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Introduction 
FE analysis is critically important to understanding 
the complex deformation mechanics that occur 
during thermo-mechanical aluminium sheet forming 
process in automotive and aerospace industry. 
Particular examples are: 1) the stretch forming of the 
leading edge of the aircraft tail wing with a number of 
intermediate annealing steps, 2) utilisation of the 
increased formability of inner and outer car body 
panels at elevated temperatures. A simulation of 
these processes necessitates the use of a set of 
advanced thermo-mechanical material models. This 
material model will need to consider the effects of 
dynamic and static recovery and precipitation and the 
interaction with the thermo-mechanical loading, up to 
a level that is required for macroscopic process 
simulations. 
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Objective 
The objective of this work is to implement the 
physically based model Alflow [1] for the work 
hardening of Aluminium alloys in the finite element 
code DiekA, which include the free variation of 
temperature and strain rate, effects of solutes and 
precipitates and dynamic strain ageing on 
microstructural evolution and work hardening. 
  
Alflow model 
The Alflow model relies on a multi-parameter 
description for the microstructure evolution. At small 
strains the stored dislocations are arranged in a cell 
structure characterized by a subgrain size δ, cell wall 

thickness h, wall dislocation density ρb or the sub-
boundary misorientation ϕ and the dislocation density 
with in the cell ρi.  
 

 
 Figure 2: Schematic representation of microstrucuture [1].

 
Results 
The model has been able to predict reliable tensile 
stress-strain data for Al alloys, particularly it gives 
better prediction  than  with Bergstöm or extended 
Nadai models [2], if a jump in the strain rate is 
considered.   

 

Figure 1: Leading edge of the aircraft tail wing.

 Figure 3: Stress-strain data with & without strainrate jumps.
 

Future work & Valorisation 
The Alflow model will be implemented in DiekA and 
will be validated with bench mark problems. 
Subsequently the model can be used to simulate 
some real industrial applications. 
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