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Abstract

Magnesium alloys including a Long-Period Stacking Ordered (LPSO) phase have some
excellent properties such as light weight, high strength and high heat resistance, and are
expected to be used in structural materials of transportation equipment as a prevention measure
of the global warming problem. Since, kink band formation in the LPSO phase strengthens the
alloys, it is extremely important to clarify the formation mechanisms of kink band. However,
the results of FE analyses for the kink band formation based on the conventional
dislocation-based crystal plasticity model show the mesh dependence and such numerical
property is not desirable in quantitative evaluation of slip and crystal orientation in the kink
band. On the other hand, in the theory considering higher-order stress conjugate to the strain
gradient, the mesh dependence is reduced because nonlocal information around a material point
is introduced into the constitutive law. In the present thesis, a dislocation-based crystal plasticity
model considering higher-order stress is developed and the multiscale FE analysis is performed
to verify the validity and the capability of the present model.

Chapter 1 is an introduction and explains the background and aims of this study.

In chapter 2, kinematics for large deformation of materials and the concept of crystal
plasticity theory are described. In addition, the definitions of GN (Geometrically Necessary)
dislocation density and SS (Statistically Stored) dislocation density related to the slip gradient
and the slip respectively are given.

Chapter 3 provides various conservation laws in higher-order theory on the basis of the
principle of virtual power. The higher-order stress is incorporated to the total free energy and its
divergence is expressed as back stress. The general forms of constitutive law for stress and
higher-order stress are derived in thermodynamic framework.

Chapter 4 gives rate form of the constitutive equations of elastoviscoplasticity and a
higher-order stress. The higher-order stress involves an intrinsic length scale associated with the
area in which the GN dislocations distribute and the conventional hardening rule is modified by
extending a representation of the SS dislocation density to that depending on the curvature of
slip plane. Moreover, the relationship between the conventional model and the higher-order
stress one is investigated.

In chapters 5 and 6, the principle of virtual power is extended to the rate form and discretized
on the basis of FEM. The boundary conditions for slip rate and higher-order stress, which are
newly introduced is described in detail and the correlation between the boundary condition for
higher-order stress and GN dislocation density is clarified.

Chapter 7 shows the results of FE analyses for the LPSO phase. The mesh dependence for the
kink band formation in single crystal is discussed from the view point of size effect defined as a
ratio of the intrinsic length scale to the specimen size. The relationship between the intrinsic
length scale and the width of the kink band is also referred and it is shown that the present
model can express the size dependence of materials. In analyses for polycrystals of LPSO
phase, the effects of additional boundary condition for slip rate on the grain boundaries are
discussed through the GN dislocation pile-up and the activity of non-basal slips. Furthermore,
the method to depict a disclination quadrupole using the incompatibility of slip is mentioned.

Chapter 8 summarizes the conclusions obtained in this study.




