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1. INTRODUCTION

The present technological materials must have the capacity
to support strains, temperatures and other external influences and
to ensure a high electrical conductivity in certain circumstances.

Such requerements are satisfied in some cases by composite
materials, particularly by bimetals. One of the causes limitting
bimetallic material forming is an insufficient knowlege of the
working out process. In thin bars and bimetallic wire manufacturing
the final operation is, as known, the material drawing thtough a
conical converging die.

Unlike in the process of monometals drawing the existence
of two materials having different mechanical properties provides
specific characteristics to this process, thus the core may break
or/and the external cover defoliates. This enforces the ensurance
of an optimal course for the process, the diminushing of rejects
and of scarce materials éonsumption, as well ag, the increasing
of the finite product quality f8] . .

This paper concerns a mathematical model of Ghe bimetgallic
wire and bar drawing, using viscoplastic constitutive equations ‘
and integrating the governing system by means of the perturbation
method. The drawing force is determined as a function of certain
parameters of the process, proving by some numericél examples the
process optimization possibility. The mathematical method used for
the integration of the governing egquations is the one we have used
in our papers [l - 7] for various metal processing procedurcs.

A binary system is a material continuum, occupying = region
,j? ==a€z()é//f70C/'ﬂ6%2)’ possessing a discontinuous homogeneity
along a separating surface 5/ between éf%vandcfa(z) o
On the surfaceijfthe constants of the material are disconti-

nmuous .
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In case the domain“of7aﬂd the surface S/ have an axis of
symmetry such a binary system represents the theoretical model of
a bimetallic bar or wire.

The viscoplastic deformation, described by Bingham type

constitutive equations of the bimetal , takes place in the domain

B ={(2,6,9)] Ll (00,0, (6), 6 [0,5), 9 €T,

called the deformation zone, where 7 = /l((‘) f (8), i), f =4 2,
are the equations of the uniknown discontinuity surfaces of the
velocities and the stress %t’)j: (:’]'; 1,2 at the entrence and
exit of the material from the dye; 4 , 9-,(? are the spherical
coordinates with the origin in the top of the dye cone. The regions
Ly end Ky ere Ay ={6,80,9) /1 e (%69, 2w (8)), B<lo8e))
C?E[O#ﬁ)} ~and B ={(2,6,¢) /n e (t206),421(0)), &€ (8502, ),
CP elo, Q/Z)}where 8 =64 (%) is the separation surface equation,
apriori unknown, denoted by 3/ , of the two materaal componentse.
Up to the entrence into the deformation zohe and after the
exit of this zone, the material has a rigid motion characterized
by the following geometrical dimensions: R3 . B4 are the radius
at the entrance and exit, respectively, of the core, Rl and R2
which are the radiué at the entrance and exit of the binary system
and ¥ and \ which are the constant velocities of the rigid

material at the entrence and exit of the die.

N

Fig. 1. Geometry of the binary system drawing
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2. EQUATIONS OF THE PROBLEN

y

The governing equationé in the )§(¢), ¢t =1,2 domains
are:

- the Bingham type constitutive equations

k(t') = 2
{{:(i) = “ﬂu‘) 1« (Z’Zm—rm') dey» ﬂ_’,&: ) 7{{, o (o1

’ ; : = )
- the Cauchy’s equations(in the absence of the body forces)

"
e
(L= = ) (2.2)
- the Coniinuity equation for incompressible material

—

T (2.0)=(2.3) U /2y s ihe weloeity vectar,1f () is the Cauch;
(v) (v y

stress tensor, cﬁ is the rate of deformation tensor, /Z(z} is

) o
the pressure, I&ﬁcé) and lid(é) a?e the first two invarignts of
the rate of deformation tensor, ﬂfcé) is the stress deviator, P(g)
is the densiﬁy; 7z(¢)and ﬁg(é) are material constants.

Equation (2.3) leads easily to the following relations

2 2. 2 2
By writing (2.1)-(2.3) in spherieal coordinmates and furning

them into non-dimensional form by means of the relations

o] (o]
LR, U(t’)*z/:v(é)/z,vﬂﬂ
(2.5).

(@]
Yye = Yoy, oy o) o
2

the following dimensionless combinations are put into evidence

k((‘) ‘22, e(“—) U/J.Qz : ;
E3 S b iEE e ) ftﬁi o= » L =12 (2.6)
yacy) i b L) 1 -

that is the Bingham and Reynolds numbers.

We shall suppose that
Reiy<=<14, t=1,2 (2.7)
therefore neglecting the inertial terms in (2.2).
Equation (2.3) in spherical coordinates has the following
form ‘ : :
Qe o Aliiie 2. Viiya - Ve totg b

= ey i A A =0 (o
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which allows the introduction of the stream functions

. 2 o ,
Yo, (4,8) =R, Uy Yoy (25,8, L=1,2

in the domains ﬁ('t') by means of the relations

‘U'o { -bk“):i)
. /Z/ e g e — D %
(D) 7°* sine 7’;} i1 (2.9)
o 1 2 Yo :
G n e S O —
i asenf. © Tt

By assuming that B%@)< { and following the method used in
. : o o - .
[l - 7] we shall develop the unknown functions g*)(t.) - [’L () in
power series with respect to the Bingham’s number

o e g J = o
3 Ve 69 = J'z=o Bju‘) \V(i)j (2,6),

: (2.10)
o o = 4 2 a
r == 4 J ’ : /L G
71(1,) (2, 6) : %‘O Bg () 7’(’&)(} ( > >7
) o o
whelfe e — Yeeryo (69) and S /603 C'PU)(G)'

By substituting the developments (2.10) in the Cauchy’s

equations, in the constitutive equations written in spherical coor-

o)
% $ £ £ e o
i.,e. the approximations th tream functions and ;
PpPro io o) e s a u 10 n /7'<t)o> /’Z({)w

dinates and equating the terms having the same degree in B?({-) .

one obtains the system of equations for '\in)o) W

oo 4=4.21.e. the pressures.
b

Turning back to dimensional variables and functions one gets

%(4)(/0’6) :R1LP1W(€)O (6) + ij(t) . (‘f(’-.) (&) 7 (7(632\((,)))

(t)

R;U}L "f ) =
225 U (6) - 72-5- nt,8) + O(Bq ;)

() 2o

U(i) @(@)9) S

k ' Cf(t’)w) g - i
U ; 4 0y ___L_"_)/L —_— 2 )2 L—1)2

where the functions

o
' o 1 OLLV(L')O
Ll e

4 oLCPu") C e
U(C') (6): = ? 1t {)L

R TN SR\

A2
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' may be written in the form

M B a é(a)/"i(@‘)# d“') 916),

A _ |
Viee) (0 — G(“ + By fL{8)+ Dy 9,(8) + (2.12)
, T e 1(8) 11(8) + Keya (8) 9(8), {=1,2

with CiLJ)‘= [)(4) =0 ywhere we used the notations

fLLe) = %. + CO% 20,

' ‘ (2.14)
Cﬂ@) =(43—+00523>5n(fg%)~'(4—3w69)(4+c059)_. .

The functions (<(_€)1 (6) and K(t-)z (9») sat‘isfy the equations

: GLK(L')l g % :
— == = (0 5tnb - q(8),
g
A G 9 , (2.15)
sdlkain 7 100 (8), i=1,2
d G- e Feo L :
where
2 0002) %(t)wt§€
'Z‘\/sfi({)*_ %Qi) A -

d e e
. 6—1—5 ( . % 2 -)’ L=t 2
Ny

The physical components of the stress ten

sor are given by
2
iﬁ(t') Uy R,

Gy Jup [au‘)“ 3%&)(9)] =

Mgy U LA 4
S 2o - -

<} — - = S 20—({)(6’)]1‘@(53(0)9
\/3 1/(,(,[) -+ .t%(_é:_)
20000 2 A'q(J U

t(é)c}&: = ’7(231 Z Elidy— :2 lcu‘) e

"/ A 2, (a.17)

+ Regy (Ao tn Z ~fig (0) + 41, (8) -

héw/(:gg, e () L Uiy }A_k
. . Stin & V5 ué‘t.).‘_ L(,;.Zt')

= U(B‘j?m) b)



~0=

fp g == L2 2 iy - Lo ey r ke [Agtag,
| - /ﬁLa')(&)—-21U<e)(8~)+éwtc}(} Zizg})
WU ' 2
”{/?;uzaj ; u?f-:] : U(Bgm)a
4
£, = Z“)Zg Ra W) (8) — kw [U(c) (¢)+
e
+2:{/5 u;)) w(f)'] +AO)[B€MU)
Cloeqg ~qu)u( 0.
where
’ﬁb(g) (®) = U’(’U (8) + "%2%%@2 = 62.18)

,_i( Ui (6) St lp) :

d(} 2 2 /2 . 7z

Voo ) 2o,

- 3. THE BOUNDARY OF THE BINARY SYSTEM DEFORMATION ZONE

On the surfaces.j@daf, i)j==1,2,conSidered as discontinuity

surfaces for the velocity and stress fields, according to the previ-

ous assumptions, tThe following relations are satisfied

[1}1é)51-]“= O,

(3.1)
{'tcé)ﬁe,rlﬁ:]:: O)
where T, is the normal unit vector to the surface.
I e 8 0 with 6€[0,6,.(4)] for 1=1
and 6 & [Gg(fz) o< ] for 1_ % , are the equations of the
2
surfaces 5ﬁﬁ)J then by neglecting the terms (?(ESg(O)in (3.1):L
we get
2 o ﬁici),ﬁLs .(9). . (9_ o5 :
R, V. Yo (8) + L Py (6) (3.2)

ik 2 \ -
o ~7£-/C(i)j(eﬂ Sprbze-:z C1j)i > (’)3 =L

If we require sﬁl)j to pass through fjg )jzzfoz then results

] 2 o U' 2 = .
L(Z)j =R, U, Yeayo (%) — ‘f‘ Rd =t (3.3)



_ : =T- ;
" Therefore the equations for %2) J‘ are given by

RIV, [W@o(®) ~ Yoo (<] + fj *Lm [ P (6) -

(3.4)
- .9_: [/ij 8 0 ‘RJ o 1.—_1,;.

By assuming that the equation of the surface 7” has the form

: e 2 G
. 2
where @» and @1 are constants, the components of the normzl unit
vector to this surface will be

T 9 (%) : 4} =
e e |
'\[14-/(,"9;2(@ 5(1) @ R, A 3() (3.6)
- 2
nxe__-_- 4 ,=—1+O’(ng)'

\/I*"L“G"(‘L) :

The continuity condltlops of the veloeities end stresses on
the surface % are

%,Z/y g ,L/y, v;,)&/y, . uvw&/y : (3.7)

and

Cyre e T t(’)i&'_le/ff = Ly Te T 40 ’?’9~/§p >

; (3.8)
tuw ne I, + 'tu)ee '19/&0’—‘— ey ne 'Lc'*tu.) 60”’9/54"
By introducing (2.11) in (3.7) one gets
Uy (B) = Uy (B)> ’ : (3.9) _
B
Doy (@) = f’“’ Pesy (B), i g
L gg—f,—; % )(&) —m.,(e). (3.12)
o iy (B)— Uin (@)
Since we have E/[’) bﬂ(z)‘/ 1P } ('}:1>2, , there follows °
\-i’(z)o(d ki)(l)o(@) == J_("" Ei)_‘) ) (3.1?:)
R
ol (3.13)
i male = Bgc)

The condivions that (()1’ contains the points P‘) 3 =1,%
determines the values of the CU)j constants,so that the eque tions
of %,)/ finally become
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[L\/wo (t}) ~Wegol @)+ —Ij{-c—’) [/ZU)J (&) Q8) -

o ’1(:)‘; (ﬂ) @ (1) (@‘)] s “k"“‘) 1LV(1)O (@)'z(u(} (@)”
' (3.22)
-—.‘g-[ £ (9 5in"0 - R, .]=0, j= 2
. By putbine in (3.14) 0 =0 , ome gets ‘
“\"Z)O(@%-“VZ)O(O):—* Rr;’-’ (35
: (3.16)

Peny (B) B LV(DO (@) =2

The last relation according - (3.9), (3:10) and (2.0 5
identical to (3.13). ;

4, CONDITIONS ON THE DYE WALL AND CONTINUITY OF STRESS ON bﬁ

On the die surface f= & we have LQxxf:O and the friction
is described by the relation

t(z)ﬁ’&/(} o m'\/“ ﬁ'(1) /G =

where .m is the friction factor, cotisfying the condition g<m < |

- These boundary conditions imply Ll - 7]

@ 2y () =0 | _ - a
and. _ . .
’LL(u,) (OC) = — 2\/5 X ‘[/L(l) (OC), . (4-'2)
/ ' (4.3)
Yiea) (oe) = (3 2( (2) (OC) )
~ where
; m s =
} = = | (4.4)
From (3.8) one also obtains
4l 7
Loipy = .”Z((’:)au) i Cy — 72([2 C) > (4.5
7(0 (4.6)
u(z) e am(@))
ku) u(l) (&) [ J
v vz U2
co(6)- ()(@) | ""m(@) Bgw) i (4.7)

el A {P)\] —



=0

; | : .
- o “(z)(ﬁ)[f’ﬂw - 1 1 \

7 : 2 ;

l() QU) \/.3 ‘LL(,_) (@) + u'tl) (/ '\/3“(1)(@) i ___Zy ) (5)
‘k(i) 0) k(.’l) A(z) ; : “ 4(4 8)
and : |

k 2

€@ f ., (p)- Ay () +4 L Viy(p) - k“ % (B) =

k) : :
= e 0G0 .LO'I_:i_ .

6 ( My ) sin @ CP(” ((g) = z’((i) (@)[ 1 ' = = (4.9)

v3 ué_) (@) + Zé)_ M::,(&)
: G A
ko o } =0

ko Vaug, (e LE®)
4

5. THE DRAWING FORCE

Let 3. be a surface of equation 4 =%(8) »@elo, oC ]
located within the deformation zone; we shall compute the stress

resultant which acts on this surface. As in Ll - 7} we get

X = \{ =0 E
95(’7') : ] 4 i '

T~ 20 S | Z@eosety,,, T (8 (0)snt. twoe ~
o

{ : , : )
(@) 2'(0) cost + 2 (6) $6n6) tryap) SO AG+  (5.1)
K
Al S {’zf(e) wsetwu+ 4(9) /L’(a) gin 6 «t(z) b6

9 S(v)

— (18) (@) cos B+ 2 (0) bme)tw wo|sn6d e,
where %, ¥, 7 ‘are &he components of the stress resultant in the

frame O0Xyz.
By substituting here (2.17), one obtains

- 2w, (6s)scn B cOsOs
2 =27 i R £y
; [ 1) 2 2 /L (6’5)

/ : SR
. 2 U, (Bs) 5 G cos G St o<
"l 2R 2(6s) et R Yo e

Al).
fz,(oc) sLn oC 72(1) ER,

/
2 U2y (<) 510 h—OSoCJ -

(<)

Y o k o 741(95) S’l;l’i«le‘s [ ) u('l) (95) - (5 2)
) 2 (1) 7S ,\/5u . = uu (@5) .
1) )

Lo (&)lﬁ-..((ﬂ) oD

2 s /
4+ X (8s)5tnd Oy 200, (0.)




-]10--
2 [ ‘ ;
w8 4 (0,) sinab, - 3476,) Gy (05) 050, | +

L’
o f?u){ 4 (&siSLn &s[{?m (95> U2y (95)2 ..,] -
VS u(z) (9'5)'*' (2@
/
- /02(6‘5) stn 26 “(2)(95)

= /L(Go (z)(g’)sflnnes'

8 Vaui, ®,) + E@_(Qé_

_rle (9) ein2by + 37 (By) Peay(Ps) cosby +

4 (2)
Stn K
() smoczn k) ’_1,___(_30_)________
+ Ay, ( e Rz | -

() sn £ [h(z) (¢) -+ (ucz)('oC) -
2

L e pg) L
< Bugy () + YO

2 o - e
4+ 24 (%) st o ('U'(,_) () + C_Oé"_ﬁ_f_c e (OC))} .

By denoting .
215 I
= Z/ ) Z— = Z/ (5.3)
‘50(1)1 ufzzﬂ ' 7?1)1 (ljl
~and by using the conditions (2.9), (L.5), (4.6}, (A 9) and (4.0)
one gels _ . 7 U'v
AE (i 2 6(’“'0( 2y 22 2
7T = 2% [27&)1& B a,, —Cy 2R, -
. : R, 2R,
2 4 () BLA K LOSLC
= 1o vz R, 2 ]'+
Q«
Tk P ( >- L — _
+ L &(2) R‘l {A(l) {/n R i1 ok (2)( ) (5 A)

< b ) uw = coly °C)

)
\/; 'u-Lz) ) & (O(

44 U;'(OQ) + U(,"L) (<) COt? IS ’
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1} ' 2R
gl eam[2phRia,, sk o Do B
2, 2
, / vend
=y U R, Uy, (%) 5t "< OS] =

~ Ty RE { Ay (e - ) = 4 () -
(5% 5]

1
( Uy L) —
\/ 3 uu.) (ec) T % (2) (O() ‘

__%S_cotgoc)fz.wz)coc)f w(oc)wt? }

o=
T P and N are the stress resultants ac¢ting on the die

s Ly () = £ = 2¢254(%%), then
o I eCS
T memach | b, tda,
22O
Az (e0)

deite T
: A2y 2 (5O

surface 8=

(5.6)

By means of (2.17) one obtains

—> . ‘ A S ; . M :
E ZJZ{Q@%Q <E— E) SN oK OB U, (X) =

2 ' /o
U (2) (=€) : 2 2 '
+V W\ 2 (%) 1 _Rﬂik’
au‘;’)(oc) + (242 -

N = { 20 ;2( L) agsin'ec +
2

11( 2. a2 2
| + Qle.CL@ (R1_.Qz).~
&(_’;) 2 . R 1 .
T R1 [. A (2 (&1 RJ_SLI'LOC -2_'-)
Uay ()
= T Uiy () - Freyy G’Q]
\/ 2 411 P\ u(’z) (C) ;

(5.8




~12-

kz) Uz () |
( R, [A(z)(al = ““) = V - 2 L T '!
- bty (&) + “QZ—# j

=+ 431&2)@*)'—'4igq Gx)}.g ﬁL_

One can ea51ly verlfy_that
Z +Z“+ + N = O
that is, the resultant of the forces acting upon the deformation

zone boundaryeéa is zero.
By denoting with
I

o ;
s gl
6 =) G e T (5.
2 R = e ‘ o)

from (5747 and (5.5) the#e results
621 36 =2 77(2) U R, ( 1 ) Srbn oC [Z A2y SUroC
2.
Ra
(1) (79 a%"c] kcz)Acz) be - = o

If we divide the stresses by & (Y k(z)\/é , one gets the

(5(.10)

relative drawing stress
e e
6(1)\( 6(2)\’ B 53(1)

- el os <J(1- ) A 4n &

o2 '
st of [2 Ay SUL L~

(5.21)

6. NUMERICAL EXANPLES

= In order to determine the constants Sy b(i) 11 Oy d(z)
and the angle B , we use the equations (3.9), 32y, (. 15), 4o
(4.5), (4.6) and (5.4) where we assume the drawing back-force as
known. The relative drawing stress given by (5.11) being the mosdb
important global characteristic of the process, the parameters invol-
ved in its are determined as follows: assuming that WQﬁ)o(O)’?C%

the constants ‘a(z), b(z),'d(z) and the angle é result from the
following system

6ag, (1- w$@) éw " ({g) st~ dy 7’(‘@ SUL@
7[(4) ’\3
T \1)—

Aiay (COSoC - COSB) + ﬁ(l) [_/'L(OC)SMOC /1((3)54./1(3]

J



g
+d(1)[61,(oc)$bnoc cp(@)sum@]-—S( = ),

A (1- %) + Gy (1 %)/L(@) T
e o 1 |
: GLU[ e Ty 7/((5)] - o

z\/g(f a@ + @w [/t’(oc) + 2\/3”1(&)] +
+ dy [@’(oc) 23 XC]/(GC)] =0.

To determine the angle @ we use the transcendent equation
which results from the compatibility of the sygtem (6 1). We also
mention the following rela tlon

wit) = 12 ¢ 6y + 2w () sing - (1-
M) 6

o )( 9 16) - YU (). ‘
In order to determine the constants A(i)’ B(i)’ D(Z)’ h(l>(0),

o 2)(ﬁ Yoo Mdoke ) and &4 we use the equations (3.10), (3.11),
(3.83), (a4l (A03) , (4.7), (4.8), (4.9) =nd (98} By dificuers

combinations of these relations one gets the following system to

determine q(g) B( 2) and D(Z) which are present in (5.11)

X(\f + By [ V3 = ')+ D, [1V3 g (9~ 4'0)] =

= “ Ky @O [y V3 e - o 9]~ Koy =0 [y V3 90 -9, COC)J )

(6.2)

Ay

Uy (B

A {L(@) 1-]/2/1(@) Ui (&) [{ b ZUJ(CO’SOC. C',O'S )]

@ e 7 é

/z (@) 54./1@ )
Ueay (@) len

- U2y (@) (1 ’Zcz))} B@){ o )ﬂ(@) +

71(1) 71 () SL.‘I'LOC : bk Usay (@)/L(ﬁ)
e = - (2 T —_

Nz /l'(@) Sen (3 ,'/ (@) o LL(’Q) (B) J}

/ :
5 i Ny G (o0 St (-
”Dti){(1— ——))7’(4 Ty /L’(@:}L:L@ [/IL(?) - b
12 aa) (&) 118 ] . 64 Y Uiy (B _ 3 =
u(i) ({%) 3 u(’;) (8 /z’((g,) sen B

)
) (9 LJ(B) 4

W p ((3) sin g




L,
: U (8)
k., ﬂ’(@)+12ﬁ(@) u,ﬂ’)(@ ¢

oy \ S‘ﬁw (9') Smedé +

kay o sing o
L 64 ko Uey (@

Keya (@) i
2 k(’“) (:L) ((5) ﬂ(@) stn P
"Z(l) u(z) (@*) (o 1 .
%) 2 Ty [3 o () + u(z, &
o ,%w 1 ' ]}
kl < 2, 2 )
() \[Sﬂw(@)‘i‘ :ZZ:‘)) u(")(P
: 6 U (B 11(8) ep
Bl il .
’Z@) oC G ' '
g - u“)(?)mg}*“i%(z) [isisec-
12 ué, ()
- Tew Uy (B) UB S (o) 8Cn o ] 2
= /L(@)Sone + 6 —

T (1_72(,)) w(@)/a(@)

-t D(l) [q,’(oc) 4 of — c‘,(@) sbn@ +

1?(4) Uz (@) ﬂ[ﬁ) 9 (OC) SQ’LOC
16 Ny
e (1"_) o (@7
32 Uesy (&) ] &

2 1o U 39-)) Ui (B) 11'(8)

, :  4) :
=6 [1 +6 (& uf; (é)/;(é : ) e 28) o+
T (1- _fz) Uy (B) 111(8)
lw
+ ¢ R éu) U (&) [ 196 sz(@) i
k(.ﬂ) = 720)) u(z) (@) 1 ((g)

5
+fl(?) S%U) (3) Sbnede] )
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where

K(z)(o_c) = = é‘ [/L(OC) K(z“ (OC) -+ q,(OC) K(,_),_ (o()] 54_,;1. o + (6'4)_

Ik g Sz (6) st 60,
é

The material constants have been taken out of 1_8] for coppen
and aluminium, that is

b “O MPa, 7 =0,11 MPa-5,

and
k= -39-MPa,, = 0,09 MPa- 5.
respectively. v3 t :
16%2 | | I7‘=20$4
)y 155 = (.42
=207
Scopper 55(2)= 0.4

10

7 =20%
0-\9 4k Bg =0a33
~3iluminium

0.8 1
0z

0.6 =10

T

0.4
0.3
0.2t

0./t

- . o
U T +

O 2F 4 e B o et g e s e = ‘

Fig. 2. The relative drawing siress,depending on the
guolieoc = . unsease .

The drawing velocity is V(2) = 1 m/s . The geometrical data
for thin wires have been considered as follows



i

R, =0,824 mm., R,=0,61tmm
and for reductions r% = 100(1 — Ri/R# ) of 10% and 20%, which
corresponds to the following values of R2

R, = 0.7768 mm and R, = 0.7343 mm
Tespectively. ’

Two cases have been considereds

Case 1 - wires with copper external cover and aluminium core
for which r% = 10% , Bg(z) = 0.45 and ré% = 20% , Bg(z) =0 4o

Case 2 - wires with aluminium external cover and copper core
for which r% = 10% , Bg(z) = 0.35 and r$ = 20% , Bg(z) =0.33.

For both cases, when r% = 20%, the drawing stress values have .
been compared with the corresponding ones for monometallic wires of
copper and aluminium , respectively. : ‘

The numerical data obtained are illustrated in figures 2 and 3.

r=20%
IIGQZI » ' By =042 r=20%
o 2)y Bg 0.33
4'7";200/0
5 0
| 29
101
0.9
Taluminium
0 d ‘
0.7
=107
0.6 T
0.5
041
0.31
024
0.11
G g ptiipe S8 qpt o gt et g88 D 2% e =

Fig. 3. The relative drawing stress, depending on the

angle oC y 2N case 2.
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As mentioned above, the deformation zone;geometry depends on
the form of the separation surface 56 of the two components, whose
equation is given by (3.5) zhd depends on the parameters @ and @1
In both cases the system (6.1) determines the parameter 8
as a function of the angle oo . The numerical results are shown
shiglaial s '

|

|

/20_ " / ; =

i

bk e bk s e ok

Fig. 4. The dependence of the parameter @ on the anglecc s

The parameter @1 is determined from (3.21) as a funetion

of the angle oC , and it is graphically represented in fig. 5.

7. CONCLUSIONS

The drawing process of a.wire with two Bingham type components
through a conical converging die has been theoretically described
and numerically exemplified. The influence of the drawing velocity
on the drawing stress is given through the Bingam’s number. v

The existence of a optimal die angle for which the relative
drawing stress reaches a minimum has also been established for

bimetal érawing. : R T S e
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Fig. 5. The dependence of the parameter'@1on the angle oC .

This relative stress is located, as it was eXpeéted, between
the two corresponding stresses of the monometallic wires.

The boundary between the two components of the bimetallic wire
within the deformation zone has also been specified in the examples

given above.
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