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A UBET Analysis of Non-axisymmetric Forward and Backward Extrusion

Hee In Lee*, Jin Kyu Kim*, Bum Chul Hwang*, and Won Byong Bae**

ABSTRACT

A UBET analysis has been carried out to predict the forming load and the extruded length of forward and
backward extrusion of hexagonal and trochoidal wrench bolts. For the upper bound analysis, a kinematically
admissible velocity field is proposed. From the proposed velocity field, the upper bound load and the average
length of the extruded billets are determined by minimizing the total energy consumption rate which is a function
of unknown velocities and parameters at each element. Experiments are carried out with antimony-lead billets at
room temperature using hexagonal and trochoidal shaped punches. The theoretical predictions of the forming load
and the extruded length are in good agreement with the experimetal results.
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IZleMdy Ri. = radius of a orifice

R; = trochoidal shape function with respect to &

a,b = half lengths of major and minor axes in T = distance between punch and die

the cross-section Uy = punch velocity

H = height of the neutral plane U
rij

m

]

the velocity component of the j-th

1

friction constant at die-material interface element in the cylindrical coordinates at

Ni = No. of symmetric axes of a hexagonal i-th stage
shape ‘ Vg = backward extrusion velocity at i-th step
N; = No. of symmetric axes of a trochoidal Vi = forward extrusion velocity at i-th step
shape : B = angle between the tangent and the

R,6,Z = cylindrical coordinates direction of the tangential velocity

Ro = radius of a container component at a point of the shear

Ry, = hexagonal shape function with respect to & boundary in the cross-section forward

XF

o o
2

154



o819l - AAF - B

[“3‘-‘4

-l ey EFFLTHIYA Asd A1E

H myow

ANV

P
Ro
[T
/

Fig. 1 A general scheme of stage I in the forward and backward extrusion process of

hexagonal and trochoidal shapes
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Fig. 2 A general scheme of stage II in the forward and backward extrusion process of

\
N

hexagonal and trochoidal shapes
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Fig. 3 A general scheme of trochoidal shape

extrusion velocity at i-th step

¢ = angle between the tangent at a point of
the shear boundary and the radial
direction

w(8) = function to satisfy velocity boundary
conditions on the axes of symmetry in

the cross-section
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Table 1 The kinematically-admissible velocity fields of a hexagonal shape for stage [

EleNII;%nt U, U, Us,
ro |12 -2 Run(®) —%Z
| R U - - v+ S - 72 o8] | (Ve S H)z— (Vi U
m %(%"P%)R 0 —(—U%Jr—VHi)‘m Ve

Variable(Pseudo-independent parameters) @ Py, Py, Ay, A, H

0 (@)=RL-0-Asin<n, - 0, w(O=Ry-0-A,-sininy- 6>

. RARE 11 dw, 1 [dw, H
C=U R%-—R?h[ZT{1+ 0 —2wi(6) - tan@}— T—H{ B T—wz(ﬁ)' tan&}]
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C=——37 . Ve=—"p1 H

Table 2 The kinematically-admissible velocity fields of hexagonal and trochoidal shapes for stage I
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- Table 3 The kinematically-admissible velocity fields of a trochoidal shape for stage I
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Table 4 Chemical compositions of antimony-lead

Composition Sn Sb Cu As Fc Zn Al Pb
M . 1.2 7 05 1.2 0.1
ass | Max 005 | 001 | Rem.
2% Min. 0.8 5 0.1 0.75 -
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Fig. 4 Load-Stroke curves of the hexagonal shape
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Fig. 5 Load-Stroke curves of the trochoidal shape
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Fig. 8 variation of the flow pattern with respect

to punch stroke in a hexagonal shape
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