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Prediction of Earings in the Deep Drawing Processes of a Cylindrical Cup
S. Y. Lee, Y. T. Keum, K. S. Chung and J. M. Park
Abstract

The planar anisotripic FEM analysis for predicting earing profiles and draw-in
amounts in the deep-drawing process is introduced. An implicit, incremental,
updated Lagrangian formulation with a rigid-viscoplastic constitutive equation is
employed. Contact and friction are considered through the mesh-based unit vector
and normal contact pressure. The consistent full set of governing relations, which
is comprising euilbrium and geometric constraint equations, is appropriately
linearized. Barlat’s strain-rate potential is employed, whose in-plane anisotropic
properties are taken into account with anisotropic coefficients and potential
parameters. The linear triangular membrane elements are used for depicting the
formed sheet. In the numerical simulations of deep drawing processes of a flat-top
cylindrical cup for 2090-T3 aluminum alloy sheet show good agreement with
experiments, although some discrepancies were observed in the directional trend
of cup height and thickness strains.

Key Words : Deep-Drawing Process, Earing Prediction, Aluminum Alloy Sheet Metal, Planar
Anisotropy, Barlat’s Strain-Rate Potential, FEM Formulation
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Table 1 Material properties of the 2090-T3 aluminum alloy sheet

Properties Values
Anisotropic coefficients ¢;=0.995, ¢,=1.220, ¢;=0.930, cs=1.779
Barlat’s potential parameter M=4/3
Stress-strain relation(MPa) 6=646( & +0.025)**"
Sheet thickness(mm) t=1.60

Table 2 Material properties of the 2008-T4 aluminum alloy sheet

Properties

Values

Anisotropic coefficients

¢;=0.817, c,=1.004, c;=1.029, cs=1.043

Barlat’s potential parameter

M=1.30

Stress-strain relation(MPa)

0=500.5(& 4-0.001)*2®

Sheet thickness(mm)

t=1.24

Table 3 Material properties of the mild steel sheet

Properties

Values

Anisotropic coefficients

=0.350, c;=1.125, ¢;=0.987, cs=1.147

Barlat’s potential parameter

M=152

Stress-strain relation(MPa)

0=567.29( & +0.007127)°26%7

Sheet thickness(mm)

t=1.60
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Fig. 2 (a) Initial FEM mesh and (b) finally-formed one for simulating a cylindrical cup drawing operation
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