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Tte project employed a group-theoretical ap-
proach to investigate constitutive models of elasto-
plasticity. For the model of strict convex elastoplas-
ticity, vie adopt the Gauss map to map the gradient -
of the yield function to a normalized augmented
stress vector, which is governed by a quasi-linear
system X = AX, where A = A(X) € so(n,1) is
a local Lie algebra of the Lorentz group SO(n,1).
Consequently, we can develop a highly accurate
group-preserving scheme, which guarantees the sat-
isfying of the consistency condition in every time
marchiig of the calculation.

W study contraction ratios, one rate form and
one total form, of the Prandtl-Reuss model under
axial and torsional controls. In the transition point
of elasticity and plasticity, the rate form contraction
ratio may undergo a discontinuous jump, which, de-
pendinz on the control paths and initial stresses,
may be positive, zero or negative. The value of the
rate form contraction ratio may be greater than
1/2. Tor the total form contraction ratio, there
has no similar jump phenomenon in the elasticity-
plasticity transition point. In the biaxial test, the
hoop znd radial strains are usually not known a
priori; hence, in the constitutive model simulation
of the responses they can not be viewed as inputs.
This g-eatly complicates the constitutive analyses
becaus: the resulting differential constitutive equa-
tions become highly nonlinear. To tackle this prob-
lem, w: derive a new parameterization of-the axial

stress and shear stress and a first order differen-
tial equation to solve the parameter variable, with

which the consistency condition and initial condi-
tions are fulfilied automatically.

Constitutive postulates for two-dimensional
double slip model of polycrystal are selected. The
micro-nacro transition is based on the averaging
of crystal behavior over all crystal orientations.
A method is developed to transform the nonlin-
ear goerning equation of orientation to a system



of time-varying linear differential equations. It is
found that the underlying structure of planar orien-
tation is a (24 1)-dimensional Minkowski spacetime
MZ2+1 where the Lorentz group SO,(2,1) plays a
key role to sketch the evolution of orientation and
orientation distribution function (ODF). Being a

scalar function of orientation and time we find that
ODF is the third component, “time” component,

of the Minkowski spacetime. With this identifica-
tion not only the continuity equation is verified but
also the normalization condition can be proved rig-
orously with the help of the group properties.

The axial-torsional test equipment MTS809 of
the NTU College of Engineering and the pressure
control machine was used to study the cyclic and
ratchetting behavior of tubular specimens of Al-
6061 and stainless steel 3034. The ratchetting ef-
fect was observed in various loading conditions, in
particular, in hoop strain under unsymmetric cyclic
axial-torsional loading.
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