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Optimal Die Design for Uniform Microstructure
in Hot Extruded Product

Sang-Kon Lee, Kyung-Hee Ryu, Seon-Bong Lee, Dae-Cheol Ko and Byung-Min Kim

Abstract

The properties of deformed products are generally dependent upon the distribution of microstructure.
It is, therefore, necessary to make the distribution of microstructure uniform in order to achieve the
best balance of properties in the final product. This is often a demanding task, even for conventional
materials. It is become essential to achieving mechanical integrity and a desired combination of
microstructure and properties. The objective of this study is to design the optimal die profile which can
yield more uniform microstructure in hot extruded product. The microstructure evolution, such as
dynamic and static recrystallization as well as grain growth, is investigated using the program com-
bined with Yada and Senuma’s empirical equations and rigid-thermoviscoplastic finite element
method. The die profile of hot extrusion is represented by Bezier-curve to define all available profile. In
order to obtain the optimal die profile which yields uniform microstructure in the product the
FPS(Flexible Polyhedron Search) method is applied to the present study. To validate the result of pre-
sent study the experimental hot extrusion is performed and the result is compared with that of simu-
lation.

Key Words : Hot extrusion, Optimal die design, Dynamic recrystalliz— ation, Static recrystallization,
Grain growth, Rigid-thermoviscoplatic finite element method
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Fig. 3 Design region of die and change of Bezier-curve
due to the location of a control point (P, P’ : con-
trol point)
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Table 1 Process parameters and properties

Process parameters and properties Value

Dimension of workpiece 14 x h15 (mm)
Material of workpiece AISI 1030

Material of die SKD 61

Temperature of workpice 1200

Temperature of dies 300 C

Ram velocity 30 mmv/s

Reduction in Area 383 %

Friction factor (m) 0.3

Temperature of surrounding medium 20¢C

Thermal conductivity of workpiece 36.8 N/(s - K)
Thermal conductivity of dies 284 N/(s - K)
Material property of workpiece(pc) 3.77 N(mm® - K)
Material property of dies(oc) 4.0 N(u - K)

Heat Trans. Coeff. during extrusion 40N/(s - mm - K)
Heat Trans. Coeff. during medium 0.0029 N/(s - mm - K)
Radiation property (0€) 8.5 X 10" N/(s - mm - K)
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Fig. 4 Initial mesh system and temperature boundary
conditions
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Photo. 2 Die-set for hot extrusion
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