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Sectional Finite Element Analysis of Forming Process
of Aluminum Sandwich Sheet by Bending
Augmented Membrane Elements

J. K. Lee, Y. T. Keum, Y. M. Ryu and M. H. Rhee

Abstract

A sectional FEA program is developed for analyzing forming processes of sandwich- sheets, which are
intensively used recently as a lightweight material of an automobile body. The aluminum sandwich sheet
consists of two aluminum skins and a polyprophylen core in between. The aluminum sandwich sheet is
dominantly effected by the bending effects in small radius of curvature, so that an appropriate description
of bending effects is required to analyze the forming processes. For the evaluation of bending effects, the
bending equivalent forces are calculated from the bending moment computed using the curvature of the
tool and are added to the membrane stretch forces. To verify the validity of the developed program, the
sectional FEA results in stretch/draw forming processes of a square cup and draw forming processes of
an outer hood panel were compared with the measurements.

Key Words : Aluminum Sandwich Sheet, Bending Augmented Membrane
Sheet Metal Forming, Sectional Finite Element Analysis
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Fig. 1 Structure of aluminum sandwich sheet
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Fig. 3 Equivalent internal force due to the bending

Fig. 4 Stretch of middie surface
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Table 1 Material properties of sandwich sheet

Properties Description
cy = 0.965
. . = 1.0
Barlat's anisotropic c2 63
coefficients cy = 0.986
cg = 0916
Barlat's potential M = 133

parameter

Stress-strain relation
(MPa)

Sheet thickness
(mm)

0.284

o= 2148( € + 0.0001)

t =127

Table 2 Stress-strain relations of core and skin sheets

Description

Core sheet _ _ 9y
(Polyprophylen) g=294( ¢ + 0.1) 7+23.23 (MPa)

Skin sheet _ _ .

(Aluminum) | ¢ ~ 523( € + 0.0001) 7 (MPa)

Table 3 Simulation model of the stretch/draw forming
process of a square cup

Finite Element Descriotion
Model ptio
Nodes 76
Mesh
Elements| 75(2-node linear line)
Left Fixed
Boundary Stretch : 400N/mm
Condition Right Stretch-Draw
Membrane - 85N/mm
Bending - 90N/mm
SHRAMIZEEA/A 108 A2E, 20014/ 97



20
Stretch ;
18 —o—Bendin
Sandwich Bending
16 Punch Travel = 10 mm — Membrane
y=02
14 & Measurement
= 12
s
2
C
£
o
=
2

40
Distance from Center (mm)

60 80

Fig. 7 Comparison of thinning distribution in plane
strain stretch forming process of a square cup
among FEM simulations and measurement
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Fig. 8 Comparison of thinning distribution in plane
strain stretch/draw forming process of a square
cup among FEM simulations and measurement
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Table 4 Simulation model of the draw forming process
Finite Element Model

Fig. 10 Tooling geometry for the draw forming process
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