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A UBET Analysis of the Extrusion/Forging Process of Polygonal Headed
Bars

Myung Hun Kim*, Bum Chul Hwang*, Ho Yoon Kim* and Won Byong Bae**

ABSTRACT

A new KAVF(kinematically-admissible velocity field) is proposed to determine the forming load, the average
extruded length and the flow pattern in the extrusion/forging process of polygonal headed bars. Experiments are carried
out with lead billets at room temperature using regular polygonal shaped punches. The theoretical predictions of the
forming load and the average extruded length are in good agreement with the experimental results.
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71549y coordinates
|av| : magnitude of velocity discontinuity

Dy, D3, Py, Py pseudo-independent parameters V,, : extrusion velocity
J* = upper-bound on the forming power W,,W(,W/ : power consumptions due to internal
L = upper-bound on the forming load deformation, shear and friction
m = friction constant at the die(or punch)-material X,Y,Z : cartesian coordinates

interface « : angle between symmetric axes (Fig. 2)
R, = radius of the orifice B : angle between the fully filled boundary and
Ry, = radius of the polygonal shaped head the axis of symmetry in the cavity (Fig. 2)
R, = neutral radius function £ : effective strain rate

" R,, =neutral radius at 6 =0 in Stage II o, : mean effective stress

R, 8 ,Z: cylindrical coordinates w(6) . function to satisfy velocity boundary
T : height of the polygonal head conditions on the axis of symmetry in the
U, : velocity of the punch cross-section

U, U, U,: velocity components in cylindrical
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Fig. 1 A general scheme for Stage I in the extrusion/for-

Hr

ging process of polygonal headed bars
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Fig. 2 A general scheme for Stage Il in the extrusion/for-
ging process of polygonal headed bars
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Fig. 3 A general scheme for Stage III in the extrusion-
forging process of polygonal headed bars
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Fig. 4 The kinemiatically-admissible velocity field of
element V for Stage 11
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Tabie ! The kinematically-admissible velocity ficlds for three stages
Stage I
U: Ur Ub‘
+
Element 1 | - 2022 74y YotV g 0
T 2T
UgR| Vo (R, T
Element 11 —y—O—Z R tLAR | FURALR 2 0
T T | Uy R
Pseudo-independent parameter : V),
Stage I1
+V,
Blement] | - 0Y0 5, Vi y—o—+—vﬂ R 0
Element I | -207 d“” ~Yo reyi0)
T T
/ U Uy ,a-6
Blement 1v | 07 LR 17 w,(/}) - R w,(8)
T 2T T a-8
Element V —ﬂz ﬁRsin29 y—“-RsinGcosO
T T T
2
U() UO R 1 . U‘) a-6
Element VI | ——Z — R{1-| = sin Bcos f+1 —~——Rsin B cos B
T 2r R a-f Peosp T a-f

Pseudo-independent parameter : P,, D.. R

U
w2(9)=R,,FZ-D2~sin<n-0>. C, :q_o 121:2w2(9)tan(9)~(1+%ﬂ
< [«
R, =R,ysec0 (0<0<p) or R,=Rysecf (B<s6<a)
dw, 2T _ R.(B) YV 1
Vp =Upg—=* C 0<@< or Vp =Ugl 1| 2= I———w(B)|-U
p=Uo—y szz ( B) p=Uy [ h][ a—BZB 0
Stage 111
+
Element1 | ~20 YD 74y, YotVp p 0
T 2T
U d ’
Element Il | —207 Yo gl 495 1, G ~Y0 roy0)
T 2r 46 R 7
Pseudo-independent parameter : Py, Dy
a);(e):R/“P"-D;‘sin<n-9>, C;:Q'ikﬂ,2|sz(e)tun(f))—l(udw‘
) 2T L : de
dw 2T .+
V,,—U()—d—;—+ 53
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R TR B SR SRR R Table 2 Punches and dies used in the experiment
VAR R Rl S8l AT Table 13 Punch Die
4aan Area Orifice Dia. | Reduction of
(mm?) (mm) Area (%)
2.2 &AE
ArAolge Gd Fagdae dde gy w 900 125 13.6
TOoEH 71-%4&5?—%% FolAl Al FHA Ay 10.0 8.84
AU A &R S A sk el O 488 125 1381
J =W+ EW+ T W, 15.0 19.9
WidEou 4w thg Aog Fojdl
W, =3, [eav Table 3 The properties of lead billet
Actoffu] 2 2 & W,z vhE 2o Foln Tensile strength (kg/mm?) 12 ~ 14
v, Yield strength (kg/mm’) 0.6
G, Elongation (%) 30
W = :/?{‘AWS
of 1AM, avli A AEA A Sndds HALAZE dg ARt o, W 71414
atolo), A1 -2 Table 3 o] LJrE}LH‘Kiq
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Fig. 5 Hexagonally headed bars
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Fig. 6 Load-Stroke curve in the extrusion/forging process
of hexagonally headed bars

“Stroke=9mm 1 mm 12mm

Fig. 7 Flow pattern at each stroke
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Fig. 8 Comparison between theoretical and experimental
forming loads for the various orifice diameters
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Fig. 9 Comparison of forming load between squared and
hexagonal heads
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Fig. 10 Comparison between theoretically and experi-

mentally extruded lengths for various orifice

diameters
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Fig. 11 Comparison of extruded length between squared
and hexagonal heads
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