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Abstract 

In reality, nanotubes may not be straight structures. In this work, we study free vibration 

analysis of curved nanotubes based on a proposed nonlocal shell model. The free vibration of 

curved single-walled nanotubes (SWNTs), double-walled nanotubes (DWNTs) and multi-walled 

nanotubes (MWNTs) is analyzed. The governing equations of a curved nanotube are developed 

using the proposed nonlocal shell model based on elasticity theory of Eringen. Governing 

differential equations of motion are simplified to the ordinary differential equations using Fourier 

series expansion. And solutions are obtained by applying Galerkin method. Results obtained by 

the present model are verified by those presented in the literature. The numerical results 

demonstrate the effects of the curved nanotube length, thickness, bend angle and nonlocal 

parameter on the natural fundamental frequency. 
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1. Introduction 

Remarkable physical properties of carbon nanotubes (CNTs) offer excellent potential uses for 

many advanced applications which accentuate analyzing CNTs. Arash and Wang [1] presented a 

comprehensive review on applications of nonlocal elastic models for CNTs. Atomistic modeling 

and continuum mechanics are two approaches in theoretical analysis of CNTs. The atomistic 

modeling of nanostructures is complicated and time-consuming. Therefore, the continuum 

modeling has drawn a lot of attentions for studying different aspects of nanostructures. A 

comprehensive review of the modeling and simulation of CNTs concentrating on mechanical, 

buckling, vibrational and thermal properties is available in [2]. In another study, the mechanical 

behavior of nanotubes, both theoretically and experimentally was covered to allow for a realistic 

prediction of mechanical behavior of defected tubes [3]. 
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