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Investigation on the Description Method of Extrusion Die Surface
using NURBS Surface and Area Mapping Method

D. J. Yoo, H. H. Kwon and J. H. Im

Abstract

In order to construct the extrusion die surface of arbitrarily shaped sections, an automatic surface construction method
based on NURBS surface and area mapping method is proposed in the present work. A center point for area mapping is
determined by introducing the mapping concept based on constant area proportionality between original billet and final
product. The characteristic points of inlet profile are determined using the traditional area mapping method and the root
finding numerical method. The inlet and outlet profiles are precisely described with NURBS curves using the
characteristic points of entry and exit sections. For the construction of NURBS surface, an interpolation method for the
pre-determined two section curves has been developed to be used in the generation of interior control points and weights.
To show the validity of the proposed method, automatic die surface generation is carried out for the several kinds of

shaped sections.

Key Words : NURBS Surface, Straight Die, Curved Die, Extrusion Die Surface, Area Mapping Method
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Fig. 1 Geometric description of characteristic points

of outlet profile
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(b) Curved die

Fig. 6 NURBS die surface in the extrusion of round.
to-trapezoid
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Table 3 Parametric description of characteristic
points of outlet profile

Point No. X y z
P() ~Xc +r d
Pl ~Xe 0 d
P, “Xetr -r d
f(x)= A.(x,) A, — A(x,)) A4, = 0 (12)
where,
2
4,0 7R, A4, ”;

A(x) jjf/,/Rz—xz dx
Ap(x,) j’: Nri-xtdx )'czg—r
4 V4

Ao

Fig. 8 Determination of the center point for area
mapping using numerical method
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Table 4 Coordinates of control points for NURBS
curve generation

Inlet profile
No. Piin Wiin
0 RcosBy, Rsinf,, O 1
-R, [lsin((PI-84)/2), O cos((P1-09)/2)
2 R, 0, 0 1
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Fig. 10 Description of inlet and outlet profiles using
NURBS curve
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(b) Curved die
Fig. 11 NURBS die surface in the extrusion of round-
to-half circle
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Table 5 Parametric description of characteristic
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points of outlet profile

Point X s
No. y
P, { -t d
P, { t d
P, r cos(Rib8g) r sin{Rib6,) d
P, 1 cos(Rib0,) r sin(Rib6,) d
Py | () %c08(0gym-0) | (1 P+)Psin(Bym-0) | d
where,
PI
8, = —%—- , a=cos™( )
Rib, s P+
22
Rib 0O, = cos™ QA
r

Rib6O, = 6,, — Ribb,

sym

Y

Fig. 12 Geometric description of characteristic points

of outlet profile
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Rib : number of Rib
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n 3
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Fig. 14 Description of inlet and outlet profiles using
NURBS curve

Table 6 Coordinates of control points for NURBS
curve generation

Inlet profile
No. p" wi"
0 Rcos0,, -Rsinf;, 0 1
1 R/cosf;, 0, O cos(6y)
2 RcosB),, Rsing, 0 1
3 | ecos((0:+02)/2), Lesin((8,+82)/2), O cos((6:-0,)/2)
4 Rcosf,, Rsinf,, 0 1
5 | £1cos((8:40:)/2), [ isin{(8,+65)/2), 0 cos((0:-8,)/2)
6 Rcosf;, Rsinf;, 0 1
7 | Lycos((0:5+04)/2), L1sin((85+84)/2), 0 cos((6,-9,)/2)
8 RcosO;, Rsindy, 0 1
lo=R/cos((6,-0,)/2)y, [ =R/cos((6:-0,)/2)
{5 = R/cos((85-65)/2)
Outlet profile
No. P w
0 X0, Yo, d 1
1 X, 0, d cos(6;)
2 X, ¥y, d 1
3 xi+x2)2, vy, d c0s((0,-0,)/2)
4 X2 Y2 d 1
cos((Rib8,+Rib0,)/2), .
> lilin(((l({ibeoiRibe,)l/)z),)o cos((Rib8:-RibG)/2)
X3 ¥;, d 1
(x3tx4)/2, (ystys)2, d cos((6,-0,)/2)
X4, Y4, d 1

{5 = R/cos((Ribd;-RibBe)/2)
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(b) Curved die : A bar with 8 ribs

(¢) Twisted surface for curved die : A bar with 8 ribs
Fig. 15 NURBS die surface in the extrusion of round-
to-a bar with ribs
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