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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.

b VUl (Shog ool ablige 05250 S 9 G55 ln o5k Ml 5 loy 4y atly JSE i cg)lop)l anld 0 'SVl g
Sedioe Loyl WinS oo I3 (Sealinogey sladelr atws ;o &5 solge b 15 SV ol o SVl olge b alie 1] wls g pdpcans
@ bl Gloy 4 iy SxoVUl IS8 i o Saa¥l b, M

* Anelastic

Please cite this article using: 2 Lod o3l Jod oyl 1 o ol 4 glonyl oghy
A. Veysi Gorgabad, Gh. Rezazadeh, R. Shabani, A Study on the Nonlinear Vibrations of Electrostatically Actuated Micro Beams with Anelastic Stress-Strain '‘Behavior; Modares
Mechanical Engineering, Vol. 17, No. 6, pp. 197-206, 2017 (in Persian)


http://journals.modares.ac.ir/article-15-3654-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

O 9 SLTS 5 g el

SV i 35— a5 U b Sliawly yST (9 18 K37 a5 i 93540 (o at csbibla )l w22

g o0 (olS B Fly (slajloges
sojle adllhe 4 Hlidowe 51 pan a5 04d e 000 (pioren
oyt 695 GRS 50 by Sl Sy L8, b cmiiee
by Sl b, adlae o [11] o)Kes 5 J wlaisls,
Slagl B 5o slazsls y (ordge ;e (6565 b (Joip bl Sei¥lsSans
o oalitl SLtwVIsSmg S5, 53,5 Jaw jolate & TCeng sl Joo
G55 5 (6 rmalyb a0 jlailiwl SiwYleSiun g slo Jow 5l oolatwl b g o9
oads zlypunl o gl oS > WSl SYolae  Joip gl 15 g0 ué
ol plmil sidgars sl sln |y stelie Jelow o] (uizpan o5
il asdllas 4 85T 9,8 ol Joe 5l ooliiul b [13] 5o 5 S5 [12]
iz SeeVlsSany sla s Spes laatine 5) » b W
wyasme bl Jow 5l eslitul b o, Sen o [14] Jouy 3 aczslsy 4y
At 550 Lulid b g (omdge e (595 b ) SVl Sy slays

230,S Judo

i wgaome ledl s Jge 3 5l esliiul b [15] (6,050 5 (aliges
adllas 1) alide (5550 Lulpd b Seaa¥lsSny loyy (MleS 5SS
488 15 SalsSany slopls slag,s o1 @lils ) 5JUT s S
[16] o))Sen 5 Sl i awgs (35 slajye 50 Sl 2y S ()5,
5 Cobis slial, o StuVlsSass ssle Lolgs ool 5 55 .ol asllhae
adllae 5 o [17] g lail g (oo oiS o s alie jabody (59 £lads
$Sidsard 5 Iy shsl St¥lsSany sloys GleS qw)p 4 gl
slisly jo ooy @ aialy b Siigis 15 lp gl L5 50 ozl
@ aluly (202 9 Sy97e Syl w5 I shsl 15 slr g s9e
5 ol Suymu (18] (SuSYSS 5 guggile w0gr o a3 8 L o b
S8 St VlgSans S8, b 1) sSidges 5 (Jeip skl slans )l
5 B sy illasl 36 T i3 asllas (S oo (55 Sasg 03l
Sl Cushi el 5 gab Sl B 5y p by aujsSens oy
Sy b & shn saiylanl o5 wols (L el WeyS o)
) =il ,8 sla gomin 5 2@ oo I8 SLCes 1) (b sla S8
A3 o i |y uilisy, S g eols rals

o5 sl Slaws 098 oo 0 (LB 0al plol Sladsy laS lores
sl SwYlgSang Slge o o8 Solins anllae 4y pdisee )
oole b hbiae 5y bt e Swelus 5JUT [19] &5 5 S
Sl 5 oS yed w5 aalllas 1) Kooy b Cov SewlgSns
L Sea¥leSans S8, b Sugionl logyy Seelus @slul [20]
i,y osbl sloyls) adlae & [21] S5 5 ol a0, aslllae
adl ,o oyl a3l Glaxio (49,0 Soogp b Cov Sw¥lgSsg
o) 5 93 08 o Ll 3l Wil oo oole (sla el b oadas b ojlo s luby &S
b e Sl LT & saman anes Yl Ly, ool (221
i) S8 50 (228 S5 092 b SISy o)l 4 iz slag g
Slfege s sl bS5 St Seelus T wssly
i pboul [23] Sle i bwg b gussile 5 SetwVlsSuns (oo jomlS
oledl sl Jow axdllas & [24] (g5, 5 i «s3lme LI ol 51 ooliasl b
—lgl SVl oSany slo s Ssbial 4t sla S s (sl Sgamme
5 Sl s [25] (> 5 o amsley Sitges 5 Jyip

4 Kelvin-Voigt
° RosseKerwineUngar

7 o)l 17 093 1396 e (o0 Suilfo wise

Slge Sy ool [2] wil e loj 4 5L SVl olge Jobes sl (ke
Gos )5 4 jo g oad ISl (Sl (65,5 AW 4y jomie SV
IS8 pds 3,5 )R (e p 9590 Wl on Sl nl Ho (SHlSe Sies
oledl BB Aty S S5 slge 45 Jlo b 5,5k slal s Sl
' il eSelin 5 Sy ST alliny S 5 slapewsil aSST b wosg
2559 S Slas a8 oo 18, ST O g0 6 e sk
G555 SRS 3l s oyl w53 45 w85 e ol bapes 5
Aibios piucaaS p SLtaVUl sk 25,5 51 slodes idu (Sl

SilSag S 6o i g (SO S Dlgas j0 0als oolaiul Slge
IR e aY gy p a5 w0 SR Glapld ojgen L
bl cod slge cnl yo L3l Slhaol 5 Sed | ol by 0,5 oo
S36 ek Slge (SolSe olss anlllan jslite 4 ABbis g (Saliss
by 9500 (a5 Sy sl egil (b )98 Jolds Lo (soluss
s 039 o BBl i slo iy, cnlas 31 03] ol sus plox!
Ol S s g oo | e Ssliad acs _olys Lads ba by, ol
45l 5 wbl o anlllae BB Lo by, il 536 ok olse Soolins oy
ol Sealas als> 605 ol jslie 4 sz Gl S
o sshie 4 4l Kes 5 o il o wtanti VUl logas wlge
l) N> uS...aL..nJ L5)':5 o)‘bjl veweew u_f)'l.} &5)13 L;Libn,l.._e » s_i......m)
Al Jow g0 lailiwl o ael> Jae 5l eolarwl b Ll .aisls 3 s
Ol s oS oS sy 1y 3L (gl Slapld po Sipes
Sl 5,500 55 o) 4 daly SIS iss (6 5 o5l slaie 4 [5]
wiols BLES oyl sals )l 1, callaulesl hg, oo s (SeilSog 2SI
Sogar Sl sba g alolidl (15,5 00,0 95 (5l b wnld Jsb o a5
25 suilo8l U o Gl B lej o (0 g o0y pdyaid y SVl
IS ks gt 5 0dms 4yl Sl 0 pdy St LIS jsboay yiagil
5 SVl s, (6] s 5 S0 ais caslive piaww 50 Bk
5o a8 axd S ass sl aio,S anlllas 1) S8 olal 5o slge SV
619 00 U.JLM>):.C o)‘L.u BN SewYl JS.M) povey) ‘meﬂ o)"..\a" &4\3)4 ol
5 Saol po 15 oy Slge 51 (6 b Bl o Ko Sl SVl b,
a4 Sy Gab 4 dlge cpl leslaiul g ais (g lsakadl> ST 6l ls (5518
Slapld 5l eolizal [7] o Kan 5 JB .0 s by T 6 pdyccsS p slo S
33 3,5 sy ) (SeilSog 2SI sl 53 I abibls (5 ek 3L
s abadls (s peny slaakd o ploy 4 annly olS 5 pdy ceiS Ll S
A oanlice la g 38 )L 5 lales aen 41y

Sl 5 Sern Sl 5 (Sl 8, 1 03Il & (Srnly 2905 i
Ll ad adlllas [8] )Ken 5 Bolo bwg Ssliulg xSl ks, b
30,5 eolawl ojlail 51 anllas jelaie 4y a8l Sgmpy S isS (5,95
5 9S5ue b e olils)l g Seelus 6 bt [9] ol s o >,
Loy 53,8 oyt |y <SSl sl aY b Ssbiwly sl S o s
Sy gl asls Jall coge (Siohs e il as wisls las
20 515 Jlaw 53 59 abge 15 9,8 ol a4y aiily )3, 36 09d e
b daallle [10] o SKen 5 (soloiel Lawgs Sisliuly 2SIl Sy o0 o
dasive yalyb ojlasl Liolsl g (a5 beS (6,985 Jlael a5 wisls lias Ll
s g olad )l aals zals T Cdlate § piaw God b dael Job

! p-doped si
2 Thin Film
3 Wafer Curvature

198


http://journals.modares.ac.ir/article-15-3654-fa.html
www.SID.ir

Downloaded from mme.modares.ac.ir at 15:12 IRDT on Sunday May 13th 2018

O 9 SLTS 5 g el

SV i 35— a5 U ) b Sliawly yIS (9 148 K 37 T o5 99500 o pat csbibla )l w22

S SNk a5 (Sy50 50 (321 SVl LS, QT @ ol pdyoas
Dyl go S SVl gy L8 1 @y ailey (Bl s o JS
alge cpaaz 5l ead Jleel 25 b culine (55 (IS S o
oad JoSid wablige (25 gyl S e gl muly g oS (25,5
Jie Olsear aslige oloy @ ataly Sglite jsbay i 2 5 ol
il (105 adlge oz Sl sli-ased G3LIT slaptun
b GRS s G gy oS et BB JTonyl ez -1
(33]
GRS g o bl ooy 4 Atly 2etS 5 BB atiVUl -2
(35 34] s
b 8,55 i Ll cpley 4 dly G aile i StVlgSs -3
(35]
[36] s e 25,5 5 (a5 Ly, o 5T ¢ B ile s Sdl; -4
sk, sl SVl 5l Ly 5 ol @b (2l "L St
[28] cust sty ooty plas SVl g SVl 6Sny g oS!
Gly a5 aas e lis SVl 5 SerWIsSans HLd, e dnlie
ssba (855 sl &b 4l o 1,35 wls Jsb s SetYlgSin )3,
Sk oSy gl @b ewiasplis o5 03,5 lag (IRl ploj b (ot
ol el 4y (25,5 ey cutdS b ST s, sl a8 5T L asl
9 S ¥lsiny (Sl o)l o dglile izren Low ) (o0 o
SV LB, gl 45 was se ol SVl il Ly asb s VUl
By ly ST L oS ep sho 4 S jba osal sgzga S
RIS S g iS4 ploj 5l (b O jpgoer (26,5 S
ooy 3l (b Spgot 55 5] (85 StVlgSans JB8) sy g Bl
Wlogo (Bl s o B wle Sjgoy 55 K00 L5 g 0dg pAyCdSTy
S5 al s LYl olge ,0 am o oyl "1 SE" a5 b
VUl 25 (5 5lool] 5 St 3l Ly 456 ey 5 405G 2ol
25 Dzt gl @b ol 0 &5 Wil bS5 S sanl
132] g o 2 yne
J(®) = e(®)/ 9o @
s Og alayly ol 5o 0l e 0 Sty o2 €(E) /T (1) b, yo
odel 0929 4 5,5 E(E) goog "1 ISE" pilkae oole s oo Jleel coli
..\Jsa Cawddy | O g0 J(£) (Si¥loole gly oS ol mly ol o
Sgis go 0wl Jyy eais ol ¥ oS bt =0 ol o] adgl jlais

Response Function Elastic Aftereffcet
=0,
Jo=0
£(t)
oo Linear Viscoelastic
— Anelastic
————— Ideal Elastic
]ll
1 -
Time
Stress gy Stress gy
applied removed

Fig. 1 Response function and elastic aftereffect for ideal elastic,
anelastic and linear viscoelastic behaviors [32]
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