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Finite Element Inverse Analysis of an S-rail Forming
Process with Direct Mesh Mapping Method and Crash
Analysis considering Forming Effects

Seung-Ho Kim and Hoon Huh

Abstract

The automotive industry have made an effort to reduce the weight of vehicle structures with increased
safety, while initial model of the final product does not contain any prehistoric effects in a design stage.
It takes lots of time to calculate forming effects that have great influences on the energy absorption of
structures. In this paper, finite element inverse analysis is adopted to calculate forming effects, such as
thickness variation and effective plastic strain as well as an initial blank shape with small amount of
computation time. Crash analysis can be directly performed after inverse analysis of the forming process
without remeshing scheme. The direct mesh mapping method is used to calculate an initial guess from
the sliding constraint surface that is extracted from the die and punch set. Analysis results show that
energy absorption of structures is increased with consideration of forming effects and finite element
inverse analysis is usefully applicable to calculate forming effects of vehicle structures for the crash
analysis.

Key Words : Direct Mesh Mapping Method, Inverse Finite Element Analysis, Initial Guess, S-Rail
Forming Process, Crash Analysis, Forming Effects
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Fig. 1 Schematic procedure of a direct mesh mapping
method
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Fig. 2 Dimensions of the S-rail part
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Fig. 3 Procedure of constructing sliding constraint
surfaces for the S-rail forming process: (a) die
and punch set; (b) initial set up; (c) constructed
sliding constraint surface

Fig. 4 Calculated initial guess and final shape for the
analysis of the S-rail forming process
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Fig. 5 Comparison of calculated thickness distribution :
(a)from inverse analysis; (b)from direct analysis
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Fig. 6 Comparison of calculated thickness distribution :
(a) Section division; (b) along section A; (c)

along section B; (d) along section C
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Fig. 7 Deformed shape with respect to the time
considering forming effects from inverse analysis:
(a) initial; (b) 3 sec.; (c) 5 sec.
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Fig. 8 Comparison of the absorbed energy
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Fig. 9 Comparison of reaction forces normal to the wall
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