Self-Organized Behavior of Deforming Polycrystals
László Tóth

To cite this version:
László Tóth. Self-Organized Behavior of Deforming Polycrystals. Video Proceedings of Advanced
Materials, 2021, 2, pp.2021-02121-2021-02121. �10.5185/vpoam.2021.02121�. �hal-03606521�

HAL Id: hal-03606521
https://hal.univ-lorraine.fr/hal-03606521
Submitted on 11 Mar 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

VIDEO ARTICLE
Vid. Proc. Adv. Mater., Volume 2, Article ID 2102121 (2021)

Self-Organized Behavior of Deforming Polycrystals
Laszlo S. Toth1,2,
1

Laboratoire d'Etude des Microstructures et de Mécanique des Matériaux (LEM3), Université de
Lorraine, CNRS, Arts et Métiers ParisTech, F-57045 Metz, France
2
Laboratory of Excellence on Design of Alloy Metals for Low-mAss Structures (DAMAS), Université
de Lorraine, F-57045 Metz, France
Corresponding and Presenting Author. E-mail: laszlo.toth@univ-lorraine.fr; Tel.: (+33) 387315474
DOI: 10.5185/vpoam.2021.02121

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 selfconsistent 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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