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Investigation on the Automatic Surface Generation for Extrusion Die of
T-shaped Section using NURBS Surface and Area Mapping Method

Jong-Hoon Im" and Dong-Jin Yoo

ABSTRACT

In order to construct the extrusion die surface of T-shaped sections, an automatic surface construction method
based on NURBS surface and area mapping method is proposed in the present work. In the present study, 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 T-shaped section and T-shaped

section with rounded corners.

or=1

Key Words : Extrusion die (4

1. ME

Fo 54 YHFe v 3 % *é% S
S A L AEY VAR AEY ¢4 T B
& AR dEA AEA A, FE7I *J?j, Fas Ol
d Sl 28 AMSEHI Utk HIZl CAD, CAE,
CAM 59 AFE $87I&E F54% 7|9
SEEHAA FFPo o EUES B
AEd, 458 98 &3 CAD, CAE,

Al 20034 39 259 AASAY: 2003 891 1491

* jiuet 7) Al Al st oiskg)
# ARz el shir HFE S8 7 Al Al A ot

E-mail: djyoo@daejin.ac.kr, Tel: (031) 539-2031

£ 3¥), Area mapping method (¥ 3

208

=)

2 A} 48!y, NURBS surface (VB

HdA Bl & 7b o] FolA] it

Nagpal 3 Altan o] FH &4 (dual stream
e —7-°ﬂ he T4 SETE
B edd 2 Auadg AF

10 R
-

function)&
FEste dF AR



& dEs7] 9 THE AANEE o83t &

21319t} Yangi} Lee’™ 5 2ZHAMd(conformal mapp-
ing)/N'd & o) &3ty LukHQ FAFo DE YA
et HAe P AE F517) st FANYE
o]-g3te] 34ttt

Gunasekera™’ = Q E-3k(re-entrant) &A= A&
g 4 U F A WA A area mapping)7lld &
71 o] Al (line mapping)7id &2 HAghslo] Akl
Hare] e 0¥15}7] Ss 2T ot
4 A9, WA 39 g2 AFPYEE e
B& WE3AT) Yang Han® 5&
of A A gk 4ETH S 3]
AT R ETINE o (FouriendTE B
Hipslel 58 SHE A5t

s,

al
5 AL o) 8t

‘:]’7}&1 9 T-g 9] FHE o
T8ttt Jounst Hwang®e @ FW &
91 a4 Bk Fd & o] g5l
83 3 ZAA fFIka g
glo] Hoizty 2 T-3
FEENE P
Celikil} Chitkara™'*"'1= ¢ Ao &
T3] #4153 A4 (off-centric) ¥ o] 1= H| 2
A A AEFL dESV] 9 73
H| 2] ol (Bezier) FEN ] HFH AR S &7
F+58A g2y, 1-8, H-9, U- ?‘fé 5 E
o] H7-8 g “7%] s &
o] o] HAHe) FHEIA
AFE A 7, 7HEE %‘6301
FojA gho X}xﬂ o
GalR o) EHo) TahA: o1 04 TL7} ) 8k A
o2 o]Fojx g} AFUA Y B2 AT K3
T4 T At AEEIUY gy 4
W, Al Ao St S8 @A S8A4A 71EAG
ddsA EA7) 1 7ol A8 2 584
5o wtHelM B uw &2 Kebo] opd 4 glch iy
3o 8% 71Eex1re WE CAD, CAE, CAM A~
Abg-tal 9l7) witol AT AT o] 8-t
D}ohf} gejo] FH WHANE ZtHe] Alsglod
A iz HEaler iz, olei g d& cap d
Fob7b ohari: vl 314 o) obd 4 gtk

0?0

o
-
AN

= A 0]

v
o

~
'
"
‘

ks
4 v
o &

f

o

off o
=

3}@1
- B AlmTE o &
w3l 4=

-

4-0

o

_EL

—_

E O

209

,ﬂ
o
F
rﬂl‘
i
2

L

2,

2

2

=

o 1N, o
N
o
=
X
B 2
X,

0,
23]
SN
wy b o

r},m 1o _}‘_, 2
-
2
o

o
=l
2 N
2

Agm:
_?L

CAD }\]AEﬂoﬂ)\«] XH
“éﬂr 9d yellAe =
Nde 7oz stn
TEAE  gEe]
NURBS ZHOE A5 A
orat 1z} gk,
NURBS 4,
f 2T Yoy
4 7del 34,
form curve), A< (free form surface)> E& Y
3 A(conic curve), Y7 (conic surface) 2=t

glol A&s] vebd 5 e Fde] Aok ¢&5

oMo 30 ot
t

7} Qg steke

rir Jl’> a

i do
2ot K
I

~
R
oz Ml

4
z of
A
(g ok
tlo o

> o
o?L s

i ap

O
R

1‘
E

of thste] A

e

I OB XFA AT B
ZH, W T g B

9 ol2o a2 AHFA(free

ol A5 A A %H“é}h ATER 2 HF
xﬂ-%OII H g 27340 4, 8§Y, u3y, ~
Fehel § tgd Fdy=E XHEMOF 6}71 2ol
o] B FAAE 24 fo] BIE F U-
NURBS S4, 4 UH& AdstA HUyoh &4
o] gt olyg NURBS &4, ¥9H& CAD

dlojele]l ¥3F E£W< IGES, STEP $o22] A3
o] Jgati §olat7] witel E-CAD Al ~Eolu,
CAE, CAM A 2®l3}e] & H(interface)oll A& A

Hol glrh: 28 WL 7Nz AT
2. NURBS =@o| £AlX Fs

NURBS+= Non-Uniform Rational B-Spline] <z}
24 4249 H)H(ratio) JHIZ THH L HFH
(non-uniform)¥t % E Zk(knot value)¥} B-2Egel &
W 4 7|0 R 33 ks AE v g
B-~& 3 vV 2 Z EAY g5 e Ed
of AXRHS el FEHe BIHE] wiE
FHFGo]l Lolgtn A AFe= F-HsHA
Az A4H ALY F do AL aAFRA 533

l‘l

g 8de) M 9 Sug FHEEH 9y AR H
il 9t 23 CAD o|&3%9] sh}olt}.

2 dFoME T8 o4& 8599 AF5AA
& Heted AR SEYAAH dEE 2 shH] )
A4 913k W A AL (area mapping method)
& o] 8t A 5APES Fohda o) §
& ol&3ste] §] - &7 F4& NURBS Filoz W



AFE - FFW : FTHLETEIA 208 A10E
g & o] F NURBS 342 g8 oz
Bt A FHFEE sHhe] NURBS FHO Y
2 44ss W AL I
NURBS 4 2 TdAE B-2E &1 22 "
7t 23 gAY 7457k B drh. NURBS T8 "
AL F S o, vl diste] G853 Zo] B9
QC} 12 L P2
t2 A x
N;,(u) Nj,(v) w;; P
S, vy = o0 ’ (D P 2
&y & Nip(w) Nj (0) wy, A
where,
Ps Py
Py, ERE FAske 284 AAEE
boq Cu v EE AE
el iu e 2R
m+1 v WEke 2™ & Fig. 1 Geometric description of characteristic points
Nip(), Nig(o) © u, v %] B-2Ee}e) of outlet profile
714 @ (basis function) Table 1 Parametric description of characteristic points
w;; P Z2RF P9 A of outlet profile
Point No. X y z
3.T8 &4 38 J[uo X544 Py - X tht U 4 d
P, “ X+ 4n d
31 7 g SMESO BE AN P T w2 ‘
Fig. 12 9¥AAZRE T AFE &&3 P _ X 22 d
T A9Y 2839 74E Y @I ES B P - X ‘Z d
73 gled T-34S vehl7] A8 5495 = 1A = :
- 6 c X t 7
A PR A P % 8o Wl AEE AER . — -,
_ - 7 Xe thHt+ 4 \/2 d
7t BEE L, b, b, S FFE Table 13} Zo) T
& 4 gl
Table 19} x. = T-879 7|stgd 4 =49 xF Ay _ A, 3)
F2M Py L Pol xFES 022 AU o AN ar A
] [SR= o Aa 7Zbo] 3 HEG.
? OB A og A3 o] EHAY A3)e FAHCR A Edetd gt 2.
138, 20,4 t) 1 8, Alx ) A,
X, = @) = 4)
201, t,+ 1 t) (xom x0—L I Ay
32 275 LS B4 2Y where
B ATINE 275 FEFF FAEE T Ayix R, A hont bby
7l # #1 8t Nagpal, Altan'?o o] A|¢kst Hc;}ﬂ | o3 Alxp): fk‘/ RI— xldc
Ze F#AHMY BHe 388 Fig. 29 x7t
FolaA st £7% 45 499 xHLZA W _ _
: 1= e 2o Ao] 49 Sy AFHoR BaT UL xel B VA
A Ap, As, A, Ao Tl E thE 3 22 4o] A .o
ES

210




o

FE -

d

A 4208 A10E

o

Fig. 2 Determination of the center point for area
mapping using numerical method
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Fig. 3 Determination of characteristic points of inlet
profile considering constant area proportionality
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Table 2 Coordinates of control points for NURBS
curve generation

Inlet profile
No. P wi'"

0 Rcos 8o, Rsinfo, 0 1

1 Jocos(( @ o+ 0 1V2), Lsin(( 6 o+ 61)2), 0 [cos(( 1~ B0}2)

2 Rcos 61, Rsiné1, 0 1

3 heos(( @ 1+ 6 2)/2), Asin(( 81+ 82)/2), 0 |[cos(( B2 61)2)

4 Rcos 82, Rsinfz, 0 1

5 heos(( @ 2+ 03)/2), Asin((02+03)/2), 0 |cos(( O3~ 02)2)
"6 Reos 5, Rsin @3, 0 1

7 -4, 0,0 cos(( @4~ 03)/2)
! fo = Rlcos(( @ 1= 0o)2), £ = Rlcos((§3- 02)2)

/4y = Ricos(( @2~ 61)2), 4 = Ricos(( - 63)2)
Outlet profile
No. pou W

0 Xo, Yo, d i

1 (xotx1)/2, yo, d cos(( 01~ 60)2)

2 X1, ¥, d 1

3 x1, (yity2)2, d cos(( @2~ 6.1)2)

4 X2, y2, d t
,75 (x2+x3)/2, ya, d cos(( 03~ 62)2)

6 X3, y3, d 1
l_~7 X3, 0, d cos({ 4= 03)2)
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Fig. 5 Definition of v-direction control points
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curve generation

Table 4 Coordinates of control points for NURBS

FC 620 Rzzﬂ = *q R 521n 9 i Inlet profile
_ A No. Pii" wi
”EIA"_A/ A; =0 (1=:=8 (12) 0 Rcos o, Rsinfa, 0 1
1 Zicos(( O ot 01)/2), hsin(( 6o+ 61)2), cos(( 81~ Go)2)
‘/r: 2 Reos @1, Rsin§ 4, 0 i
. = 31 fcos(( 8+ 62)12), Asin(( 6 1+ 6 2)/2), cos((82 01)/2)
4 Rcos @2, RsinG,, 0 1
. :: 5 | hcosi(0+ 6:)2), Asin(0:+05)2), 0 |cos((3- 62)/2)
6 Rcosf 3, Rsind;, 0 !
7 Acos(( O v+ 0 4)2), Asin(( 03+ 0 9)/2). cos({ §4- 03¥2)
8 Rcos @ 4, Rsinf 4, O 1
9 2icos(( 8 4+ 6 5)2), Jisin({ 8 4+ 0 5)/2), cos(( s~ 6.4)2)
10 Reos @5, Rsind s, 0 1
Fig. 9 Determination of characteristic points of inlet -
o . ) 1| Acos(l @ s+ 06)/2), dssin{( 0 s+ 06)/2), cos(( - 05)/2)
profile considering constant area proportionality 2 RoosBe Reind s 0 1
AZa e} 2ol N(]z)oﬂ o) S 18 5hod 13 Zecos(( 0 ¢+ 0 1)/2), lesin(( G 6+ G 1)/2), cos(( 1= G6)2)
- v 14 Rcos @7, Rsin@ s+, 0 1
6ol 0,2 T F AX o delee SEHE " 400 con- 97
of 2FA 4ol o LA
Fig 10 rﬂ Table 40]] 1 =n }_94_ %}o] o1 = ‘;1 o = Ricos({ 8- 0o)2), /i = Rlcos{( 0 s- 6.4)2)
%7848 NURBS TH o H@sal o T F4l fm Weoslt0a G L= Ricos(0 097)
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e NURBS ¥ @7 Hcoh f = Reosl(0m 002) . = Rleosl™ 020
Lo Qutlet profile
e — 12“’ Nio(w) Ny w,, T, (13) No. P w
3 ﬁ Noot) Noao) w,, 0 o, yo d !
1 X0 yi. d cos(  /4)
2 X, yi, d 1
3 )2, v, d cos({ O+- 0V
4 X2y d !
5 K y2, d cos( 7 /4)
6 X3 Y3 d 1
7 X3, (y3tys)/2, d cos(( 64~ 63)/2)
8 X4, Ya, d i
9 X1, ¥s, d cos( 7 /4)
10 X5, ys, d 1
1 (xs+Xe)2, s, d cos(( @6 85)2)
12 Xew Yoo d i
13 X7, Yo, d cos(  /4)
14 X7, y7, d 1
15 x7, 0, d cos(xw - 67)

Fig. 10 Description of inlet and outlet profiles
using NURBS curve
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