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Study of Mechanical characteristics of Carbon
Nanotubes by Energy Equivalent Method

Talal Abdullah Almalki

Abstract:

Since 1991 till now, Carbon nanotubes (CNTs) discovered by ljima, have huge amount of
scientific research from many disciplines (i.e.; material science, engineering, chemistry, and
physics) and real applications (i.e.; nanoelectronics, Nano sensors, solar cell, medical tools
and Nano devices). CNT is a considered as the strongest and most resilient material known
in additional to astonishing mechanical properties. So, the current thesis is to study the
mechanical behaviors, such as mechanical vibration, buckling stability, bending, and torsion,
of CNTs by using a modified continuum mechanics model. The CNTs is model as a
continuous Euler-Bernoulli nanobeam, and nanoscale dependency is described using the
energy-equivalent model. The finite element simulation is exploited to investigate
mechanical buckling and the natural frequencies of SWCNTs. The calculated Young’s
modulus is validated with published experimental and previous numerical results. However,
the energy equivalent model is presented to describe atomic bonding interactions and their
chemical energy with mechanical structural energies. The Nanotube Modeler program is
used to generate a geometry of the SWCNTSs’ structure by defining the chirality angle, the
overall length of the nanotube, and the bond length between two adjacent nodes. Carbon
bonds are simulated as a beam with a circular cross-section and the atoms as nodes. A
BEAM 188 in ANSYS software is exploited to simulate and characterize the equivalent
Young’s modulus of the whole CNT structure. Numerical results are presented to show
critical buckling loads and axial and transverse natural frequencies of SWCNTs with
different orientation angles and lengths. When SWCNTs are manufactured, atoms
imperfectly bonded with adjacent atoms and some vacancies almost occur, so this defect is
considered in this study and the effect of vacancy on the activation and deactivation of

vibration modes is illustrated.



