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A UBET Analysis on the Lateral Extrusion Process of a Spider

Hee Ih Lee* and Won Byong Bae**

ABSTRACT

An upper bound elemental technique (UBET) has been carried out to predict the forming load, the deformation
pattern and the extruded length of the lateral extrusion of a spider for the automotive universal joint. For the upper bound
analysis, a kinematically admissible velocity field (KAVF) is .proposed. From the proposed velocity field, the upper
bound load, the deformation pattern and the average length of the extruded billets are determined by minimizing the total

energy consumption rate which is a function of unknown velocities at each element. Experiments are carried out with

antimony-lead billets at room temperature using the rectangular shaped punch. The theoretical prediction of the forming

load, the deformation pattern and the extruded length are good in agreement with the experimental results.
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A = half side-length of the body in a spider

B = height from the die-bottom to the extruded part

H = distance between the punch and the die

m = friction factor at the die-material interface

n; = No. of symmetric axes in the body of a spider

R(0) = shape function of the body of a spider
before filling the die cavity

R ; =radius of the extruded part

R,0,Z = cylindrical coordinates

Ug=

UvabsUgab, Uy = the b-th velocity component in the

punch velocity

cylindrical coordinates at a-th stage
o = maximum angle of the boundarty of element

= 2000 2€ 159 AHF
* sAaboista st HUsiA et
¥ FAdEn AAFER VAV EAT L

5154, extruded length (324 ©])

IIT in stage I (Fig. 3)

B = angle of the boundarty between element I and
element II in stage I (Fig. 2)

y = angle of the boundarty between element I and
element II in stage I (Fig. 3)

IAvl = magnitude of velocity discontinuity

o(0) = function to satisfy velocity boundary
conditions on the axes of symmetry in the
cross-section

1. NE
e 2 BEUE THe WAL $EH
3 A APGEY FUREE A
Fol oj2le B9t Sold Gy AFL 4P

174



SERE L

T AYFTNINA A 18 A6s

© o Jgg FAHeG
EddET AL AWgEeld FHgEd v
3 o ZFe FFUYger HFPo] sissitte Ao

Avitzur? 5o o8 wa g

A 829 FEFH Wol AlgHT Ye
FUHA FRIE Aot (spidery= 7 ®9
gz 9 EdY FAHL AF F, AUF Alo| AT}
FE B3d HFAES A o oy e
oy W AZIAHL 52 A=Y 2 2 A
dxe AEE AN F v gk 2ym=,
°old AxFAFY NS FIH AxdrtE EF
o, 2AYEY AELE YT F+ de ARITA
o] Fjgo] wj$ Y3}

Y
o
=
o
A

, Avitzur 9] wWelo] we
oo BAgRT wWold 2 ¥rEt) Schatzle™
ZuotE oA o) A, FAMe, AEHE
AAA A disted 73 Aretoft®l=
YA HEo A ARRE o
o] DEFORM-2D'& o| &3t 33t
b, B AT Fig 13 22 PA12HE
o FA 2dAPFLY SUYERE e &

2 4

A owe e
4

Ol
-

doltg SUYETHL AN w B3,

dEdeol R MIFEE UBET |4 & T3t o
Z3ha, HEE Fog ddstd F ZAIAE Hm

2 e 0.

175

2. O|EallYy
2.1 S Mg A
2dolre] BARE FAAPgoez WAHTD
Hojgog AAHE REL Sugtad) 93 =
WAggez 4¥8 F F/4EL @
UBET A& 3l HEFEE 3 GAZ 7}
et zt gAY TR ¥WAS JFez 3

AR A 3R 32 Ue $ HA A oA
g A 1, 2 2AE UFAY. 1 gAE E¥R3Y 5
HetZo] FAlo] s = GAolx, 2 GAE ¥
Aol &R Fd@wolM ¢AI FuEs @A
olx, 3 §AE WA By & SukgtEvle] 3

E @At

zZt gAle] TR 2% g ARS
o},

< Fig. 2~4 9} Z

22 SHIIBEEE

221 1G4 &%

1 GAME B3 FdEe]l FAl dof
UE gAl2A gle 248 B

BE 849 ZWHY &x& d¥4ez 7}
AR 4 24y AADY WAL
nEsE T 0@) E
A3 Th

84 T4 ZWEg &5 8 MYPHoz 74
3 % olge SEHAZAL o) gt FEr)

Z=09A4 U, =0

Z=HAA U, =-U,

ayeg,
U
Uy =—->27 1
Zl1 i 1)
714, Uyt AXEEo|n, H &= AX9 v}

olatele] Agjolch,

FUIPPolnz

Ug, =0 2)
o|c}.

AFHIA AHIAZEAN Uy, Uy, &
WgE F, 1 A AgmEgee Apys

JH 5 olgste quam,



SEREEEE

FZAAFE 2] A 18 W A6S

é—w
I |

V[

i

5

Fig. 2 A general scheme of stage I in the lateral
extrusion process of a spider
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Fig. 3 A general scheme of stage II in the lateral
extrusion process of a spider
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Fig. 4 A general scheme of stage III in the lateral
extrusion process of a spider
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Table 1  The kinematically-admissible velocity fields for stage I
El;n::nt UR U‘9 UZ
I v 0 U,
0 dw, Uy 0
U o fi+ ) - % R, (6) y
Z Lt (1442 — Y% Rw,(6) g
T U
4 L) - % Roy(0) -7
VI (1+ dw4) _U_0R0)4(6) _%Z
vi T, 2 J+& Y% REL 5,(6) g
vl ) - % Roy(6) Uy
Pseudo-independent parameters : PI,AI,P2,A2,P3,A3,P4 A PS’AS
®,(0)=R"(6)- A -sinln, - £0), ,(0) = R” (0)- 4;-sin(n, - 50),
@,(8) = R™(8)- 4, -sin(n, - £6), ,(6)=R"(6)- A, -sinn, -20),
w,(6) = R™(0)- A5 -sinfn, - 20),
CO) =U s ()~ 22 (14 04(0) - BL),  C,(0) =U 1y ()~ L& (1+ 0, (6) - 22)
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Table 2 The kinematically-admissible velocity fields for stage II

S Us Uy v,
! S ' 0 Lz
o a1+ %) ~ % Ra(®) R
- Srli+ i) - ﬂR@ ©) v
v | ey -5 R, (0) L
4 S (14 o) ——°ng(9) by
] Sl g RIS 0®) ~%7
v Sl ) ~ %R, (©) L
Pseudo-indepenet parameters : Fy, A¢, Py, A,, By, Ag, By, Ay
05(0) = R (0)- A, -sin(n, -26), ,(6) = R" (0)- A, -sin{n, -206),
0,(0) = R"(0)- A, -sin(n, 29), 0,(0) = R" (0)- Ag .sin(n, -20),
C,(0)=U,,,(0) - (1 + @l (0) - = (9)) C,(0) =U,,s(0) - ( 14+ 0 (0) -2 (9))
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Table 3 The kinematically-admissible velocity fields for stage III
El;n(;e.:nt UR Ug UZ
Do 0 Uy
! 2(H B) (1+ : ) —%RCOIO(Q) ~H-B L
U 2(H B (1 + S ) -5 Rw, (0) - HU_OB Z
I UyR (7"‘9)‘011—‘”11) Cs UO . _ Y
2(H-B) (1 T + % - R C‘)n(e) H-5 %
v 2(H B) (1+ da)m) _%an(g) - :—OB 4
%4 0 (7"9)0’{2 —0y, ) Cs Uo i ~ Y
N e X R N 52
Vi 0 0 0
Pseudo-indepenet parameters : P10 , Alo s R 1 A” . P12 . A12
@,,(8) =R™(8)- A, -sin(n, -6), ©,(0)=R"(8)- A, -sin(n, -0) ,
w,,(0) = R (0)- A12 sin(n1 6),
C(0)=U,,(0) - 2(H B) (1"' @, (0) - w“(a))
a),z 9
Co(0) = U 3y (0) — 7221 + ] (6) - 22 >)
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Table 4  Chemical compositions of antimony-lead
Composition Sn Sb Cu As Fc Zn Al Pb
Mass Max. 1.2 3 0.5 1.2 0.1 0.05 0.01 Rem.
% Min. 0.8 2 0.1 0.75 -
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Fig. 5 Load-Stroke curves for the lateral extrusion
process of a spider
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Fig. 6 Extruded length-stroke curves of the lateral
extrusion process of a spider

21mm

36mm

30mm 33mm

27mm

Fig. 7 Flow patterns in the top-view of the cavity for
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