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Important problem studied in this work is the anisotropy of mechanical properties for textured polycrystalline materials [1]. The 

mechanical behaviour during in-situ loading tests for magnesium AZ-31 alloy was studied using neutron diffraction. The lattice strains 

were measured during tensile by using angle-dispersive neutron diffraction (TKSN 400 at NPI in Řež, Czech Republic) and changing 

sample orientation with respect to the scattering vector [2]. The measurements were done for sets of poles (Fig. 1a) corresponding to 

different orientations of the grains in strongly textured Mg alloy. Subsequent experiment was performed using time of flight (TOF) 

neutron diffraction at the pulsed reactor IBR-2 in Joint Institute for Nuclear Research (Dubna, Russia), using EPSILON-MDS 

instrument equipped with 9 detectors. The experiments allowed to develop an experimental methodology based on the so-called 

crystallite group method [3] in order to determine the evolution of the stresses localised in polycrystalline grains having different 

crystallographic orientations. The components of stress tensor were determined directly from measured lattice strains corresponding to 

chosen orientations of crystallite lattice.  

It was found that the crystallites having two main orientations, named A and B, are harder when compared with other ones (Fig. 1a,b). 

For these orientations the basal slip system cannot be activated because the load is applied in direction parallel to the basal plane. 

Orientation B was completely transformed to twins (having T orientation, cf. Fig. 1b) during the compression test. In the case of the 

soft orientations C and D, the direction of the load is inclined from the basal plane, i.e. the basal system can be activated. Using the 

experimental data the evolution of stress tensor and von Mises stress were determined for selected groups of grains. A large difference 

in the hardness of crystallites having different lattice orientations (Fig. 1c) was found. The highest von Mises stress appeared on twins, 

which was compensated by low stresses localised on soft orientations C and D.  

The novelty of our study is in original methodology used for direct determining of stress tensor for groups of polycrystalline grains 

having different orientations (especially for preferred texture orientations). The stress evolution measured during sample loading  

allowed us to find out the critical resolved shear stress (CRSS) values for different slip systems and twinning process.  
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Figure 1. a) The groups of poles for which lattice strains were measured (marked in red) for given crystallite orientation A. b) 

Selected orientations of crystallites A B, C, D and T – twin. c) Evolution of von Mises stress for selected  orientations. The red line 

corresponds to the macroscopic stress-strain curve. 
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