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Introduction
In order to create large deformations in aluminium
sheet, stretch-forming with intermediate annealing is
used. A pilot study [1] on the finite element simula-
tion of stretch-forming a saddle-shaped product made
of AA2024 sheet showed that this can be simulated.
However, to accurately predict the process forces and
strain distribution the thermal effects should also be
into account.

Figure 1: Major strain in the sheet [1].

Objective
The stretch-forming process with intermediate anneal-
ing steps needs to be accurately modelled. In order
to accomplish this a model that incorporates the tem-
perature and strain-rate dependency of the material is
necessary.

Material models
Van den Boogaard [2] compared two material mod-
els: a phenomenological material model in which the
parameters of a Ludwik-Nadai hardening curve and a
power law strain-rate influence are made temperature
dependent and a physically based model according to
Bergström. This model incorporates the influence of
temperature on the flow stress and on the hardening
rate. Both models can be fitted quite well to tensile

tests of an AA5754-O alloy. However, annealing can
not be described by these models, which will play a
role for AA2xxx-alloys.
Nes [3] developed a work hardening model based on
three microstructural elements; the cell/subgrain size
δ, the dislocation density inside the cells ρi and the cell
boundary dislocation density ρb or the sub boundary
misorientation ϕ.

Figure 2: Schematic representation of the microstructure [3].

Static recovery due to annealing changes the mi-
crostructure (ρi and δ). Since ρi and δ are internal
variables in the Nes model, this recovery effect can be
modelled more accurately then with a one parameter
model.

Future work
The material parameters for the Nes model will need
be to determined. Furthermore the model will be com-
pared to tensile experiments with intermediate heat
treatments of a AA2024 alloy. When the model proves
to be sufficient it will be implemented in a finite element
model.
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