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ABSTRACT

A clad material is a different type of the typical composites which is composed of two or more materials
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
instantaneouly. This paper is concerned with the direct and indirect extrusion process 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.

Key Words : Clad material (248 %A §), Extrusion (%), Sheath material (3£ A)),

Core Material (A )

1. M8

SHEGARY olF AREL FFse] AW Bt «16}04 A2g 35242 Aost: Aoz
BT AR 40 BE 352 HA A2 BHE mg AUTeH Az /A AL
#3 o Z3N2 BY ohgeh, pUARZY e F Ut 7174124 442 A8 4 Ut Mgz 1 F

e 99 Sxx i -
E3] Arl/Ax8o2 Al8H1 QE bus-bard FIFE I AA FA FAY FHFE6 wg B
Astn 714 =3 astoltt olepe EAEZ SAsy] Y5t AVCuHE )2 FE& ZAEGANESE

bus-barol] ©] &3t ¢ .

A7jdRgor *P%El Ae SHAELASE 7189 50 s A=d bus-bar®} ZL R E v
st 7170l 3040%AE AAE D, FAE A o 60% A AFEH & F Uk AFE =AY ZAHS
B3t 327 ol AT =T %% o 93l XHZ-‘E‘ bus-barol] B]&te] "Holx A et

o]lF ZAEHAE #F ATEE StoryF'e XAZA/AIFE FHEFAY 7§"°‘%}%°ﬂ o) 3}
&L g tﬂa}al ATFEATE Avitzurs e SAEFAEY GEoA AA A ubAn)
2 Z=o vzt & mAE 4TS A7 YamaguchiSVe AT AAE TN SHEFAS
AHEE € FE5s8uod e gEdA dstd AT ByomE'e #F2AE S o] &3l
SAEFASY FEFHY FHPLL Agsidt

Park57E& ATFRFERCE AVCu FABFFASY Fr FEd Bstd {FFesa4e A 4Y
< £33l AFEAU PakEIe AFLLSHOE AVCuU ZAEIARY ¥ 2o Bad A3
g 393 A9E Fitod HAFsA

HAAAA 2 o|ZFAERAFY FE BF AFE AFAYEHR L o 8T Aol YR EoIYL

Lo

-9-



U

A3 2 HGEHA JolN FPAAS BAX ] H4F Ads LAFEH MRHET A= o}
F AdA

uztd B dFolME F w2l (Bus Bar)oll o]837] A% AVCu A5 o|FHIAZ FEFTA
a3

2 ASAH

dEsM Bag BHANE Fi) Hstd GFLEA AETE 242 GELIE FIAUT
otZ A% & MTS(Material Test System)ol A712E8 &3l AFHAHE ¢ 10x 1Smm)Z 7HE8t] o
E 2EZA A5AA ¢EHAPL st dFAY e FUAE € €¢FuE 47 tsio MISE
1, 1x 107, 1x 10%sec)e] %ol hate] zhz}k 300, 350C, 400TC, 450C, SO0CE AH & AAE o] &
aHgiot.

or‘g

oo ey

JP

3. 0|E5AM=ARY AEEMHY
3.1 A=A

Ay 2 BHGEY A5l dsd FUF FIE2HN S 33%}%4. fdai 34L& DEFORMS o]
astglnh Qalg @, W o), A NEARY dALASFE 0kW/m® - T2 7HPstglen”, o
FoAlo] o3 WY EL 092 7HHEYTD.

Wallz o] 2 W vlAAS m=0302 AAHYRYY, A FHBALY vBYE m=12 7HA
FA9?. A7 mlAd4Tt 12 A$E npdEe] g9 AW ESEHY L Aotk weEhA utEH
o] ¥ AEo AGFESH oA & /XE AT F ARLY vlude] dojdth

3.2oM2H

dEEAHHAL B SEE 30CE T2 JAEA T4, ¢34, tolst 2B 25 5& W5
z 3t #43stget. Fig. 1€ o] Al2€ L3 thole] Aot

HEAe] FAd i P& Fotrr] s HEAY FAE dmme mmE WIHE F
gk Aol ALgg W tho]e] X+E Table 19] YERHATH

71 WHlFH thele] &EE 300C, vHEAASFE 03, AEALG AAY viFRFE 1, FE=ES
20mm/secE FI A& AT Fig. 2€ #4E A F¥822d8 Yepd Aol

¢

L
2
4
tlo

Table 1 Billet and die dimensions for direct extrusion process

Sheath Billet Conic i Sheath billet {Core billeti Conic
thickness i height height diameter i diameter i diameter
Billet |_tmm) i Himm) | Ha(mm) Di(mm) Do(mm) | d(mm)
4 200 16 62 74 38
6 200 16 58 74 38
Sleeve Die outlet . . Bearing Die
Di diameter diameter D'ﬁ (n’er:%ht length semi angle
le ¢ 1(mm) ¢ »(mm) ! ho{mm) a°
74 40 294 4 30

wale HMxrldE A AHFSF 437, 845 412 EAYH 1, dEAe AYT 534, 847
4082 2dgsdch. @84 e st #x ‘3}°l°ﬂ AATAHE AT APLEAAANN P2 AT
237, 84% 2092 E%a‘s}ﬁwﬂ ol HHFE 838, 845 E 7592 EdFH. THLEAY
A de AFS 271, 8.4 2328 Rdysigon, tdole HASF 270, 84F 2352 RdFAC
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Table 2 Billet and die dimensions for direct extrusion process

Sheath Billet Conic i Sheath billet iCore billet; Conic
Billet thickness | height height diameter | diameter | diameter
t(mm) Hilmm) : Ha(mm) D+{mm) Da(mm) d(mm)
6 200 16 58 74 38
Sleeve Dn'e outlet Die height Bearing Pne
_ diameter diameter hy(mm) length semi angle
Die | ¢ i(mm) ¢ 3(mm) ‘ ha(mm) e°
74 40 294 4 30
74 30 38.1 4 - 30
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Table 3 Billet and die dimensions for indirect extrusion process

Sheath Billet Conic | Sheath billet i{Core billeti Conic

Bill thickness | height height diameter | diameter | diameter

et | “tmm) | Hi(mm) | Halmm) | Dimm) | De(mm) | d(mm)
6 200 16 58 74 38
Sleeve Die outlet . . Bearing Die

. diameter diameter D'ﬁ(mﬁ%m length semi angle
Die | ¢ (mm) | ¢o(mm) ' ha{mm) a°
74 25 4244 4 30
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(a) Direct extrusion die (b} Indirect extrusion die {c) Billet

Figl. Billet and dies used for direct extrusion of clad composite.
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(a) t=4mm (b) t=6mm

Fig. 2 Mesh discretizations for direct extrusion process analysis.

(a) 6 =15mm, t=4mm (b) & =60mm, t=4dmm (c) & =15mm, t=6mm (d) & =60mm, t=6mm

Fig. 3 Distribution of temperature according to ram displacement and sheath thickness,
¢ 1=74mm ¢ 2=40mm, @ =30°, Tn=300TC, T4=250TC, m=0.3, V,=20mm/sec
in direct extrusion process. (unit : C)
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(a) 6=15mm, t=4mm (b) &=60mm, t=dmm (¢) &=15mm, t=6mm (d) & =60mm, t=6mm

Fig. 4 Distribution of effective stress according to ram displacement and sheath thickness,
¢1=7dmm ¢ =40mm, a =30°, Tn=300T, Ts=250C, m=0.3, V.=20mm/sec,

in direct extrusion process. (unit : MPa)
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(a) 8=15mm, t=4mm  (b) 6 =60mm, t=4mm (c) & =15mm, t=6mm  (d) & =60mm, t=6mm
Fig. 5 Distribution of effective strain rate according to ram displacement and sheath thickness,

¢1=74mm, ¢ 2=40mm, @=30°, Tw=300T, T4=250C, m=0.3, V,=20mm/sec,
in direct extrusion process. (unit : sec™)
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(a) 6=15mm, t=dmm (b) & =60mm, t=4mm (¢) &=15mm, t=6mm (d) 6 =60mm, t=6mm

Fig. 6 Distribution of mean stress according to ram displacement and sheath thickness,
¢1=T4mm, ¢2=40mm, @ =30°, Tm=300TC, T4=250TC, m=0.3, V,=20mm/sec,

in direct extrusion process. (unit : MPa)
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Fig.7 Mesh. discretizations for direct extrusion process analysis.
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(a) 6=15mm, ¢7=40mm (b) & =45mm, ¢2=40mm (c) &=15mm, ¢=30mm (d) & =45mm, ¢ 2=30mm

Fig. 8 Distribution of effective strain rate according to ram displacement and outlet diameter,
¢ 1=74mm, t=6mm, « =30°, Tm=300T, T4=250T, m=0.3, V.=20mm/sec,

. . . o -1
in direct extrusion process. {(unit : sec )

(a) 6=15mm, ¢2=40mm (b) &=45mm. ¢2=40mm (¢) &=15mm, ¢:=30mm  (d) &=45mm, ¢>=30mm

Fig. 9 Distribution of mean stress according to ram displacement and outlet diameter,
¢1=74mm, t=6mm, a =30°, T»=300T, T4=250T, m=0.3, V=20mm/sec,
in direct extrusion process. (unit : MPa)
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Fig. 10 Mesh discretization for indirect extrusion process analysis.

(a) 8=125mm, Tge=250TC (b) & =26mm, Tae=250C (¢) §=125mm, T&=300C (d) & =26mm, Taie=300TC

Fig. 11 Distribution of effective strain rate according to ram displacement and die
temperature, t=6mm, =30", ¢,=74mm, ¢2=25mm, m=0.3, V;=10mm/sec, Tm=300"C in indirect

. L
extrusion process. (unit : sec )
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(a) 8=125mm, Tae=250"C (b) 6=26mm, Tuc=250C (c) &=15mm, T4e=300T (d) &=45mm, Ta=300C
Fig. 12 Distribution of mean stress according to ram displacement and die temperature,

t=6mm, @ =30°, ¢ 1=74dmm, ¢ 2=25mm, m=0.3, V.=10mm/sec, Tm=300T
in indirect extrusion process. (unit : MPa) A

_.19_



