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A Study on the Automatic Elimination of Free Edge for
Sheet Metal Forming Analysis

D. J. Yoo

Abstract

A new approach for the automatic elimination of free edges in the finite element model for the analysis of sheet metal

forming processes is presented. In general, the raw finite element model constructed from an automatic mesh generator is

not well suited for the direct use in the downstream forming analysis due to the many free edges which requires tedious

time consuming interactive graphic operations of the users. In the present study, a general method for the automatic
elimination of free edges is proposed by introducing a CAD/CAE hybrid method. In the method a trimmed parametric
surface is generated to fill the holes which are orginated from the free edges by using the one step elastic finite element

analysis. In addition, mesh generation algorithm is suggested which can be used in the general trimmed surface. In order

to verify the validity of the proposed method, various examples including actual automobile sheet metal parts are given

and discussed.
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Table 1 Data structure for the topology information
Vertex Connected Connected faces
elements number
Vi 3 F1,F2, Fs
V2 3 F1, F4, F5
V3 4 F1, F2, F3, F4
V4 3 F2, F3, Fs
Vs 3 F3, F4, F5
Edge Connected faces
E1 F1, F4
E2 F1, F2
E3 Fi1, F5
E4 F2, F3
Es F2, Fs
E6 F3, Fs
E7 F4, Fs
Es F3, F4
Face Connected edges
F1 Ei,E2, E3
F2 E4,Es, E2
F3 Es,E4,E8
F4 E7,Es E1
Fs Es, E6, E7, E3
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Fig. 3 Generation of trimmed surface
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Fig. 5 Normal projection of loop points onto a base
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Fig. 6 Classification of trimmed surface
(a) Trimmed planar surface
(b) Trimmed curved surface
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(c) Fig. 8 Elimination of free edge using the trimmed
g
Fig. 7 Elimination of free edge using the trimmed curved surface;
planar surface; (a) before the hole filling
(a) before the hole fillin b) generation of base surface by elastic
g y
(b) hole filling with triangular meshes FEM
(c) hole filling with triangular and (¢) hole filling with meshes

rectangular meshes
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(b)

Fig. 9 Elimination of free edge in the case of actual
finite element model for the inner panel
(a) before hole filling
(b) shaded view of finite element model
after multiple hole filling
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