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Vibration of axially moving two-layer graphene nonoribbon incorporating
interlayer shear effect
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ARTICLE INFORMATION ABSTRACT

Inimitable properties of graphene sheets enable a variety of applications such as axially moving
nanodevices. Axial velocity affects dynamical response of systems. In this study linear vibration of an
axially moving two-layer graphene nonoribbon with interlayer shear effect is proposed using nonlocal
elasticity theory. Based on this theory, stress at a point is a function of strain at all other points of the
body. Euler-Bernoulli theory is used to model the system due to nanoribbon thickness and length. It is
Keywords: . .
Vibration assume_d that the layers have the same transverse dlspl_ac_ement and_ curvature ar_]d there is no trans_,vers_,e
Graphene nonoribbon separation between layers surfaces. A shear modulus is imported in the potential energy expression in
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Axially moving order to consider the interlayer shear effect due to weak Van der Waals forces. Governing equations are
:\lotnlgfilf}tl theory obtained using Hamilton’s principle and are solved by Galerkin approach. Results for clamped-free
nstability

boundary conditions are presented and compared to other available studies. Results for pinned-pinned
boundary conditions are presented and it is observed that increasing axial velocity causes divergence
and flutter instabilities in the system. Effects of different shear modulus and nonlocal parameter on
critical speeds are also proposed.
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Fig. 1 Schematic of an axially moving two-layer graphene nanoribbon
Sy VS):> L;l)la QY}) g;‘j‘; )|5$ «_i..:La...; 1 JS..»

415

(e Sealins lasjloand wile oy 5l LEELS oy Sl
oo 0gd o ool gy glalae S 5 (Jsse Sl
3 ookl ((Sasls 9 (Jose lagloand Vb anse 5 (Sazm
Olee 5o el w8 S 13 liie 4y 3j5e St Skl slais e
il Jls 0 [1] %)) cndge i (5,955 5l oslial (il (sl g,
2l 008 g (gt o)l (08 5 (AL @l b el
e 5503 bl ples 50 (26,5 5l (oul alali SO )3 5 (6595 (nl sl
Loy o (1S5 by adllas sl (bs) cnl 1 (Blise ks o
So Sygo a4 35 Y e Yaase by g, ol 5o les S solaiwl 4 ¥ais
L oodoies (xdgens B9 b g sSiiged b (Jeinshsl (mogapé 25
Gos o o] olals)l [2] oSen 5 s)lail ogdioe Jae gl S
P pT 0 sy mds0 e gy SaS a1 815 4VSE Lol
"ol B g w8 ool (sile e sl edoiee 35 5595 5l aslllae ()l
Wdyel Caws 4 1) nds sl

By e 9y 2 BLS Bug i 85 5k 0 b eclallas Sl gle )y 5o
SIS 5o ol a8 S 18 (pwyp 350 O3S Az by 93 G
Jate @ 4 Gl )aily aend slawign abiwy 4 3T sl @wVour
Or I8 e g Wk a3y 2 WSlEee S w4 gy Gal lwleas
SR Yoz SIS clals)) Julos 4 [4] JSea 5 lasl, [3] sas &,
i) [B] a5 955 s 3y ey o ile K2 5 5
30 Yo G B 28,8 o by ez (1S e lsigl ol
ol )15 aalllas

Wyt 53108 b s S b 5 anes )0 Ll LapdlS |
o S S slen plindg) anis Sy oo S e 05 ool
ok 5 mblieg 2SI o S JLad gl S 5 sla S
03,5 9929 4 L8l 5 gl 1) cowlin ol 500 sl jo Ko o)lge
o GBS ) eolitul 0j5e 50 25 Sl slosal; [6] g ye o
Gl O3S Y S5 550 Ko ks, [7] ohSen 5 oty y0 cusla S
e S o8 85 A6 BT lagl s S (pyp S S Olsie
A lasdllae 005318 J13 () 890 |y gl S (rdga s §)9 5
S35 Y 35 eis 5,5 s l5 3 Sl [8] o) SKat 5 S5l
3l 18 gy 3550 Jate pl2I L,

e 50 e GBS £9dg0 S $y9me S il pluad
(B B g (Seelad syl g5 » 6y S5 8L Al e
S slaglo jo s (i Lawgs 5 Slo olal )3 &gy 5 39 5
Ol 9l 5 9,50 slal o Lol el i85 )18 adllas 5550 00505 j5bo 4
@ (B iy 5 S syl it sgume Jlews Slallle
o 5Vl slaie o 5 (IS & a5V Jpte sVl e oI5
59l (Sealipo JL8, s @ [9] phlSen 5 od iyl 18 (gl
Sy kW] ndgepl be, 3 esliiul b g gme S > gl
S S sy p il (5550 Lulyd w1 gl oliT Sliles )l g
sl S sl | 5l ot 5 st st oo Sl [10]
55U addllae (nl )3 (5505 (cuyp Spsmme S8 > gLl o)l ST oS
] S 5,5 i gt sy o5 S Sy & 1y 52,5 )
s s S sl |y sl 5 S e SlEle ) (5,5

"Nonlocal Theory

9 o plads 16 055 1395 3T . o0 SilSe awditco


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.43.2
https://mme.modares.ac.ir/article-15-8957-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.9.43.2 ]

GdaXe 505 a3l 9 SIS Slib yd

Sl gis 3l iBHT H3 53 b So9=e 53 SDIS 4393 (LT Hlgs uliblasl

sl 00 Bi Sl (sl o)l cadle 1 j0 a5 55

W*_w. x 1 Elt' _eoa‘)\_l
STRETITE R atRE A

I v E h?K,,1?
r=lzin=g G ﬁ,v o (13)
5 ahie gl (gl 0§ RS Ty 1 40 oo lasil Cepu G T o oS

2%w 2%w 0’w\ o0*w 0%w
S 2=+t ()= |+ - Y

912 980 T 982 554 a_gz

a*w a'w a'w  Ya'w

2 + 21 + 2 -

. (agzarz o809t tn) 9 298 ) (14)
Oogo d fate jugd S sl e el s 650 bl
:(15) alal,
w(0,1) = 662 (0 )=

w(l,1) = 022 (1 1) = (15)

g oo oo (16) ol ) &g a1 S =0 18 Sy Sl Gl g
W(O'T):O;(?_E(O ‘r)=0

92w (16)

J> b9y -3-2

Ol 5o el oals solainl (ST IE iy, 5l a0 Aol Jo sl
» o sbalraly b bl owlie sg0 JSO @l Cnl 5l )
losge JS5 i (550 Ly 4 4295 b oS b )] 5l 090 485 s
Sire haulys s o5 Glofg @l (8L widl 55 S 4 alily b
IS8 @l 5 s e @ Sl oaizmn Sl e Lo ) s (il
@ &y ol e wgs Cdlo (sl 395 oo ooliiul Sl bl see
Wgdign 43S a5 (17) aba, )50

¢:(8) = V2sin(ig) (17)
2 (18) abaly 50 & (ol Sl3T unSom 0,8 S, (550 by sl 5
g ge ad )5 b

¢:(§) = sinh(8,,5) — sin(6,,8) — £(cosh(8,8) — cos(8,,5)) (18)
:QT o as

(19)

3 sinh(8,,1) + sin(8,)
"~ cosh(8,1) + cos(8,1)

S e Lol 1 walas Ly 398 il 45 sl s SLelS
RO IS (20) aal) S Sogo 4 ) g o0 plbals

‘S

N
WED = ) gOW () (20)
polaols G.L:;Ié;ly Wi(1) g oo 48,5, 10 slooge olaw N ] yo o
Le 09,5 ©pd g odd am o dolae 10 (20) abal, 6,l3SKl> b osun
@ dolis quuile 08 LU0 alols o 6,5 IS0 5 ¢5(8) o Jol>
Bl e s @ (21) alal, & 90
MW + GW + KW = 0 (21)

9 o lasis 16 0,55 1395 L3T (Hurde Suilke uwire

0w 0w
W(l!t)_ov W(l,t)—o

t ow ow
- W oy 5
T fOpA(atwax)dx (5)

Sty Vg g5 Iz p s Jsb 1 ahabio mhaw colus 4 o] jo a5
ue.L«a Cewd 4 (6) alal; & jp0 40 55 s Sy (5551
0w

fMt Fr M"’a—+Khsz]dx (6)

pLaS sy 4 MPE g MPy Gl iy Jese Koy ol 5o a8

alaly 50 4 oS doles (4) alaly ;5 (6) 5 (5) Lls, cpols L3 L

230 Jol> (7)
- *w .20 62w+ ,0%w +202M}}l
PA\Gez T Vaxae TV ox2 ax?
0%w
~h?Kg=— =0 ™

SO0yl i (55955 ~2-2
i abaly K0 )l rdge s a6 65 (il e 03 slie
Cewd 4 (8) abal; Djpo 4 ordge (sr9me A L omdge e (590
1] %l o

- (eoa)z%gfl =gl = —EZ?;TV: 8
275 lagialesl alewgas a5 ceul ools 4y dily Sull Sogg o] o &S
slopl Wsn Jobo aile) (9,0 b dastive o s @ .30, o (et
57 ;0 (8) alaly wyo b (laslsg, alold b g aSis ol )b oon,S
5 oy oo LS (nn alal) S alade CJM $9) xS JSS!
Daylige Cand 4 (9) abnl,y ©j50 4 rdget

% =M= —Elaz—w 9)
ol o a5 ol atpuino¥l Jgow E g o (ol loo T (9) alal, jo
[5] el JBCulyl 5 S5 090 50 81,5 (sl

Sy & i 5 s (7) Aobas 5 (9) sl (580 |

e ol (10) ala,

MY — (eya)?

92w 2 0%w . (32 9*w K 0%w
T T pe gt VG
A 2*w o0 2*w o 0*w
(o)’ lPA\ 5552 * 2V g9 TV
h? 2w
_?Ksh W] =0 (10)

i A ST Sy =1 S Sy g Jemie s 90 S gl (550 Ll
25,5 o s (12) 5 (12) slaalayly Lawsgs
(0,6)=0: azW(o =0
VB =S G =
52
w(l,)=0; 5= (L) =0 (1)
0x2
P)
w(©0,)=0;2(0,6)=0
dx
(12)

oo @ syl 85 S 0 L dolee Sgeges oy sskaie @
- oo Jol> (14) alal; &g a5 (10) Wolas sm o p,3 (13) Laly, &0

416


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.43.2
https://mme.modares.ac.ir/article-15-8957-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.9.43.2 ]

E3eZTo 505 pabi )l 9 S 3L Slb pd

Sl gis 3l iBHT H3 53 b So9=e 53 SDIS 4393 (LT Hlgs uliblasl

gl oo dmle bl slapuilS B Az )0 g el Lalie

=W-3
o Jo 5o bl e T il IMLL s bl piasn Ko s
S bl s ()bl Gliee 4 wey liobl Gl )3
@ ol 3 il ples S sl i 25 8lg e S 5 il3s00
Gomb &5 (ela Nedoe b axe (segmge by (> D)0
bl lapicn 53 135800 LU gl WIS Hone ao I ulS
dgh palb blize b g (> Ojpe 4 sl ce plass slaulS B
WS jgee lae 5l 3 05 0ml & (el Ll sl s wiilon
[13] w25 o0 &) (6HIMLL igd Golaio oo p Ao (W2 50 L

Ooge a BLF slaa¥ Gla el sly gose polis (gile 4l 5o
{5 _2,¢) b=2 nm h=0.335 nm E=1TPa d=16 nm . p=2260 kg/m’
Caloads a8 5 Jla3 10 N=12 laoge oloss o €oa= 1.44 nm

9 97 S5 2 e Ve (RS g sln (b (sla il B lal
ke aw g i sladsh b ol3lcSy =)0 S Sy (G50 byd L
oyl jslane 4 g ol arule 1 Jouzr @l (b Jooo ilite
sselcamsay Js¥lse giloand (39, 5l & 53 [B] ez e @l b o>
& i Sloedg amsoe plis 1) (Joud JB BLlail o5 cewlond aulis
oo ) 1-3 i ;0 by Usde sly oad 42,8 L o polie gl
g 48l palS s (S5 lg Jobo (Rl L a5 358 oo caalive el
Sade Rl rizes o AL pens b (58 Az o
B9 s i (sl il 3 0l ge (B Joke

oy nolie «(5)9om0 Sy b s (132 S90S &5 joboplen
Ol Jogai 3 92 sl S ;0 0g wiales Cae o 5l (2l sl Cowsay
Sire Ly bipss g Jol sbovge sl ooy polie i 5 (so9850 Crand
el 008 ) Sy dma o bl e Sl eSS M0 S Sy
O L i 5 039 (ks 0)lgen (ndo Ceond polie oS 09 0 oualive
2 MZ0.012 ey ) b b oo sa sl boce s ol 55 elaso
590 Slp (o990 Crond M=0.012 55 Cesl e g (L)) s S90 90
S S 3ghon 3L 90 (> Ceend Jlged g o) e & sl
ps5 050 Lol 0uds 3la5,l yeé 5 Lo 395 Jsl 930 =0.087 b 1=0.012
S50 85 5 53 N=0.084 b M=0.037 ey 3 ol yn 5 5l,| plized
ey 089950 sl U M=0.084 ey 1o | g (0L )] et
09 e 358 p93 990 Lol Cawlyne g (LB iz gl 390 o

Al s 4 (24) b (22) Ly, 590 4 5 il oo

Ml = [ (80010 4, a2 (22)
6y =20 [ (g, + 104" 8", ) ds (23)
0
[ = [ (0= 02 96", + @ - wn?) g
0
2
+TTM)¢”1'¢”]' (24)
A g i 4 Comd (Flie cdupdlas’ cadle (24) U (22) Ly, jo
Sl s (25) alal, Soge 4 ) (22) alal) o (Seelns slrals
S e
W(t) = We® (25)

sl a¥ge 81F les o asl lasl glael amels oy (WET o a8
S ol 5l ol (21) dolas o3 polie @ el 5 5 j97e 5 >
4 ony slalon 5 polie dlice (@5Sugn) O)le SIS s dlolas
ol 58 caimo i segdge Ceomd igd oo ol lalise slacl O)g0
Tt e 39 el )l Cundg S ole (e Cend g Slalss)|

sl
a = Re|a] + ilm[q] (26)

(27) d.!aab Oy & &Lﬁ)léﬁ 9 Lﬁwaﬂ so}..rj ).pLS.a A.wL’u 6‘1.3

N oo R y2
-l 1
=0 i
o-{) 2
Db oo 2alS (28) alaly g0 4 (21) Woles 4 5o ol pls
[BHz} + [ENz} = {0} (28)
s Jols (29) o3 jluie s (28) akal, 4o (27) Lul, cols 13 L
g
(1] = [YD{W} = {0} (29)
ol o a5
[Y] = —[B] " [E] (30)

oy polis (29) oy ke ale Jo b ailie Glos Gyl |

sy Jate izt olie (61 Ol3T juSum 0,8 oSy (6550 Loy (61 90 5 gl sl slo S 2 1 Jgu
Table 1 1% and 2™ natural frequencies for clamped-free boundary condition and different shear modulus

oS Y d (mgaile 53

Ol ySom )15 Sy 450 55 ) pol> anlllas

[5] o151y o 5

Ky, = 0.25 GPa Ky, = 3.01 GPa Ky, = 46 GPa

ped W 2 Jol owils 2 ped W5 2 Jol oS 2 ped W 2 Jol 5% ped 5 2 Jol oils 2 Jsb
(GHz) (GHz) (GHz) (GHz) (GHz) (GHz) (GHz) (GHz) (nm)
45.53 11.23 45.56 7.88 48.87 7.20 52.08 6.92 12
40.84 9.81 39.34 6.69 42.50 6.00 44.19 5.68 13
36.94 8.66 34.30 5.75 37.32 5.06 38.93 474 14
33.63 7.71 30.16 5.00 33.06 4.30 34.61 3.98 15
30.81 6.92 26.71 4.38 29.52 3.68 31.00 3.37 16

417 9 o lesis 16 0,55 1395 L3T (Hurae Suilke wiee


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.43.2
https://mme.modares.ac.ir/article-15-8957-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.9.43.2 ]

[CRVETRPSUVE RS PRTSI L PRI ST

Sl g 3l id )T 5 )3 b So9Ze 5 a SLIS 43V9 idLT Hlgs wliblesyl

—1st mode
35— — —2nd mode
30 T
T
(S
=15

10
5_\
O A b

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
n
Fig. 4 Variation of the imaginary part of eigenvalues for the 1% and 2™
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boundary condition
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Fig. 6 Variation of the imaginary part of eigenvalues for the 1% mode as
a function of dimensionless axial velocity for pinned-pinned boundary
condition and different shear modulus
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Fig. 2 Variation of the imaginary part of eigenvalues for the 1% and 2™
mode as a function of dimensionless axial velocity for clamped-free
boundary condition
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Fig. 3 Variation of the real part of eigenvalues for the 1%and 2™ mode
as a function of dimensionless axial velocity for clamped-free boundary
condition
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Fig. 9 Variation of the real part of eigenvalues for the 1% mode as a
function of dimensionless axial velocity for pinned-pinned boundary
condition and different nonlocal parameter
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