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Chaotic behavior of nonlocal nanobeam resting on a nonlinear viscoelastic
foundation subjected to harmonic excitation
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ARTICLE INFORMATION ABSTRACT

In this paper, the nonlinear vibration of a Euler—Bernoulli nanobeam resting on a non-linear viscoelastic
foundation is investigated. It is assumed that the nanobeam is subjected to a harmonic excitation that
can be representative of an electrostatic field. The non-linear viscoelastic foundation is considered for
both hardening and softening cases. By neglecting of the in-plane inertia, Eringen's nonlocal elasticity
theory is used to model and derive the equation of motion of the nanobeam. Using the Galerkin method
and the first mode shape, the obtained partial differential equation is reduced to the ordinary differential
equation. Calculating the system's equilibrium points lead to heteroclinic bifurcation and the
heteroclinic orbits are obtained. Then, using the Melnikov integral method, the chaotic motion of the
system is studied analytically, and the safe region of the system is determined respect to the parametric
space of the problem. When the viscoelastic foundation has a hardening characteristic, the chaotic
behavior in the system does not occur. It has been observed that the use of nonlocal elasticity theory is
necessary to investigate the chaotic behavior of nanobeam, and using the classical theory of elasticity
may place the system in the chaotic region.

Original Research Paper

Received 26 October 2017
Accepted 13 January 2018
Available Online 01 February 2018

Keywords:

Nanobeam

Nonlocal elasticity
Viscoelastic foundation
Chaos

Melnikov analysis

lacd iy o @ w3lon uhions 4258 950 o bap)] )13, (g3las doddo -1

o Sl xSl 5 9,500 Slapins 9,5 (55555l 059> o
corlbfioglh (slays el (2 4 g, Ol 4 jamie ol Llow
3 4 ooy (Seilleg iSUlGl slapiuen bl s> el
i 0 B b s Sy gt dagsmsl o Slacsl

311 g 00 54 (SilSlog iUl (glopiinns

* Nano-actuators

Please cite this article using:

4 HslsSgl oo 5o il (5391585 5 pole joel jlams iz cBASL
Slidos g 009 grkae (e 4o 090 (sale sloains) 5| (o Slye
s9ledSs olss Jdoas 0,5 o0 Djgo 05> (nl 50 laianld 5 wax
2 LpT xS a5 ol caz o3k Gla i b )lislugl 5 slgesls
Sy S ot o ol & g b il gl s
Oz g lslogl Gise ols s g L8, Syo daliSlugls

s los oaliiw! J23 yle 5l Allio ol @ gla (5l

M. Mir, M. Tahani, Chaotic behavior of nonlocal nanobeam resting on a nonlinear viscoelastic foundation subjected to harmonic excitation, Modares Mechanical Engineering, Vol. 18,

No. 02, pp. 264-272, 2018 (in Persian)


http://mjmec.ir/

b Sgramo 9 10 Sgmuo

G090 )L (59955 )l 0 3Ll b Suigo pld S5 )5 xS (oA jut S YIglumg piamy (59 22 )39l ._\'l.u,.u“uT)lu)

2 a3 I Sl Sy b SKedls gy 40 201
rogopd WVl (695 ) eoliitul b (s Sl e ()
L Seileg xSy S Klaegil S 2] o Ken 5 Jlni axxslo,
WiVl 955 5l oslital by Jipshsl el SoSjgen
Sodlsnoals o7 el oy (28,5585 b g 00, Jao rdgent
d22] ()Sen g i isls 13wy 090 | o] s Saliso
JESSSUCH K T SN SN T R V-39 ERP PN AESOP I [y IR EAR N
L lagl aiols 1,8 addllas 5,50 (crdgepmd amain] (5,95 5l oolazul b
5 05505 dwloe 1) ;igil nds sla il 2 oS > Yol 3By >
O 5 (Sysell 0,5 sy |y ek 58 2 (e IS
a5 L ) aredan slo sl o)lal 5 of] s e olils) [23]
kgl e wels JIE gy 990 (hat s SRV s g9, p 0ol
o rogapt WiV (695 wloly ead w8 Sk s Jein
S loyiall g (ordge e slayiall IS g ead solitul (gl Jus
ool @85 IE )y 3)50 (Sl Sl B (et s S
S g diedin gl s d ol olols )l adlae 4 [24] 55,
dwbre Sy b9 At (605 1 gy IS, S
a4 28] GSen 5 o ks 0 05 s (oS d (ilS 5
sl (e Sildigend 8 (6595 b dedan el ooy Sl )|
Syl g ataly 18 Sl pn sl pl el adge s
2 Skl gl s d Dol g p 4 [26] S5 0l
S VORRLIES KPR - PP R ST ULV ] IP-JYC IS I oW TR OG-0 ) B SV
S| 1) SVl ey & by o sla el g (rdgejus jal)ly 05U
s 8 gy 9550 gl
9 9550 Slaptu (ot 58 18, (o) 5 (£2L; Silede 2 ogdle
S50 i sttt Glapiucs Slugsl L) cw)p o Silles 25U 56
L5l pS o o i e Saalins [27] STulEL ail o cpiiizes a5
‘SM:)).:C\JAdM ws)ﬂ oow‘bsdlo)l).ﬁ axdllao Sy94 L_g‘dufad..o)d
SnaiisSee as e 8, pwyp Sy phers 2l 50 sl
FnadigSes alloe (pilime e 0)90 Sl 5l (S (S
B8, ol Bl 9o Slialy xS slag e alawly 4 285 > b (Sl
GaSeile by, wlen Ldos by g, b a5 aas oo ylas 055 5l Sluga]
o 4 31 a5 Slee [30-28] ol a3 S 8 L)l 0550
Ol sy 8 WSy (Solfes Sl See Saais b b s,
R B e L T R T
o5 Slewls anie g 0og eole Hlaws a5 wiols wl)l gl St
Silodae 4 d32] s 5 oSz ygl ls BeSiile i, A s
sl pisdlas! Jeim bl 5 Slugal Seelus Julsw ool
oly 9,500 Slugal wlals,l cwyp a4 d33] e 5 B0 bsass
bt e Sealus s, vy 4 34 e 5 (S amsls, DC
Slp oyt iV 695 Sl aly (SSlSe Sasanssil
gy 5 eslitul b byl .a5s 8 solaswl Sasaisglh ool 1o wadl i in
S 4 e o5 1) AC S sy Sl e (SeSiile (Jlow

6 Casimir
" Van der Waals
8 Melnikov

265

3,13 3925 gl wlidie ;o inlejl plal jo a5 (g0l M Cleay

Gilwas 5 il Joe L.gLfbu'bj) 51 eolazwl b olge L) Slllas odes
a3p g GO pole) Hgdioe plnl gy bame lagyg b g (o5
Gilwad iy, 3)lae s ;o U cunl oals cely YL Slowle
Slahy, ek diwgy L Glaghy; 4 1) 093 sl (JoUse Sslns
2 9lse U85 gy (sl a5 ooliinl 4l Sguge slas,55 3 el e s
WiV (6565 5 Olpee ySlegl iledae 9 $U alde
G55 Sl 4wl Jsb Gole el glls a5 Sl (ndge s
a5 rogeyl alaetwYl (6565 0 050 solatwl SIS a Yl
30 S oSS iV (6,955 O el oals al )l (0 )1 lawgs
7] o, [6-4] conl aingn s bl plos jo 26,5 51 ol ahaits G
5 63 Sdges Ikl Glogs Jold a5 5 eee slas e
G5 05 aidae P base mbgeye alaw iYL 1) cl ¥ gt g)
Flomin bl laysgl Bl g aileS cied sl (el Jo> (uizmen
sVl (6555 1 (gl eiiore ol @l mbgene Il
sl olals)) g Wb (s il cuz (Ku)l (ro9epd
il obde jo (g3lu e gl p a5 Wlosged 9ST 5 00,5 colaiwl wlbegil
65 i Jsb b bl slly Sl e lass 5l b
oSes g yme,S L1018l sses soliul Sl rdgepé dipnginY]
T S0t s 3 bl ey 4 S S s,e5 ) eslinul b [12]
) FiS S)ILL 2 ejlS (5955 5 oslal 250 5 axSls py Slaegil S
655 3l el b ([13] ) Ken 5 cnsols isls I3 cwyp 39
e 5Ss 55 6 2 oI 1 gy & 4L Sgate 25,5 Lol
Slosl 5y 5 Sibials 2SI adls o JsSge g5, il bl amsls y ol
or 4 18] Sen 5 s ilal aidges (o) g Sl ) gl 3,
s ol o By S e 25 G sl o b olils)
ol g cl wB)S 3 Syl b )0 g Sge)le g9y S o
030359,55 5 (& kel .ol sl Cosdas Sigale Jolas g, 5l o] (il )8
et diencit¥l (65955 5 ooliiul b diedan asmiogil (ileS 5JUT 4 [15]
bl s e 5 slaell il addlas pl e sl aedge
« 16l O g g lailal gy Sl (LS L SasS el
GAI s s o e air S Ayl S Sedos sl o
7 Pl S Ojgon dgdeill (GBS cpl yd aBloy Wil Sl
5 Sobal prizmen sl @Bly SUy Jlaw Sop g 0dd Joe (rdge
Jbw 55> f-\*)-’ O Yelel S ~>‘)'T Sl gy [27] Ol S
5 od oolaswl (23,8 (Lol )T adly vege (5,955 5 Bubos (pl Ho annSls
et lp Joe 18] b s S Jae el SO O gea dlglsils
Gl mdg0 e danin¥] (6,555 5l ooliiul b 59l Sliles )l 5 iileS
55 Slp 1) b (58 5 leS )b IS8 et (LS > L (s 0l
o1 Slalss )l cwyp a4 d19] Siarss 5y cansdy ool oFaSs L
sloslicul b g5 edlop Gl 500 Lailpd 0 Joi ksl sla il
5 Sy 3y deloms ) gl as il (uilS 30 2 b9y 5 (SIS b,

* Eringen

2 Levinson

3 Pull-in instability

4 Boron nitride nanotube
5He

02 o )lasis 18 0,53 1397 )l (w30 Silso o



b Sgramo 9 10 Sgmuo

G090 )€ (59955 )l 0 3Ll b Suigo )l S0 )T xS (oA jat SuiwVIgTung pium (59 p2 pai93L ._\'l.u,.u“uT)lu)

alizes polie (gl 0ed 03] oLl wilods] Cassay eil aSid Sowaliyo
WS oo )8 Falite slaol e 0a lade uilS 3
kel p9d aiye ably So ©j0a 1, (1) JIS aal) (X))
[5] Sg05 00l ) O jg0dy
(1 = uV®ai; = 0fj = Cij & @
Jsse 5 Gl (23,5 j5mili Ep S (25,5l 0]
©azrg b el jpde SzsS slul sl 4 P=(002)? 5 0ng SV
5 JISE Glapd Ealy ()L Llyd g 55 g9 o (e Lalyd
5 aalsl o 5 [40-38] 004y Gudaio Lo, (2) 5 (1) slaalal)) Lol i
596 $lp " ordgemt )liSle Aolae 25d ge oolitul (lewslins 08
Dy ge ALl p) D50

az XX
Oxx — H BZZ =E &y 6

DAl s (55970 LIS XHE 9 (§950E (S 970 LS XT b Jgre E &«

(SO G b DY (S8 pilwl g ol DY S -3
Soge x5 5l Al o plraly Gl (Jgip skl 15 655 el

o | )J)

ow(x,t)
uy(x,z,t) = u(x,t) — 2= @
uy,(x,z,t)=0 ®)
u,(x,z,t) = w(x, t) ®)

S j9mme (59, ahl e Lo g 6y plralr i AW U S
Sledd al ey GBSt alrale S bl axils
el 518 4SS 16,5 5 08 Lo 25z oS pop0 plral

Ex = €% — zk,, )
ou(x,t) 1 (ow(x,t) z
0 _ Z ®
Exx ax 2 ( ox
’w(x,t)
= @

sl 3 Sl Ky g Sl rlans as d (15,5 8R4 555k 4

by g h Cald d Jsb 4 peiins Sgignl gl S (Buiow nl o
K" s G0 Saigoste Sl 5 ol ed KAV S 53, 2
63y 2 Pl 0gd oo 00 JSh ;0 a5 jsblen 05 ge 4385 Hhaiye 1
Sl e 5o K 5 Ko KL 538 (slazals b (s o SVIsSoss o
9 b e SVl pe 5 Sy S iy ISy S

il I s T s A T I T I A A A T I

! ! |

I 1
Fig. 1. The isotropic nanobeam on the nonlinear viscoelastic foundation
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