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Table 1 Material paramters

Young modulus Density

Material Poisson ratio
(GPa) (kg/m?®)
Epoxy 3 0.34 1200
Graphene 1010 0.186 1062.5
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Table 2 Natural frequencies of composite plates with

W,=0.5%
Method Rayleigh- Rayleigh- Finite element
Ritz Ritz
Mode Epoxy Composite plate Composite plate
1 1.1952 1.500 1.491
2 7.4807 9.116 9.010
3 7.7435 9.359 9.308
4 21.0232 26.329 26.165
5 24.2261 28.701 28.356
6 41.3492 51.922 51.431
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Fig.2  Frequency ratio of each order to the second order
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NONLINEAR DYNAMIC ANALYSIS OF GRAPHENE RESIN
COMPOSITES PLATEWITH 1:3 INTERNAL RESONANCE *

Zhang Bo Guo Xiangying" Jiang Pan
(College of Mechanical Engineering Beijing University of Technology , Beijing, 100124, China)

Abstract Graphene is a new type of carbon nano-material, which can be utilized to enhance composites for excellent
mechanical properties. In this paper, the nonlinear dynamic behavior of a grapheme-reinforced composite plate under
cantilever boundary condition was studied. The equivalent Young's modulus of the composite plate was calculated by
Halpin-Tsai model. The nonlinear dynamic equations of the composite plate were obtained by using the first-order lami-
nated plate theory and Hamilton’s principle. The governing equations of transverse displacements of the composite plate
were obtained by modal condensation. The Rayleigh-Ritz method was used to calculate the natural frequencies of the
composite plate. It was found that there exists are lationship of 1:3 between the second and fourth order natural frequen-
cies of the composite plate. The nonlinear vibration responses of the composite plate under 1:3 resonance was studied by
using the multi-scale method. The influence of external excitation on the nonlinear vibration responses was analyzed by
numerical simulation. The results showed that the transverse excitation has a great influence on the nonlinear dynamic

behavior of the composite plate.

Key words graphene, Rayleigh-Ritz method, cantilever plates, nonlinear vibration
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