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It is unacceptable to apply the hypothesis of the smallness of the displacement gradients in
simulation of most technological processes in thermomechanical treatment of metals and alloys,
thus, geometrically nonlinear formulation of corresponding boundary value problems is  needed.
Main issues in it are the description of the nonlinear kinematics and the formulation of constitutive
relations. When formulating the problem in terms of the reference configuration, difficulties occur
due to the fact that the stress measures, the rates of stress and strain do not have a clear physical
meaning, thus complicating the construction of constitutive relations. In this regard, formulations of
the boundary value problem in terms of actual or unstressed configuration, and in rate form which is
convenient  for  numerical  methods  are  used  more  often:  in  this  case  the  incremental  solution
including  the  re-determination  of  the  computational  region  configuration  (including  contact
surfaces) is possible.

The  corotational  derivatives,  traditionally  used  for  constitutive  equations  formulation
(Zaremba-Jaumann, Green-Naghdi, logarithmic spin derivative [1] and so on) spin tensors are not
connected with elements of symmetry of material (in the general case – anisotropic) throughout the
deformation  process,  so  these  spins  can't  describe  the  coordinate  system  rotation,  where  the
anisotropic material properties tensor is determined. In authors’ opinion, in determining the motion
decomposition  and  responsible  for  quasi-solid  motion  rigid  moving  coordinate  system  this
coordinate system must  be related with elements characterizing the symmetry properties of the
material  (it  should  be  noted  that  this  idea  has  been  proposed  previously  in  [2],  but  without
specifying  relations  for  spin  and  with  another  constitutive  equations).  Crystalline  materials
(including metals and alloys) at different scale levels always have anisotropic properties in a certain
extent, in different directions properties can be differ significantly. In addition, under intense plastic
deformation  even  initial  isotropic  (at  the  representative  macrovolume  level)  polycrystalline
materials are also becoming anisotropic due to the occurrence of texture.

In frameworks of multilevel approach at the crystallites level for metals symmetry elements
(planes and axes of symmetry) can be determined, and the moving coordinate system, which defines
the quasi-rigid motion, will be connected with it. The new way for motion decomposition to rigid
and deformation  parts  is  proposed – multiplicative  representation  of  deformation  gradient  with
explicit separation of the moving coordinate system motion [3]. The spin at mesolevel is determined
by the rotation velocity of the rigid moving coordinate system connected with the crystallographic
direction and the crystallographic plane; elastoviscoplastic constitutive relations at mesolevel were
formulated with the proposed motion decomposition. The spin of representative macrovolume is
determined by averaging of spins of crystallites contained in this volume, with this spin constitutive
equations  at  macrolevel  in  rate  form  are  formulated.  The  results  of  computations  using  the
developed model for complex cyclic elastic loading of single-crystalline f.c.c. and h.c.p. crystallites
indicate that the no energy dissipation and no hysteresis of stresses are met. The results of copper
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polycrystalline  large  inelastic  strain  simulation  using  the  proposed  model  are  in  a  satisfactory
consistence  with  the  experimental  data.  It  is  easy  to  show  [4]  that  in  case  of  small  elastic
deformations  the  proposed  constitutive  relations  are  close  to  the  crystal  plasticity  constitutive
relations in terms of the actual configuration, so the last can be used in simulation of technological
thermomechanical processing of metals and alloys. 
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