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ABSTRACT

The multi-scale modeling of mechanical behavior of materials requires to identify the local
parameters. On the opposite of materials with cubic structures, the plastic deformation induced
by sliding mechanism in HCP materials can be accomodate by several types of slip systems
notabely basal, prismatic and pyramidal. The critical resolved shear stress (CRSS) of slip
systems is different from a type to another. Therefore, the identification of this parameter
remains difficult, and only relative values have been estimated in the most of previous works.
Moreover, the CRSS depends not only on the HCP material (Ti, Zr, Mg ...) or the type of slip
systems but also on the morphology features, notabely the grain size.

The aim of this work is to optimize the relative and absolute CRSS of basal 〈a〉, prismatic 〈a〉 and
pyramidal 〈c+ a〉 slip systems in α-phase of Ti-6Al-4V Titanium alloy. The influence of grain
size is then modeled using a local Hall-Petch relationship [1, 2]. A slip trace analysis technique
coupled with statistical methodology of Li et al [3] are used to identify the CRSS ratios of
sliding systems. Multi-scale transition rules of Berveiller-Zaoui [4] is then utilized to determine
the absolute CRSS in three different microstructures; Ti-6Al-4V with ultra fine grains, fine
grains and standard grains designed by T-UFG, T-FG and T-SD respectively. Finally, the local
Hall-Petch relationship is optimized. As expected, plastic deformation is mainly accomodated by
prismatic and then basal slip systems. Due to their high CRSS, sliding in pyramidal systems is
more difficult. Grain size shows a significant role in the activation of slip systems. By increasing
of grain size, the CRSS of each slip systems type decreases and thus sliding becomes easer in
croase grains.
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