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A Study on Arbitrary Cross Section Shaped Three-Dimensional Extrusion
with Upper Bound Method-Finite Element Method Couple

B. S. Lee”, S. 1. Hong™
* Dept. of Mech. Eng., Graduate School, Chungnam National University
** Dept. of Mech. Eng., Chungnam National University

Abstract

The extrusion velocity of billet through a die and the shapes of the die are the
important factors in the metal forming process of the extrusion of billet. In recent
years, the life cycle of products is going faster. Although the former finite element
method was capable of yielding a detailed analysis, it requires lots of time and
extensive coding effort.

Then, some simple devices were develped and based on upper bound method.
For this purpose, a kinematically admissible velocity field is formulated for
extrusion of cylinders with arbitrary cross section and die profile on their outer
surfaces by using a modified upper bound approach, which configures simultaneous
extruding speeds in three directions. Also, In order to display the mesh of the cold
forward extrusion process using the approach, the automatic three-dimentional
mesh generation produced by the approach coupled finite element method with
upper bound method.
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Table 1. Comparisons of extrusion pressure between the experiment and
various methods of analysis for the given process conditions
(C-curved die profile)

) S ‘Extrusion pressure Difference with
Section R.A. ‘ .
hane % Method - (MPa) experiment
e Y Theony | Experiment (%)
FEM 2705 -134
Sllips 6 6.

VI T 067 177
| , FEM 282.0 -125
. Square 60 317. |
Q:f*“?fo B WR 3800 3 165 |
| FEM 3202 93 |
e 60 ; 3499
- T OMWR 3899 102 “

Trocoidal FEM 3071 -34 |
[ 155 3175 !
| gear PUMWR 015 | -53 |
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Fig 2. Varicus die profile (or forward extrusion
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Fig 3. Meshgeneration and die Shape for hexgon section Fig 5. Meshgeneration and Shape for T section

Fig 6. Meshgeneration and die Shape for W section

Fig 1. Meshgeneration and dlie Shape for L <ection
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Fig 7. Meshgencration for H-curved die profile

ravon for T-curved die profile

Fig & Meshgene
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F-curved die profile

Fig 9. Meshgeneration for

Fig 10. Meshgeneration for C-curved die profile
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Fig 11. Comnparison experimental and analytical results for various exit-section and C-curved die profile
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