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Finite Element Analysis of Extrusion Process
in Semi-Solid State

J.H. Hwang, D.C. Ko, G.S. Min, B.M. Kim and J.C. Choi

Abstract

It is the objective of this study to analyze the effect of various process variables on the quality of
extruded product and extrusion force for semi-solid extrusion of Al2024 with solid phase structure of
globular type by the finite element method. Process variables are initial solid fraction, ram speed,
semi-angle of die, and reduction in area. The results of experiment are compared with those of simula—
tion in order to verify the usefulness of the developed finite element program. The flow and deforma-
tion of semi-solid alloy are analyzed by coupling the deformation of porous skeleton and the flow of lig-
uid phase. It is also assumed that initial solid fraction is homogeneous.

Key Words : Semi-Solid Extrusion(3H8-§ %), Globular Type(733), Solid Fraction(4&).
Semi-Solid Alloy(3t-8-§ 3), Porous Skeleton(FHZ A A])
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Table 1 Chemical compositions of A12024

]
Element i

Al

Rate(wt%) rem

J |

Cu | Mn

0.30 | 4.40 i 0.72 | 1.51 0.02

T
Mg w] Zn ]‘7 Fe | Ni Others
10.]4 0.02 0.09Cr
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Fig. 2 Model for FE-simulation and boundary conditions
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Table 2 Classification of extrusion process conditions for computation

No. of CASE Semi-angle Reduction in Ram speed Initial solid
of die( ") area(%) (mm/s) fraction
CASE 1 30 71.6 40 0.7
CASE 2 45 71.6 40 0.7
CASE 3 30 ] 88.9 40 0.7
CASE 4 30 71.6 120 0.7
CASE 5 30 71.6 40 0.8
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Frequency 23.5 kHz
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Fig. 9 Die-set for semi-solid extrusion
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(b) after heating to 622° C

Fig. 10 Microstructures of A12024 alloy (a) with original
state (b) after heating to 622° C
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