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An Upper Bound Analysis for the Twisting
Phenomenon of Extrusion

Han Bong Kim and In Tai Jin

Abstract

A kinematically admissible velocity field is developed for the analysis of twisting of the extruded
products with elliptical shapes from round billet. The twisting of extruded product is caused by the lin-
early increased rotational velocity from the center on the cross—section of the workpiece at the die exit.
In the analysis, the rotational velocity in angular direction is assumed by the multiplication of radial
distance and angular velocity. The angular velocity is zero at the die entrance and is increased linearly
by axial distance from the die entrance. The increase rate of angular velocity is determined by the
minimization of plastic work. The results of the analysis show that the angular velocity of the extrud-
ed product increases with the die twisting angle, the aspect ratio of product, the friction condition, the

reduction of area, and decreases with the die length.
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Fig. 1 Rotational velocity distribution at die exit

y;: die entrance »
Y,: dielength
¥o: die exit

Ry(): billet radius

7(¢): product shape
7u($, ¥): die surface

Fig. 2 Rotational velocity distribution at each stage
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Table 1 Condition of analysis

Inlet speed (V0) 10 mm/sec
Billet radius (R0) 40 mm

Yield stress (Y) 120 N/mm2
Aspect ratio (AR) 05-1.0
Die length (Y0) 30 - 120 mm
Twisting angle (TW) 0.0 - 0.5 rad
Reduction of area(RA) 0.55-0.8
Friction constant(XM) 0.1-0.7
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Fig. 3 Product shape Fig. 4 Twisted surfaces of dies

(c) Aspect ratio AR=0.5 and Twisting angle TW=30° (d) Aspect ratio AR=0.5 and Twisting angle TW=45"

Fig. 5 Velocity distribution on die surface and die exit section
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Fig. 6 Twisting constant and extrusion pressure
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