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Abstract

The concept of rapid prototyping intended for a significant reduction in cost and lead time becomes

even more practical with the recent development of varicus equipments to make the concept concrete.

For the purpose of real application of commercially available SLA (stereolithography apparatus), this
paper is intended to develop the standard conversion procedure from CAD data to the input data for
SLA. While the procedure presented in this paper is based on CAD system “CATIA” and SLA of 3D
systems, Inc., which are being used in authors’ company DAEWOQ Motor Co., Ltd., the basic concept of
this paper can be applied 1o any other CAD systems and machines of using stereolithography process.
The algorithm presented in this paper is classified into two stages—node sampling and triangulation.
First of all, point data are sampled through the node sampling procedure, and then these are

triangulated so that the input data for SLA operation is finally generated. The suggested method is

devised in a way to meet the input requirements of SLLA and more importantly consume less

computation time and generate less number of input data for SLA.
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321 YA mdehs ES 2 GG
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VOLUME(Set of Topologically Related Trimmed Surfaces)
FACE(Isolated Trimmed Surface)

EDGE(Boundary Curve Lying on a Surface)
SURFACE(Isolated Surface)
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p3
/ ’ b T3
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T1

T4 | T3

facet normal n.x n.y n.z
ocuter loop
vertex pl.x pl.y pdz
vertex p2.x p2.y p2.z
vertex p3.x pl.y p3.z
endloop
endfacet

{a) Right Hand Rule (b} Vertex-io-Vertex Rule
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5. Node Sampling
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5-2. Node Sampling 718 Node Samplinge =4 Boundary Node Sam-

pling=} Off-boundary Node Sampling e 2 1}

Node Sampling® 7z} FACE chg)2 <ai%lic). |z}, Zztel g 5-34, 5-4"0)A =4
23A o= omelEs A7, ARge s wrl 3 4R & (F 5-1>¢ Node Sampling

a7t E(we 38

Ede Ag 4 vk F oo G¥RYe veed,

{H# 5-1) Node Sampling CHIH =&t

3 A o ks
Boundary Node (I FaceZ ¥43h= 7} Domain Boundayef| 4] Node Sampling
Sampling — Character Linesl| 9] Agx v

— Vertex-to-Vertex Rule2 &4

Off-boundary [ Faced] W¥-(Strictly Inside)s]4] Node Sampling
Node Sampling — Face ]9 &4 ulsd

Get Next Face

>
Get Next Edge
Yes. /J\N{J.
I Marked? 1
Node-list Search Sample from Edge

Mark on Base Curve
)

Append Node-1ist

|

[
Get Nades Info.

Append to NEUT.DAT

No.

Yes. J

More Face?

[ 22! 5-2] Boundary Node Sampling Procedure
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5-3. Boundary Node Sampling

Boundary Node Sampling£ 7z} FACES A¢]
sk EDGEEEX-E] Foj3] Fausi4 Noded
YEFYt. o majd Alge oY WS
27} VV-Ruled 7t5A) Ao} gk Holu}. 2
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5-3-1. Procedure{Flow Chart)

O Node-list : 8ht8] Edge®2 #8 453"
NodeE¢l g~e 24, Cartesian Coordinate
e ARl

{J Sample from Edge ; 5012 Edge2 Aot
base curve2 %8| F0i3] FAfo]4] NodeE
AE g

(I} Append Node-list : Al2 Node sampling¢]
Eud, 23 FACES] Node Samplingsl] o] &
87] 184, Node-list& Node-list wjdoj
5N

[ Node-list Search : Base Curveel] ‘Marking’
o] Ho] U= 7%, U4 Faced] Node Sam-
pling@} 3ol 2] Node Samplinge] e]u} o}Foj
A3 Node-liste} SE=e] 21 Aol gleh.
FE55o] gl Node-lists 7}$dl4 s}
Node-listE 3t= 2tl-& g}

[ Get Node Info. : Node-liste] 7)53lo] gl=
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Coordinates 9 FPAHE A4},

0 Append to NEUT.DAT : A4t® Node Info.
£ Neutral #}io)] 3713},

2 3
P P pd
p5
pl p6
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p7 P

p8 p9

Initial Points

Sampled Nodes
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END

[38 $-4] Point Sequence= KE{ Node Sampling Procedure
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[28 5-5] VV Rule& X 8AI717| $I8t Node Sampling 44
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5-3-4, Link direction

22 domaindi+ 4Z9% Boundary NodeS
< 319 LoopE A Hed, g
Parametric domainitejA] ¥IAlAWe == Al
W] S A9 2836 TRIS <% )
oJel{NEUT.DAT)E= 2E Boundary NodeE¢]
BEAARRS] WA AL a7t NG)
£9] LoopE ¢]F+ Node5o] wlr=rlw &,
oHE3 Zko] By o) sl

ZZN(m)XN(1)+TglN(i)xN(i+1)

if 20 then CCW else CW

o, N(i), i=1.m: Array of 2D Vectors in
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5-4, Off-Boundary Node Sampling

Off-Boundary Node Sampling¥}4] o 2 %7}=)
7 2=tk F g Adsie g NSE
Version-1, Version-22 #=7]2 %} Version
-12] w4 Isoparametric Curve Testu}4]olz}
X & 4 23, Version-2%& Subdivisionl-4] o]z}
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Get CIPC(1) CIPC(2)

Get Para(*,1) Para(#, 2)J

For All Pair(Para({#, 1) Para(%, 2))

Inside the Domain?

Yes.

Get Node Information

Append to NEUT.DAT |

[22] 5-6] Ilscparametric Curve Testiil Off-Boundary Node Sampling
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O Para(j, 1) ¢ CIPC(i)Z ¥%¥] Boun-
dary Node Samplings|4je} & wWije=
Node Samlingg #&d] j¥# Node?| para-
meter g& AAShe WT

5-4-2, Subdivision HhA|

o) WhAle Af-THe) BEAQ TEAAE BE
3 W= ® wtEgdrl. $4 Foi3 FACER
0)%= = Zui(base surface)® patchd$2 23}
o] Queuesi Aol¥er}. Queueoll4] Patchd 3
1} 74 Bezier Control Point Net& -F#t}.
Bezier patchi= 2 Control Point Nete] ®43te
Polyhedronjoll Zaigtl: 540418 o183,
o]Z Point Nete] 93t #uY A= WA
o}
sty #AHE Patch2 38 o] FFe|9

HE(o|Ee FuAdd £A8e et )E &
glste] Off Boundary Node Listel] F7}A]7lvt.
HYx7} ofA sk Az} Lad, 713 Subdivi-
sion Direction TestZ 534 Subdivision®}&&-
RAAY F, o] Ao npebd 2 == 4719 Sub
paich2 2¥grl. 2% SubpatchZZ Queue
o Aojdtr}. ol §t BAE Queuert ¥ w7
whEgh), o [2% 5-7]& WH#HARL Proce-
dureo]c}.
0 Flat _Test

Zo]zl PatchZ $-8] 4% Control Point Net
o2 RE HaAsEE o5t FAL DA
t}. o] s} 2t AEIte| WAE T R
A7} 2apect A& AGo] Fo|x) Patchd HH
(flat) e}z BRPch Q% ojole) Faks, o
A= AoIgt wiel ol AlA 3 AFe] YAtk
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a2} FolA patchr} 7|23 o2 Abzt patchz}
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BEGIN

Breake Into{patches)

En_ Queue(Patches)

De_ Queue(Patch) j

4 Corner PT Sampling
i
Check If Inside Face
|
Check If Duplicated J
i

Flat - NOT Flat

Subdivi. Direct. Test
]
Subdivide{Subpaiches)
|
En_ Queue(Subpatches)
]

Empty (Queue)

No

END

[38&l 5-7] Subdivision tale] Off Boundary Node Sempling

= A el 283 L49] Hge] ofgr}
Ashdon Fol Fael 4], & Flal_Test
o S TA AL B 4 AT 2vle)
23 3% o} 20 Tightd 27e] ¥e}. [27
5-812 Flat_ Testw}4| 2] chgka]q]l Awdelct,
{0 Subdivision Direction Test
Bezier Patchl= Zwlo] Ailwol 82 =
oA Isoparametric W3o 2o Fre] o]
stcb, ARAE g2 ARkl & Testel A of
W Wiko 2 PatchE 2¥¥=E 2A{Y. o+
(=¥ 5-9]¢} Ze] sh}4] patchs 3714 M=
24 T+ ok

u EE v ke 2 B o35 A5 A4
A, 7} ¥te] Control PointS2 25 H4xl4g
& AH3ate] she] AAE TARRIG. o] A4
Control Point7be] HdHx71E Aibslo 3w}
(u =& v)9 BE Control PeintEe] T2} W3
of Eolew Atel, 2 W¥o Ry TR g
o}, t}e [P 5-10]% Test HH{e Mojdc}.
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[22 5-8] Flat _Test =i
son-1 son-1
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[32F 5-9] patch?| E@F &

[ 22} 5-10] Subdivision Direction Z&E L
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Triangulationg] 7]E#Q] <|EL 7|E) gL
8ol dehslel. & 4Fo)4e Lawsond]
Triangulation {518 F2 {832, Trian
gulation data?] Optimization 2o 4= I3}
4,9 9724 [1]1F LS. 8 RaAeA
£ olF 2xEFd diF A4 Adgrcie HA)
A 2k AEEAs ¥}, olEed A% AT
e A [1]& Fxs) vigeh

2 d7o4 #HFsh= Triangulation2 4o

2 A2 e Domaind wi=ha 24 F BA=R
}rojAick, A @Al Parametric Domain o) 4
84}, meka] o] A= 2341 Triangulation
o #Fct 22t of=¥ Triangulation <]
Topological Relationghe 31ei% %, 334049
Mg Y54 (Geometric Properties) & 723}
7] ¢ker). o|z)§t Geometric ProblemS£ 4
14 ¢l Triangulation Optimization® E&#4 =
Agcl. 324 Cartesian Domainol4] 5=
4 dAE A A5 Boko] “even”d
e = A=

Parametric Domain ..--...L 2341 Triangulation J
: T

Cartesian Domain------~-{

Optimization |

[1& 6-1] Triangulation2] Domain T4

Triangulation2- di¥Ho2 o [13 6-2]
% ZAe AAE AMA P, 2 24 Al
2 ool 2% wpet 2}

[0 Preprocessing . ¢ie]S< NEUT.DATZ 3¢
da g Nodet: AAUT. (B2 Y= Node
» NSeja] Face Wi¥-of o2 #A=G o}
Boundary Node Samplingsl| 218i4 3A=+
Boundary Polygon2] #%4)] ZEalsl= Node
Eo| 9v}. o}E& TRIHAH 2218 fd3ct.)
[ Initial Triangulation : =& Nodeg2] F44
& A4, 2 Hog R "olzl Al wz}
Sorting®t ¥ AF AALE AGHE YR
t} 7o) AHE § Noded F7}5i7}H4] o]
ul AR As o] e ol4se 4t
7}8¢ Y§Asa] i), dilEe g, Domain

Preprocessing

| |
| il Trianguation |
| Boundary Swappng |
I |
|

|
Trimming

—— ]

[3& 6-2] Triangulation Overview

boundary: F-Aj5l A Convex Polygond
boundary2 7}A]&= &7 Triangulatione] A
AR}, '

O Boundary Swapping : Inner bounday
Outer boundaryAhel] ¥hEA] 4+7}3) 9] Edgert
ZAF=E AT AU 2AF]YE P

O Trimming ; Inner boundary 9] W3¢ &3
-} Outer boundary$] 2}itel] Z2A4%= 42t
¥EE AAG.

O Optimization : 47142 ZoFo] ‘even's{A=
E o 477l 2344 ). volde
MAle] §g w7hA] R
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7-1. =89 F=x

¥ dvE 59 iR z2a3e =34, (1)
Node Sampling, (2) Triangulation, (3} Verifi-
cation®] 7]'=& 7}xt NS, TRI, DRe)=k= A A
o 59¥ =202 v¥]ojA|n, Ze} =g
YE 2ol AT Yeio] Netual FUdL Fall4

dle|e}E 3 gt} ujeja] Z =23y =g
Aoy o] Zh5dted o8 34 =299
ez e)g-d 4 gl

7-2. TP g §F
A 2 =249 A by 49 oS (R

7-1>o) Azisl vls} oo, AF oo ot &
o] g3Fo} B 4 Q18 Zolc}.

(B 7-1> NS 3 TRIe| X2| S=2H(1991. 6. 25 Bx|)

NS : Node Sampler{Grid Method}

Face 784=/Volume DAY 9
Initial Points/Edge 2 500
Nodes/Fdge . 200

Nodes/Domain Boundary : 1000

TRI : Triangulation

Face 7A4=/Volume D AF g
Nodes/Face : 650
Triangle/Face 1 1050
Triangle Edges/Face . 1700

Initial Points/Edgs+ 5-3-2A&d4 A%t P
(i) 8] 7AE, Nodes/Edge= N(j)9] A4 44
o)uj@kc}, Nodes/Domain boundaryl: &}
domaing 7#43l= Boundary EdgeE % %5 4
£3 ¥ Node 59 3-& &Jujc],

8. =% <A

e [29 8-11¢ NS % TRIE $64 94
9 449 3¢ DRE ol4siel sl 2417
2 Asiolch. 3 AAE Rounding® Exjelsh €
299 790) sl AFRAC)Z, 54 A4 ¢
% o] Al QEolch. FAAS EdA 4
Zysde] FARZ YAANLE ¢ + Sk

9.74 «

AT S4-E A8 S F=Hz 3l

+ ’Ide22 4 Simultaneous Engineering Z-2
Concurrent Engineering2 #-& 4 itk o= A
Fdel| Foddis 2 7l FEE] 2714A &
A FE FAHeR FoJsiedel 1 8L F

© HAF 5 Aok Aejeh. ol2id AL ARE

g Helo) TASE FFeHAT gled, 53
HFElel gt 29 A¢g 9 FZF(simulation %
verification), 7}&¥-£9] ©lo|elH| |8 (engine-
ering database), CAD/CAM E3§] 2§ ==
Y5l T2 =T AM-H gict

£ =84 FHHo2 #HFE Rapid Pro
totyping 9A] CAD/CAM E3bll 9% 254t
o Qe 2 e, 58 1 Fe g 9
o] AAHHZ oF4tH AYate] 447 Rl
AA A 2epedg)e] s FES T AEHE A
Zo| H3¢ ¥ v} CAD/CAM Fitel 3
® F8 ¥4 99224, Rapid Prototypingel
W o] Yoz o]Aelliz, NC 71zl il
tif6]l. NC 713 SLAe] 2|8 Rapid Proto-
typing 9] FAMHL- o]&e] CAD ARl 7}x3}o
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Rapid Prototyping System - 418+ 9440 widgx

Y\J/X

)

N
j NN

[O8 8-1] & =8 ofx

2 7V ARE £ &5 Hicke Holth. whHA A
2 23, o150 7€M E o g A= THE
AHgEkT g B ol sl M8 AMHEE
CAD A®7} NC 7159 Z¢-= diide 3+ =
HARE 2 BoiE 2 9t 4hd, SLAS Ay
o Solid WA= Volume AR} o] 2ajal
(closed) E41& 2 Edi= &k slvk= el
A e AY, olHE AME FE #2%

i

T Ae AL, AEHE AzA Ao} zte) 2}
FFEE 7T s ¥59] Afede Fanyst
A& AX NC 71Fe] H-43A4 AH-2 FHeld,
B7 FE3 7o) Solidz ¥ FAe CAD 3
Bo} YAsE Aol SLAE $8 Ao 7%
A ALg-Fck= goltd,

£ d97E 4 Rapid Prototyping4 SLA~|
712} CAD AMs}e] Interface® 7Qdsigert,
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EXTHNE

1 el SLAS) &3A4 AH-E HEldE EA
2] ot A (stable position)& Fe A9} A
Ao (support) & AFHeZ AASNE EFAFo)
iAoz HAsol B Aelct
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