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ABSTRACT

The objective of this research was to predict a ductile fracture in deep drawing of a
square aluminium cup. Three dimensional finite element analysis was used to simulate the
drawing process. Plastic work of any element was monitored and used as ductile fracture criteria.
Aluminium sheet was anisotropic material. The study variables were punch depths and blank
holder forces. Punch depths were 10, 15, 20, 25 and 30 mm. Blank holder forces were 0, 2, 4, 6,
8, 10 and 12 kN. The sample aluminium flat sheet thickness was 1.20 mm. Final shape like a
square cup was 70x70 mm’ and deep drawing ratio was 1.93.

Steps of the study were material property testing, numerical simulation, experiment and
comparison of the results, Mechanical properties of aluminium sheet were obtained using tensile
test. Deep drawing simulation was performed by using finite element analysis. The fracture
integral was calculated using finite element results. The failure occured if fracture integral at an
c¢lement higher than unity. The simulation results shown that at punch depths of 25 and 30 mm
with any blank holder force, fracture integral values at several elements were higher than a unity.
That means such elements were failed to drawn to the required final shape. The failure position

was at inner-corner punch head of a aluminium sheet model.



A deep drawing experiment was setting up. The drawing conditions were the same as the
simulation. The variables which caused damage and fracture position in the experiment were
compared with the simulation. Final shapes of drawn cups from experiments were the same as the
ones from simulation results in all conditions. Thickness of the sheet at inner-corner punch head
from simulation result was higher than the experimental result approximately 6%. Further studies

should focus on the different cup shapes, study variables and materials.



