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Forming Characteristics for the Bundle Extrusion of Cu-Ti
Bimetal Wires
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(Received April 27, 2009)

Abstract

Forming characteristics for the bundle extrusion of Cu-Ti bimetal wires are investigated, which can identify the
process conditions for weak mechanical bonding at the contact surface during the direct extrusion of a Cu-Ti bimetal wire
bundle. Bonding mechanism between Cu and Ti is assumed as a cold pressure welding. Then, the plastic deformation at
the contact zone causes mechanical bonding and a new bonding criterion for pressure welding is developed as a function
of the principal stretch ratio and normal pressure at the contact surface by analyzing micro local extrusion at the contact
zone. The averaged deformation behavior of Cu-Ti bimetal wire is adopted as a constitutive behavior at a material point in
the finite element analysis of Cu-Ti wire bundle extrusion. Various process conditions for bundle extrusions are examined.
The deformation histories at the three points, near the surface, in the middle and near the center, in the cross section of a
bundle are traced and the proposed new bonding criterion is applied to predict whether the mechanical bonding at the Cu-
Ti contact surface happens. Finally, a process map for the direct extrusion of Cu-Ti bimetal wire bundle is proposed.

Key Words : Bundle Extrusion, Cu-Ti Bimetal Wire, Finite Element Analysis
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Fig. 2 Relationship between critical local pressure
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Fig. 1 Bonding mechanism in cold pressure welding:

(@) original contact shape showing surface £ Fig. 1914 YeR L T}

roughness, (b) local fracture by microcrack at
the contact surface, (c) completion of local

extrusion
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Fig. 3 Averaged stress-strain curves for compression
of Cu-Ti bimetal bar

2.2 HIS o4& M =Y
A

A= SR k] Cu-Ti w A o] A
ASo] HEH o] Q= Mo WYL cu o} Ti 7
A9 ek B4 A vdste] fEa

Aol wrbsett. ol ¥ A
AT @Y olFHA BEFH AFL Tl

o L
Cu-Ti "lAl AA HES] EAozZ A&zl st

o =

th Cu-Ti o|FAAY HAH $9-HPE AEE
A7) A3ke] Ti9k curl 247 19:1, 18:2, 17:3, 16:4
o @A HEZ FAE 94¥ B9 dEHaS
T3ttt Fig. 32 F3ask Ao I Cu-
Ti o]FAAe Hrd $H-HYPYE AEE HAF
th Cu-Ti & ©HZ & we $H- 15 A
= Cu-Ti MAAA HE 4EF9 F3asrdYds=
HE Ul dof Helre B4z ALEsHA #
o @l mAAAe] AAe Aol £ iuE
olgt® 7] wjie] HHH EA4E ol &3 A
o] Axg Y vAAA HEFAME 1 W
AAA $1xe] A3 2 WHFgolgs Ax Zo
2 FEle] AR s @it B2 dd
AAA WFe F5A 8 ar|e Wt U
AOZ o FH ) 1 =77 wjg Foem=z 94
L FRAH W3t 2 Ao JMAEA

344 /B2 d 7S srE R /M 18H H4%, 20094

zAbslTh e s M
ABAQUS[15]Z Al&-3} )
200Cell A el Cu ok Ti & wAl HAA HE9 A
Rew FHasrsfs FHEATh
o] &k tho] Atele] mpEA|GE=
Cu-Ti HJA| A HEe] ¥4 e 8.5mm,
Cu ¢ F7= 1mm, F5EE Immisec
Folch S Wee

Ak 7k FEnlel weh oA

CRc

[

2ol

O
o
i
tio

M
=1
2

=
2L
o,
o

P

il
ol
(o0

R TI = W s g 2
e
2
0,

ZF% 10°, 20°, 30°, 40°, 50°= &3} th. dwtA el
AR I AP e oF 2000 7N, A2 of
2500 7 AEZ FAHYC
4, 2 Y =AM

E AFolMdE Tigl Cu AWl 7ty A=
A HEFA Wk AL ¥ ATHE
g FAste A8 JAEE dodlve 3RS
AT Ao EE #rEste QdAe HAE
HollAe] FRetE AFH ALY Aol wE
TEAEHGY Ao, HEFolA Ha&H
I FAGH e 93 odSE AT

Cu 9 Ti
ATolA ET2

FAE FHPFEYN FR1gw

st dgagk AdAG=EH A7

o St

Fig. 6 ol A& tho] wkzte] 30° t&H] 44 7

of Al 79 FEAS wet FHEAEA dE
Zrgete AAY FE54EId Y=

_(}L
af
S
| a7 dAGH AR vE RS 3l
ol
o]
A

HU_‘

% [o
2

CCu Bt} Zwvh £ Ti o Addh P58

Aste]l A FE S A HE oY
o}

10 ot
)
Ho
2

e © ek O oy ol
v il
oft 0o,
al %
12 oo
oy e
) )
2 %
x S
i o,
— i
T
b 2
2 L
i) o
ofy Lt
() £
e o
2 et
X )



Fig. 4 Distribution of (a) Effective stress (b) Mean
stress in deformation zone. (Die angle 30°, ER 4)

Fig. 5 Distribution of (a) ective strain (b) Principal

strain stress in deformation zone (Die angle 30°,
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Fig. 6 Ratio of actual to critical pressure along three
contact paths in deformation zone

= E.R2

2 .

5 20| —=— Critical
£ 18|--@- 100uter
2 16| 4 200uter
ERY

@ --wv--30outer
g -4-- 40outer

Deformation zone

Fig. 7 Ratio of actual to critical pressure along an
outer stream line(All Die angle at Extrusion
Ratio 2)

o Not bonded
® Bonded sometimes
® Bonded
44 [ J [ J [ J [ J [ J
2 Based on
& Middle particle
s .
) Inner particle
g 5
o /4 Outer particle
0 T T T T T d

20 30 40
Die Angle (Degree)

50 60

Fig. 8 A process map proposed to identify the
extrusion conditions for mechanical bonding
of bimetal during bundle extrusion
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