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MICROSCOPIC HETEROGENEITY AND MACROSCOPIC MECHANICAL
BEHAVIOR OF A POLYCRYSTALLINE MATERIAL "

Zhang Keshi
[ Departinent of Enginesring Mechanics, University of Northwestern Polytechniond Dndversity, Xi'an TI00T2, Chinag)

(Sehvonl aof Ciul and Architectirnd Engineering, Cuonged Dniversity, Nanndng 530004, China)

Abstract The micromechanical heterogeneous states of plastic deformation and stress of polyerystalline ma-
terials are analyzed on the basis of a microscopic model of erystal plasticity, taking into account the randomness
of the crystal grain geometry and the anisotropy of crystal slip. The major aspects of the worl are: (1) an
iterative algorithm is developed for single-crystal plasticity incremnental constitutive relations under the current
confipnration, in which the basic variable for iteration is the Cauchy stress tensor, (2) the polyerystal is modeled
by Voronoi tessellation with randomly oriented crystallographic orimntations, the heterogeneons local stress and
strain distributions and their statistical characteristics are analveed in detail, and (3) the macroscopic response
with its texture enolution of the polvervstal under respectively uniaxial tmsion and plane strain compression
are simulated. The siimlation results show that: (1) the stress components and effective plastic strain in the
Voronol polyverystal aggregate have the statistical feature of Ganssian like distribution, and the ratio of the
standard deviation o to the mean g of the microscopic longitudinal stresses in the polyverystalline aggregate
increases with the plastic straing (2) the simulated plastic zones in the polyerystal agoregate appear in the
direction of maximmm macroscopic shear stress; (3) the microscopic stresses are highly heterogeneous, and very
large triscdal stress generally appear at the grain boundaries and the triple junctions; (4) Voronol model can be

used to tescture analysis.

Key words  anisotropy, crystal viscoplasticity, Voronol polyverystal tessellation, random orientation, stress

inhomogeneous
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