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A General Description of Tool Surface Based on Finite Element Mesh
and Its Application to 3-D Sheet Forming Processes
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Abstract

One of the most important factor to be considered for the analysis of sheet metal forming processes is the
tool surface description for arbitrarily-shaped sheet metal parts. In the present study, finite element approach
is used to describe the arbitrarily shaped tool surface. In finite element mesh approach, tool surfaces are
described by finite elements. The finite elements mesh description of the tool surface, which is originally
described by CAD data, needs much time and time-consuming graphic operation. The method, however, has
been widely used to describe a complex tool surface. In the present study, the contact searching algorithm for
the finite element mesh approach is developed based on cell strategy method and sheet surface normal scheme.
For the verification purpose, a clover cup drawing, Baden-Baden oilpan problem and a trunk floor drawing
were investigated. The computational results based on the finite element approach were compared with the
results of available parametric patch approach and experiments.
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Fig. 2 Contact checking procedure : (a) Contact (b) Free
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Fig. 5 Local search procedure for finite element
mesh approach : (a) Target mesh selection
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Fig. 6 Tool surface for the analysis of a clover-
cup
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Fig. 7 Deformed shape of a clover cup
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Fig. 11 Tool surface data of an oilpan
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Fig. 12 Initial mesh system for the analysis of
an oilpan
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Table 1 Computational results of an oilpan

Tool description Finite element approach
Total no. of el t 1,800

Average no. of iterations per step| 15

Total no. of steps 340(1step : 0.25 mm)
Total CPU time(hour) 12(RISC 6000)

Max. punch stroke 85.0
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Fig. 20 Thickness strain distribution of a trunk
floor : (a) finite element mesh approach
(b)parametric patch. approach
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