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Abstract

Industry requires new materials with properties such as high strength and low density that
these properties cannot provide using only a single article .This cannot be coped with by
using only monolithic materials .Hybrid materials give the possibility to satisfy like high
electrical conductivity, high corrosion resistivity, high strength, better wear resistance, etc.
Bi metal sheets are modern material in the industry for the production of lightweight
structures which are used in automotive and aviation industries. Because of compressive
stress state in the extrusion process that allows creation of metallurgical bonds between the
two metals, the process is suitable for bimetal sheet. In this process, like other metal
forming processes, calculation of the forming force of metal and its optimizing is
important. There is not exact solution for most metal forming process. Therefore, different
efforts have been performed to propose approximation method that it can present
acceptable estimation for required force to plastic deformation. Among the various solving
methods, method of upper bound was widely used as analytical and finite element method
to analyze the extrusion process.

In this thesis, forward extrusion of bi-metallic sheet through an arbitrary and wedge shaped
die profile was analyzed by upper-bound approach and simulated by finite element method
(FEM). Upper bounds for the performance analysis divided into two parts, single metal
extrusion and bi metal extrusion. Process of one metallic divided into three zones and
process of bi-metal divided into six smaller deformation zones and the amounts of strain
rate in each deformation zone were calculated by exhibiting an admissible velocity field in
cylindrical coordinate system. Then, the internal power, the power dissipated on frictional
and velocity discontinuity surfaces were obtained and then, the extrusion force was
calculated. The extrusion process was simulated by finite element method (FEM). These
comparisons showed a good agreement by simulation and analytical results. In addition,
the effect of various parameters was investigated on extrusion force, state exit and hardness
and shearing strength of two metals interface of production.
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6 Recrystallization
7 Warm extrusion
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8 Forward extrusion
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' Side (lateral) extrusion



