Author’s Accepted Manuscript

T [:
Nonlinear Size-dependent Longitudinal PHYS ‘é ‘l,[]‘w_,,,,,,[,,s,,m,ms

Vibration of Carbon Nanotubes Embedded in —ee oLl
an Elastic Medium

H
ccccccccc
ILLET

R. Fernandes, S. El-Borgi, S.M. Mousavi, J.N.
Reddy, A. Mechmoum

‘‘‘‘

www.elsevier.comvlocate/physe

PII: S1386-9477(16)31170-5
DOI: http://dx.doi.org/10.1016/j.physe.2016.11.007
Reference: PHYSE12646

To appear in:  Physica E: Low-dimensional Systems and Nanostructures

Received date: 18 October 2016
Revised date: 2 November 2016
Accepted date: 9 November 2016

Cite this article as: R. Fernandes, S. El-Borgi, S.M. Mousavi, J.N. Reddy and A
Mechmoum, Nonlinear Size-dependent Longitudinal Vibration of Carboi
Nanotubes Embedded in an Elastic Medium, Physica E: Low-dimensionc
Systems and Nanostructures, http://dx.doi.org/10.1016/j.physe.2016.11.007

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/physe
http://dx.doi.org/10.1016/j.physe.2016.11.007
http://dx.doi.org/10.1016/j.physe.2016.11.007

Nonlinear Size-dependent Longitudinal Vibration of Carbon
Nanotubes Embedded in an Elastic Medium

R. Fernandes®, S. El-Borgi”!, S.M. Mousavi®, J.N. Reddy?, A. Mechmoum®

@ Department of Aerospace Engineering, Texas A&M University, College Station,

Texas 77843-3123, USA.

b Mechanical Engineering Program, Texas A&M University at Qatar, Engineering
Building, P.O. Box 23874, Education City, Doha, Qatar.

¢ Department of Engineering and Physics, Karlstad University, 65188 Karlstad, Sweden.
4 Department of Mechanical Engineering, Texas A&M University, College Station,
Texas 77843-3123, USA.

Abstract

In this paper, we study the longitudinal linear and nonlinear free vibration response of a
single walled carbon nanotube (CNT) embedded in an elastic medium subjected to dif-
ferent boundary conditions. This formulation is based on a large deformation analysis in
which the linear and nonlinear von Karman strains and their gradient are included in the
expression of the strain energy and the velocity and its gradient are taken into account in
the expression of the kinetic energy. Therefore, static and kinetic length scales associated
with both energies are introduced to model size effects. The governing motion equation
along with the boundary conditions are derived using Hamilton’s principle. Closed-form
solutions for the linear free vibration problem of the embedded CNT rod are first ob-
tained. Then, the nonlinear free vibration response is investigated for various values of
length scales using the method of multiple scales.

Keywords: Embedded carbon nanotube rod; Nonlinear von Karmén strain; Strain and
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1 Introduction

Nanomaterials are materials used at the nanoscale with outstanding mechanical, chemical,
electrical, optical and electronic properties. Examples of nanomaterials include carbon
nanotubes, graphene sheet, zinc oxide (ZnO) nanowires, boron nitride (BN) nanotubes and
nanosheets [1, 2, 3]. Carbon nanotubes (CNTs), discovered by [4], are layers of graphite
that are wrapped up into cylinders with diameters of about one nanometer and lengths
up to many micrometers. CNTs have received widespread interest of researchers from
many disciplines, including material science, engineering, chemistry and physics. CNTs
are being used in carbon nanotube composites [5] and environment resistant coatings made
of carbon nanotube reinforced materials [6, 7].
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