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Finite Element Analysis and Design of Axisymmetric Deep Drawing
Process by Local Heating

Dong-Woo Lee*, In-Seob Song* Dong-Yol Yang**

ABSTRACT

The study is concerned with finite element analysis and design of axisymmetric deep drawing
by local heating. When the bottom shape of a cup is not flat but in complex-shaped, i.
e., hemispherical, the cup cannot be drawn in one or two processes in the conventional
deep drawing process and the limit drawing ratio is limited as well. By introducing local
heating selectively with regards to the heating position, the formability of the sheet metal
can be greatly increased with the reduced number of processes. In the Process analysis
the rigid-viscoplastic finite element method is employed and the temperature effect is
incorporated. Bishop's step-wise decoupled method is employed to analyze the thermomechanical
interaction between deformation and heat transfer. Axisymmetric deep drawing of a hemisphere-
bottomed cup has been analyzed for various combinations of heat application in the punch
and the die. At the first stage of deep drawing stretch forming is practically carried out
by firmly pressing the blankholder with the punch and the die heated at various levels of
temperature. Then at the second stage the same cup is drawn for the same or different
combination of temperature. From the computation, it has thus been shown that the formability
of a cup is greatly increased in two-stage deep drawing with increased limit drawing ratio.

Key Words : 247184 (Local Heating Method), 294 0% o= =2 (Two-Stage Axisymmetric
Deep Drawing), <Q@&s)4 (Thermal and Deformation Analysis)
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Table 1. Material property
MATERIAL AK steel
K 581Mpa
€ 0.004
n 0.223
€ 1
m 0.0150
B 0. 00151
R 1.755
Table 2. Thermal property
Thermal Cofficient AK steel
i 0.054]/mm/s/C
0 0.00785g/mm?3
0.464]/g/C
hd 0.01]/mm3/s/C
ha 0. 00002]/mm3/s/C
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Fig. 1 Schematic tool configuration for
experimental forming operation
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Fig. 3 Comparison of strain distribution between
FEM computation and experiment
: Punch height=22.5mm, punch tempe-~
rature=48. 9C
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Fig.4 Comparison of strain distribution between
FEM computation and experiment
:Punch height=22.5mm, punch tempe-
rature=60C
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Fig.5 Schematic tool configuration for the Ist
stage
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Fig. 6 Predicted thickness strain distribution at
the punch height of 20mm for various
punch temperature levels
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Fig. 7 Predicted thickness strain distribution at
the punch height of 20mm for various die
temperature levels
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Fig.8 Predicted thickness strain distribution at
the punch height of 20mm for various
punch and die temperature levels
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Fig.9 Schematic tool configuration for deep
drawing of a gemisphere~bottomed cup
(Initial punch height=20mm)
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Fig. 11 Predicted thickness strain distribution at
the punch height of 60mm after deep
drawing
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