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Triangle Based Geometric modeling for
Rapid Prototyping CAM system
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ABSTRACT

Usually triangular patches are used to transfer geometric shape in Rapid Prototyping CAM system. STL, a list of triangles,

is de facto in RP industry. Because STL has no topology data, it can cause errornous results. So, STL should be verified before

using. After adding support structures to anchor the part to the platform and to prevent sagging or distortion, slicing and layer by

layer manufacturing process are done. But triangular patch is surface model and cannot provide sufficient information on

geometry in the above processes. So, geometric modeling is necessary in verifying STL, adding support structures, and slicing.

It is natural that triangle based modeling is the best when traingular patches are used as input. Considering support

structures, solid and faces coexist in RP process. Therefore non-manifold modeler is required. In this study, triangle based non-

manifold geometric modeling is proposed for RP system consitent with STL input.

1L ME
HZ 4 3L AL Adv ARAEIAE v
gl vefstel AFFIVE Fobel  whgh Aol A
kel ol2E e dEstE Aol AR UolA

AAAY a47F 5l vk 24 A& (Rapid Prototyping :
o]} RP)[1]2 o]&f& sigdso|Fo d%g 943 AEF9
stuE A HE zEal, 7, gFE AHY RE
AzGEord AMA Gl 2ol e Wyo)t
Fig.1& RP¢] HEH W<l
stereolithographic rapid prototyping)ol A el 33 A
Aolty, TLAI47) & (Tool-less manufacturing technology) 9}

A,

=9

ru[o OE

r

dFoz AN oz A¥FE o] opgx
BARFAE oA Aol elstol HIAAN 34

ol Madrh Hxel RPARE 19873 3D Systems

@gr_]—/(—l__]-—- XY Scanner

Beam Shaping Optics
Polymerized

Layered Model—\

Sup{(:’t Platforml H

Elevator

Fig.1 Stereolithogrphic Rapid Prototyping machine

Incoll Q& A=A A HMAHOE 1,000 MHE
ol/del 7hE = At

3D Systems?t #HZ9 RPZIAIE FA1¥W 7138tz
B d¥EEAs 9t Fig. 290 e STL
file(STereoLithography)[2]8 %Q13tejel STL-2 RPo A9
AEAQA BT (de facto)ol =Hel b zejvh STLS
Bloor&[31o] A& nwie} o]l WM wE ®A Yo

AR Po) BYLHA FHY A2 deld 2 277t

az el e FE7 @7 Mol FelmorE Y4l
9Es 1sed Yuel FYFBoEA RAWY Wol
B 2R EESL by olg WAY EE Aol
YAAA fgorz olmzAE RPAANA AAA
Foz AgHI gem WAl Aee @ CAD
Azl AE  STLEHE Adstz e gl

FERd g Ve

STLE dAY syzt=

oo
L=,

solid
facet normal 1.000000
outer loop
vertex 50.000000
vertex 50.000000
vertex 50.000000
endloop
endfacet

-0.000000 0.000000
30.000000
20.000000
20.000000

30.000000
30.000000
0.000000

endsolid

Fig. 2 STL file

-587-



ZEGE 7497 2o oA STLE AbEde) wEA
Bag 8@

A9l STL YL CADAlAao=s RE FHxY
A2 AEE ddsts 9¥UNE sy dx 7 FxY
Aol ol  Holr  HAZ AARE  BIA
Fetold g 3ty Laser A& FAbsid AEE TEA
Lia= 0

A ES[4] ¥ FrankE[5]9 dAFeld HEo wH
A ¥ (Build-up  direction)o]  ZAAE X o]  uwhe}
A7t 83 g ZolA AAWE HEristeof ok

2P g AAGE o2 A ¥e AvE dey
74 gl AMEER e FRY X (Stereolithographic
Apparatus)l M= "HFE FHoltk 2 ol fE  elevatorYdl
el platformoll A A A¥IAgd A¥" R ES
FRYPFAZEE F2 Al7le HHol &4& d& B
otulgl, Overhang ol d& Fieol Ae « AANE
AMR-El A e oE okd] ARe] HA GAHAV wEol
AXA =7 dfFolth

AAs Age) BYi AAse A7 Wi $4
ez  Fd AR ALY e ARFANFH=ZE
Ryygrisies  wrED AAYzE Z2FE 0 AAHdA
Zetol sl HEE s Astdor 7] ol 7skEkH
ARl EE&3HA HE AR AY¥ES %"‘ AT} ol F
FARE MNATF UE WFoezA STLYY olF9
STLe AF, AXWY %7l s2eld A Fd= 344
HArdyds HEgste Aot dgdoEHIs}  FE
STLEA 47ty #zje)7] wie) 43 =dd9
ZlBazrz e ol AAxzsw HElmd Ayarz
2dy B4 Uds AAUE BriEHL, UdF setol2d)
0 FRE IPAIGHE = 9 AHMIxrt EAEE

pgpo) By, mepA wlthekAl g ol v s,

2. &I HICHEA ZE2le| HIolHFXx

Paoluzzi$ (6] sk 2 A 2] (winged edge) °l|
HeHeE 2708 4z (winged triangle) & JIEL=
zaysdn. 28y g 3mAMEd Jdl¥TEE
7t271E EZUEZE zZzb 1Ao7 mEol ek (2-
manifold) o]t} E3 mAzld thd sdel e Aol
EARoi}. B A[7]S WA STL:} o] AHT ol
e ARE VAL AA ¥ FHUY ALPE VNELER
H]EP"J?‘{] rdg sgdov AHARE A7l f& deld

ZEF 7dAsior st EA7F AUrh

&o’ drdd £ 3] Faceted  B-repol A AL g &=
EX2AAL 84EFL A, B, EAME, wEAI,
HAPEolth oy 845 oW wAom Fx3t AHA

7etatgd HARE A ol deoly +xz2 Py
#83 ARE do] Wb} B-repe) gAlojh

}3L

2AgE 1ALHIAT 0N HAYH 2x99
"atolol 9ixst7] WE AEAHd Pt sHg Frd

Xeolr. z#A B4 EAYVE FREEAOME
mAgel Hel A3d B dFAY BAE B FAHF
#¢ #AE AEE XY Ao dniE dad
zdolAel o] Y mdolI |AM mAMHYP

S847F s AL vEASA o
g Ed FNM 53 wtRARd[8]e AedAMe
17he] mAele] 27hel wtmAeizt e olF 7
gl oo aiFdsHE Wl did HRE  sHAA
24 og Wo)l i ARE AAESF YA A 2
AME BE WE dAYez FEsty mAel 27
do] gystE vdEAEdelr] WEA 2AYE
2 A7ge WAz [AAAM W A
ARE AAsAh g AFHEEAIRE g
AEE dom  Weiler[9]8] WAl mA e
A8 delz B o Fig 32 # AFA
fﬂJa‘cﬂW A F9e Azl
e 1R=

R o r“ o
ok

2
o

e oi‘N
o
x Iirm

{

*r.‘?:czo,t-glo

> 2 K

oo ol

[T S
o

of
D
>
o
o
i
24
ox
e
pou)
rLlo
f
_9,

vertex_5

vertex_2 triangle_2

e\ vertex_1

face_1

~

edge_1
triangle_1 ~«

vertex_3

triangle_0

vertex_0

edge_1 l
\ half_edge_3

half_edge_1
triaﬁgleg_1 P O\tnangle 3

Fig. 3 Relationships between basic
topological entities around edge.

triangle_2
half_edge_2

Fig. 4= ¥ Q7oA AL 423 71 v
zd3yo dHolH72xE Yed Aol HIT ISO09A
AAsein = STEP EFY F8% 8459 sty
EXPRESS-G[10,11]12 7t 718184 A A (entity) Atol

HEEEE B Aok
EXPRESS WA EXPRESS-G¥ Holee Fx9
HHe) 5EL 7l B 2Py Qdojrt o] mEo

AAlE C++2 Z2aYPsHch

Ased fFEFAN TPE el ANSE R
bodyol™ shitel &= wx AF2HRA} P 4 Ao
shell& A5E AEE FHY A& T Hue &=t
Uhe) shelz oo AFE 93 %ol vle} Y& Y=o

7% 2789 shell® FAR.

-588-



We ¥4y¥oz Puste @Y RN
ahel FARH s

faceol =
ob&el  AFEh
RAelg Aggot,
edgedl = 270 9}

triangleol &

olo]  <AHIE HZLHY
half__edge 2EE  tEFE ZAHE AFsu
half__edgeole 19 WrRAizt 3% @ZWY«L Heg
7t27e ZAHE HFet) olff half _edgeE 2 EAMEE
71Eez WAMY EYY ¢AME HFPoh A A
AR WAdE o Hges doz o YA Jz4y
£ A2 g TIF reo WA

vertex 9}

0]

2

A
EuUs

vertex_in_pody S[0:?]

adjoining_face
(INV) back_to_face

vertex

Fig.4 Data structure of proposed triangle based
modeling.

3. AtzbET|u OISR 2ulRie J|s
31 STL AEH

B9 2deols] §Eo) STLE AAY 2Ys=
de golaln YAAE ST s A Ao
WAME S B 3mAge  eAdz 2 2uA
@4°E-ﬂ¥% WAME S o] HuiE A$s) oy

18 &8 Ao Fasith E§ STLo| HFH HR9
22 A & (binary) 4FE UAY ABEEY HAE HAE
(ASCII) o] 7] mjFol| formatting3l: FH}AHe] wr& Q)7

e Fx Uk meld 3B Por 2y PAders oAl
Alakate] AlE-3hE Zo) whgHA )y
STLS FAAZY shuel el izt Fnr gle

A STL 473 2] 37 HAFo2 e 309 BA
2 Rtr A (g i E DEAA o] HlolE F 2o
e Y¥goE2d HATs Utk F 2Ae wreAg
WA e azhee] Wb o g MUl AREA g

STLe] 292 4ztge)l HHdes) 3¥AHL
STLRA o2 &¥3td "ot

43

ob% STLoj9l RPOIA
ge gdolth 2y QR A-[3]E) STEPY
AP204[12]8 AHEERE AQS &L Qo= v
ARPTE AL AP2UE ALEEHe ABW RE B
zdeols APTF A=H sHch AMHA AP204E
YPLF UYEE  FHe oA dzRe=m
B@atodop s EAV} 39 A=z
712 @

EE
RS

HEHez AEdY

=

3.2 STLe| H=

ao

K

o,
rs‘-‘ o

dutx ez STLo| fel=rdez HE Aoz
B ok 53 NgArdHE RE doizl ASd
olefwe] EFaz vy A% de F Uk
2HEE STLE 9 Afox d¥ @43*01
Av FEET B dyel ME mastE 497l
Ak, std EHEY sl FAEIE
' BEEeH, H2d EAFel HE e
gete) s 7ETh dzy 7w
A Aejgs

A

H

3o ol wh o
o 4 ln

lo
na}ﬂi}m

A& 5 de
d EREHN ojgd 8FE

by
Rl

po3
O oox o Lo g omor

f

Ry

X0 o

Eastman%[13]-& B-repol] A ¢] well-formedness &
FAI}AEY, A8 HAFAA F8 WE2 oS 2o
(1) 948 d473o2 st e o, A9 FHEAY

ALstis ol XME @A gtolor AT}
’F)’—?‘* =g&x4)
(2) ®nv]§-29] ugo] Hej

Hojol gri(H e ey

o o 0O
o}

%3

ko] WshA @
. orientability)
ol AgeT AR
F3teA 42 d¥98 STL 449
FERAY TE ZAHE

4

Astne MR 3BRA geA A%E  2AEY
47489 F¥ E: raHEa Q¥sh wel wea
WaNE 2ANE FHoE wAMoR Hzd Fe
47ye ASs Wwge APOEZH B4 AT Fig 5&
o HYg EAE Reolth thakAlTel ohT b YukH<

vl gAEde] g A3+ E GA¥5 Avk

hal_edge_ 1\ (halv edge_2
—) @ (— — @

valid lopology( 2 hatt sages ) nvalid girection of hatf edges missing triangls

— @

7

— @ Du— — @ O

7 7

valid topology( 4 half adges )

Fig. 5 Verifying topological information around edge.

-589-

invalid direction of half edges invalid no. of halt edges

P
|



3.3 X|X|CH| 2Bl Y primitiveQ] A8AS
AzAWE FAZE gF7] g How mdyyg 4+ Ut
B Ay E FAZE 0 &¥i=2 Axdd) &
2dgstdc. wapx "ol shurh obd 2/ Aot
ol £ e HHE M2 vl W YMUEeE 13
2zdes AAYE =29y Fdo AR ¥
g er BEIAF o dolEEzd AR
AFAME 7t deEl ol Hog oo
A + B AAY 2FF it Pl wa
A5 eg AAW primitived FAF}EEZE Ak 71E o
EEF ve g4 gz F¥s "Acd $d3 Q=

e
6
WES AL Aol

N iz alo

oo 8

P

3.4 X|X|CHe| &7}

Kirschman$([14]2 X &
g2 Fe) e AEEAL
Bridgeworks®¢l 7ol AAHE z2AFoz
el 9tk ¢4y sla) =
AF st e jiREststE glel Fo)

g AAME AAW primitiveE &
A=A g7t A3tz e kiass

Qd 3E % stdof 317
4 3% union) <AL ©)E-FAot
9l & ol A] 2] A A kil
3t AAHE gt whEka YA Afol 9
AFAA SiAA & 2ol de AF ZAEl(dangling
face and edge)E @lofok AT, AH3aa e YA

AANE P obshe ARz o) WS MEofo}

Asog

Solar

¥ FE
ConceptsAt<]
7t F AlFol
o1& 9] $7] mWZel &

JWE A

ek

M 2 4y
2 X0

%‘L

rir

2 M

o
%ol U
S

Ak

5
A

3 2 o

o,

2
fo

oX ot of
El

(regularized)

o]
Rne

WAMEE g9 ZH% oRE Zwit
dgolsrt e 47F  pachd  meF  aFA
FERAE TS AANE A AN A

W, 07, 27158
Hggow

A3l primitiveg 44§}
L ] A A e
Ttk oW AEHE
A2 25 a9 43e eI oHFige).

primitive ¢}

Fig. 6 Find intersection line and splitting the triangle.

o He EANIHE 711 AN 47 (B)
3 Fig73 7o)l A@3aa sk EA(A) ol
B8 BoutA, BinA, BonA+, BonA- ¥ 471A)
wEth. 9714 BonA+, BonA-v AAW g
AR FAA  A¥EL] HA¥FH dAFHE ARYE
|k & +,-8 HAWE S o] ZAY wdE gHe
& 9jm g}

dat gAdel Qe 47489 AS EAe HIFIa
A7 wWFe FzF 9A WEE FF Ut 29 FAFel
Wl M= Fig, 761X 8 Zo] Jado] ofd mAMa g F3H
AXNBHARE HAosted & 5 QU

aut 4_4 8/:'
__t_/Q'. [ —
in ?—» ‘tl\

outward normal veclor

ox.
g

¢

2
Ko

do 2 4z
£

hu

ol ar ol & oA
9 N

o

hall edge or triangle
to be classificd i ¥

on+, on- on+, on-

interseciton
intersection line
(edge)
on+, on-
un+ : on the same plane and xame normal veetar

on- 2 un the same planc and oppasite normal vectar Propagation of membership informauon

Fig. 7 Set me‘mbership classification and propagation
of the membership information.

AAgel  &aE RS 4A¥ AR A
BoAAE t3H Zo} A FAFL Hol AAYE
$obe

Awith support = A @ BoutA

. & 714 @t tesselation F4kA}
4. HE0

2 AzoM Ase 448 /0 ¥4udaE @ix)

zdo] thale STL Y9 AFI AANE FErtstAdch
olg =RYEL 44 <= x2dzd  Autodeskd
Mechanical DesktopollA] Rd@s9gom™  exploded¥

AutoCAD R13°1A4 STL3AZ W3std o

Fig. 8& F#H W] & A% AXNE 23des A4 &
Bl Zolth okge AAW R e Lol YT
AfE B F3 gt

I £

Rectangular
support primitive

CAD model from STL file H[[[[[[

Portions of support
outside of the part

part with support

slicing of part
with support

Fig. 8 Example 1 of adding rectangular support
and slicing

-590-



Zte7t 20% ol Wel tald REgoz AAYE
Holt},
Fig. 10+

F7b@ Zolth,

+%742]

ANHE ag AN s5oz

]

Portions of support
outside of the part

////

part with support slicing of part with support

Fig. 9 Example 2 of adding rectangular support
and slicing

Plus support
primitives

CAD model
from STL file

=
EARAAR rdiond
Rageag e

Portions of support
outside of the part slicing of part
with support

Fig. 10 Example of adding plus support and slicing

5 28

AHzFPAEGAM FH JY Fdoz AlLH:
STLel ©th&3t3, STLYUE o]Fo] FzyAl2d oA
ZtE Z1aetERl Mg §l7] AstdAME d7w Au
HintgA dY mdygel Hasin B Aol o9
ety 2dy wye AgsAT B Aol Aawn
LdeE AHgeazn e e 2AYe fols g4
ek,

(1) STL3 2 47y 225 AP2047 Y 9]

O
UEEEEIEES

HFALe B8 AAG 7

(2)

(4) etol 4 i
TF ATFHARE STEP7IY  AP204, AP203%5

WS wol 5YF UNE &2, U A A

AFoz AANANE 7I5E FUEE, el ARE

o8t HA #F2Y A7 HHEE AL v T

A A" E st o] FACH

Fred

1. Paul F. Jacobs,"Rapid Prototyping & Manufacturing :
Fundamentals of Stereo Lithography”, Society of
Manufacturing Engineers, 1st Ed., 1992

2. 3D Systems, Inc. “Stereoclithography Interface
Spoecification”,1989

3. Bloor, M.S. . Brown,J,,.Dolenc,A.,Owen,]. Steger, W., “ Data
Exchange for Rapid Prototyping”, Rapid Prototyping
Journal Vol.1,No.1

4. HYFT AL SLAE ol &8 A& ARHYN A
e 4% 85 44U #1349 A43E, pp.
163-173, 1996

. Frank, D., Fadel, G.,"Prefered Direction of Build for

o

Rapid Prototyping Precess”, Proceedings of the Fifth
International Conference on Rapid Prototyping Dayton,
OH, pp.191-200, 1994.

6. Paoluzzi, A.,, Ramella, M., Santarelli, A. :
Algebra over Liner Polyhedra”, Computer-Aided
Design, Vol. 21, No. 8, pp. 474-484(1989).

7oA, A4, TRYY AMEE Moz N vy
ol B¢ A7, S H LTI A A10R #M1F, pp. 89
-99, 1993.

9. Weiler, K., "The Radial Edge Structure: A Topological

Representation for Non~Manifold Geometric Boundary

“Boolean

Modeling”, Geometric Modeling for CAD Applications,
North-Holland, pp. 3-36, 1986.

10. Schenck, D., Wilson, P, “Information Modeling the
EXPRESS Way”

11. ISO 10303-11,"EXPRESS Language Reference Manual

—

12. ISO 10303-204,” Mechanical Design using Boundary
Representation”

13. Eastman, C. M. , Preiss, K. | “A Review of Solid
Shape Modelling Based on Integrity Verification”,
Computer-Aided Design, Vol. 16, No. 2, pp. 66-80, 1984,

14, Kirschman, C.F.," Automated Support Structure Design
for Stereolithographic Parts, Master of Science Thesis,

Clemson University, 1991.

-591-



