Three Laws of Substructure Inhomogeneity in Textured Metal Materials
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      A sharp substructure inhomogeneity is the usual inalienable property of deformed textured metal materials. It arises in the course of deformation in parallel with texture development. By use of X-ray diffraction methods it was shown that the best criterion for systematization of substructure inhomogeneities in a deformed polycrystal is the crystallographic orientation of grains. The decisive progress in understanding of the rules, responsible for a regular substructure inhomogeneity of deformed metal materials, was attained by elaboration of the new diffractometric method of Generalized Pole Figures (GPF). This method unifies  measurement of the texture pole figure {hkl} with registration of profiles for the same X-ray line (hkl) by each successive position of the sample, so that these profiles correspond to ~1000 orientations of reflecting planes {hkl}. 
      A computer  treatment of obtained experimental data includes their correction for defocusing effects and instrumental line broadening, determination of  parameters of the true profile and construction of distributions of these parameters as pole figures. The intensity I of X-ray line depends on the position of reflecting grains relative to texture maxima and minima, the physical half-width β characterizes distortion of the crystalline lattice and grain fragmentation into coherent domains, the peak position 2θ depends on the residual elastic microstrain. Then observed combinations of these diffraction parameters give an idea of inevitable substructure inhomogeneity of material. Three general laws of substructure inhomogeneity were established on the basis of distinct mutual correlation between statistically significant massifs of measured parameters [1,2].
      The 1st law comes from the fact, that minima of the physical broadening of X-ray lines in GPF β coincide with texture maxima, whereas maxima of line broadening are localized within texture minima. The law reads as follows: Residual deformation effects, i.e. grain fragmentation and lattice distortion, are minimal in grains with the most stable orientations within texture maxima and increase up to highest values by passing to grains with unstable orientations within texture minima. 

      The 2nd law of substructure inhomogeneity concerns variation of lattice parameters in textured metal products due to elastic microstrain. The distribution of residual compressive and extensive elastic microstrains in metal products ensures the microstress equilibrium and correlates with symmetry of the deformation scheme. Then this low says: For each grain with crystalline lattice, extended along axis <hkl> by (+(), there is its pair with the symmetric orientation, where along axis <hkl> crystalline lattice is compressed by (-(), so that accompanying elastic microstresses are equilibrated.
      The 3d law bases on the revealed correlation between physical broadening and peak position of X-ray line. The low interprets this correlation in terms of substructure characterization: By transitions in the orientational space from regions of residual tension of the crystalline lattice to regions of its compression, grain fragmentation becomes stronger, i.e. tensile elastic deformation is more uniform than compressing one.  
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