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

Seung-Ho Kim and Hoon Huh

Abstract

An inverse finite element approach is employved 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 imtial 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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Fig. 1 Schematic procedure of a direct mesh mapping
method.
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Fig. 2 Schematic diagram of mapping procedure for
each line.

7F AR J 15 WAk IS ek siAE
ARESE ] el YA e HAR Aol w4
s Fahe °I rCMEJr. Fig. 2 - 7} #d& vy
&l fAAI7= S HER Zolth (n-2) 13}
(n-1) (n) & wiAA
?l‘; WAgLe b3t Ak (n-2) (n-1) lo] ]
= Zesh 7] ARE AR AolukE (n) 12 WA
’\H.'—l'. () & A4 g4 A4S S A dAE
7HA= vzl 4 Abe] @ AE pElal o] 849} o
v 4k 06 v W AA ok o)Fd A3 )
1E PR g4 Alele] §AE AR A ’HZM 8
A Atelo] Al 8 - AFEs] ol A wizbA] §AS vk
2 R P s o L B R RS R B B B *}*u Al
I E R ) A O b IR S R s R S et =

(a) Stage 5

(b) Stage 6

Fig. 3 Sliding constraint surfaces for the multi-stage
inverse analysis of rectangular cup drawing
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Fig. 4 Initial mesh system for the direct mesh mapping
of the rectangular cup (radial type).
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(a) (b) (c)

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

(a) (h)

Fig. 6 (a) Final desired shape; (b) sliding constraint
surface generated from the final shape.
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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.
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Fig. 8 Thickness strain distribution of S-Rail calculated
by one step inverse analysis.
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