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Realization of reversible plasticity in metals by mechanical control of
self-organized dislocation structure

Sumigawa, Takashi
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The purpose of this study was to create a material that undergoes reversible
plastic deformation by focusing on the peculiar self-organized dislocation structure formed inside
micro-sized single crystal metals under cyclic loading. Nickel single crystals with a square cross
section of two micrometers on a side were subjected to tension-compression cyclic loading at stress
amplitudes lower than the fatigue crack initiation limit of bulk Ni. The specimen oriented to a
particular crystallographic orientation showed elastic deformation in the early stages, but
exhibited large plastic strain from the middle of the testing. Internal observation of the specimen
after the experiment revealed that a structure similar to the ladder-like dislocation one found in
the bulk was formed throughout the gauge section of the specimen, and analysis of reaction-diffusion
system revealed that surface effects produced the peculiar dislocation structure.
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