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Abstract

In this paper, a new design of sandwich cylindrical panels is proposed with two functionally graded carbon nanotube reinforced composite (FG-CNTRC) face sheets and lattice core. The lattice core layer is modeled by
improving the novel smeared technique for stiffener according to the first-order shear deformation theory (FSDT). Nonlinear vibration behavior of first-order shear deformable cylindrical panels with the geometric
nonlinearities is analyzed in present paper. The stress function is considered and the Galerkin method is used to formulate the nonlinear motion equation system. Nonlinear dynamic responses of panels can be achieved by
using the fourth order Runge-Kutta method. Numerical investigations can show the very large effects of lattice core layer, volume fraction of carbon nanotube, type of carbon nanotube distribution on the nonlinear vibration
behavior of sandwich FG-CNTRC cylindrical panels.

Introduction

With the excellent thermomechanical and the physical characteristics, the FG-CNTRC structures are widely Table 1. Comparisons of parameters of fundamental frequencies ®=wp,, /E,, (bz/h) of FG-CNTRC
used in the construction, aviation, aerospace, etc... [3,10,11]. The vibration characteristics are important cylindrical panels

factors in the design stages. Therefore, recently, some scientists have focused on the vibration analysis of

the plate and shell. Basing on the Mori-Tanaka approach, Formica et al. [6] considered the vibration VSNT ub FG-X

behavior of CNTRC plates by applying an equivalent continuum mod-el. By using the perturbation Shen and Xiang [9] Present Shen and Xiang [9] Present
technique, S.hen and Xiang [?] presented. a no.nlinear vibr.ation analy§is of FG-CNTRC cylindr.ica.l panel in 0.12 18.5407 18.8906 29 0781 29 6793
thermal environments. Ansari et al. [1, 2] investigated the linear free vibration of FG-CNTRC elliptical plates

[2] and spherical shells [1] by a numerical approach based on the FSDT. Kiani et al. [8] considered the free 0.17 23.0831 23.7054 27.3541 27.8963
vibration of FG-CNTRC skew cylindrical shells by applying the Chebyshev-Ritz formulation. Chakraborty et al.

[4] presented a semi-analytical approach to analyze the vibration of FG-CNTRC cylindrical shell panels. Duc 0.28 26.5256 26.9001 32.1718 32.7039

et al. [5] investigated the fundamental frequencies and dynamic responses of FG-CNTRC doubly curved
shells under thermal loading. Based on the Donnell shell theory, Foroutan et al. [7] investigated the
nonlinear vibration of imperfect FG-CNTRC cylindrical panels, which were subjected to external pressure

Table 2. Effects of the lattice core thickness on the fundamental frequency of lattice core CNTRC
cylindrical panel (x103 rad/s, 6=45°)

and nonlinear temperature distribution in the thickness direction. hcore /h,(m,n)=(1,1)

In this work, a new design of sandwich structures is proposed with two FG-CNTRC face sheets and lattice CNT distribution types 0.6 05 0.4 03 0.2
core. The lattice core layer is modeled by improving the novel smeared technique for stiffener according to

the FSDT. The nonlinear dynamic analysis of FG-CNTRC panels with lattice core and shell-foundation ubD 2.4680 2.5032 2.5383 2.5735 2.6091
interaction is presented. The fundamental frequency and dynamic response of shell are derived by

employing Galerkin method and Runge-Kutta method. Effects of lattice core layer, geometrical and material FG-O 2.4669 2.5013 2.5356 2.5700 2.6047
parameters on the nonlinear vibration behaviors of cylindrical panel are investigated. The obtained results

of this paper provide the significant algorithm and experience for the engineering designs of these FG- X 2.4712 2.5077 2.5442 2.5808 2.6177
structures.

Table 3. Effects of angle O on the fundamental frequency of lattice core CNTRC cylindrical panel (x103
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Basing on the FSDT, the strain components include the strains are defined as in Ref. [1,2]. The deformation cylindrical panel (q=10°sin (1000t) N/m?). cylindrical panel (q=10sin (1000t) N/m?), 8=rt/4
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S L are established. By employing the Galerkin method, the nonlinear dynamic equations and the
Basing on the FSDT, the nonlinear motion equations of panel are written as [1,2] expression of fundamental frequency are achieved. By applying the Runge-Kutta numerical
N, ,+N,  =Lu,+I,0 ,, approximation, the dynamic response curves are investigated. Effects of lattice core, geometrical and
N, ,+N =Lv, +1,0,,, material parameters on the nonlinear vibration of shells are considered in numerical results.
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