= 7)1 A 7883 ), A57, A2%, pp.56~64 (2006. 6)
Journal of the Korean Society of Manufacturing Process Engineers, Vol. 5 No. 2, pp.56~64 (2006. 6)

=
=

i

X &0 2|5t ol X pke| A Shofl

i
%

o

45z

(L

A Study on the Effect of Energy Dissipation
in Extruding Clad Rod

Chang-Hoon Kim"

ABSTRACT

Rapid progress in many branches of technology has led to a demand on new materials such as high strength
light weight alloys, powdered alloys and composite materials. The hydrostatic extrusion is essentially a method
of extruding a clad rod through a die.

In order to investigate the effect of the process conditions such as friction heat, deformation and clad
thickness on the clad extrusion process, viscoplastic finite element simulations were conducted. A specific model
for theoretical analysis used in this study is The single scalar variable version of Hart's model. An experiment
also has been carried out using 1.5MN hydrostatic extruder with variable speed ram, LVDT and load cell for
comparison.

It is found that the hydrostatic extrusion pressure considering the effect of heat dissipation in this theoretical
work was closer to the experimental pressure than the isothermal hydrostatic extrusion pressure.

Key Words : Clad Rod(&3%-#l), Hydrostatic Extrusion(d<=<t ¢4<), Hart's Model(“3e H<=2d), Isothermal
Analysis(s-2314), Friction Heat("}2&), Energy Dissipation(ol| ] %] 4=4H
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Fig. 13 Effect of extrusion ratio on temperature
distribution
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- 62 -



CFE AT A A6, A2E

&
71~ |
G
Fig. 14 Effect of extrusion ratio on temperature
distribution
(d) ER=9.0, half die angle=40°, Rc/R0=0.867,
vi=22.6mm/s

(6,= 300[K], A0 = 20 [K],0,, = 519(K])

g=H| ¢} 259 FAES Fig. 11E2HE Fig. 1471A
Hol F31 9tk §FE WhhS 40002 {X|g AdE ol
A 9F&H|THS 3114, 4.0, 6.25, 9.00.2 thE A 9GS
o Jehuges 2% HelE AESe Byth 4EHI7F
Aol wel LdHEFo] AXA i o]Fe] &4
7hedE HEEHA 2E45S 7HHE AL 39
g Sl

Fig. 1594 Fig. 17744 §b&2to] 2= W3tol v
Ae dFE BoAFa ok GEHE 6252 A
AZ E WS 22.5° 30°, 40°
7o) Al wt 2EEET A
olfre U&7l AR wEt AT HIFeF A4

=

. =]
Fed BAE] F75H] 9EQ Ao

fru
(V)
u
QL
38
)
jinss

2
Fig. 15 Effect of extrusion die angle on temperature
distribution
(a) Half die angle=22.5°, ER=6.25, Rc/R0=0.867,
vi=22.6mm/s

(6,= 300[K], A0 = 20 [K],0,,. = 469[K])

o

WS i

Fig. 16 Effect of extrusion die angle on temperature
distribution
(b) Half die angle=30.0°, ER=6.25, Rc/Ro=0.867,
vi=22.6mm/s

(6,= 300[K], A0 = 20 [K1,0,, = 474(K])

Go
|
Ll |
Fig. 17 Effect of extrusion die angle on temperature
distribution
(c) Half die angle=40.0°, ER=6.25, Rc/Ro=0.867,
vi=22.6mm/s

(6,= 300[K], A0 = 20 [K],0,, = 485(K])

1 A=v7h AR wet 24 |
olZo] &A7tEER WatHW

]
AL FAT 5 Yok

2 torr
(E
ot
2
o
W

430 o A E o fo
o
i)
ol
QL
rir
i)
M
R
Lo
of
o
o

w
O
f
-
I
rr
Keye:?

N
> W

oo
o
T
% 2
rr
ELE
m,zﬁ
1 o
2
o NN
r$>L'3
o L
e 2L
PO
o

1
>

‘
)

)
i
Ve o
ol o il
4 " o
4
o
2

o
to & rz 1
o R of¥
g
ot
il
N
_>ri
i
fu
gk
oo
]
4>
;O

r b

A
o

2
%0
X
K4}
32
5

1. Nishihara, M., NEL/AIRAPT International Conference
on Hydrostatic Extrusion, Reprints, Univ. Stirling,

- 63 -



x|

o

F S VAVEEE A A5HE, A&

Scotland, pp. 33-81, 1973.

. Ahmed, N., “Extrusion of Copper-clad Aluminium
Wire,” Journal of Mechanical Working Technology,
Vol. 2, pp. 19-32, 1978.

. Osakada, K. Limb, M. and Mellor, P. B,
“Hydrostatic Extrusion of Composite Rods with
Hard Cores,” Int. J. Mech. Sci., Vol. 15, pp.
291-307, 1973.

. Malvern, L. E., Introduction to the Mechanics of a
Continuous  Medium, Prentice-Hall, pp. 154-170,
1969.

. Mori, K. |., Osakada, K. and Shiomi, M., “Finite
Element Modelling of Forming of Solid Metal with
Liquid Phase,” J. of Materials Processing
Technology, Vol. 27, pp. 111-118, 1991.

. Shiomi, M., Mori, KlI., and Osakada, K,
“Simulation of Steady-state Hydraulic Extrusion
Using Rigid-Plastic Finite Element Method,” JSME,
Vol. 59, No. 568, pp. 192-197, 1993.

. Park, H. J, Bonding Criterion in Bi-Metal
Hydrostatic Extrusion, PhD thesis. KAIST, 1997.

. Hartley, C. S., Srinivasan, R., “Residual Stresses in
Copper-Clad Aluminium,” Residual Stress in Science
and Technology, Vol. 2, pp. 867-874, 1987.

. Lee, Y. S and Dawson, P. R, “Obtaining Residual
Stresses in Metal Forming after Neglecting Elasticity
on Loading,” ASME J of Applied Mechanics, Vol.
111, p. 318, 1989.

. Hart, E. W., “A Phenomenological Theory for
Plastic Deformation of Polycrystalline Metals,” Acta
Metallurgica Vol. 18, pp. 599-610, 1970.

. Hart, E. W. “Constitutive Relations for the
Non-Elastic Deformation of Metals,” General Elistic
Company Corporate Research and Development,
1975.

- 64 -



