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Abstract

The microstructure and the crystallographic texture is changing profoundly during large plastic
deformation of polycrystalline materials. The understanding and modeling of their behavior has been
challenging the scientific community since the pioneering work of Taylor (1937). Taylor assumed
uniform deformation mode for all grains of the polycrystal; identical to the macroscopic one. As
experimental observations could not fully confirm the Taylor deformation mode, new modeling were
developed, about 50 years later, allowing for strain heterogeneities and grain shape effects: the self-
consistent polycrystal models. They were followed by the powerful finite element crystal plasticity
simulations showing large strain gradients within the grains.

On the experimental side, since about 25 years, orientation mapping at very fine scales by electron
back scattering diffraction provided rich information on the evolution of the microstructure. At the
same time, the research work of the Noble prize winner Bridgeman (1947) was resumed by
establishing new Severe Plastic Deformation (SPD) processes and attracting the attention of a large
materials science community. During SPD, there is a dramatic grain size refinement, producing even
nano-size grain structures, so augmenting tremendously material strength.

In recent years, modelling efforts on SPD of polycrystalline materials permitted to gain new
insights into the behavior of polycrystals. They showed that the initially large deformation
heterogeneities are replaced by the Taylor deformation mode at extreme large strains (Toth et al. see
Refs. below). The grain subdivision process begins with correlated behavior of the new grains and
continued by uncorrelated orientation relationships between the neighboring grains. This leads to a
large decrease in the amount of geometrically necessary dislocations that are needed to maintain strain
gradients. One can say that the new grain structure - that is composed of submicron or nano-size grains
— develops in a self-organized manner.

The above presented aspects of the microstructure evolution during large strains of polycrystals
will be examined in the proposed lecture.
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