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Three Dimensional Finite Element Inverse Analysis of
Rectangular Cup and S-Rail Forming Processes
using a Direct Mesh Mapping Method

S. H. Kim and H. Huh

Abstract

An inverse finite element approach is employed for more capability to design the optimum blank shape
from the desired final shape with small amount of computation time and effort. In some drawing or
stamping simulation with inverse method, it is difficult to apply inverse scheme due to the large aspect
ratio or steep vertical angle of inclination. The reason is that initial guesses are hard to make out with
present method for those cases. In this paper, a direct mesh mapping scheme to generate initial guess on
the sliding constraint surface described by finite element patches is suggested for one step inverse
analysis to calculate initial blank shape. Radial type mapping is adopted for the simulation of rectangular
cup drawing process with large aspect ratio and parallel type mapping for the simulation of S-Rail

forming process with steep vertical angle of inclination.

Key Words : Direct Mesh Mapping Method, Inverse Finite Element Analysis, Initial Guess,
Rectangular Cup Drawing Process, S-Rail Forming Process
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Construct Sliding Constraint
Surface from final shape
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Define Radial or
Parallel Lines
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Mapping onto Sliding
Constraint Surface

LSetup for initial Guess 1

Fig. 1 Schematic procedure of a direct mesh mapping
method

Line to be mapped ]
1
P(n-2) P(n-1)

Sliding Constraint Surface

Fig. 2 Schematic diagram of mapping procedure for
each line
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(a) Stage 5

{(b) Stage 6

Fig. 3 Sliding constraint surfaces for the muiti-stage
inverse analysis of rectangular cup drawing
process with large aspect ratio
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Fig. 4 Initial mesh system for the direct mesh mapping
of the rectangular cup (radial type)
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Fig. 5 (a) Initial guess generated by the direct mesh
mapping (stage 5); (b) Final shape generated by
the direct mesh mapping(stage 6); (c) Calculated
thickness strain distribution of stage 6

(@) (b)

Fig. 6 (a) Final desired shape; (b) sliding constraint
surface generated from the final shape.

4. HY AX A E 0|88 S-Rail
H¥3He| goes a4

B AoHes AFH Fa AAEE o438ty 3y 9)
ALY & S-Rail 483AE F8¥84 A4 E olgst
o sostgch 7)€Y AMIHeRE £V FEA5 T
17F oY AME 887 g mdot) H
B4 99 27 JHEZRE HFHAE Fiio a4y
o o]&3lHh Fig. 69 (A= A¥snA 3= S-Rail
o HFP4E JUehllz, Fig 69 (e Y3 33y
do2dy FAE vjnd F4£Ag Jehdd Fg 79
(@t HgHoz FAHY AHNESIZBE oo x|
Azt Al2gg Jebd RHojx, Fig. 79 (e %7] 3
AE oy FEE AMIANA de HZFPA4L v

_83_



Aolc}, £ HA7l a1 Aol EPexat 4
@ A0) clolan slgd ¢ + 9ok Fi. 8¢ U
oA frEes 9oz 79 T4 HEE EXE =
Alg Aoln,

(a) (b)

Fig. 7 (a) Initial mesh system for the direct mesh
mapping of the S-Rail (parallel type); (b) Final
shape generated by the direct mesh mapping

Fig. 8 Thickness strain distribution of S-Rail calculated
by one step inverse analysis
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