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A Topological Representation of Plastic Deformations of Metals

Yoichi HARA

Deformations of metals are mathematically expressed as displacements of each
particle in a 3-dimensinal Euclidean space. These expressions do not distinguish
between elastic deformations and plastic deformations.

Microscopically, metals are usually consist of crystals, and there are definite
distinctions between elastic deformations and plastic deformations considering trans-
lations of atoms in crystals.

Plastic deformations of a single crystal with translations of atoas, i.e.
movements of dislocatons, have been successfully delt with, mathematically expressing
dislocations as singular points in a continuua or making approximations of continuous-
ly distributed dislocations. These continuum theories of plastic deformations natural-
ly claim the continuum to be anisotropic, owing to the existence of crystal lattice.

To deal with plastic deformations of polycrystalline aggregate as a continuum,the
body must be isotropic, macroscopically averaging many crystals in every directions.

In this paper plastic deformations of such isotropic continuum are described using
the theory of topological manifold of 3-dimensions. The plastic deformations are
expressed as a curvatures of the manifold, which are quantified by connections of the
tangent bundle, while the elastic deformations cause no curvature on the manifold.

This paper shows a mathematical method of continuum mechanics to describe plastic

deformations intrinsically different from elastic deformations.
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