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Analysis of the Effect of Continuous Deviation
of Symmetric Axis on the Extrusion Pressure

Kim, Young-Eun* - Im, Moon-Hyuk**
Dept. of Mechanical Engineering.
(Received December 30, 1981)

{Abstract)

An analytical expression for the effect of deviation of die exit from symmetric axis tn extrus-
10n is found by the upper bound method for the straight and the curved die profile. The upper
bound extrusion pressures are compared with various variables such as reduction of area, friction

factor and deviation magnitude. The die lengths are obtained by minimizing the cxtruswon power

with respect to chosen variables.
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three dimensional shape extrusion and the ram

1. Introduetion pressure will be changed in proportion to the

magnitude of eccentricity. In this paper the
In the number of studies on the axially effect of eccentricity is investigated with

symmetric extrusion, the upper bound method lubricated round billet through the curved and

has been used extensively to calculate a max- the straight boundary.
imum value of the ram pressure. In the case, 1. Analysis
the axis of symmetry is deviated continuously )

from its original position, 1t will become a Considering the eccentric extrusion from a
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round billet with a unit radius as shown 1n Fig.
1, the function R(z) 1s the die profile function
in axisymmetric extrusion and the function
G(z) represents the deviation of axis of sym-

metry. The equation of the die profile is

given by
y=R(2)+G(2)
RW=1, R(L)=Ry ey

G(0)=0, G(LY=G;
For the straight die

R/—1 i
2+l (2-2)

Ri(z)=

and for the curved die

Ro2) :(—’ffg-lzﬂ)”z (2-b)
Gz = fg z )

The billet 1s devided into three zones. The
zone | consists of billet and the zone [J 1s the
deformation zone which is separated from
the outgoing zone If.

Assuming cntrance and exit boundaries of
plastic flows 1n the transform velocity field
are flat planes and are perpendicular to the
axial direction, the velocity field in the zone
Il 15 found out by the condition of velocity
continuity across the surface /7y and 7. And
the velocity liclds are described 1in a Cartesian
coordinate system.

The components of velocity are
v

Fig.1 Geometry of extrusion process
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Vy=gatss {as -6+ S Rya))

(4-b)
__Vo
Ve="RaGy (4o
where alzifzi
along the straight die profile
__@Vo ,
V.= SRz © (5-a)
Vo fa Gy )
V’_"—R—z(ﬁ'{ 5 (9= G+ (@ +1)}
(5-b)
Ve
G Zo o
where
RfA—1
a=RrL

along the curved die profile.

In the case of axi-symmetrical extrusion,
when G,=0 along the curved die profile, the
velocity field is same as Chang and Choi’s
result,

The velocity discontinuities across the sur-
face I'i, I'; and /5 along the straight die are

AV1=V0{(alx)3+ (aly—i——G/_)Z} 12

L (6‘3.)

2] 1r2

4V ,= JI;;» {(dlx)2+<aly+—GLf—> j (6-b)
AV3:~V;°~{R }(2)(a2+1)+2a Q( -G(2))
R13(Z) 1 177 i IL y

2 12
R+ Ra] 60
And along the curved die are
2172

- & Gy
aVi=Vo[Gawy+ (-G )

(7-a)
T Als

+£Z§/—2—}2]1/2 (7_b)

o= s [ () e

+ar 8L (- )] (7-0)

Deformation occurs only the in the zone [].

From the velocity field given by equation (6)
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and (7), strain rates are derived as follows
alVo

=R &2
|4

ey,z—é%(% (8-b)

. 2a\V,

Ea— — Rla(z)—‘ (8—C)

Ezy=0 (8-d)

. V

e,.=——g~ ;1‘4(:) (8-€)

51::“2__%%2)_{_a12(y_0(1))_3a1'%‘}
(8-f)

for the straight die
a. Vo
en-m (9-a)
LV

Epy= 2&4(&) (9-b)

. V

Ez— h—qui—(f)— (9“C)

byy==0 (9-d)

. 2V

&g —7%2‘((';—)—:6 (9-¢)

- Vo (_ga 2 (-G 3 G!’}

»#T2RA(z) L R2(2) 2L
CRY]

for the curved die.

Each one satisfies the condition of incompres-

sibility
én+éyy+é":0 (10)
Avitzur® formulated the upper bound

theorem. The expression (11) is minium power

for the actual velocity distribution.
1/
Jr=—Faof (een) V[ c1av,ids
~f Tvas. an

The last term means power due to predeter-
mined body traction and, in this paper, this
term is not taken into consideration. The
internal power of deformation 1s computed

over the zone [I.

. 400V o R()+6()  pIRY )~ ly-G()}2 2
E=50]0 [ e
'\/ R(2)+6(z)J 0

R%(2) - [3a*+ 91?2?:) + R21<z>

. {——3a(y—G(z))-3a—T—R(z)} Jaxdyaz
(12

Ri(2) and @, Rx(2) and a, are substituted
into R(z) and e for the straight die profile and
the curved die profile respectively. Shear losses
due to velocity discontinuity over the surface
'y and I, are given by

ES‘_’__QUOVOJ‘ j

12

) dxdy

[(alx)2+ (ayy

(13-a)

QooVo Gr-Re o VRA=G-Cp?

= Gy-Ry Jo RS

. Gf 1,2
-L(alx)~+a1y—R,——L———G;a1)2} dxdy
(13-b)
Power consumption over die profile for the
straight die profile is given by

Esy= 200Vomf j’”"'”“”

3 Ri(5)+6()
[ Rﬁ(z)+{alRl(z>—%L(y-a(z))ﬂw'
R (z)—(y—G(2))* J

R"%(2) {1 +012+<—§—f“)2

L 286y=G) |
R(DHL )
For the curved die profile, shear losses and

dydz (13-¢)

power consumption are given by

Es =22V gooVof fﬂ y‘ < ax >2
+<£‘2‘L+ Gf >}1/2dxdy
Es,= 2:10%0 f:/;‘;!fﬂﬂ—u Gt le [< aéx )2
{%‘(y'Gf)+ ’LG’ }zll/zdxdy
(14-b)
. Ra(2)+6a
Es= 930_;}’0]’ fﬁ;(x)w(z))
[ R+ F-(y-6@n)’ ]‘
RA(2)—(y—G(2) )

R Rao) (5 ) +(G+ 1R

(14-a)

+ G2r ”2Gf < (y— G(z))]]1 dydz  (14-c)

Substltutmg equation (12),(13), (14) into (11)
and the integration was done by the numerical
method, and the value L is used to minimize
the value of equation (11) in the calculation.
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. Results and Discussion
As proposed 1n this study, the extrusion
pressure was calculated as changing the value
G,. Fig.2 shows the variations of extrusion
pressure with curved and straight die profiles.
As expected, the extrusion pressure increases
as the value G, Lecomes large and the straight

die profile requires little lower pressure than
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Fig.2 Effect of eccentricty on extrusion
(m=n.1)
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Fig.3 Effect of die length on extrusion
pressure
(reduction of area; 64%)
(iriction factor; m=0.1)

the curved cie profile,

The optimrwl die length becomes considerably
longer as 1increases the magnitude of devia-
tion Gy and the straight die profile has hLittle
shorter die longth as shown in Fig.3.

Fig.4 shows the extrusion pressure for the
straight die with different friction factor. It
can be seen here that, as the deviation magn-
itude G, increases, the friction factor is more
significant for extrusion pressure. The extrus-
ion pressures with the friction factor m=0.1,
0.3, 0.5 increase more defintely as the deviat-

ion magnitude G, increases.
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Fig.4 Effect of friction factor in the
straight die profile

7. Conclusions

1. The upper bound extrusion pressure, when
the center of exit is deviated from its sym-
metric axis, are compared with various var
iables such as reduction of area, die length,
friction factor and deviation magnitude Gy
for the straight and the curved die profile.

2. The straight die profile requires less extru-
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sion pressure and optimal die length than
the curved die profile, And the optimal die
length tecomes longer as the deviation
magnitude increases.

3. The extruston pressure increases with incre-
asing the friction factor and, in the extru-
sion which has larger deviation magnitude,
the increase of extrusion pressure as the
friction factor 1ncreases is more definite

than that of small deviation magnitude.

Nomenclature

E,=internal power of deformation

Eg=power due to shear or friction along
the surface of velocity discontinuity where
£=1,2,3

G;=magnitude of deviation at dic exit (dimen-
sionless)

G(2)=magnitude of deviation at generic section

J*=applied power

L=dic length (dimesionless)

m=f{riction iactor

R;=radius of round bar at die exit (dimen-
sionless)

R(z)=radius of round bar at generic section

x, ¥, z=coordinates of a Cartesian coordinate
system

Sr=surface of integration where the velocity

discontinuity 1s involved

V.V, V.=components of velocity field

Ve=entrance velocity (=1)

4V 1, 4V ,, 4V 3=velocity difference

Iy, I, 's=surface of velocity discontinuities

go=yield stress for the rigid-perfectly plastic
material

&y=components of strain rate

r=shear stress
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