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Mathematical analysis and development of free boundary problems arising in grain
boundary motion phenomena
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In this research project, we showed the existence and properties of
solutions to the grain boundary motion model of Kobayashi--Warren--Carter type. In addition, we
considered the sin?ular limit problem of the Allen--Cahn equation with nonlinear constraint that is
the subdifferential of the indication function on the closed interval [-1, 1]. Then, we proved the
existence and properties of the singular limit of solutions and the subdifferential of the
indication function. Furthermore, we showed the stability conditions for numerical experiments on
the Allen-Cahn equation with the Yosida approximation term, and performed numerical experiments of
our problems by using the discrete algorithms proposed in this research project.

We also considered optimal control problems of various phase change models, and established the
theory of singular optimal control problems to abstract nonlinear evolution equations governed by
time-dependent subdifferentials.
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