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Dislocations considered as the line defects in crystalline materials are the microscopic carriers of plastic deformation. A
wide range of applications from atomistic to continuum views are utilized for describing dislocation evolutions. We
proposed level set method (LSM) to solve the topologically complicate dislocation evolutions without any artificial local
rule in a relative large material volume and time interval. LSM originally designed for modeling codimension-one objects
can represent curves in two dimensions and surfaces in three dimensions, while attempts have been made to enable level
set technique to represent codimension-two geometry by the intersection of the zero level surfaces from two level set
functions. Therefore, LSM associated with fast marching method (FMM) successfully represents the curved intersection as
a dislocation line in three dimensions from two hypersurfaces evolving under the prescribed extension velocities according
to the interface. Spatial internal stress distributions in the region containing complex topological dislocation
configurations can be easily calculated by the elastic field equations with dislocations in the infinite body. This stress field
is solved efficiently using fast Fourier transformation (FFT), assuming a periodic boundary condition.

We successfully demonstrated dislocation/ dislocation interactions under the complex internal stress fields caused by

defects with the definition of mobility tensor containing climb and glide mobility constants. A prismatic dislocation loop
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(PDL) shrinks automatically at an equivalent high temperature. And an Orowan loop expands and/or rotates from its
original slip plane under applied shear stress fields. We also successfully demonstrated the formation of an Orowan loop
from a gliding linear edge dislocation under an applied stress when it meets and bypasses an impenetrable particle.

In general, a screw dislocation tends to move in a certain crystallographic plane, but it can switch from one slip plane
to the other with the same slip direction which is known as the cross-slip. The onset of the second stage in the work
hardening of an fcc single crystal is associated with the onset of cross-slip. However, there are a number of possible
mechanisms for cross-slip working in the final stage of work hardening. Since the determination of the activation energies
for these processes is very complicated, the detailed analysis of stage II remains uncertain. We showed the process of
cross-slip and double cross-slip of an initial Orowan dislocation loop and evaluated the internal stress field of the double
cross-slipped dislocation loop by level set dislocation dynamics (LS-DD). We also investigated how the change of the
dislocation configuration produced different internal stress field in the material and affected the other dislocations as a
Peach-Koehler force.

As the other complex defect interaction, the punching of coaxial PDLs in crystalline materials at precipitate-matrix
interfaces without long-range applied stress is often observed by experiments. Precipitates employed in strengthening
technique of quench-aging process generate misfit strain in the vicinity and constitute nucleation sites for PDLs. These
misfit stresses associated with internal stresses from PDLs can be the barriers for mobile dislocations in matrix phase, and
thus they are the reasons for precipitation hardening. With creating constrained cylindrical slip surface where the
inclusion-matrix interface meets the maximum resolves shear stress, LS-DD successfully realized the complete formation
of PDL from two initial small half dislocation loops. As a result, we explained the change of elastic strain energy during
this nucleation phenomenon quantitatively.

In summary, instead of utilizing local rules to re-enact the already known phenomena, LS-DD gives us demonstrations
of dislocation evolutions that topological changes happen naturally and thus the explanations of the mechanisms for
unclear phenomena become more convincible. The stress field obtained in three dimensions also gives us the facilities for

discussing elastic properties during the whole process of the dislocation evolution.
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