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Effects of Knock-out Pad and Extrusion Ratio on Mechanical
Property Changes in Milli-Forward Extrusion of Cylindrical Pin

K. S.Sim, Y. L. Kim, Y. S. Lee and J. H. Kim

Abstract

This paper is concerned with the mechanical property changes of the milli-size products manufactured by forward
extrusion processes with square dies. Experiments are carried out with pure aluminum and pure copper billets. Extrusion

ratio and knock-out pad are chosen as the important process parameters affecting the changes of mechanical properties
such as shear strength and hardness. Shear strength tests with the extruded milli-size pin have shown the strong relation
between vickers hardness and shear strength in the neck of a stepped pin. As the extrusion ratio increases, the hardness on

both the surface and the center line of a pin also increase. It is also noted that the hardness on the surface is a little higher

than that on the center. The existence of knock-out pad in extrusion die causes the hardness in the neck of a extruded pin

to increase. Finally, the approximated linear relations between shear strength and hardness of a pin are suggested.
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Table 1 Chemical compositions of billets

Billet Chemical composition(wt%)
Al Cu Si Fe

Min Max Max Max
Al1050

99.5 0.05 0.25 0.40
C1100 - Min99.9 - -

Mn Mg Ti Zn

Max Max Max Max
Al1050

0.05 0.05 0.03 0.05
C1100 - - - -

Table 2 Experimental conditions for forward extrusion

Extrusion
ratio(E.R.)

1.33 1.56 1.86 225

Reduction of
area(%)

Lubricant

12.8 24.8 36 46.2 55.5

MOSz

Extrusion
. 0.05mm/sec
velocity

Billet size 2 3% 15.5mm

%34 %4 8 Table
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Fig. 2 Experimental set-up(MTS858)
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