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A Simplified Three-Dimensional Finite Element Analysis of the
Non-axisymmetric Extrusion Process

H. W. Shin* - D. W. Kim** - N. Kim?

ABSTRACT

~In this study a new simplified three-dimensional numerical method and the associated computer
program have been developed to simulate the non-axisymmetric extrusion processes. The two-
dimensional rigid-plastic finite element method under the generalized plane-strain condition is
combined with the slab method. ’

To define the die geometry for a non-axisymmetric extrusion, area mapping technique was
used. Streamlined die surface was used to minimize the total extrusion pressure. Extrusion of
square, hexagonal and ‘T" section from round billet have been simulated and experimented with a
model material. The computed results were in good agreement with the experiments in cross-
sectional grid distortion, Computational results will be valuable for designing tool geometries and
corresponding processes,

Key Words : non-axisymmetric extrusion processes, finite element method, slab method,
streamlined die, area mapping technique
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Fig. 1. Application of finite and slab element
method to extrusion processes.
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Fig. 2. Construction of a streamlined die surface
in extrusion of “T” section.
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{b) Round to “T" section.

Fig. 3. Extrusion die profiles.
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(a) Before deformation.

(b) After deformation,

Fig. 7. Comparison of the cross-sectional grid dis-
tortions for extrusion of square sections
(left :simulation, right:experiment using
plasticine, reduction of area:60%)
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of area(round to hexagonal section).
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(¢) Reduction of area:60%

Fig. 10. Grid distortions to the various reduction
of area(round to “T” section}.
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(b) After deformation.

Fig. 11. Comparison of the cross-sectional grid
distortions for extrusion of “T” sections
(left:simulation, right:experiment using
plasticine /reduction of area:50%).
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(a) Effective strain.

(b) Effective strain rate.

Fig. 12. Distributions of effective strain and ef-
fective strain rate for extrusion of “T”

section(die length /initial radius=2.0).
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