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Fig. 1 Geometry of nanoplate with a surface crack
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Tab. 1

Comparison of the first order natural

frequencies for cracked plates

b/a a.
A S SCik[23]
0 19. 739 19. 74
1 0.01 19. 221 19. 22
0.025 18. 674 18. 67
0 49. 348 49. 35
0.5 0.01 46. 607 46.61
0. 025 43.615 43.61
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Tab. 2 Fundamental frequencies for nonlocal

parameters and crack length

JE B RBE Q

b/a ac — — - —
§=0 £=0.05 £=0.1 £=0.2
0 19. 739 19. 270 18. 039 14. 756
1 0. 01 19. 248 18.789 17.590 14. 388
0.025 18. 724 18. 278 17. 111 13. 996
0.05 18. 164 17.732 16. 600 13.578
0 49. 348 46. 560 40. 380 28.616
0.5 0.01 46. 707 44,068 38.219 27.084
0.025 43. 800 41. 325 35. 841 25.399
0.05 40. 562 38.270 33.191 23.521
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Fig. 2 Influence of crack length and nonlocal parameters on
the fundamental frequency for problem of nanoplate vibration
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The method of Hamiltonian system for vibration problem of cracked nanoplates

QU Jian-long, ZHOU Zhen-huan, XU Xin-sheng”
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,

Department of Engineering Mechanics,Dalian University of Technology,Dalian 116024 , China)

Abstract; Based on theory of nonlocal elasticity and the van der Waals force effect at the crack location,
Hamiltonian system is introduced into the vibration problem of cracked nanoplates and the Hamiltonian
dual equations are represented. In the Hamiltonian system,which is represented by the full state vector,
the natural frequencies and modes of the cracked nanoplates are reduced to the problem of the symplectic
eigenvalues and symplectic eigensolutions. The expression of analytical solutions for the problem can be
obtained by the series of symplectic eigenfunctions using the adjoint symplectic relationships of
orthogonality in the Hamiltonian system. Considering the boundary conditions, the relationship between
the natural frequencies and the symplectic eigenvalues are obtained,and then the frequency equations can
be given directly. The numerical results indicate that the nonlocal parameter and the crack length have a
direct effect on all the natural frequencies of the nanoplates. It is shown that the symplectic method has
high accuracy and reliability by comparison of the results. Meanwhile, the method provides a basis for

engineering applications.

Key words: Hamiltonian system;cracked nanoplate;nonlocal theory;vibration;natural frequency
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