206-197 yo o 7 o )lesbs 17 693 1396 yi0 ()30 S0 (I Ao

A3 ke dolinle =
= _
M . :;L
I Sl (Gwiigo s
mme.modares.ac.ir UTRes

— o 3y b S sl g g (§9 g T 2 K g 9 S S e LR T s
Y6l 35

Z‘f.l-.\&l-ﬁ J"’““J ceiézodlj LI‘ZJ Jd@ ‘lAL.JSJg ‘:U.l:lj J:"“

duog)| cdrog )l olRld (SLlSo pwipe (558 (goomitily —1
duag) cdsogyl oSl (SlSe pwtign ol —2
g.rezazadeh@urmia.ac.ir 57169-33111 iy Godio cog)l

LXVLES Al wleb!

ol Sl 538 a5 o b g Sbeulg S g9y K5 ot St VUl- gy 18y b (glay 9,500 hs s ool dlis ol 1396 S %‘Za’ﬁ. fitﬁa
b 5ty el 51 (oBb orel 392 gy (Sliaal 23 Joo Ly 9 005 0,55 poritana Sy L Lt 13 5 9,8 48 395 00 (253 390 o)y 1338?5;12 = ):
N R . . an P o p & s w oo &) wf M

JusS i (695 bl p (o)l b aolee (S YUl dlge yloj 4y atanly i) S— i )l 5l edliiwl b .agd oo e pe gliie 5 1396 1522 sl &)
by gl <8 aslee Sl &Y (S0iS o g SuliolgySUl (ggps (38,5 55 5 b uiman ol 00D ]Sl 4l g T s
Aol Jo 4y olilazel Gigy il edlatwl b g (ol 0dd Jdd Joane Juuslyaed dolee 4y <S> Al (0S8 i, 5l odlaul iYLl
slaJie Gloin S VUl g SoVlgn s «Sutw] Jols dlgo caliste (gla)lidy 51l o Cowd 4 (uilS b gunly (doxio g o0d aishy a1y
oS a3 o i gl anl o adllae s 5,5 Lty b))y oibuslil loj 5 Ko VUl s slayially il g oole S s okt b5

Sy 2SI S o

Goly Slaisioeie 5 o351 e s oo UK o e lolis polite &y oojla 5,Sen 3 o oslial Slgo 23S 25 U, Lol
29 ,5ee

g StV g5 (sla e 5l osel Cunddy gl & amd o U5 ol dlie il o odle JSB yui (slaylid) 5l Slie cas 4 (Wl )3
010D (ymizmed WS o i |y il gl SwYl g SawYUl Jae 93 4 5)b dgg (aslyd (Jg 039 Colite pa b St
I35 o 1 il B Gl sl pie (g pSetn jobody S VUl (5ludll loj 5 St VBl a4 595 o0

A Study on the Nonlinear Vibrations of Electrostatically Actuated Micro Beams
with Anelastic Stress-Strain Behavior
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper the nonlinear dynamic of an electrostatically actuated microbeam with viscoelastic-
Received 26 April 2017 anelastic behavior considering size effect is studied. The micro-beam is deflected using a bias DC
Accepted 02 June 2017 voltage and then driven to vibrate around its deflected position by a harmonic AC load. Regarding the

Available Online 13 July 2017 . . . . L b . . .
¥ stress-strain behavior of anelastic materials, the constitutive equation of microbeams is derived based on

the modified couple stress theory (MCST). Assuming electrostatic and mid-plane stretching forces as

Keywords:

Anelasticity the main sources of the nonlinearity and taking advantage of the Galerkin projection method, the partial

Viscoelasticity differential equation is transformed to a set of nonlinear ordinary differential equations (ODEs).

Nonlinear analysis Multiple scales method is used to obtain an approximate analytical solution for nonlinear resonant

E/:fccr‘;gi:r‘r'f actuation curves. The effect of different mechanical behaviors of materials including elasticity, viscoelasticity and
anelasticity, length scale parameter, anelastic relaxation time and relaxation intensity on the nonlinear
vibration analysis are studied. The results demonstrate that there is very large dependence of resonance
curves on the different mechanical behavior of materials. It is seen that there are special conditions in
which the elastic and anelastic models predict similar results while the predicted results from anelastic
and viscoelastic models are different from each other. It is found that the relaxation intensity and
anelastic relxation time can change the resonant curves significantly.
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