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Abstract

A new meshfree method for the analysis of elasto-plastic deformations is presented. The method is based
on the proposed first-order least-squares formulation, to which the moving least-squares approximation is
applied. The least-squares formulation for the classical elasto-plasticity and its extension to an incrementally
objective formulation for finite deformations are proposed. In the formulation, the equilibrium equation and
flow rule are enforced in least-squares sense, while the hardening law and loading/unloading condition are
enforced exactly at each integration point. The closest point projection method for the integration of rate-form
constitutive equation is inherently involved in the formulation, and thus the radial-return mapping algorithm is
not performed explicitly. Also the penalty schemes for the enforcement of the boundary and frictional contact
conditions are devised. The main benefit of the proposed method is that any structure of cells is not used
during the whole process of analysis. Through some numerical examples of metal forming processes, the
validity and effectiveness of the method are presented.
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Fig. 3 Support integration: Generation of integration
points using influence domain
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Table 1 The comparison of LSMFM and Galerkin FEM for the finite extension example

Stretch Flow stress (MPa) Effective plastic strain
(A) LSMFM FEM LSMFM FEM
1.015 435.18146 | 436.26202 0. 0.
1.025 500.00084 | 500.00083 | 0.008381 0.008299
1.050 500.00360 | 500.00355 | 0.035961 0.035563
1.075 500.00630 | 500.00624 | 0.062995 0.062630
1.100 500.00895 | 500.00896 | 0.089463 0.089154
A =3 17
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Table 2 The relative difference norms of displacement among LSMFM results for the perforated plate problem

Reference result
LSMFM 1 LSMFM 2 LSMFM 3 FEM
LSMFM 1 0. 0.00165 0.00292 0.00460
LSMFM 2 0.00165 0. 0.00216 0.00344
LSMFM 3 0.00292 0.00217 0. 0.00229
FEM 0.00461 0.00344 0.00229 0.

0.20 1

0.05 0.10 ’

© @

Fig. 8 Final deformed shapes: (a) LSMFM with regular
nodes and element integration; (b) LSMFM with
regular nodes and support integration; (c)
LSMFM with irregular nodes with support
integration; (d) Galerkin finite element method
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Fig. 10 von-Mises stresses: (a) LSMFM 1; (b) LSMFM
2; (c) LSMFM 3; (d) Galerkin FEM
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