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A bstract

”Tlus thesm focuses on. the computer-a1ded desugn manufacturing

kpreparatlon and analySIS of three-dimensional extrusion of elliptical

sections from round billets through different converging dies. Two groups
of extrusion dies are adopted in this thesis. The dies in the first group are
designed according to rational concepts which imply Constancy of the
Mean Strain Rate (CMSR) and Constant Ratios of Successive Generalized
Homogeneous Strain Increments with different values of deformation rate
(CRHS S= 1.2, $=1, $=0.8, and S=compound). The dies in the second
group are designed according to mathematical expressions, which consist
of elliptic, cosine, and streamline dies. Straight die (industrial concept) is
also used for comparison.

Die profiles, coefficient of friction (m=0.1), ram speed (V= 1 mm/see),
relative axial die length (L/Ro) ranging from (0.4, 0.8. 1.2,1.6,2.4,32,
and 4.0} and the reduction in area (R.) ranging from (49%, 60%, 69%,
78%. and 85%) are considered to be the main independent variables. A

2

dexeloped method of die construction, which utilizes an analytical

expresston, is proposed to facnhtate the die surface representation and

smooth transition between the die entrance and die exit. To formulate an
upper bound solution, kinematically admissible velocity fields for a given
extrusion model which satisfy a continuity equation and boundary
condition is derived. A dedicated program is developed to calculate the
relative total extrusion pressure and its components for the proposed die
shapes under consideration. Optimum die lengths, which satisfy the lower
extrusion load requirement, are calculated for all dies. It is found that
cosine and streamline dies have lower extrusion pressure compared with

the other dies. The efficiency of the tools designed on the basis of either
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the reduction that is achieved in the level of redundancy. A CAD/CAM

system is adopted in which a developed program is used to manipulate and.

extract the die surface points and store them in a dedicated data file.

| Another AutoCAD based program using AUTOLISP language is also

prepared to extract, visualize, and manipulate all the die surface points on
the computer graphic screen. The CAD model is then exported in the form
of IGES format to another application namely SURFCAM.NC planning is
then manipulated within the SURFCAM environment. Hence, machining
simulation and different tool-patlis based on different algorithms for
different proposed dies are created. The process of creating a tool-path for
NC operation involves developing a machining strategy that identifies the
values for the various machining parameters related to that operation.
Therefore, acquired tool paths were verified. Finally commercial available
finite element analvsis code ANSYS 54 is used to analyze three-
dimensional stress and strain distribution in the proposed extrusion dies.
Contact element is selected to transmit the forming load and contact
pressure to the die. It is found that straight die gives a higher level of
redundancy and a lower toad requirement compared with dies designed
according to rational concepts, while CMSR and CRHS (5=0.8, S=1) show
a lower level of redundancy almost at alt the die length. Cosine and

streamline dies are found to be the best dies regarding to stress and strain

lessening especially near the die exit.
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