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a b s t r a c t

This article presents an analytical study, by considering the initial stress presence, for the transverse
vibrations of single-walled carbon nanotubes under longitudinal magnetic field. The behavior of sin-
gle-walled carbon nanotube is modelled as a Timoshenko beam. The explicit solutions are derived for
both a combined stress/strain and a combined strain/inertia gradient elasticity theories. A numerical
application is carried out for a simply supported single walled carbon nanotube. The numerical results
showing the effects of initial stress and longitudinal magnetic field are presented in detail, for the differ-
ent length scale parameters. This analysis reveals new significant findings for the critical buckling stress
and the different capabilities of scale parameters under the magnetic field. This work carried out for the
effect of longitudinal magnetic field on the wave propagation in the carbon nanotubes containing the ini-
tial stress may be useful particularly in the design and applications of nano electro mechanical systems.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, an increasing interest is observed on studying
the different magnetic properties of nanotubes, and the vibration
and wave propagation of nanotubes under a magnetic field. The
studies [1–9] of electronic and transport properties of nano tubes
under a magnetic field has attracted considerable interest among
the researchers. The effects of longitudinal magnetic field on wave
propagation for carbon nanotubes embedded in elastic matrix was
addressed in [10] with Eringen’s nonlocal elasticity theory. The ef-
fects of longitudinal magnetic field on ultrasonic vibration in
single-walled carbon nanotubes was investigated in [11] with Erin-
gen’s nonlocal elasticity theory. The results of an investigation into
the effect of transverse magnetic fields on dynamic characteristics
of multi-walled carbon nanotubes were reported in [12]. The effect
of longitudinal magnetic field on ultrasonic wave dispersion char-
acteristics of an equivalent continuum structure of single-walled
carbon nanotubes embedded in elastic medium was reported in
[13] by using nonlocal Euler–Bernoulli beam model. An analytical
approach to study the effect of a longitudinal magnetic field on
the transverse vibration of magnetically sensitive double-walled
carbon nanotube was presented in [14]. The transverse wave prop-
agation within elastically confined single-walled carbon nanotube
under a longitudinal magnetic field was investigated in [15] by

using nonlocal Rayleigh, Timoshenko and higher -order beam the-
ories. The effects of a longitudinal magnetic field on the vibration
of a magnetically sensitive double single walled carbon nanotube
system was reported in [16] by using Euler–Bernoulli beam model.
The effect of an in-plane magnetic field on the transverse vibration
of a magnetically sensitive single-layer sheet was examined in [17]
by using equivalent continuum nonlocal elastic plate theory.

As known, temperature change, lattice mismatch or initially
external loads often lead to the initial stresses in the carbon nano-
tubes Although generally the presence of initial stress is notable for
the vibration and wave propagation analysis, it is more crucial for
the nano scale systems due to their structural properties [18–21],
in particularly. To the best knowledge of the author, the investiga-
tion of the effect of magnetic field on the transverse wave propaga-
tion in the single walled carbon nanotubes having the initial stress
is the first time in the open literature. The present article aims to
study on the transverse vibrations of the magnetically sensitive
single-walled carbon nanotubes with initial stress under the longi-
tudinal magnetic field. In the analysis, the single-walled carbon
nanotube is defined as Timoshenko beam. The present explicit
solutions are derived by using the combined stress/strain and the
combined strain/inertia gradient elasticity theories. In the frame-
work of present analysis, the lower and upper bounds of frequen-
cies are predicted according to two different gradient elasticity
models, for the single walled carbon nanotubes which contain
the initial stress under the magnetic field effect. As indicated in
[22], the electronic and transport properties of the carbon
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nanotubes are extremely sensitive to even if very small distortions.
Therefore, new findings and some significant numerical results ob-
tained for the effect of longitudinal magnetic field on the wave
propagation in the carbon nanotubes having the initial stress
may be helpful in the optimal and rational design of nano-oscilla-
tors, nano-sensors and actuators.

2. Theoretical formulation

The basic governing equations of the planar motion under the
initial stress and the longitudinal magnetic field can be expressed
as follows [23–25]:
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where rxx is the axial stress, sxz is the shear stress, ro is the axial ini-
tial stress (the sign of ro is positive for compressive loading and is
negative for tensile loading) z is the normal to the x-axis, q is the
mass density, u and w are the axial and transverse displacements,
respectively, fx and fz denote the body forces due to the longitudinal
magnetic field. The present analysis is restricted by the plane bend-
ing in the xoz plane.

According to Timoshenko beam theory, the axial displacement
u, and the transverse displacement w are given by

u ¼ zwðx; tÞ; and w ¼ wðx; tÞ ð3Þ

where w is the rotation due to bending alone. The displacement v in
the direction y is taken as zero due to planar deformation
assumption.

Considering the displacement field (3), the axial strain exx and
the shear strain cxz are obtained as follows

exx ¼ z
@w
@x

ð4Þ

cxz ¼ wþ @w
@x

ð5Þ

On the other hand, the bending moment M and the shear force Q
can be defined by the following integrals

M ¼
ZZ

rxxzdA; and Q ¼
ZZ

sxzdA ð6Þ

where A is the cross-sectional area.
The Lorentz forces due to the longitudinal magnetic field along

x, y and z directions are [11]:
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Considering the displacement field (3) and the planar deformation
assumption, Lorentz force in the only z direction reduces to the fol-
lowing form:

fz ¼ gH2
x
@2w
@x2 ð10Þ

where g is the magnetic permeability, and Hx is the component in x
direction of the longitudinal magnetic field vector exerted on the
beam.

For establishing the planar motion equations in terms of M, Q,
and Lorentz force are used Eqs. (1), (2), (6), and (10). Hence, mul-
tiplying Eq. (1) by zdA and performing integration over the area
A, the result is obtained in the following form:
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where I is the second moment of the area. On the other hand, the
integration of Eq. (2) over the area yields
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3. The unified stress/strain gradient elasticity model

A unified stress/strain gradient elasticity model used here is a
combination of the nonlocal integral model of Eringen [26] and
the gradient elasticity model [27]. Then, this unified model [28–
30] has been proposed as

ð1� l2
mr2Þrij ¼ ð1� l2

sr2Þðkdijekk þ 2GeijÞ ð13Þ

where lm and ls are the material constants in the nonlocal integral
and gradient elasticity models, respectively. k, and G Lame con-

stants, r2 ¼ @2

@x2 þ @2

@y2 þ @2

@z2

� �
is Laplacian operator and dij denotes

Kronecker delta.
Considering the exist stress and strain components, according

to this unified model (13), the constitutive relations can be ex-
pressed as the following partial differential forms:
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where E is the Young’s modulus.
Using Eqs. (4)–(6), the constitutive relations (14) and (15) in

terms of the bending moment M and the shear force Q are re-ex-
pressed in the following forms:
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where K is the shear correction factor.
The unified nonlocal Timoshenko beam model defined by Eqs.

(16) and (17) has been already considered by Elishakoff et al.
[31], Challamel [32] and Wu et al. [29]. This unified nonlocal Tim-
oshenko beam model is the generalization of the unified Euler–
Bernoulli beam model introduced by Challamel and Wang [33]
and Zhang et al. [34].

The second derivative of Q from (12) is written as
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Substituting Eq. (18) into Eq. (17), for this unified model the shear
force Q is expressed as

Q ¼ l2m ðNo � gAH2
x Þ
@3w
@x3 þ qA

@3w
@x@t2

" #

þ KGA wþ @w
@x
� l2s

@2w
@x2 þ

@3w
@x3

 !" #
ð19Þ

U. Güven / Composite Structures 114 (2014) 92–98 93



Download English Version:

https://daneshyari.com/en/article/251622

Download Persian Version:

https://daneshyari.com/article/251622

Daneshyari.com

https://daneshyari.com/en/article/251622
https://daneshyari.com/article/251622
https://daneshyari.com

