198-189 yauo 09 o plasb 18 095 1397 )3T (o rde Suille wliie alxe

)f SID

uu&j).\ uc.lc asliale ?’ l" —__T___
W Sl (wigo =8 -
= .@_ AE
mme.modares.ac.ir T et 967Ny

iz (550 Ly § S 190 b @i b i e oS DL (SObu!  Khuwl
2aaT 18 (paeuns !SIl L Jousdid il dalae

Olegd et inie B WSSl iz bkl -1
gl il gl | ais oSl (SIS | miige 1ad )] iS5 gmetils 2
s.maleki@qiet.ac.ir, 9477167335 sy §soi0 ologd

FXILEN alis oleylbl

Sy 35 i 3 iy Sem b i Sy cilisre (60 laly g g e glae (SISt 6 b (ol Sl el ol 0 H%J‘K T"l‘;’ﬁ *':E'
3 2 g " " i s - 5 W cdl

Plidsn il Peses p oS dolas plan Jol ol bdgdicn ) 003 ol s A5 585 il slad 4 ey - z

1397 cutgms) 17 s o pis

ol b LG b o 335 o ] 03 Dl B 55 (5395 (ol 0o 0 oo b S Tien s

boals e ool 2 ol Cusddy s ke il U gl e o eaiies S5 sy g il dgua any SlEEs g 3l oozl L

oy o
L)) =
e b il g5 1 bt Jpane Jowibyd e 4y CLEG 1 o5 b S o Yl S8 i ool ok gy
ol 005 5 b S ol Slizda bl &8 1Sl 5 unilysd o il osliol b ¢ Jools alalas b o il o s clils)|
] ) L ks g 3ptn o ool syl il dolas S b by el | e 39,8, 0 S i Gy
il g lulpd g 318l bolie i Son (S Gl g (S e (S LS bl on ity g S S el » e
i 2 s al = & a a = - - QJ..' v, - -
Sy Omen ool Dbl & asly g Sis (ilal g ljl s pf SLil)l & ams e (LS (Gl hagh S el e Sl g dsulne Ch Qosiy=ictisd

o 2 b s duglis L gy (bl sty ol Sglite wilies (5m Ll el g 5y (oolal Sty (ol (SIS, 55
Al eyl She) o> CE3 Sl &S 43,5 O 03l BT g CAlpS) alate Lol o3l sy 3,35

Size-dependent nonlinear vibration of non-uniform microbeam with various
boundary conditions
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this article, for the first time, the effect of non-uniformity of microbeam cross section and various
Received 01 March 2018 boundary conditions on the nonlinear vibration of microbeam is investigated considering the size
Accepted 07 May 2018 dependent behavior based on modified couple stress theory. Using the Hamilton’s principle, the
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governing equation of Euler—Bernoulli microbeam with von Karman geometric nonlinearity based on
[o— the modified couple stress theory is derived. The nonlinear vibration governing equation is then solved
Sine dgpﬂlldem using the Generalized Differential Quadrature method (GDQ) and direct iterative method to obtain the
nonlinear vibration nonlinear natural frequencies. In this step, the Galerkin method is used to reduce the nonlinear PDE
frequency response governing the vibration into a time-dependent ODE of Duffing-type. The time domain 1s then
e discretized via spectral differentiation matrix operators which are defined based on the derivatives of a
modified couple stress theory

periodic base function. Next, the nonlinear parametric equation is solved using pseudo arc-length
method and the frequency-response curves of microbeam nonlinear forced vibration is obtained.
Finally, nonlinear natural frequency and frequency response of microbeam with various non-uniformity
of cross sections and boundary conditions are obtained. Present results show that, the nonlinear free and
forced vibration of microbeam is size dependent and this size dependency is more significant for non-
uniform microbeam and is deferent for various boundary conditions. The result of present method for

simple case including uniform section and simply supported boundary condition is validated with that of
exact method and have good agreement.
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Fig. 1 Microbeam with nonuniform cross section
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