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ABSTRACT  There is a long standing debate whether aluminium alloys exhibit high strain rate
sensitivity. This paper aims at determination of the nature of the strain rate sensitivity of two
aluminium alloys of 6xxx and 7xxx series in the as-extruded and tempered condition. Testing has
been performed in simple (uniaxial) compression in the direction of extrusion. Computer-controlled
servo hydraulic machine was used for intermediate strain rates. High strain rate experiments were
carried out on Split Hopkinson Pressure Bar (SHPB). Plastic stress wave propagation, dynamic
effects and non-uniform deformation of the specimen, not taken into account by Kolsky analysis of
the SHPB, were investigated numerically by Finite Volume Method (FVM). Three different testing
temperatures were selected. Results, in terms of flow stress at 5% of plastic strain indicate rather
low strain rate sensitivity, with a tendency of negative strain rate sensitivity at lower temperatures at
very high strain rates above 2000 strains per second. The metallographic examination carried out on
the 7xxx series alloy showed that this drop in flow stress may be related to strain localisation.
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1. INTRODUCTION

Processing and manufacturing of metal products involve deformation, where the strain rate may
vary from magnitudes which are typical for creep (10%-10° s') to orders of magnitude higher
(10*-10* s’'). Much attention has been paid to the quasistatic and intermediate strain rate regime, less
than about 50-100 s, in order to relate variations in strain rate to flow stress, deformation
microstructure and texture, as well as the effect of strain rate on the subsequent annealing response
in terms of the recrystallisation microstructure and texture [1,2]. In the case of the high strain rate
regime, higher than 100 st remarkably little research has been directed to correlate microstructural
evolution as a function of variations of strain rate. This fact can be related to the lack or less
accessibility to experimental test facilities which can handle high strain rates in a controlled manner.
However, the Split Hopkinson Pressure Bar (SHPB) equipment, originally proposed by Kolsky [3]
and since then constantly being developed [4,5], can handle strain rates to several thousands per
second. However, the so-called Kolsky analysis does not take the inertia effects and plastic stress
wave propagation into account. Following considerations in [6], Finite Volume Method (FVM) has
been selected to numerically correct the experimental results obtained on the SHPB.

Since industrial operations such as high speed machining, friction stir welding and extrusion
often involve high strain rate of deformation in some areas of the product, it is important to gain the
knowledge of the high strain rate behaviour and the microstructural evolution and whether it is in a
line with the predictions obtained from quasistatic and intermediate strain rate regions.

2. INDUSTRIAL EXAMPLE OF HIGH STRAIN RATE PHENOMENON
An example from extrusion of an aluminium alloy (6xxx series alloy) will now be presented in
order to demonstrate the importance of strain rate on microstructure and texture evolution (for


















