism 1988 oD cdbo
Sl uldio 1 05 sa oolitul 9,5 slaan] )5 a5 035 25,0 ps 50 (glops il (SlSog 2SUl 5 e (glopiaas Jyore 1393 o> O;LLmi:G
S slapiams il 5 b o b 4 355 e ulg,aily Sap Jsge Jolas olml el 358 g oy alold tals ik
Jolis a5 o 125 9il ojlaslay aznly paenS 5ldy (s bl i @l G55 Sbol S 4k allie (pl 100,85 |3 4z 00 llayily g9y
009l S @ 6l 55 (g (e S Al 0gd e 00y IS s (SilSleg pSIT (sl 5l Slasgeme e Slin B
el gy sl oaats § i s (Sl ¥ales 45 ulls,aily (s9ym S 5 g ead eslitul y5 p as i 1Sl aloles e
Sdly Sl g Gllgyaily (JsSge i adlr (S5 g 0b 00 S s oS ed DYl S sl 5sesn (Sadan W’iﬁ;ilﬁ

bl 5y 5 e Sle (Sloo 2 alom sl ipicns (6)lLL 3 Shoe (5, Juabl 93 (nl 35275 plys S Coenl 15 5 oslailay
[ okl 5ty Gllyily (JoSge i S95 45 C8,5 At (lgioe B0 (nl sloatdly (bl o canl 48 515 S g0
SINGL Uy abesl bl slegell Il 4 e $U Glagalde o ol 1l g wes e a8
3 S ol 53 25l slaojl Julowi (sl TS gy S olsieds Wlgi oo o5 (Sanda y Gby) izeed 33,5 e

S I8 eolails ge (95

[ Downloaded from mme.modares.ac.ir on 2024-04-20 ]

Determination of size-dependent non-linear pull-in instability of clamped
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In recent decades, modeling the instability of nanostructures has attracted a great deal of
Received 21 September 2014 attention in nanomechanics. Nanomechanical switches are fundamental building blocks for the
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Available Online 26 December 2014 design of NEMS applications, such as nanotweezers and nanoscale actuators. One common type of

NEMS including nano-bridge in micro mirrors, is used. At nano-scales, the decreasing gap

Keywords: between the two electrodes produces surface traction due to molecular interaction such as van

Van der Waals force der Waals that must be taken into account in the analysis of NEMS. In this study, strain gradient
HPM theory has been used to investigate the size dependent pull-in instability of beam-type (NEMS)
size effect where an inherent instability is found in them. The von-Karman nonlinear strain has been applied

strain gradient theory

29 ot to derive the constitutive equation of the system. Effect of intermolecular force has been included
pull-in instability

in the nonlinear governing equations of the system. Homotopy perturbation method (HPM) has
been employed to solve the nonlinear equations. Effect of intermolecular attraction and the size
dependency and the importance of coupling between them on the instability performance i.e.,
critical deflection and instability voltage have been discussed. According the findings of this
research, it can be concluded that intermolecular forces decrease pull-in voltage, and size effect
parameter in nano scale leads to an increase of pull-in parameters. Also, HPM method can be
applied as an efficient method to analyze beam type nano structures.
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