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ABSTRACT A model for softening during annealing of rolled Al-sheets is presented. The
model includes recovery (subgrain growth and annihilation of dislocations) and recrystallisation as
softening mechanisms. Model predictions have been compared with experimental results for cold
rolled and annealed commercial purity aluminium with various amounts of Fe and Si and also
additional Mn. Isothermal annealing in a salt bath furnace was undertaken at temperatures in the
range 200-400°C and the strength was measured as a function of annealing time by tensile testing.
The model predictions were in good agreement with experimental results. The predictions confirm
that thermal activation of solute atoms is rate-controlling for recovery, and variations in solid
solution levels can be handled by the model. The results demonstrated that annihilation of
dislocations within subgrain interiors gives a significant contribution to the softening, and must be
included in the model in order to give satisfactory predictions.
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1. INTRODUCTION

Rolled aluminium sheets are usually annealed in order to obtain desir‘ed mech'amcal
properties like strength and formability. During the annealing cycle the material sotte}ls, while the
ductility increases. Although the loss of strength is usually undesirable, the annealmg.s0c1L1(?1}cc
must be performed in order to fulfil the requirements for subsequent forming operations. lhc‘
purpose of the present work has been to develop a model for predictions of mechanical strength of
rolled and annealed Al-sheets. The model concept is based on previous modelling approaches, but
has been refined and further developed. A softening model will be a useful and industrially relevant
tool for determination of annealing conditions (annealing times and temperatures) in order to ol?lain
requested mechanical properties for a specific product application, for dec‘ision of alloy cl'lcmlstry
for products with special requirements to softening behaviour and for handh.ng products which have
been subjected to deviations in alloy chemistry or processing during production.

2. MODEL CONCEPT

Several work hardening models [1-4] have been developed over the last years wl}crc'thc
strength of a deformed material is expressed through the substructure parameters O (subgrain size)
and p (the dislocation density in the subgrain interiors) in the following way:

Rpo2 = Rep + .1MGb /p + 0 MGb3 (1

where G is the shear modulus, b is the burgers vector, M is the Taylor factor, o, (of the order 0.3)

and o, (of the order 2.5) are constants and Ry, is the friction stress due to precipitates and elements
in solid solution.


















