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Analysis of nonlinear vibrations of a carbon nanotube
using perturbation technique

R. Rafiee

Assist. Prof., Aerospace Dept, Faculty of New Sciences & Tech., Tehran Univ., Tehran, Iran
P. Code 1439955941, Tehran, Iran. Roham.Rafiee@ut.ac.ir

Abstract- The main objective of this research is to study the nonlinear vibrations of a single walled carbon nanotube.
For this purpose, the lattice structure of carbon nanotube is replaced with a continuum structure using nanoscale
continuum mechanics. Firstly, each carbon-carbon bond is replaced with an equivalent beam element and then the
whole discrete structure of carbon nanotube is replaced with a virtual continuum medium representing hollow cylinder.
Then, governing equations for vibrations is obtained taking into account geometric nonlinearity arisen from stretching
of a mid-plane due to bending. Perturbation technique is used to analyze the nonlinear vibrations of carbon nanotubes.
Frequency responses of carbon nanotubes for free vibrations and force vibrations in both primary and secondary
resonance cases are studied. Obtained results are in a very good agreement with numerical integration technique. The
results imply on hardening behavior of carbon nanotube. Moreover, nonlinear bifurcation and nonlinear jump
phenomena are observed.

Keywords: Carbon Nanotube, Nonlinear Vibration Analysis, Perturbation Technique.
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