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A Bonding Surface Behavior of Bi-metal Bar through
Hydrostatic Extrusion

H.J. Park, K.H. Na, N.S. Cho and Y.S. Lee

Abstract

The present study is concerned with the hydrostatic extrusion process of copper-clad aluminium bar
to investigate the bonding conditions as well as the basic flow characteristics. Considering the bonding
mechanism of bi~metal contact surface as cold pressure welding, the normal pressure and the contact
surface expansion are selected as process parameters governing the bonding conditions. In this study,
the critical normal pressure required for the local extrusion - the protrusion of virgin surfaces by the
surface expansion at the interface - is obtained using a slip line method and is then used as a criteron
for the bonding. A rigid plastic finite element method is used to analyze the steady state extrusion
process. The interface profile of bi-metal rod is predicted by tracking the paths of two particles adja-
cent to interface surface. The contact surface area ratio and the normal pressure along the interface
are calculated and compared to the critical normal pressure to check bonding. It is found that the
model predictions are generally in good agreement with the experimental observations. The compar-
isons of the extrusion pressure and interface profile by the finite element method with those by experi-
ments are also given.

Key Words : Copper—clad aluminum bar, Hydrostatic extrusion, Contact surface area ratio,
Local extrusion, Critical protrusion pressure
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Fig. 1 Schematic outline of the bonding mechanism in
cold pressure welding:
(a) Fracture of brittle surface layers, (b) Surface
expansion increasing the area of virgin surface, (c)
Extrusion of virgin material through cracks of the
original surface layer, (d) Establishment of real
contact and bonding between virgin material

W& JeEMiT

S8 AEd N dAGENHE ot e B o
TFolAE HHE WHoR wwA golstd +& + 3l
+ uluF A3 (slip line field method)& A3
u, vpze] w9 & FIP L& B A HW 4F 4
A FEAAY 9 dASESE (p) o) Bl HillY 4
& o] &3td, Fig. 29 Zo] vehd & gith. FAH
A atslute] BAle 5 molld & A mdl] BIn
2, BARGANAN FHBALGEL F5] WY Fo] 2
A mAAg ez 3d ¢ 9lon, o] nAtEIA
Z9] 713 AzEe FAEd 279 AGIELSYH R)TE
gk 3 A5G A3 HYRRE OE F
Z7A WY 71273tE melsy] Hsire o 2719E-§

40—
30
25
204
1.5

1.0 o N

Critical extrusion pressure (n/2Kk)

0.0

o 1 2 3 4 s 6 7 B 9 10 11
Ratio of contact surface area (S/So)
Fig. 2 Relationship between critical extrusion pressure and
ratio of contact surface area

BBAMIBEHSR/ATA A1E, 1998 /67



g A 2 ol g

(0 e FEAANE B 4 Mo 502 oA
s, o gtEe YEAAHS o] ThegolA Foix
BN RDE o] §ole] WERANE nre} 7o,

2.2 SHolM=E

7Y MEZs i dEe duEends
BARIA L, edie]t HAM A vjollAfe] eferst
B FAHEYOE S ojFaA] BAE ASE d
3571 flal A a8 gl FS ol &stn, BAUE
uhE E9e] AP EE Ateta ol whE A dEe
A & o et

2Ag7keEd

g2 Hart®el o8] AAH L Dawson® ol <) 7t
23l # ®Ego|t}. 7tEkal @ HartRdolx] AT
slev 2z XA glon, A9e] S84 =g 48
Hog ¥HF Zeolu},

Ao AXE el vl FE dHR2e d
Fol a7H, wletA B Mo Sk dH R
Hwd F£L ARE T FSHARFLALH (Consis
tant penalty finite element method)& o} &-3l9th.
CPFEMAAME &9 o] 8434 (shape func-
tionj& o] &3t 7 a4 WellA A& A Hor B
Y, dEde 2 849 PG ol F L&A
o] 4 FHellA 2T} wtr FHFolE Sk v)A|
FE 8 Foha e IAY M PRt &
Ao A Argehe A AR e AT AlE
FRFH(T)o) FojA T,

FARHEHANAE 2zt FARA WA £49
FEHRE 23, 2 FAE wet Jeir R4S AR
st} e} £3E 7T SRS JaRY
(8)l) A3 it

==

o3
a3

2.3 H&0 ol

23.1 AARGA

BPF I F2AY SHE FARE oLt A
AR AFAN IR SR04 93] #5228 34
CEE ELERDEEREREERE PEEEE

68 / BRAMIISEBIXI/A7TA 1%, 1998

e 2 fAe @ANAAA W Talyorgs A7
2 0 go] ZEE 5 Ut
oAl , axt 0—)2 r Atz

x*M =x +—8Z—Az+ a; 5+

S ola] x4 o} yim ZZE QAR AIZE 1+ Arg}
el xpuElelm, AIZIFE Are FA4e Azlg
PAEEA7| 8 ro] 7. A (D)2 AE
£ Are] 33k FAFE & ]lake] Seeis) Azt Ar
e fae AR R e T o) A

Af'| 2

M

1+At

=
A t
+ lu’ ~Vu’(——'i—|)2

2 |
A9 TR BARE 7I2EdR BHY #%9]
glojol Bt 7 ()N o7 FF AR} Ao /HE 7
ABE rl2dy goi7bd dxe 84 e A
AHze] HAZRE 29 %) 8 £¥9 FA"

& Fohm 20 1E §ER2AAE A2 WEC +E
g 2w B,

=
01%5:%M AEAARNA BRSNS 27 A4
zwe) $57 20 47 WYL 299, o8 A4
QRN 70 A9 $EA2E e TGN
()9 WaE ANFT. els) Azl AP PuEA
e AB)ez 49T, L uE 22 SEuA
9 S E oY,

=£Fm (3)

u(.‘
S AolA) Aol e AR odeieie AR
ol HYAR (L) W& HE o2 W =) 3 27]

209 sk A2k HAMA el e HE
e 52 (Idendity tensor)el®, (3)49] &L
g Aol A 3 FEAARE wet St HEHE AR
o} SR oA WY A Z A 1+ Arel
A AP FalEA (F*)y & Crank-Nikolson H& o] &
3§ #3ir},



olEETE Frd &

F1+Ar:(1_%5FI+A1)~1(1__%{L1)Ff (4)

e

¢ A M E dH HIBAME w23 RE
HygolZ o] Aidol 7hg3lt) (4)4& o] §3le] BATL
BE Ao HE RN & Tola o) 2RE AAYE
(logrithmic strain)& T3tk Azt sidelA 4
AR AL EAR-FL Al Pl FeHE Aolm
2 Qo9 AN A EALE Left Cauchy Green
AP EUM (B=FF)E ol &k Hof Hs}.@ o]
Aol e EANAEAE UEAFE 24 (eigen
value)d4jo] 8@t

[B-allm' =0
det (B-a,1)=0

i=123 (5)
i=12,3 (6)

U HEH F2Y ] o)A Left Cauchy green
tensor?] A #A(eigen pair)E 7o, 2 FHoA9
74 (pincipal stretch)$} HAEFAHUE & 4 9l
o HFHore FEHAN G FHANAN 73 2 %)
09 A4 GEE vgo 2 AAY JAPA RS gte
& et

3.4 8

3.1 AEEX|

BT 4EHEe WWedTHAN dPATEoR
WL 1L5MNRE 84 A 4718 ol &3ttt
& ¢27le Feolie £87 S wol7] Ad &
oA ngHAL, o]Fe g ° gojiiel ool Tohx
g Aot Biste AR EHeR 44 - AR
o & 4271E 0~25 mm/sec7HA Fo =8 WA
2 glon, o Wds 28 248 4 dE LVDT
o} heetsE 248 & de 2e4e 35 gl

3.2 4%

HEAHL dFe] AARE WA vad & 43
HlE @7 8] d47 Aol £ IF9NFE (com-
mercially pure)Z wZe] FHeAze FE8(OFE
copper) £ AMEEIR o H¥2AL 7 17 2ok B
o] FEME A AZAC THY] ELEES AA
T ERAEFH] ¢ FaAR T3 AAe FY=
Ao FRAA7|Fo] ¥£P $EE FXEEE dlo &

Al FEA Agd B AT

23YA AATESY FIP AAE FEHAT,
Fig. 314 2% AL48 3934 GEAFE volzn,

Table 1 Extrusion condition

AR A7) =3 79 2%
——— A3 Lizd BRI o
Cu Al | (mm) | (°) -

$30x1.00t | $28.0 20 22.5 | 2.250
$30x2.00t | $26.0| 15 30 3.114

$30x3.00t | 4240 10 40 4.000 re
$30x4.00t | $22.0 8 6.250
9.000

Fig. 3 Dies and extruded products

4. dn U g

4.1 &AM 8

AR AL AR HE2un g
ZAE JALEGE S ATt Y £ 9e olE
FAHFES A7) M 4 AA e 4E3F
I fratet AERF o2 40| P ojok FnE, A
o B34S AR A3 BAWEY #5AEE viwst
Aot FoiF 4EAES NCERos FHAA AW
78l profile projectoreld ZF¥Eke @ 1 mmztAo
2 29T HEH(ER) 2 gES8wzte) ¥l o
2 23 &3S e AANSY S B3 A2 o) &3
M vl 237t Fig. 40 Bojzith, 2E 2 -$olA
Ho BAAY & 5% o TS 29 & F v}

4.2 37 s

FEv g e dFd Tl T 4E9H L Fig.
5ol el o B9 At 423 FA FEUEe

BIAMIIBEHAX/ATE A 15, 1998 /69



HEA - AE - 2dA - ol 8

5
: h memasurement
4 ER=4.00, t=3.85 mm pradiction
E ,
o3
2
I H
= ER=4.00,t=2.11 mm |
T 2 (It e
=
ERas.oo:'_ t=1.17mm
1
o H H H
-5 0.0 s 10 1.5
Normalized die lengih
Fig. 4 Comparison of outer layer thickness
1400
Experiments . e ER - 2.25
1200 \ ek Lo KR 348 e
,-la - : N - ER = 4.0
: : : i v BR-6js
f;: 1000 \Q:u.osa R A
2 o T
g oo “ER=0.000 } —
& 600 ER=6.250 - .. e
= S®oo| 0 -ERS6.2X v
B3 v v : :
[ — __ER=4.000 b
400 — e g AT
§ ~— ER=3.314 | o e — =
o :
o 5 10 15 20 25 30 35 40 45
Half die angle (degree)
Fig. 5 Extrusion pressure
Wshe 4270 Hulghs 2 ol f FAdH R 3
o - N
He A%e Zerh shEdEe g AR vt F

O

e, 93 el dEgEe ArEshe 39
2wst 2ARE B 5 Uk ¥ FR9) 9B 394
of el k2L FYelel A4 vimg A 10%
el FFHoR YA Ag Fig 523E B
% % gt

4.3 HefHollMe] 2leknt Myl A&

Fig. 6& 424171 4.000, S@2o) 307 A AR
o ¥4 (Re)= 2714189] AR (Ro)E 71E22 0.933,
0.867, 0.800 % 0.733¢ F< W AAHAAME 53]
4 ()7 MHRAENS] B 295 YAGEY
)9 HE A5428 ngt BodEn. FAHU] 2
Zle AR Y QAGEEEd 01X R, dAY F
A7t 57V et AAB Feste FAYEE St

70 / B=AMIESB R /ATE A1E, 1998d

2.0
—=— R/R.=0.933
R/Ro=0.867
1.5} - . = Rc/Re=0.800

—=* Ro/Ro=0.733

1.0

0.0

Pressure ratio ( p,/p, )
(4]

~-1.0
-1.0 -5 0.0 5 1.0 15 20

Normalized die length

Fig. 6 Comparison of normal pressure and critical pro-
trusion pressure
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