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Abstract

Metal forming processes are used to produce structural parts
and components that have wide-ranging applications in many
industries including automobiles and aircraft. The extrusion process is
one of the metal forming processes, and it is a compressive process in
which the work piece 1s forced to flow through the die hole to obtain
the desired section shape.

The main objective of this thesis is to design and
manufacture different metal dies for the production of aluminum rods
by the process of direct hot extrusion of aluminum alloy type AA
7075 for the purpose of studying the effect of geometric dies on some
mechanical properties and conducting simulations of the extrusion
process using the FEM method based on practical data in order to
study the geometric effect dies on program parameters such as loads,
stresses and temperatures.

This study included the design and manufacture of nine
different dies in terms of the die angle and the diameter of the
extruded metal exit area, as three different angles were chosen for the
internal extrusion dies (15°, 30°, 45°) and three different diameters for
the extruded metal exit area (16mm,18mm,20mm). Using the
AutoCAD program to design the die parts, then the dies were
manufactured and the required heat treatments were performed for the
die parts. The direct hot extrusion process is carried out by placing the
part to be extruded into a die. While the process of heating the die
with the aluminum piece inside was carried out using an electric
heater with a laser thermometer to measure the temperature of the die
and the work piece. Simulation of the extrusion process was done

using the Deform - 3D program for the nine different dies.



The experimental results showed that the highest extrusion
load was at an angle of 30° while it was lowest at an angle of 15° for
extruded products. As for the hardness examination of the extruded
products at angles (15°, 30°, 45°) and for all extrusion diameters, the
highest hardness was at points close to the outer circumference. While
the results of the microscopic examination of the extruded products
indicated that the recrystallization process was distributed over the
cross-section of the entire samples, with the presence of a difference
in the directions of grain distribution in the samples as well as the
inclination of the cells due to the different angles of the extrusion die.
The results of the effect of the applied loads test on the extruded
samples showed the difference between the loads of the samples
before and after extrusion, noting that there were differences in some
stress-strain schemes and convergence in others, and the presence of
few differences in others before and after extrusion.

The results of the simulation process of the hot extrusion
process indicated that there is a change in the distribution of the
effective stress and the maximum stress in the extruded products,
where it was noted that the stress concentration is in the dying area at
the angle of the die as well as in the metal exit zone from the die. The
simulation results also indicated a variation in the temperature
distribution in the forming area at the angles and diameters of the
extrusion dies of the extruded metal. Finally, it was noted that there is
a convergence between the experimental results and the simulation
results for extrusion loads. It was noted when comparing the practical
results with the simulated results that there is a difference between the
simulation and practical results. This 1s due to the conditions of the

practical extrusion process being not ideal as found in the simulation



program, while in the extrusion process mathematically and using the
laws of upper-bound theorem; it was observed that there is High load
values due to load calculations during the direct cold extrusion

process.



