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Abstract: The effect of strain reversal on the hardening and grain refinement of Ti-6Al-4V alloy
due to cyclic forward-reverse torsion (CFRT) has been investigated in this study by twisting the
bars with different strain reversal amplitude. The results showed that microhardness and its
distribution were very sensitive to CFRT and increased distinctly after pre-CFRT pure shear
deformation. It was observed that the ultimate microhardness and homogeneity were superior for
CFRT as compared to monotonic torsion (MT), while the hardenability exponent of MT is higher
than CFRT. Besides microhardness in the center layer and surface layer of a bar exhibited different
evolutionary process with the increasing amplitude of strain reversal. Grain refinement induced by
latticed dislocation tangle and work hardening enhanced by strain gradient were also discussed to

reveal the evolution of microstructure and microhardness.
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1. Introduction

Titanium and its alloys, especially Ti-6Al-4V alloy, have been widely used in industrial
applications such as aerospace, automotive, marine and biomedical because of low density, high
strength and excellent toughness[1]. As grain refining is a very effective way to improve the
mechanical properties of materials, more and more attention has been attracted on the severe
plastic deformation (SPD) techniques due to their ability to refine the grains in polycrystalline
materials down to sub-micrometer or the nanometer level[2-4]. Grain refinement is dependent on
not only alloy compositions but also the strain paths applied during SPD processing and different

SPD methods impart different strain paths [5]. Popular SPD methods include equal channel
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