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A Study on the Effect of Process Parameters to Mechanical Property in Forward
Extrusion of Milli-size Cylindrical Pin

K. S. Sim, Y. I. Kim, Y. S. Lee(KMU), J. H. Kim(SNUT)

ABSTRACT
The mechanical properties such as shear strength and the hardness of milli-size products that manufactured for

various process parameters by forward extrusion using square dies are investigated. Shear strength test is implemented
for the observation of relation between vickers hardness and shear strength in the interface of head and shaft part of
a stepped pin. When the extrusion ratios of pure aluminum and pure copper billets increase, the hardness on both the
surface and the center line of a pin also increase, especially the hardness on the surface is shown to be a little higher
than on the center. The existence of knock-out pad in extrusion die caused hardness increase in the interface of a
extruded pin. As compared shear strength with hardness of a pin, the approximated linear relations are suggested in

this study.

Key Words : Forward extrusion(Z® ¢%), Extrusion ratio(3&1]), Micro-vickers hardness(mhol 2 817 A 74 ),
Shear strength( T 7 =), square die(¥ &%)
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Fig. 1 True stress - strain curves of billets
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Table 1 Chemical compositions of billets

Chemical composition{wt%}

Billet

Al Cu Si Fe Mn Mg Ti Zn

A11050 [99.5 1 10.05} {025 [0.40 | {0.05] |0.05] [0.03 | |0.05]
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Table 2 Experimental conditions for forward extrusion

Extrusion

. 1.15 | 1.33 | 1.56 | 1.86 | 2.25
ratio(E.R.)
Reducti f

ecuction 01\ 58 | 248 | 36 | 462 | 555
area(%)

Lubricant MoS;

Extrusion

. 0.05mm/sec
velocity
Billet size &3%15.5mm

Fig. 2 Experimental set-up(MTS858)
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Fig.4 Load - stroke curves according to extrusion

ratios(A11050)

Fig. 5 Comparison of max. extrusion loads according

to extrusion ratios

3.2 Qt=d|e] Halo o2 A 22X

=rgFEd g5 & ZH =

stel tiA Mo hEd oA i
BEgkol Frtsta FARFETE ]
daiHon x5& 4 F Aokt
x7) Welel Amgkst Aol vlssl
A Al 2] e HrEghy
ol GEHAANM =7l viA T
H 5 & 5o] Fx Wste) #ho]7)
Atk

Fig. 6& SH&® Ane] #d

)7k %7}
b Fe
e A Egke)
ele] HEge
§ g el
8 el glek,
SEl7k W H R Y
foe walF
g B3 E UE



= == ) B H 5t
W a, Fig. 72 4&H 249 FAR 4= X
=
& WERa Ao
EEE:
"
-
P S . SR
% ¥ » o+ F » » ‘
i T 4 £ - * »®
] i ok 2 * *
g s
% : % [
: *
S — L
H * .
By §
- : -
S Bty e
w1
2 H F H E i

M asare wahtmbneg
Fig. 6 Hardness distribution in the surface of a
extruded pin(A11050)
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Fig. 7 Hardness distribution in the center line of a
extruded pin(Al1050)
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Fig. 8 Hardness distribution in the center line after
upsetting(A11050)
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Fig. 9 Comparison of shear strength according to

extrusion ratios

Fig. 10 Relationship between shear strength and

hardness
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