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Abstract

Metal forming is a very important manufacturing process,
having industrial importance among the different production processes
due to its advantages such as cost-effectiveness, improved mechanical
properties, high productivity and significant material savings. The Bulk
deformation process improves the mechanical resistance of the formed
metal because it leads to reducing the size of the grains and smoothing
them, in addition to that the formed products are usually free of pores
and pits. Metal forming processes require estimating some practical
elements that affect product quality, such as load, to reach the best die
design. The forging process is one of the important forming processes
in which the metal 1s formed by compressive forces shed by pressing
machines.

The aim of this research is to design and manufacture the best
metal die for the production of a flange coupling of mild steel by the hot
forging process in a closed die, where this is theoretically done using
simulation to reach the best design of the coupling die by studying the
formation loads, stresses, strains, the movement of metal particles to
obtain a good flow rate of the metal inside the die cavity, predict defects
before they occur, then manufacture the best die and implement the
forging process in practice.

This study included the design of a set of special dies for
forming the flange coupling using (Auto CAD 2010) program, and then
using the (DEFORM 3D) simulation program to implement the forging
process for all these dies, which numbered (25) dies, to choose the best
design for the forming die by making a change in the exit area of the
excess metal (flash) as well as in the area where the upper die meets the
lower die in the middle of the die cavity where the excess metal is
located. In the theoretical part of the study, the simulation results that
were obtained after performing several coupling operations in all the
proposed dies were summarized to obtain a flanged coupling free of
defects. Initially, the simulation was carried out using the work piece
equal in size to the original coupling size, and it was noticed that there
were defects in the product such as not filling the die cavity, then an
increase in the height of the work piece was made and it was noticed



after conducting the simulation process and in the new dimensions that
folds appeared during the flow of metal in the die cavity. It was
suggested to use a preliminary die to get rid of defects and conduct a
simulation process to produce a work piece with a new design and
dimensions used in the main die to perform the flanged coupling
forming process. After that, the simulation process was conducted for
the final stage to get the best die for the production of the flange
coupling, the results of the basic engineering program parameters were
obtained and the results of the required load for forming were compared
for all the dies and that the highest value of the load was (693 tons) and
the lowest value (469 tons), The effective stress values were also
compared. The highest effective stress value is (605.9 MPa) and the
lowest value is (118.4 MPa). The effective strain values were also
compared, as the highest value is (44.6) and the lowest value is (6.3).
The displacement values of the metal granules inside the die were
compared, and the highest displacement value is (80.23 mm) and the
lowest value is (58.42 mm) in order to choose the best die.

The results obtained from the simulation process indicated
that the best design of the hot forging flange coupling die was at the
excess metal exit area of 0 mm at the top of the flanged coupling, and
at the piston meeting point in the center of the coupling 52.5 mm. The
best values were obtained for the load required for forming (469 tons),
effective stress by (118.4 MPa), effective strain by (7.2) and for
displacement of metal grains by (72.78 mm). In practice, the best die
was manufactured and the coupling forming process was carried out in
a mechanical workshop using a hammering machine. After performing
the best die, an increase in the hardness values was observed in some
areas of the product due to the decline of the metal in comparison to
other areas where the hardness values fluctuated due to the flow of the
metal at the meeting of the piston.



