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Three-Dimensional Finite Element Analysis of Hot Square Die Extrusion
by Using Split ALE Method
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Abstract

In the analysis of metal forming process, ALE (arbitrary Lagrangian Eulerian) finite ele-
ment methods have been increasingly used for the capability to control mesh independently from
material flow. The methods can be divided into two groups i.e., coupled and split formulations.
In the present work, the split ALE formulation is used for computational efficiency. A split ALE
finite element method developed for rigid viscoplastic materials and applied to the analysis of hot
square die extrusion. Since thermal state greatly affects the product quality, an ALE scheme for
temperature analysis is also presented. As computational examples, profile shapes as square and

cross-like sections are chosen.
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Computation of velocity field
with ALE formulation

Computation of velocity field
with Lagrangian formulation
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Update variables to the grid
with ALE updating scheme
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Update variables to the grid
with ALE updating scheme

(a) Coupled ALE method
Fig. 1

(b) Split ALE method
Schematic representation of the two ALE

methods
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Fig. 6 Division of extrusion billet into three zones

Fig. 7 Patch generation for heat transfer analysis
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Table 1 Stress-strain rate properties of Al 6061
given with respect to the temperature

Flow stress : ¢ =C(T) (&)™D

Temp. C m

300°C 101.60 0.084169

400°C 53.60 0.082580

500°C 26.87 0.081507
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Table 2 Thermal properties and heat transfer coefficients

Coeff. k N/ (sec - C) pc N/ (mm?*- C) h/hwe N/ (sec - mm - C)
H 13 28.4 3.7
Al 6061-T6 176.36 2.61
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(Second)

Method

Element no. /
friction factor

Lagrangian method

Coupled ALE method

Split ALE method

110/0.2 ] 16.01

1220/0.2
1220/0.4

1800/0.2 £

671.33
487.89

33.16 25.18
737.97 480,46
1864.98 976.57
1004.20 640.67
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