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Finite element simulation of sheet metal forming by using
non-parametric tool description with locally refined patches
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ABSTRACT

An improved nonparametric tool description based on successive refined
nonparametric patches is proposed and the related criterion for refinement is also
discussed. In the proposed scheme, any required order of tool surface conformity
can be achieved by employing successive refinements according to the suggested
criterion. By using the suggested adaptive tool refinement technique based on the
nonparametric patch tool description, the locally refined nonparametric tool surface
with economic memory size and sufficient accuracy as well as with favorable
characteristics for contact treatment can be obtained directly from the parametric
patch related with commercial CAD system. Computation is carried out for a
chosen complex sheet forming example of an actual autobody panel in order to
verify the validity and the efficiency of the developed tool surface description.
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Sheet material : Cold rolled steel

Stress—strain charactenistics E=5]9.2(O.0019+E)0'737 MPa
Lankford value @ r=1.72 Sheet thickness @ 0.8mm,
Coulamb cocfficient of friction : 0.12
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Fig. 1 Typical example of complex curved
tool surface composed of parametric patches Y
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Fig. 2 Conversion procedures from
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description for FE analysis
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Fig. 6 Schematic view of the tool surfaces for stamping analysis of a trunk floor :
(a) parametric patches, (b) locally refined nonparametric patches
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Fig. 7 Computed results for deep drawing of a trunk floor : .
(a) parametric patch approach, (b) locally refined nonparametric patch approach

Fig. 8 Thickness strain contour for
a trunk floor at the final step :

(a) parametric patch approach, (b)
locally refined nonparametric patch
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Fig. 9 Comparision of thickness strain distribution
for deep drawing of a trunk floor on the section A-A

TABLE 1.

Comparision of numerical results for stamping of a trunk floor panel

Locally refined

Panametric tool non-parametric toal

Projection scheme  sheet surface normal Z-projection combined

with mixed normal

Total no. of d. 0. f. 5043 (1681 nodes) 5043 (1681 nodes)

Avenage iteration 8 9

no. per step

Total no. of step 222 22
CPU (sec) per

iteration (RISC 6000) 37 16
Total

CPU (minites) 1,110.0 495.0
Max.punch

height (mm) 220 220
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