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a b s t r a c t

Dealing with the boundary conditions is one of the difficult problems when using wavelet
function as trial function to carry out structural analysis. In this paper, the two-dimensional
tensor product trigonometric Hermite wavelet that has both good approximation character-
istics of trigonometric function and multi-resolution, local characteristics of wavelet is pro-
posed as trial function, and the united formulation of elastic bending, vibration and buckling
of rectangle thin plate (on elastic foundation) with different boundary conditions is derived
based on the principle of minimum potential energy. Two approaches, hierarchical and
multi-resolution approach, are presented to improve calculation accuracy. The impact of
proposed method is discussed by different numerical examples. Due to the Hermite interpo-
lation properties, the proposed trigonometric wavelet method can process all kinds of
boundary conditions conveniently. The solution accuracy of hierarchical method can be
increased steadily with raising the order of wavelet, while the solution accuracy of multi-res-
olution method can be improved along with increasing the scale of wavelet.

� 2012 Elsevier Inc. All rights reserved.

1. Introduction

The elastic thin plates are widely used in engineering. It is of importance to carry out their bending, vibration and stability
analysis and calculation. Taking wavelet function as interpolation function or trial function to analyze thin plates is a new
method. Chen et al. solved the membrane structural vibration problem by using the elements constructed by spline wavelet,
and the lifting algorithm taking advantage of the ‘‘two-scale relation’’ of wavelets was proposed [1]. Zhou et al. presented a
modified Daubechies wavelet approximation for deflections of beams and square thin plates, in which boundary rotational
degrees of freedom are included as independent wavelet coefficients [2]. Based on the modified approximations and
Hamilton’s principle, variation equations for dynamic, static and buckling problems of square plates are established, without
requiring the wavelet approximations or the wavelet basis to satisfy any specific boundary condition in advance.

Han et al. developed a multivariable wavelet-based finite element formulation and solved the bending problems of thick
plates based on the Hellinger–Reissner generalized variational principle with two kinds of independent variables [3].
Furthermore, wavelet-based plate element with a high precision and fast convergence by selecting appropriate spline wave-
let scaling functions as the shape functions was proposed by the same authors [4,5]. Through introducing a transformation
matrix that transforms the element deflection field represented by the coefficients of wavelets expansions from wavelet
space to physical space, Xiang et al. constructed the wavelet Mindlin plate and thin plate elements based on B-spline wavelet
on the interval [6,7]. Chen et al. developed a multi-resolution finite element method based on the interpolating wavelet
transform and lifting scheme of the second generation wavelet [8]. Liu et al. established the solution formulations based
on total Lagrangian approach for two-dimensional large deformation problems using the Daubechies wavelet [9].
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The advantages of wavelets are the multi-resolution, localization properties and various basis functions that are desirable
for the solutions of various field problems. As the wavelet coefficients have no definite physical meaning, however, it is hard
to deal with the boundary conditions when taking it as trail function. Dealing with the boundary conditions is one of the
difficult problems when using wavelet function as trial function to carry out structural analysis. Up to now, there are two
main approaches to handle this problem as follows:

(1) Selecting appropriate wavelet bases or linear combinations of scaling functions that satisfy the specified boundary
conditions, then the corresponding system equations are formulated based on the variational principles [4–7]. Never-
theless, such formulations are only effective to the specified boundary conditions. The complicated or generalized
boundary conditions of plates are difficult to meet.

(2) The system equations are first formulated by the variational principles, and then the formulations of definite boundary
conditions that the displacement solutions should be satisfied are complemented [9]. However, the algebraic equa-
tions obtained by this method may be ill-posed.

Trigonometric series are often used to serve as the trail function in the weighted residual method in the field of field prob-
lem analysis [10], and turns out to be effective in approximating. Quak [11] presented the one-dimensional trigonometric
wavelets for Hermite interpolation to take a full advantage of both trigonometric series and wavelets. The trigonometric
wavelet was thereafter used to solve the field problems [12,13].

In this paper, the two-dimensional tensor product trigonometric Hermite wavelet that has both good approximation
characteristics of trigonometric function and multi -resolution, local characteristics of wavelet is taken as a trial function.
The unified formulation of elastic bending, vibration and buckling problems of rectangle thin plate (on elastic foundation)
under different boundary conditions is derived accordingly based on the principle of potential energy minimum. Due to
the Hermite interpolatory properties of trigonometric wavelets, all kinds of boundary conditions can be processed conve-
niently. Furthermore, the hierarchical and multi-resolution approaches, are proposed to improve calculation accuracy. They
provide an alternatively way to improve the solution precision. A several numerical examples show that the presented meth-
od performs well in solving the bending, vibration and stability of rectangle thin plate (on elastic foundation), especially for
natural vibration analysis. Compared to the conventional Rayleigh–Ritz method, the trigonometric wavelet method pre-
sented in this paper has several advantages in solving thin plate structures. It is demonstrated that the solution accuracy
of hierarchical method can be increased steadily with raising the order of wavelet, while the solution accuracy of multi-
resolution method can be improved along with increasing the scale of wavelet.

2. Trigonometric Hermite wavelet

For any j 2 N, the scale functions of trigonometric Hermite wavelet [11] are defined by
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The corresponding wavelet functions are as follows
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The nodes for the interpolation processes are equally spaced on the interval [0,2p) with a dyadic step size, i.e.,
xj;n ¼ np=2j; j 2 N0; n ¼ 0;1;2 � � �2jþ1 � 1; u0
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The following interpolation properties hold for each k, n = 0,1,2 . . .2j+1 � 1:
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