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Fig.1 Schematic diagram of the rectangular plate con-

strained by elastic boundary constraints
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Tab.1 The first term of characteristic polynomial terms of five different classical boundary conditions
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Fig.2 Vibration test diagrams of the rectangular plate under

different boundary conditions
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Tab.2 Natural frequencies of the plates under different
elastic boundary conditions
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Fig.4 Schematic diagram of simply supported boundary prin-

ciple of the rectangular plate
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Vibration properties of rectangular plates with elastic boundary
constraints: theory, finite element and experiments

CHAI Yu-yang, DU Shao—jun, LI Feng-ming
(College of Aerospace and Civil Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: An effective theoretical method is proposed to study the vibration characteristics of rectangular plates with elastic bound-
ary constraints, and the natural frequencies of rectangular plates are obtained experimentally. The elastic boundaries of a plate are
modelled by a set of distributed springs. By employing the characteristic polynomial series as the admissible functions, the Ray-
leigh-Ritz method is applied to obtain the natural frequencies and modes of a rectangular plate with elastic boundary constraints. By
changing the stiffness of the boundary springs, different boundary conditions of the plate can be realized, and the calculation effi-
ciency is obviously improved. The structural natural frequencies calculated from the present theoretical method are in good agree-
ment with the finite element and experimental results, which demonstrates the effectiveness of our theoretical model. In addition,
the vibration characteristics of a rectangular plate under different boundary conditions, such as elastic-simply supported and elastic-
clamped boundaries, are studied experimentally. The influence of spring stiffness on the vibration behaviors of the rectangular plate

is analyzed in detail.

Key words: rectangular plates; elastic boundary constraints; characteristic orthogonal polynomials; Rayleigh-Ritz method ; vibration

properties
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