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MESHLESS WEIGHTED LEAST-SQUARE METHOD Y

Zhang Xiong Hu Wei Pan Xiaofel Lu Mingwan
(Department of Engineering Mechanics, Tsinghua University, Beijing 100084, China)

Abstract Two methods of discretization, collocation method and Galerkin method, have been dominant in
existing meshless methods. Although Galerkin method possesses several advantages, one of the major difficulties
in the implementation of Galerkin based meshless method is how to evaluate integrals. In the Galerkin method,
derivatives in domain integrals are lowered by using the divergence theorem to establish the weak form. The
inaccuracy in integration will result in significant error in the solution. However, the shape functions in meshless
method are very complex, so a large number of quadrature points must generally be used to integrate the weak
form as accurate as possible. As a consequence, the Galerkin based meshless methods are much more expensive
than FEM. In contrast, collocation based meshless methods are truly meshless methods, and are very efficient.
However, equilibrium conditions are satisfied only at nodes within domain, even not at nodes on boundary, so
significant error could be resulted in. These methods also suffer from instability.

Based on the weighted least-square method and the moving least-square approximation, a new efficient
meshless method, Meshless Weighted Least-Square Method (MWLS), is developed. Except for nodes, a number
of auxiliary points are used to eliminate the residual of governing equations in a weighted least-square sense. The
trial functions are constructed by using the moving least-square approximation, and the boundary conditions
are imposed by using the penalty method. The coefficient matrix obtained is symmetric and positive definite.

To investigate the accuracy of the proposed method, a patch test, a cantilerver beam and an infinite plate
with a central circular hole are analyzed in detail. Numerical studies show that the new method possesses

several advantages, such as high accuracy, high stability, and high efficiency.

Key words meshless, least-squares, weighted residual
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