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Introduction

In warm forming simulation of aluminum sheet, usually
material anisotropy and hardening behavior vary with
temperature and strain rates. Prior research focuses
only on the effect of elevated temperature on the evolu-
tion of the flow stress and the yield locus shape change
due to temperature is not fully explored.

Objective

In this work, an effort is being made to use the com-
bination of experimental measurements and crystal
plasticity model to identify the yield locus parameters
at elevated temperature by activating more slip sys-
tems.

The Method

The evolution of yield surface due to temperature is
included by identifying the anisotropy coefficients at
several temperatures from the Visco Plastic Self Con-
sistent (VPSC) crystal plasticity model [1]. The acti-
vated slip system families and their Critical Resolved
Shear Stresses (CRSS) have been obtained at spe-
cific temperature by fitting the R-values calculated with
the VPSC model to the R-values measured at these
temperatures shown in Figure 1. Measured R-values
at 130 ◦C are equal to the one at 25 ◦C meaning that
only the {111}〈110〉 slip systems are activated in this
temperature range. A good fit is obtained at 180 ◦C

by using the {111}〈110〉and {112}〈110〉 families with
the CRSS ratio 1:1.2 while at 250 ◦C four families of
slip systems {111} ,{110} ,{100}and {112}〈110〉are

required with the CRSS ratios 0.9:1:1.1:1 .

Results
Warm deep drawing simulation of cups were per-
formed using physically based temperature and strain
rate dependent Nes work hardening [2] with the
anisotropic Vegter yield surface [3]. The temperature
dependent Vegter yield locus parameters were de-
duced from the afore mentioned procedure. Figure
2 shows that a better agreement for the wall thick-
ness is obtained, when the effect of temperature is
included. Figure 3, shows that the deformation tem-
perature strongly influences the anisotropy and earing
profile. In the experiments, at RT the earing profile
exhibit four ears and at 250 ◦C, nearly two ears. How-
ever, the model including the temperature effects leads
to an earing profile that is exactly opposite to the one
obtained without temperature effects.

Valorization
The industrial interest for warm forming is rapidly in-
creasing. This work would give greater insight of the
application of warm forming of Al. alloys in industrial
fabrication processes.
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Figure 1: Lankford R value measured
(symbols) and calculated (lines) at

different temperatures.
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Figure 2: Influence of temperature with
yield locus on calculated thickness

distribution in RD.
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Figure 3: Influence of temperature with
yield locus on earing profiles.
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