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SOME KINEMATICALLY ADMISSIBLE VELOCITY FIELDS
IN MULTIMATERIAL EXTRUSION (1)
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Two different models of flow fields are proposed to describe plastic deformations during
the extrusion of multi-metal composites. To construct the presented kinematically admissible
flow fields, some information is adopted from experimental works concerning extrusion of lon-
gitudially oriented metal composites. Formulae for velocities, strain-rate tensor and deviator
of stresses are found.

1. INTRODUCTION

Metallic composite materials are heterogeneous materials consisting of two
or more components bonded internally together; at least the largest component
of that material (by volume) is a metal or an alloy. The type of spatial arrange-
ment of components and their features decide on the flow behaviour of composite
materials.

All these structures are composites of various degrees of complexity. A typ-
ical multimaterial consists of the core, a cylidrical body of one metal, which is
surrounded by a concentric cylindrical sleeves of other metals.

There are numerous papers concerning such deformation in co-extrusion but
relating rather to bimaterial (as the simplest multimetal) extrusion, e.g. [1 -5, 7,
9, 10, 13], and containing analytical and experimental description of plastic flow of
different metals. Most of the theoretical ones assume proportional flow, without
taking into account the real behaviour of various metals deformed simultaneously.
To approach the reality it is necessary to introduce true parameters of complex
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deformation. An example of such a procedure was presented in the papers [15 -
18, 20].

The results of papers e.g. [5, 6, 8, 11-14, 17, 18, 20 — 22] lead to determination
of the character of flow and kinematically admissible velocity fields for the upper
bound method, but only the works [17, 18, 20] follow to construct velocity fields
for materials extruded simultaneously taking into account the results of their real
behaviour.

Different mechanical behaviour of various metals and predicted deformation
of components and composite were evaluated in special experimental test [15].

These tests (see Figs. 1 — 7) enable the evaluation of the actual tendency of
different materials to undegro simultaneous plastic deformation (deformation of
the components in comparison with the composite, determination of the limiting

strain).
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F1G. 1. Diagram of the test determining the extrudability of composed material: a) schematic
process, b) composed specimens used in the test before and after simnultaneous plastic defor-
mation.

Basing on such information on simultaneous deformation of various materi-
als, analysis of experimental results of co-extrusion and attempts to model the
extrusion of sleeve-core systems [15 — 18], two models of extrusion of multimate-
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F1c. 3. Influence of deformation degree of Al/PA6 composite on deformation result.
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F1G. 4. Test results of the simultaneous plastic deformation of specimens: a) two materials,
b) three materials, c¢) four materials.
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FiG. 5. Variation in the global and components’ deformation degree €, €4, g1 for different cases
of composites: a) Cu/Al, b) OT3/Pb.
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