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Development of 3D Explicit MLPG and Application for Welding Moving Heat Source Problem

by Tomonori Hori

Abstract

Recently, thermal-elasto-plastic analysis using the finite element method (FEM) has been widely used to predict the phenomenon
of welding mechanics. Mesh divisions of elements are needed in FEM computations. Furthermore, preprocessing, which mainly
involves creating the mesh divisions, is costly if the analytical model is large or complex, because the analytical accuracy greatly
depends on shape and size of the meshes. Some models, such as those producing large deformation, require re-meshing during
computing, and this re-meshing also increases the labor and computational cost. To avoid these meshing problems, a meshless
method has been developed. In this study, a new meshless method is proposed for analyzing welding deformation and residual stress
theoretically with the Meshless Local Petrov-Galerkin (MLPG) method.The preprocessing costs are expected to be much less with
MLPG, because the MLPG analysis can be solved using only the shape and boundary of the analytical model and the nodal
coordinates. Furthermore, nodes in MLPG can easily be added or removed, which eliminates the need for re-meshing as in FEM, to
obtain more accurate results. For these reasons, MLPG is expected to be more adaptive than FEM. MLPG analysis is highly
expected to be an effective method for analyzing the welding process which includes locally nonlinear moving phenomena.In the
present study, thermo-elastic-plastic analysis using MLPG is developed especially for the structural analysis of welding problems.
The proposed method is applied to bead-on-plate welding, which is a fundamental welding test to verify the applicability of the

proposed method to residual stress and deformation problems.
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Fig.1 Nodes which are in influence domain
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Fig.2 Schematic illustration of local domain of MLPG
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Fig.12 Computational model after adding nodes
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