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High speed wire drawing 

G. CAMENSCHI, N. CRISTESCU and N. SANDRU (BUCHAREST) 

THE PROBLEM of high speed wire drawing is considered. Since high rates of strains are involved, 
as in [3] a viscoplastic constitutive equation of the Bingbam type is used. However, the method 
used in this paper is different. One starts from the local balance laws and tlle boundary value 
problem in the viscoplastic region is solved using a perturbation series method. Finally, a formula 
for the drawing stress which takes into account the speed of the process as well is given and 
from this the optimum drawing regime can be found. Numerical examples are given. A com­
parison with the results obtaines with another method [3, 4] gives practically the same results. 

Rozpatruje si~ problem ciunienia drutu z duZym.i pr~ko8ciami. Poniewa2: wil\Ze si~ to 
z duZymi napi~ami, wi~ stosuje si~, podobnie do pracy [3], lepkoplastyczny zwUlzek kon­
stytutywny typu Bingha.ma. JednakZe metoda stosowana w niniejszej pracy jest inna. Wychodzi 
si~ od praw r6wnowagi lokalnej, a problem brzegowy w obszarze lepkoplastycznym rozwill­
zuje si~ przy zastosowaniu metody rozwini~ perturbacyjnych. Wreszcie, podaje si~ wz6r na 
napr~i.enia ciunienia z uwzgl~ieniem szybkoSci procesu, sqd moma okre8lic optymalne 
warunki ciunienia. Podano przyldady numeryczne. Rezultaty praktycznie pokrywajll si~ z re­
zultatami otrzymanymi przy zastosowaniu innej metody w pracach [3, 4]. 

PaccM&TpHBaeTc11 ~atm CKopoCTHoro BoJiollemm npoBonoKH. T. K. 3TO CB1138Bo c 6oJIWIIHMH 
Hanp.IDKeHWIMH, npaMCH11eTC11, aHaJIOnNHO pa6oTe (3], B113KOIIJI8CTIACCKOe onpe.ZJ;emuo~ee 
COOTHOWeHHe TIUI8 EHHreMa. 0.ZJ;HaKO MeTO,ll npaMeWie.MbiH B H8CTOmr(eH pa6oTe COBCeM 
,ZJ;pyroH:. Hcxo.ZJ;BTC11 H3 3aKOHOB noKam.Horo paBHOBeew~, a KpaeBIUI sa.ZJ;alla B B113KOIIJI8CTH­
tteCKoH: o6naCTH pewaeTC11 npu npHMeHeHHH MeTO.ZJ;a nePTYP()&ItiioHHbiX pa3Jlo>Kemm. HaKOHen, 
npHBe.ZJ;eH& cPoPMYJI8 .ZJ;JI1I Hanp.IDKeHH11 BOJIOlleHH11 C yqeTOM CKOpOCTH nponecca, OTKy.ZJ;a 
MO>KH8 onpe,lleJIHTL OnTHMaJILHhiH pe>KHM BOJIO't1CHH11. ,l:VuoTc11 liHCJICHHbie npHMephi. Pe-
3YJILT8Thl npaKTIAeCKH COBfi8.ZJ;&IOT C peayJILT&TaMH IIOJIYliCHHLIMH npu npHMeHeHHH ,ZJ;pyroro 
MeTOAa B pa60TaX (3, 4]. 

1. Introduction 

Tirn PROBLEM of wire drawing has been considered starting from the classical plasticity 
theory [1, 2]. However, it is not possible to take into account within this theory the in­
fluence of the drawing speed on the drawing force and on other drawing parameters. 

The influence of the drawing speed on the whole drawing process has been recently 
considered in [3, 4, 5] using the Bingham type constitutive equation and the principle of 
total power. These results are in good agreement with the experimental data. 

Recently [6], starting from the local balance laws, the problem of the strip drawing 
at high speeds was solved as a boundary value problem in the viscoplastic flow region, 
using the perturbation series method With respect to a small parameter, the Bingham. 
number . .In the present paper the same method will be used for the problem of high speed 
wire drawing. 

http://rcin.org.pl



742 G. C~, N •. 0usnacu ·.AND ·N. SANDRU 

'l..et R1 be the original radius of the wire which is reduced by drawing thr~ugh a conical 
converging die to R2 • The desired reduction can be obtained by changing the semi-angle 
<X of the die. 

Let us assume that the mechanical properties of the material can be described by 
a Bingham rigid .. viscoplastic model. The region occupied by the materjal is divided into 
three zones (Fig. 1 ). The material in zones I and n has a rigid body motion in the negative 

F'Io. l. Geometry in wire drawing. 

Oz direction while zone m bounded by the die wall and by two surfaces S1 and S2 (which 
are to be determined) is the domain where the viscoplastic deformation takes place. 

· Assuming a stationary incompressible axi-symmetrical motion, in the absence of body 
forces, the governing equations in spherical coordinates (r, 8, fP) are: 

the Cauchy's equations of motion 

8trr 1 at, 1 ( avr fJe Ovr vi ) ar + r 88 + r (ltoo-t,,-t..,+ctg 8tr6) = ~ flr at+ r 88 - r ' 
(2.1) 

the equation of local conservation of mass 

(2.2) (}f)r f av, 2'Vr fJ,ctg8 0 -+--+-+ =. ar r 88 r r ' 
the constitutive equations 

t,. = -p+ (2'1+ k) d,., 

,,. = -p+ (2'1+ ./n; )d ... 

(2.3) , .. - -p+ (21)+ Y~I. ) d,.. 

, .. = (211+ Y~I. )"d,, 
t, = '~ = 0, 
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743 

where d is the strain rate tensor, given by 

d ofJ, 
rr = or ' 

. (2.4) 

dre ~ _!_ (_!_ ofJ, + 0'0, - ~), 
2 ro8 or r 

dfJtp = dr, = 0, 
and 

(2.5) 

is the second invariant of the strain rate tensor, and fJ, '08 are the componentS of the 
velocity vector. 

The previous equations are valid in the region 0 ~ 8 < ex, r2 (0) < r < r1(0), where 
r1 = r1{8) and r2 = r2{8) are the equations of surfaces S1 and S2 , respectively. 

Introducing the dimensionless variables, denoted by index 0 

(2.6) 

the system of equations (2.1}-(2.4) becomes 

(2.1') 

(2.2') 

(2.3') 

(2.4') 

ot! 1 ot~ 1 < o o o 8 o> ( o ov~ "~ oo~ v~2 ) aro + 77f0 + 7 2t,-t88~t..,+ctg . Ire = R. fJ, aro + 7--a6- 7 , 

at:>, 1 ot3, 1 [3 o O( o o )] _ ( o ofJ~ "~ avg "~~~). 
aro + ,o oO + ,o tre+ctg t"-t, - R. "r aro + 7 08 + -,o- ' 

&~ 1 0'0~ 2'0~ v3ctg8 _ O· 
8r0 +-;:oatf+ro+ r0 - ' 

,~o _ ofJ~ 
"rr - aro ' 
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744 G. CAMENSCHI, N~ 0usTEscu AND N. SANDRU 

(2.4') 
.[cont.) 

fiO = v~ · v8 ctgO 
~ -o+ 0 ' r r 

where 

(2.7) 

is the "Reynolds number" and 

(2.8) 

is the "Bingham number". 
In what follows we assume that Re ~ 1 and B, < 1, and therefore in the system (2;1') 

we neglect the inertial terms. 

3. Solution of the problem 

Introducing the potential function 'P = 1p(r, 0) = Riv2 1p0 (r 0
, 0) the equation (2.2') 

eads to 

o 1 01po 
'V = ------, r0~ sinO ao ' 

(3.1) 
· 1 a o 

'Vo = ___ _L 
81 r0 sin8 or0 • 

Expanding the functions 1p0{r0
, 0) and p 0 (r 0 , 0) in power series of the form 

1p0 (r0
, 0) = 'P8(0)+B11JJUr0

, 0)+ ~; 'Pg(r0
, 0)+ ... , 

(3.2) 
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HIGH SP8IID WIU DaAWING 14S 

We substitute Eqs. (3.2) and (3.3) via Eqs. (2.3') and (2.4') in the equilibrium equa­
tions (2.1') and terms of equal order in B, are equated. If we choose the function 
tp~(r~, 0) in the form 

(3.4) 

and introduce the functions 

(3.5) 

(3.6) 

1 dtp8 
u(O) = sinO dO' 

1dcp 
v(O) = sinO dii' 

we get the following equations for u and v: 

(3.7) u"' +ctgOu" + (6- -.-1-) u' = 0 
stn20 ' 

and 

rl" +ctgllr/' + ( 6- 8~20}• = ~ ( ;-:sll~2 ) - ;: ( v' u' rt• ) . 
. 2 ~+T 2 ~+~ 

(3.8) 

The regular solutions of these equations are 

(3.9) u(O) = a+bcos20, 

(3.10) v(O) = ~ +BC +cos211)+K1(0)(! +.cos20) 

+ K.(O) [ ( ! + cos21J) In { tg ~) - (l-3cosll)(l + cosO)], 

where 
, 

(3.11) K1 (8) = - ~ J j{t) sint [{ ! + cos2t) In ( tg ~ ) - (l- 3cost)(l +cost)] dt, 
0 

8 

K.(B) = i6 J j{t)sint (! +cos2t) dt 
0 

and 

(3.12) 

We also get 

(3.13) 

and 

(3.14) 

11 Arch. Mech., Stos. nr 5(79 
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where 

(3.15) h'(O) = v' + ~(6) _--!!._ ( u - ) _ 3u' . 
sin8 dO V u'2 V u'2 

3u2+- 2 3u2+-4 4 

. Here a, b, c, A, B are constants. 
Returning to the dimensional quantities, we have 

(3.16) 

and 

(3.17) 

R2v k 
v,(r, 8) = - --¥- u(O) - -ro(O) + O(B:), 

r 17 

· k q;(O) 2 v0(r,O) = 3-r -=--o +O(B,). 
1] Sin 

The components of the stress tensor are 

(3.18) 

Let 

(3.19) 

_ 21]R~v2 b (__!__ 20) 41]R~v2a -h(O)-t, - 3 3 +cos + 3 c . r r 

+k (A In ~2 -2v(0)+ V 2u(O) u•) +O(Bi), 
3u2+-

4 

loo= 
211~~"2 ( ~ -a) -h(O)-c + k (A In ;

2 
+ 4<>(0) 

- 6ctg0 ~(6) -
sinO V u ) +O(Bi), u'2 

3u2+-4 . 

tmm = -2-=-1J---::R,---~v-2 (!!._ -a) -h(O)- c + k (A In -'- -2v(O) 
TT r 3 3 R2 

Sin u'2 
q;(O) u ) 2 + 6ctg0 --;--8 - V . + O(B,), 

3u2+-
4 

2'l'lR
2
v b ( u'(O) ) t = ., 2 2 sin20-k v'(O)+ · +0(B2

). 
r8 . '3 .. I '2 11 

. 2 Jl 3u2+T 

r = r(8), 0 e [0, a) 
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HIOH SPI!BD WDll DRAWING 747 

be the equation of a smooth surface of revolution S in spherical coordinates. Denoting 
by e,, e8 , e9' the unit vectors tangent to the coordinate curves and by n the unit normal 
vector to this surface, we get 

(3.20) 
1 

(re,-r'e8). 
yr2+r'2 

D= 

Across the surfaces S the dynamic conditions of compatibility [7] 

(3.21) 

(3.22) 

[v,.] = 0, . 

[tk,n,a- ev,.[vd = 0 

must be ·satisfied. Here v,. is the normal component of the velocity on the singular surface. 
Since the second term in Eq. (3.22) is of the order of the Reynolds number, we neglect 

it with respect to the first term. 
The condition (3.21) written for the singular surface S1 , of the equation r = r,(O), 

has the form 

(3.23) r1v,-r~v8 = -v1 d~ (r1 sin0) 

if the terms of O(B;) are neglected. Substituting here the expressions (3.17) for v, and 
v 6 with r = r 1(0) and integrating with respect to 0, we get the equation of the surface 
S 1 in the form 

(3.24) "{ rHIJ)sin~-R~v2 [(b-a)cosiJ- ~ cos30+a- ~]- ~ d(IJ)cp(IJ) = 0. 

In a similar way, for the surface S2. we find 

(3.25) ~- r~(O) sin21J-R~v2 [ (b-a)cosO- ~ cos31J+ a- : ] - ~ d(IJ) <p(IJ) = 0. 

In what follows, the stress resultant on a surface r = r(O) with 0 e [0, a] situated in the 
zone lll will be determined. 

The stress vector t,. is given by 

(3.26) t,. = t11,e,+ t,.8e8+ t,.q~e91 = (t,.,sin0cos<p+t,.8cos0coscp- t,.91 sincp)i 

where 

(3.27) 

+ (t ,., sinO sin cp + t,.8cos0sin<p + t,.91cos<p )j + (t,.,cosO- t,.8sin0 + t ,.91cosq; )k, 

t,., = t,n,+ t,8n8, 

t,.6 = t,6n,+t68n8 , 

1nq~ = 0. 

Introducing Eqs. (3.20) and (3.27) in Eq. (3.26), we get 

1 
[(rt,- r't,6)sin0+ (rt,6 - r't86)cos0]cos<p, tn;x = 

yr2+r'2 

(3.28) t,., = 1 

yr2+r'2 
[(rt,- r't,6)sin0 + (rt,6 - r't00)cos0]sincp, 

u• 
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The element of area of the surface r · = r(O) is given by 

(3.29) da = y'r2 +.r'2 rsinOd0dqJ. 

Let (X, Y, Z) denote the components of the stress resultant in the Ox, Oy and Oz 
directions, respectively. Mter integration we easily get 

X= Y=O, 

cz 

(3.30) Z = 2n J [r2cos8trr+rr'sinOiiHJ- (rr'cos8+r2sinO)tr8]sinOd8 
0 

= 2n r'l~f"z sin2
<Z [ a++cos• .. - ! ) ] - ~ r•sin2oi 

- cz +- nr sm cz --.-
2 2 . R2 2 

r
2
sin

2
cz h( ) k [ ~ 2 • z (m r 1 ) 

2 • 2 u(cz) r 2sin2cx u'(cz) 4r. 2 • .. ( ) 
- r sm ,., + + stn"'""'' ,., .,. .. ! -4-- ... 1 .,...,.,. 

V 3u•+ ~~~· V 3r+ ~· 

Using the relation (3.22) with the above mentioned simplification, the st-ress resultants 
acting in the zones I and 11 on the surfaces S1 and S2 are obtained. The following rela­
tions are evident: 

(3.31) 

We also have 

(3.32) 

which expresses the global conservation of the mass. 
Denoting by Z 1 and Z 11 the stress resultants on S1 and S2 , we have 

(3.33) 
zr 

nRf = 47j!i"• sin'" [a+b (2cos21X- ! ) ] -e-h( IX) 

+k[A (In R R.t -I.)+__!_ ctg<Z V u'(IX) y' u(«) •z 
2 SIDCZ 2 2 u'2 

2 U 
3u1+T 3u +4 

+4fl(«)+ctg<Xf1'(1X)]. 
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HIGH SPEED WIJlE DRAWING 749 

+ k [-A (tn -. 1- -~) -_!:__ ctg 11 u' ( «) + --.=u(=«)==::==-
sm« 2 2 -.I u'2 -.I u'2 V 3u2+ -4- V 3u2+ 4 

-4f>(cr)-ctgw'(cr)]. 

Let us calculate the stress resultant on the die surface 8 = «, r2 («) ~ r ~ r1 («). We 
obtain 

rl(CI) 2lf 

(3.34) T = J J trej,.carsin«(sin«COSqJi+sin«SinqJj+cos«k)drdf = 
r2(•). 0 

1 ( Rj) ( 1 u'(«) )] +k 2sin2« 1- R2 fJ («)+ ~· 2 k, 
' ' 

1 2 3u2 + .!..._ 
4 

and 
r1(ca) 211 

(3.35) N = J J teel,.carsincx(coscxcoscpi+coscxsinqJj-sincxk)drdcp 
ra(ca) 0 

-h(cx) 1-- +k A In . ---In-.--- 1--. R~ R2 SlD« R~ SIB« 2 R~ ( R~) [ ( R1 Rl 1 1 ( Rl )) 

It is easy to check that the condition 

(3.36) 

is satisfied. This . means that the equilibrium condition of all the resultant forces acting 
on the boundary of zone m is satisfied. 
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4. The kinematic and boundary conclitioos wllich determiae tbe parameters a, b, c, A, B 

We shall assume the following conditions: 
a) the v8 component of the velocity is zero along the die surfaces; 
b) the discontinuity surface S 1 ·passes through the points P 1 , P~; 

c) a friction condition on the die surface is prescribed; 
d) the force resultant Z 1 is given. 
Using Eqs. (3.6), (3.10) and (3.17), the condition (a) can be written as 

ex 

(4.1) ~ (l-costx) + ~ costxsin2<XB+ J sin8{K,(8) (! +cos28) 
0 

+ K.(8) [ ("! +cos28} In (tg ~ } -(l-3cos8)(l+cosll)]} diJ = 0. 

By imposing the condition that the surface S1 should pass through points P 1 and P~, 
it yields also that the surface S2 is passing through points P2 and P~. From Eqs. (3.24) 
and (3.25) we get the unique condition 

(4.2) 
1 2 b 
2 -(b.-a)cosa+ 3 bcos3a-a+ T = 0. 

The friction condition on the die surface is taken in the form [8] 

(4.3) 

where /11• is the second invariant of the deviatoric part of the stress tensor obtained from 

(4.4) yllt' = k+21]yti;, 

and m is the constant friction factor which satisfies the condition 

(4.5) O<m<l. 

From Eqs. (2.6), (3.3), (3.4), (3.5) and (3.6) we obtain easily 

(4.6) u' v'- 6uv ] 
u'2 + .... 

3u2+-
4 

Using Eqs. (3.18)4 , (4.4), (4.6) in Eq. (4.3), we find 

(4.7) , J' u'2 (a) 
bsin2a =m Jl 3u2(a)+ -

4
-, 

(4.8) '( ) u'(a) u'(a)v'(a)-6u(a)v(a) 

., "' + 2V3u•+ u~• = -m-m 2R . 
Finally, if the back force resultant Z1 is given, then the condition (3.33)1 is the fifth 

relationship between the unknown parameters. 
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The conditions (4.1), (4.2), (4.7), (4.8) and (3.33)1 determine the five parameters as 
follows:. 

From Eqs. (4.2) and (4.7) it results 

y'J (sin21X-y .. /) COS2!X) a= ----~---~f __ __;,_ ___ ~ 
2(1-COS!X) [2y(1-COS!X) (1+2COS!X)+ y3 sin21X] ' 

(4.9) 
b = 3y 

2(1-COS!X)[2y(l-COS!X) (1+2cOS!X)+ y3 sin21X] ' 

where 

(4.10) 
m 

y = yl-m2 • 

From Eqs. (4.1) and (4.8) via Eqs. (3.9), (3.10) and (4.9) we get 

(4.11) 

m . 2 • ( • 2cos!X) 
A= 

6 
- 3 cos!XSID ~X+sm!X ystn!X-~ / 1 

(1-cosex)[sin2ex-,- 0-(1-cosex)(1 +2cosex)] 

y ( y3 sin21X+6ycos2~X-4y) 12 +4y213 

6 
y3 sin2~X+6ysin2 !X 

+ (1-cos ex) l sin2ex- ~ (1-cos ex)(1 + 2cos ex)] ' 

where 

(4.12) k = 1, 2, 3 

and 

3y ( y3 sin2!X- 3ycos2~X+2y) 

(4.13) 
sin2 1X ( y'3 cos!X+3ysin~X)2 ' 

6y2 
.A.2 = ---:--:--:::---=-------=--=-

sin2!X ( y'3 cos IX+ 3y sin !X)2 
• 

The expressions for the parameters B and c were no more given since they are not 
involved in .the final formula for the drawing stress. 

In the limiting case m~ 1, we have 

a*_ _ 3cos!X 
- 4(1-cos~X)2(1+2cos!X)' 

(4.14) 
b* = 3 

4(1-cos !X)2 (1 + 2cos !X) 

http://rcin.org.pl



752 

and 

(4.15) 

(4.16) 

G. CANENsan, N. Ciusnscu AND N~ SANoltu 

A*= _ 6 3sin4cdt+(3cos2«-2)/j+2/: , 
y3 sin2«(1-cos«)2(1 +2cos«) 

)..* = 2-3cos2« 
1. 3 sin"« ' 

.A*= 2 2 3sin4«' 

where "*" indicates the corresponding limiting values. 
Using Eq. (3.17)1 it is easy to verify in this case that t7,(r , ·«) = 0, i.e. the material 

adheres to the die surface. 
In the other limiting case, m -+ 0, i.e. in the case of no friction, we have 

(4.17) a**= 
1 

b** = 0, A**= -2 y'3, lt* = lf* = 0. 
2(1-COS«)' 

For the drawing force Z 11
, from Eq. (3.33) we get 

Z
11 

Z
1 

41JV .( R
3 

) [ ( 1 )] R (4.18) --2 = - --2 + - . -2 -f -1 sin3« a+b 2cos2«-- +Akln-1 • 
nR2 nR1 R2 R1 3 R2 

The magnitude of this drawing force is 

(4.19) 

where 

(4.20) 

(4.21) 

JZ"I JZ'I . 21JfJ ( R
3

) ( R )
3 

nR~ = nR~ + R22 1- Ri F(«, m)+2kln R: G(«, m), 

cos3 ~ (2y+ f3 sin2«) 
F(«, m)= . , 

ysin ~ (1 +2COS«)+ ¥3 COSIXCOS ~ 

G(«, m)= 

m . 2 • ( • 2 )/ 
3 cos«sm «-sm« ysm«- }IJcos« 1 

(1-cos.x) [sin2«- J
3 

(1-cos1X){l+2cos"')] 

y I )1'3 sin2a+6ycos2«-4y] / 2 +4)'2/ 3 

y'3 sin2a+6ysin2« 

- (1-cos.x)(sin21X- ~ (1-cos.x)(1+2cos«)l 

In the two limiting cases, m -+ 1 and ni -+ 0, we have 

(4.22) 

IX 
2cos3

2 
F*(a) = -----­

sin ~ (1+2cosa) 
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and 

(4.23) 
F**(«) = 2sin«cos2 ~ , 

. 1 
G**(«) = y3' 

respectively. 

Introducing the notations 
zl zu 

(4.24) az1 = -R2 , atl.l = -=Jil' n 1 n 2 

and the mean yield stress in tension a, = Jll k, the relation ( 4.19) becomes 

(4.25) ladl = laul + 2 [(1- R~ ·) Fl« m)+B ln(~)
3 

G(ix m)]. 
a, a, y'JB, Rf ' ' ' R2 ' 

Taking au = 0 in Eq. (4.25), the variation of drawing stresses with respect to «, for 

different reductions in the area r% = 100 ( 1- !~) for two values of the B, number and 

~zl 
ON 

10 

0o 123¥SG78910 

----- r·o. 
----r-oos 

15 20 2S' oca 

Fio. 2. Relative drawing stress versus die angle for two reductions in area, two values of the friction factor, 
and two values of the Bingham number. 

for y = 0 and y = 0.05 (corresponding to the friction factor m = 0.0499), is shown in 
Fig. 2. Each of these curves exhibits a minimum which is the optimal angle of the die 
for a certain combination of the process variables. 

5. Comparisoa with another method 

In papers [3, 4] another formula for the drawing stress was established, starting 'from 
a radial kinematic admissible velocity field for the ftow of a viscoplastic body through 
a conical die and using the principle of total power. This formula, in which the dissipa.-
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tion due to the presence of the discontinuity surfaces is neglected (since the Reynolds 
number is small), is of the ·form 

(5.1) laz2l 2 [( R~) ( (R1 
)

3 

] -a,= Jf
3

B, 1- R~ F IX,m)+B,ln R
2 

ri(~X,m) , 

where 

(5.2) 

(5.3) 

1 cou+ V COS
2

<X+ -/r l 
+uln · .. j12 · 

1+ V IT 
The formula (5.1) is of the same form as Eq. (4.25). In order to compare the predic­

tions for the drawing stress as given by Eqs. (5.1) and (4.25), it is sufficient to compare 
the numerical values of the functions F(IX, m) obtained using Eq. (4.20) with F(IX, m) 
from Eq. (5.2), and G(IX, m) from Eq. · (4.21) with ~(IX, m) obtained using Eq. (5.3). In 
the following Tables 1 and 2 this comparison is done for y = 0.05 and for various val\}es 

Table 1 

<X F(<X, m) 9i'(<X, m) <X F(<X, m) !F(<X, m) 

10 0.0925716 0.092S4g7 go 0.3329874 0.333g127 
2 0.1273378 0.1273770 9 0.3665293 0.3675794 
3 0.1620073 0.1621238 10 0.3997939 0.4011024 
4 0.1965536 0.1967655 15 0.561099g 0.5643093 
5 0.2309507 0.23127g6 20 0.711g981 0.71g2991 
6 0.2651726 0.2656395 25 0.8494gg2 o.g607876 
7 0.2991934 0.2998253 30 0.9715071 0.9g9g914 

Table 2 

<X G(<X, m) ~(<X, m) <X G(<X, m) ~(<X, m) 

10 1.5307271 1.5309953 go 0.6960114 0.6960278 
2 1.053g124 1.0540403 9 0.6g27402 0.6g27473 
3 0.8956561 o.g950054 10 0.6721172 0.6721237 
4 o.g1532g4 o.g154560 15 0.6401979 0.6403163 
5 0.767615g 0.7677053 20 0.6241699 0.6246091 
6 0.735g()()3 0.735g575 25 0.6144947 0.6154g44 
7 0.71414g1 0.7131004 30 0.6079916 0.6097919 
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of a. These tables show for the values of the drawing parameters considered an excellent 
agreement between the predictions for the drawing stress as given by Eq. (4.25) and by 
Eq. (5.1), though these formulas were established using two distinct methods. 

6. Conclusions 

For high speed drawing of wires a formula giving the drawing stress ·as function of 
drawing speed, friction, die angle, plastic and viscous property of the metal is obtained. 
The formula makes possible the finding of optimum regimes for the drawing process. 
A comparison with a formula obtained earlier with another method [3, 4] gives an ex­
cellent agreement. 
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