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Fig. 1 Configuration and coordinate system of the Mindlin plate
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Fig. 2 4-node 36-DOF rectangular Mindlin plate element
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Table 1 Comparison between analytical solution and numerical
solution of Mindlin plate of diferent sizes with all edges
simply-supported (THz)
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Table 2 The natural frequencies with varying mesh density for Mindlin plate with consideffiegedit
boundary conditions (BC) (THz)
No. of elements
BC 20x20 3030 40<40 5050
g=0 g=¢ g=0 g=¢ g=0 g=¢ g=0 g=¢

fi 0.0516 0.0506 0.0507  0.0506 0.0507  0.0506 0.0507  0.0506

SsFsE T2 01145 01135 0.1145  0.1136 0.1145  0.1136 0.1145  0.1136
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f 0.6846  0.6804 0.6846  0.6772 0.6846  0.6799 0.6846  0.6803

f4 0.8532  0.8484 0.8532  0.8455 0.8532  0.8456 0.8532  0.8455

fi 03548  0.3530 0.3548  0.3527 0.3548  0.3527 0.3548  0.3536

cccc f2 05271 05240 05271  0.5226 05271  0.5235 05271  0.5335

f; 08177 0.8084 0.8177  0.8067 0.8177  0.8104 0.8177  0.8156

f4 0.8652 0.8607 0.8652  0.8570 0.8652  0.8573 0.8653  0.8571
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FINITE ELEMENT ANALYSIS OF STRAIN GRADIENT MIDDLE THICK PLATE
MODEL ON THE VIBRATION OF GRAPHENE SHEETS Y

Xu Wei*" Wang Lifeng? Jiang Jingnong
*(State Key Laboratory of Mechanics and Control of Mechanical Structuléamjing University of Aeronautics and Astronautics
Nanjing210016 China)
(China Aviation Powerplant Research Institut&huzhow12002 Ching)

Abstract The dynamics equation of the Mindlin middle thick plate model based on strain gradient theory is formulated
to study the vibration of single-layered graphene sheets (SLGSs). Analytical solution of the natural frequency for free
vibration of Mindlin plate with all edges simply-supported is derived. A 4-node 36-degree-of-freedom (DOF) Mindlin
plate element is proposed to build the nonlocal finite element (FE) plate model with second order gradient of strain taken
into consideration. This FE method is used to study the influences of the size, vibration mode and nonlocal parameter:
on the scale fect of vibration behaviors of SLGSs, which validates the reliability of the FE model for predicting the
scale &ect on the vibrational SLGSs with complex boundary conditions. The natural frequencies obtained by the strain
gradient Mindlin plate are lower than that obtained by classical Mindlin plate model. The natural frequencies of SLGSs
obtained by Mindlin plate model with first-order shear deformation taken into account are lower than that obtained by
Kirchhoff plate model for both strain gradient model and classical case. The small Seatdreereases with the increase

of the mode order and the decrease of the size of SLGSs.

Key words strain gradient, finite element method, Mindlin plate, vibration, scéikee
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