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Extrusion Process Analysis of Al/Cu Clad Composite Materials by
Finite Element Method

Jeong In Kim*, Chung Gil Kang™* and Hyok Chon Kwon***

ABSTRACT

A clad material is a different type of the typical composites which are composed of two or more materi-
als joined at their interface surface. The advantage of clad material is that the combination of different
materials can satisfy both the need of good mechanical properties and the other demand of user such as
electrical properties instantaneously. This paper is concerned with the direct and indirect extrusion
processes of copper-clad aluminum rod. Extrusion of copper-clad aluminum rod was simulated using a
commercially available finite element package of DEFORM. The simulations were performed for copper-
clad aluminum rod to predict the distributions of temperature, effective stress, effective strain rate and
mean stress for some sheath thicknesses, die exit diameters and die temperatures.
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Fig. 1. The true stress-true strain curve at the strain rate 10 sec™’

Fig. 2. The true stress-true strain curve at the strain rate 107" sec
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Fig. 3. The true stress-true strain curve at the strain rate 1 sec '

Fig. 4. The true stress-true strain curve at the strain rate 1072 sec '
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Fig. 5. The true stress-true strain curve at the strain rate 107" sec™
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Table 1. Biliet and die dimensions for direct extrusion process
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Fig. 7. Billet and dies used for direct extrusion of clad composite
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Fig. 8. Mesh discretizations for direct extrusion process analysis
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Fig. 10. Distribution of effective stress according to ram dis-
placement and sheath thickness, ¢,=74mm, ¢,=
40mm, «=30°, T,=300TC, T4=300T, m=0.3, V.=
20mm/sec, in direct extrusion process.(unit : MPa)
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Table 2. Billet and die dimensions for direct extrusion process

Sheath | Billet | Conic | Sheath billet | Core billet | Conic
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Fig. 12. Distribution of mean stress according to ram displace-
ment and sheath thickness, ¢, =74mm, ¢,=40mm, a=
30°, T»=300%, T¢=300¢, m=0.3, V,=20mm/sec, in
direct extrusion process.{unit : MPa)
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Fig. 13. Distribution of effective strain rate according to ram dis-
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in direct extrusion process. (unit : sec )

Table 3. Billet and die dimensions for indirect extrusion process

Sheath | Billet | Conic | Sheath billet | Core billet | Conic
Bill thickness| height | height | diameter | diameter |diameter
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Die diameter { diameter by(mm) length | semi angle
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placement and outlet diameter, ¢;=74mm, t=6mm,
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in direct extrusion process. (unit : sec™)
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Fig. 16. Distribution of temperature according to ram displace-
ment and die temperature, t=6mm, @==30°, ¢;=74mm,
$=25mm, m=0.3, V,.=10mm/sec, T»,=300%, in indi-
rect extrusion process.{unit : C)
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Fig. 17. Distribution of effective stress according to ram dis-
placement and die temperature, t=6mm, a=30°, ¢,=
74mm, ¢»=25mm, m=0.3, V,=10mm/sec, T»=300T
in irdirect extrusion process.(unit : MPa)

glae] %71 250CQ A$ole telEdTe fES
o] ¢4&%7)ole 240MPa, A A4dejolE 200MPa
2 tiolgt &alre] 257} 300 AR A
Ebtch 9ol 92 Fig. 16(a)~(d)o] vehd wist
Zo] tolg} £8jHe] 2571 300TQ A$7 250¢C
ol ARt HEAARE] 2x7} o &7 wFo|th
Fig. 18(a)~(d)& tolgt &vlBel &%27} 250¢T,
300ce8 w fRWEEST] EXE e Aot
AR A FERYESEI] tho|s) £3lHe &
w7} 300 A$7 250CY AR B4 Jehg
onl, S|B9 A4 thol9} &elne] 257} 250C
Q1 A7 300¢Cce] ARG FA Jveych 99 ¢
Q& Fig. 1~60] Yehd uio} o] 257} 45 ¢
2 AR fEIEe AAH7 BEQ Ao Algd
t}. Fig. 16(a)~(d)oll vehd ubel 2o} thols} &2
Heol 2571 300C9 A7t tho] 7RI B
Aol =7t AAle xR} oF 40T ¢ ¥ BYE

Fig. 18. Distribution of effective strain rate according to ram dis-
placement and die temperature, t=6mm, a=30°, ¢,=
74mm, ¢,=25mm, m=0.3, V,.=10mm/sec, T»,=300C
in indirect extrusion process.{unit : sec™)

7HA 1L, tol s} £8jBe] 2%7} 250TY] A= Tol
E75-2oA D8R 22 AAle] 2ERT oF 20
C o 52 BEE /R BE fE&el o &
HEAY 257t #58H0] ¢ 2L dAe xRt
75 F AR FE8H Hol7t FojETt e}
A tho|9} £eluel 257} 300CQ) A7} tholgt &
B £x7 250C Aok AAeh HEa)7te]
2zzel7t o 27] W F ARTY {55
Zlol7k o Zth of mEe] FAMPEETY o7}
9 2 Jehds 3ol Fig. 19(a)~(d)e tho)st
FejHeo] 27} 2507, 300cy wel AFSHEE
ZARL198te] BE-gEo] %o & TMAE &
Yebd Zlojth BE-EY e g folst gejue]
%7h 300cRG 250 A7 A et &
gk tholg} £alHol 257t 250TS UM &3
& 3 A FAAAEA § =26mmY o AAjd=
BdeHo] ¥ @& JE 99l vehdrt. o] A

of 1x rt rio mjn nfu



% A3 - 252 - YA B APRR eSS
200
180 f--vssooomz e WYY R rh R e
g0 | .. T 3
8 o | mesor [ [meoash
O o [ Vetmmsee T W A
8
5100 fom-romemmemmem e N e
C B0 pemeooemmoeemo T EXper-@-----==-----
o B T S Theor- #Vf - - oo oo
Ha0 2 ol €
J E 40 |- e
| & R
805940 80440 L
Joeo o 0 . :
b 0 10 20 30 40 50
b Ram displacement, § (mm)
(a) 4=125mm, Te=250T () 5226mm, Tae=250T

49
4080 &
40% 5!

4

(c) &=15mm, Tae=300T (d) & =45mm, Tae=300T

Fig. 19. Distribution of mean stress according to ram displace-

ment and die temperature, t=6mm, a=30", ¢, =74mm,

$=25mm, m=0.3, V,=10mm/sec, Tn=300T in indi-

rect extrusion process.{unit : MPa)
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Fig. 20. The calculated results between the load and displace-

ment, ¢y=74mm, t=6mm, a=30°, V,=10mm/sec, T»=300T,
Ts=3007 in direct extrusion process
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