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DETERM NI NSéREﬁlvg 1é{,%JRI NG AREAS | N AN OPTI CAL STEREQLIT P %
FhELIZDGJ; 3 I ON" Thi g“i"nvention relates to optical stereolithography
processés for rapid prototyping. More particularly, it rel hod
for determning the areas of resin to be cured in an opticHWﬂﬂWWﬁHmmmmw
stereolithography process for rapid prototyping. This inventi 0 (S0
provides a method for controlling an optlical stereolithography SyStemto
reduce the inaccuracy or oversizing of parts in the part built (z-)

di recti on METHOIDFORDETERMINING RESEN IGISRING RE AS NN GPTIOQLOf the
resin. BACKGROUND OF THE | NVENTI ON Optical stereolithography is a

manuf act ur i ng t echnol ogy THREOLIEHOGRAFIENPROCESNi t i ve | ayer method to
bui |l d conpl ex three di nensi onal objects from conputer data. The techni que
uses a conbi nati on of conmputer graphics, |aser polynerization and

phot ochaTEEDrOF eI MNVENTEGN |ts many benefits include significant
productivity gains and cost saving in product design, and the ability to

i nt r oduckhit srveniien rabates & pptical sterolithngrapby pspcessesdor mpd proveEriogr Mdres on a

scannin ltraviqglet |aser beamto harden .successive thin |ayers of

oot opo iRl ribisy RE S R Tr et RUBEE o 8 B S e GpesR e abiiel o

t hr ee- dig@esitRERhpIRAIbcdid forR8HIA prétotiRhg. This ReRN LY prodidePR Wetod for

i ndustry for rapid prototyping. Considerable effort has been directed to

i mpr ovi regntrbidéing ew aptical stefeokithegrhpliyr systemetd rednde the ingcparatyadt opetsimngxefqartacy i n
the vertical or. Z-direction reduci ng oversjzjng., The Z-directiopnal

| nacour degheoractubl b fietOR fh el SemengaSaTodhg e bedm At v s S BR ¢ he x
and Y ditggtions. The X- and Y- errors, however, can be corrected easily in

nost optical stereolithography machines. In spite of its great potential,
the di nensional errors, if not corrected properly, will limt the

| i cati f i d typi ts to desi ificati ly. Th
are tvo 1aGsdR PRI QPG IERGIBR (i ot s that the Iaser pover i
nor mal | : -l 3 t t t he
| ayer t%lo@ﬁér?g%éﬁgt%gg%ﬂé}ﬁgfpga@g%@ng %g?{v%(g% t%g@%;&gﬁ%nﬂﬁﬁ%fgﬁfvv%%&w” ng

t he bot tmetios to béldadongileathrevdmehdngil nbjep@difiom dmhmierciaOPhe techi@Qué usast ober
2002 -2 which is liquid resin_rather than the stage or the previously cured
| ayer, o fuplapation afgppmpyter BrapRiss, lasea polymerigaiianasg Phaflpehenysirytechnalegis®cond
cause is t. ecor S J r . r ;beam
tho 11 quitt R e i AR RSl Rig BAR R B S Ein BoohMaeniB Ehg
due to tdhe ability tP RIS toritepd hoddls af atshert lbased of GmM@IERE pr@edshalied Higasol i d
resin is nore transparent to the UV laser than the liquid resin. This over
penet r at jcamniag ukeavialefylaser bearp te; Banden pygeesssie hipdayrars phphasepalyaer, byildiagr esi n

bel ow t he red | ayers, when. a third l.ayer is scanned the lLaser,. Fig. 1
ohows. t ne HEE et PORCH ey ie0iof et oy RBler SrmRERPA st Hasoofn bRk, The
followng is showm in Figure 1: Lr : desired layer pitch (also the anount
the stage will be lowered after each step). d, : cure depth of the first
| ayer. dEhe technaddgycisrpopulapithinghstrshéorfrppid tprefatypige drahsidagebleseffatt has begnal

dept.h of, the first d third. | . 8d.: i zing.d t
over - pordfsdid i erevte tsraeiacy 36 e hhe PG cosberiahd PR’ it ©
depth, dyeradfl of RRIEERIT RH@YRS oﬂﬁﬂﬁ% TR 7-AfredtidRal GRECBGtad PN IversiAi cdrot h a

part overhanging a form'ng stage 2 and a non-over hangi ng "and an over hangi ng
part. |tbahshighheB0pheomperedup S0pm B the ¥nard ¥idirgétons.c The of- dndyerertorand t he
oversizipg effect 4, 5 causeq by over-penetratjon qof the |aser from,

scanni ngh‘gw%‘@évcfﬁﬂ be g9g?ct a3 yéa/ BOst QP ilc):aly%qre(;_ltl\ogra&y mac?nnes. ?n spite or? its

great potential, the dimensional errors, if not corrected properly, will limit the application of

rapid prototyping parts to design verification only.

There are two causes of the oversizing. The first is that the laser power is normally selected
to cure the photomonomer to a depth, d greater than the layer thickness, Lp to ensure bonding

between the layers. Thus. when curing the bottommost layer of an over-hanging part, below

T
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Mre recent US patents on optical stereolithography, suc 340,
and US 5, S71,471, offer no solution to overcone the inacgiucfigyl%ggggt@gzth
oversi zing effect. US S, 398,193 teaches a subtractive or renoval procedure
to renmove surplus material forned in various form ng processes. Japanese
pat ent applications No. 125078: 1995 and No. 125079: 1995 teach off setting
the 3-D nodel data with the value of the oversize to inprove the accuracy
of the nodel. DI SCLOSURE OF THE | NVENTITN An object of this inventionis to
provi de a nethod for determning the areas of resin to be cured in an

opti cal whieh eoliquifl segimpdtherghar tesstdgeror the prtvipusly atuygei lager, htlayes isafdromed her

object qf.the inyention to provide an inproved optical stereolithography
process tgﬁkffrtgﬁbﬁ’@%eéil%ﬁﬁ% e 30'" October 2002 -3 nodels far rapid
prototyping. In one aspect this invention provides a nethod for determ ning

the areas of resin to be cured in an optical stereolithography process for
rapi d pritectegmrdcpuss inthaseleretheisatonddsyar ic snanngl af cural/ley thedbsea bearnj thehavi ng

ore S ALEICESS L BSICE 2 s 8 Shapr el St Dt L
shape; (éf?ecfbf"dag ga@%é§&é%%§§@‘%?hatgg¥% DA S Bbrelifih fo BIYAY 14:& th&?mgy

t hi ckness of sal Ining an area of resin to be cured

cor r espdiygidi@sinayhis dlet penefrationsfleeahayngivarissth fathes avadcdrigaif shel lipidsdsing and
sequentially adjacent an internedi ate Layer and determining the areas in
sai d i nthalovtheueed layass when p thirdaygs iscssangisd by thedassyeFig b spwsthe gversiziager

cur 19 OlrQDEn gk BPhGer AYELSdnlrihe llet 1B Tk RSHEREE R 100 (¥ ng

said | ayer ‘da sal d oversi zi epeati ng steps

(c) and [ d)debivedRgetasitchahlsy therin@tint (18 stgk il 8k fovidred @y leacH ﬁe;?ﬂd ude
substantially all of said |layers respectively as said internediate | ayers.
Pr ef er abliy curedepth of the Sirsydapigent i al |y sel ected with each subsequent set

having the internediate | ave ei ng the | ayer adj acent the internediate
| ayer ofélt'ﬁ%tat)?‘gg}agﬂgloithsegﬁ(%c necfe(éog}d.laﬁfetrs'i s also preferred that the first

sel ect edq,sQbtal O\GE dERE of AR firist, Sécoh@uAd tHifd IRRrgur ed and the sequenti al
subsequent sets respectively include as the internedi ate | ayer the

subsequedit:loyersinirgidedjoavenpertetrpaon efifgce bbthatidsyr keaoh set i ncl udes N | ayers
where Nis selected fromthe series 3, 5, 7 or higher odd nunbers
determ ned by the size of possible oversizing fromlaser curing of the

resin i npogfdBcdhped e h&uldep @Y anl MedesPaBlaf & pheh, PTREME 3h2d tayer 1 for
both a part overhanging a forming stage 2 and a non-overhanging and an overhanging part.
It also shows the overcuring 3 from a single scan of layer | and the oversizing effect 4, 5

caused by over-penetration of the laser from scanning a second layer 6 and a third layer 7.

More recent US patents on optical stereolithography, such as US 5,256,340, and US
5,571,471, offer no solution to overcome the inaccuracy due to the oversizing effect. US
5,398,193 teaches a subtractive or removal procedure to remove surplus material formed in
various forming processes. Japanese patent applications No. 125078:1995 and No.
125079:1995 teach off-setting the 3-D model data with the value of the oversize to improve

the accuracy of the model.

DISCLOSURE OF THE INVENTION
An object of this invention is to provide a method for determining the areas of resin to be
cured in an optical stereolithography process for rapid prototyping. It is a further object of the

invention to provide an improved optical stereolithography process to produce more accurate



30t". Cctober 2002 -4 In one specific formthe invention 9%9Nbg§>e ZBBEhOd
to conpensate for oversizing of two |ayer thickness including: ?)a? nam ng

pol ygons defined by said |ayers in the conputer nodel as P 1|, P2

....... PK...... starting at the first layer to be cured; (b) selecting the
first five layers P 1 to PS as said selected set and determ ning said
internmediate | ayer to be mddle layer P3; (c) determning the areas in

| ayer P3 that are potentially oversized3by one |ayer thickness due to |aser
curing of layer P4, denoted by Poly 1 = P3nP4; (d) determ ning the areas in
Poly 1 hivdeRifetrapMasrsiotypigg.Wwoul d actual |y occur as a result of no cured
resin in corresponding areas of the adjacent earlier cured | ayer, by
finding the difference between Poly 1 and P2, denoted by Poly 2 = Poly 1 n

P2 ; (e term.ni. h f I t [e. tiall ersized due to
aser - ol { SRR ) Ao fER et A rihdd 1B} o BUiBRh R 4 Pt PR C°
P5; (f Jirtlat estdanditrgolithegapl@process ol vpid protowpinghushesegendal lasee budiessi zi ng
will actually occur as a result of no cured resin in corresponding areas
two | ayéaysrsedrl fegin hgyingiarnglestpdithickagss tepwduee Hdasived shapelof caredmesil said
denotin he, area.as Poly 4 = Poly 3 n P 1 ; and (g) sequentially repeating
t he stegbetutog)cofrﬂm(sfrbgt %F%B%% set of 5 layers starting fromthe second

| ayer of the previous set and continuing until all sets of Layers in the
nodel have been processed. Preferably, the conputer nodel is nodified by

r enovi n€p)f r ogehastérg P raputert theded oé said desitedwbagded pr oduce oversi zi ng one and
two | ayers below it and denoting the resultant polygon, represented by P3 n
Poly 2 n Poly 4 , as the nodified |ayer. 30t" QOct ober 2002 -5

(b) dividing the model into layers of thickness equal to the thickness of said layers each

defining an area of resin to be cured by corresponding layer data;

(©) selecting a set of said layers including and sequentially adjacent an intermediate layer
and determining the areas in said intermediate layer of resin which would be oversized

by said laser curing of one or more layers later in the curing sequence;
(d) modifying said layer data to compensate for said oversizing; and

(e) repeating steps (c) and (d) by sequentially selecting said sets of layers to include

substantially all of said layers respectively as said intermediate layers.

Preferably the sets are sequentially selected with each subsequent set having the intermediate

layer being the layer adjacent the intermediate layer of the previously selected set.

It is also preferred that the first selected set includes the first layer to be cured and the
sequential subsequent sets respectively include as the intermediate layer the subsequently

cured adjacent layer.

Preferably each set includes N layers where N is selected from the series 3, 5, 7 or higher odd
numbers determined by the size of possible oversizing from laser curing of the resin in terms

of numbers of layer thickness to be compensated.



I'n,anot her specification the invention provides a nethod :fd?“ 69{98%“?6@)5 for
oversi zing of two layer thickness including (a) nam ng polygons defined by
said layers in the conputer nodel as Pl1, P2 ....... PK...... starting at the
first layer to be cured; (b) selecting the first five layers P 1 to PS as
sai d sel ected set and determning said internediate |layer to be mddle

| ayer P3; (c) determning the areas in |ayer P3 that are potentially
oversi zed by one | ayer thickness due to4-aser curing of |ayer P4, and
representing the areas (P3 n P4) n P2 ---- P3 n P4 n P2 ; (d) determning
i n | ayerinfdde sp&vific @AY thie ARventith grovidesa rhethod Ry@ntpeasitd fRrovaiding 6Stid  of

| aser curing in layer P5, and representing the areas by P33 n P4 n PSn P 1
; and (é)‘y Figsyicluding onput er nodel by renoving fromlayer P3 all the
areas where oversize would occur belowit as a result of laser curing in

| ayers P4 and P5, the resultant polygon being represented by P3 n [ (P3 n
P4) n 2 @) [ PahamiRg polyE&ls defiRedby said lapers in theR3mpuRdmdd&ay pn( pP3..npR4. N PS )
n P1. Preferably, sequential |layers are cured in a z direction of an

ort hogonal x,starting atibe dirstilaygr to kpawedn The z direction, preferably,
corresponds to the vertical direction or built direction in the
stereolithography process so that the first cured |layer is the |ower |ayer.
The modidhh ed defitfihg IR firdaivebiBydt Vel FPhs 62i@ WBlebted Re@ark ARShid BT V-
magneti c nedia or optical nedia. The invention also includes withinits
scope a net hodtermedigteriayasltd begiddie aper Rl 30t" Cctober 2002 -6
stereolithography systemfor rapid prototyping to reduce oversi zi ng

i ncl udi ng the above nethod of determ ning the areas of resin to be cured.

One errb%@ge Niet@fnifile tle Wkt Phevp] éhatrwgaentgﬁ%%@ﬁgd 9,2/_0 Y&fthi%?é@égpl e

only. BRI EF DESCRI PTTON OF THE DRAW NGS Figure” 1l schenmetically shows the

oversi zi ng r edud thilasgr Eurary aflayen§4 pdensed bgPeiwe=IPaydrs in a prior art
optical stereolithography process.

(d) determining the areas in Poly 1 in which oversizing would actually occur as a result
of no cured resin in corresponding areas of the adjacent earlier cured layer, by finding

the difference between Poly 1 and P2, denoted by Poly 2 =Poly 1 " P2 ;

(e) determining the areas in P3 that are potentially oversized due to laser curing of layer

PS5, denoted by Poly 3 = Polyl n P5=P3 n P4 N P5;

® determining the areas in Poly 3 in which a second layer oversizing will actually occur

as a result of no cured resin in corresponding areas two layers earlier by finding the

difference between Poly 3 and P1, denoting the area as Poly 4 = Poly 3 N\ P1 ; and

(2) sequentially repeating the steps (b) to (f) for each set of 5 layers starting from the
second layer of the previous set and continuing until all sets of layers in the model

have been processed.

Preferably, the computer model is modified by removing from layer P3 all the areas that would

produce oversizing one and two layers below it and denoting the resultant polygon,

represented by P3 m Poly 2 m Poly 4 , as the modified layer.



Figure 2(a) is a side view of a wedge-shaped nodel built:ﬂ§1 gcﬁgrgebbcal
stereol i thography process w thout any conpensation. Figure 2? S I'sTa sSi de
vi ew of the wedge-shaped nodel built using an optical stereolithography
process with constant offset of two |ayers. Figure 2(c) is a side view of
t he wedge-shaped nodel built using an optical stereolithography process

i ncorporating the nmethod of this invention with intelligent offsetting.
Figure 3 shows two different views of aSwedge-shaped nodel which are used
toillustrate the method according to this invention. Figure 3(a) depicts
t he nDA@d addthe? sheRARSH thel iBVentioN Brdvidey h tred{dd)to bempdhshts doreveetsizid §Mwd1 gur es
4(a) to 4(f j show the plan views of the steps in a 5-layer offsetting

al gori t layer thickngss ingladingver si zi ng probl em according to the nethod of this
invention. Figure 5 shows the inplenmentation of the nethod of this

invention in a commercial optical Iithography nachine, SONY SCS system
Fi gure Gayshowsmidierct difis Mb@ddy sidRees iltHt bdmMidimand avp t hout | ofg set
according to this invention for a one Layer oversizing exanple. 30"

Cct ober 2002 stiting a tie Sisolagertthdepnededures of a three | ayer offsetting
met hod according to this invention in a one | ayer oversizing exanple. BEST
MODES FOR CARRYI NG OQUT THE | NVENTI ON As descri bed above parts produced

usi ng ORb) Ca'sel%&tﬁ{gre{?ki fil3P L& R4Perd pﬁh@ip%ugsssa'f@xae&%/@tgﬂiﬂdn&t&ﬂ?&@grﬁ&i es.

D fferent” paraneters used duri'ng the processing o e part w produce
di fferent ovéntsimielisé layet ®.beAniddiedayuriPue conpensating for these

i naccuracies has to cater for these variations. For exanple, in Figure
2(a), if a wedge-shaped nodel 10 is to be built using a layer 11 pitch of

200p. m apd t i gjﬁg ' [ - [ 2 4
equi val Zﬁ’t tgﬁ ?Eﬁ?& S. ?%s% %‘éﬁ% ﬁ%gﬁ%ﬁ%ﬁenﬁ%@f&w}r{l&%&%ﬁil errlélﬁ or18et or
conpensati on, WM LJTHE .S 1 f ye | ong
t he sl ope of d[uhgglrzrloq%e%l.lm %h@fﬁ%ﬂg@%ﬁ@ t\\égﬁ I oﬁ)zlé%)lr%uﬁeﬁ ié% r?n
overcom ng the oversizing effect for the cases when the nmaxi num oversi ze is
two | ayers (&¥anpliZe:1) and when the maxi num oversize is one layer (exanple
2). It is possible, fromvarious conbinations of |aser bean and photoresin
characteristics and | ayer pitch selection that the oversize effect nay be
t hree or, ,even re.layer ver i t hr r nore
| ayer 0\;8 Si z‘%egegmc‘:“é“ ﬁlslﬁg?rl ﬂ?%erggg?rg%é “%&ﬁg%ﬁglgé&qqﬁ%gg% lgrc |a0%5§1$ 0? he
| aser beam and_ resin charagteristics. .. Ve | t5.S I e ed {hat
simlar sol u{] 5 gmfr%ﬁln{]%r?ﬁrgenélsr%gr%gernt% wﬁoarréeaslbgfgr(q%\%légglg{??g{ (’:%{h& be
obt ai ned usi ng the sane approach. Exanple 1 - Two | ayer oversizing problem
Prior art techniques of offsetting for the effect of the two |layer oversize
nmay resye} i Mn&dfiEnghs somputbEaddel BF renfsirf T laydr I3 JLUhe ardbdivhérd oersize
wedge- shaped nodel 10, when a current techiuque of offsetting is applied,
that is, everyouldyeeuribeley fitsasta papulp of dgser euring inHasers Bé apd 855 theeresyltandnf or ns
to the desired shape, sone features 13 are_Last at the top of the nodel 10.
Thi s i nvent i cpelygoskieshgsrenreamnted el ect i RAeNc AL MIElt et it qu4 awlidh
reduces mssing features and increases di mensional accuracy. Figure 2(c) is
an exanpl e of thgTre: usi t c nsats hni gye of this

ﬂ)?ﬁj Sé‘i}\(oif% A PE A‘Epr%@?_? ?wfﬁZOPﬁgfc) AN Y

invention to a wedge- shaped node | nst ead

Preferably, sequential layers are cured in a z direction of an orthogonal x, y, z co-ordinate
system. The z direction, preferably, corresponds to the vertical direction or built direction in

the stereolithography process so that the first cured layer is the lower layer.

The modified layer data can be stored for example in a computer memory, magnetic media or

optical media.

The invention also includes within its scope a method for controlling an optical



30" Cctober 2002 _g_ fixing the number of layers 11 to q&y§5gtg%p§065eas
causing the oversize are identified and renoved to achieve a e f
accuracy. The techni gue consequently inproves the accuracy of the nodel
built by the optical stereolithography process. Figures 3(a) and 3(b) show
the sane illustrative nodel depicted in orthogonal and isonmetric views
respectively. For a two | ayer oversizing problemthe oversize effects, as
determ ned from actual observation and +@unded of f to the nearest half

| ayer, are shown in Table 1. According to the data in Table | and referring
to Fi gur gecboBthojztaphi tsyséth 0Br rdgid F)idtbtyp&ng&edu&d)\fei‘bﬁihg (hludids @le S8UVeNy by
scanni ng over one |ayer alone will produce and oversize with a thickness of
hal f a Leytodiof detgepimingsthe areasiplagsinde bpcwedst age under the scanned | ayer.
This half layer thick oversize is due to the overcuring of the scaruzed
resin. (ii) laser curing scanning another |ayer over the first scanned
l'ayer al oeembBdinttat bEGE hveRHSt willBow b MbRHBEY bE Waf df Eaifile 8¢, Produce an
oversize with a total thickness of one layer . (ii1) further Scanning one
or nore |ayers over the previously scanned | ayers will produce and

over o1 poBRIEE XSGROk RHE RANINCS fyer s 1 € thae twe | Byer e TABLE 1
Layers 5F%éﬁ?%ﬂ@&éﬁa%al%h%@é%@é\zc?siﬁiﬁ% PR ¥R caridd &al.e&égﬁveﬁykéxﬁ S) 0. 5~

£
areas where oversize w

1 -~2-~2T rocess of ‘identifying t occur is

i ' ustr apgar arhopticgusteredlithbgaphypriocesspond to the plan view of Fig. 3(a). The
conputer nodel is divided into layers P 1, P2, PK ... of thickness equal to
the |l ayer thickness of the optical stereolithography process . 30t"

Cct ober

%%QI%C 2(a) is a side view of a wedge-shaped model built using an optical stereolithography

process without any compensation.

Figure 2(b) is a side view of the wedge-shaped model built using an optical stereolithography

process with constant offset of two layers.

Figure 2(c) is a side view of the wedge-shaped model built using an optical stereolithography

process incorporating the method of this invention with intelligent offsetting.

Figure 3 shows two different views of a wedge-shaped model which are used to illustrate the
method according to this invention. Figure 3(a) depicts the model in orthogonal views and

Figure 3(b) is an isometric view.

Figures 4(a) to 4(f) show the plan views of the steps in a S-layer offsetting algorithm in a 2

layer oversizing problem according to the method of this invention.

Figure 5 shows the implementation of the method of this invention in a commercial optical

lithography machine, SONY SCS system.

Figure 6 shows the side view of a model built with and without offset according to this

invention for a one layer oversizing example.



-9 There are five cross-sectional layers, P 1 to P5, undes~k@nsidenati,on at
each tinme. The basic steps involve (a) Detennilung the p&é%i ng%?gggbin P3
under which oversizing may occur due to |aser scanning in P4. This is done
by finding the intersection between P3 and P4. Let Poly 1 = P3 n P4. This

is illustrated in Figure 4a. The polygon, Poly 1, is the area in P3 where a
next Layer P4 will be scanned on top of it. If a cured |layer P2 does not
exi st underneath Poly |, oversizing wil47eccur since part of the |aser beam

used for curing P4 will penetrate through P3 and further cure the liquid
resin berigade!? R3ws Bdwrovdduss dffa thieelfret Sfftthip BEthdBYRDrdRey tHRIRCAdn POl Y

1, oversize will not occur. (b) Determning the areas in Poly 1 under which
over si zeingidue layer gegrsigingexampleThi s i s done by finding the difference
between Poly | and P2 : Poly 2 = Poly 1 n P2 . ThIS LS ShOAM| t11 Figure
4b. The resulting polygon, Poly 2, is the area in P3 where a next |ayer
(P4) W | BESE MOBBEREFDORTARRY BIGIGURMHE NeVENTRORO cured |ayer underneath.
In other words, liquid resin will be found under P3 in the area marked by
Poly 2. Aedeseribadrbovepatsprodpcidiusipmepticol sterpaithogsaphy devbnigyestiave opersizingat e

t hrough P3 and.pro e qversizing i he |jquid resin.ynder Pqly 2 C)

Dot o o g s iSspoOufrE e iused dyde theTecrs Gt PS A Ryt Al Rt due

t o scannj:ag..l : T ; ! N i j by
e R B R L S A i e S S S

t hi rd | athese vafiafl@il eFdk egamplesipdiiglise 2@), S wedpetshaedmeaieb 10 i3ad bs bailtnising i N PS

may al so cause oversizing under P3. Therefore, it has to be considered in
the al gof faYRd 1 pHchyet 200HM e2itd e apadmumPYerizera SP0uM - theh B QvBrs&zeoleSsi ze

i . . . ' . g _ PS i
Found. - ALbifHtn 9 2SERAE, A9 shitbih Fighfe 28} 3F §REC 130 ISR iRlarnn B, 22" ©
of P3 (i medelRaillrakP&ainsaxiv@timusers)zef1Qroft2l lagers alopg tiatsiape of @oauséelt he ar eas of

i ntersection between P3 and PS nay not overlap any part of P4. |f that
happens, the | aser beam passing through PS will not pass through any cured

resin to duc er gr ow: ) . i -1 GH i

(nder neat T patod <34 ShRioh K 15Fmted RvabintneTHE uirBing bl 8% foes

equi val eqhed thePiakinRfn Qvétsize ThEvo 1a?<uh {dxagphol ) g8 WheRP@he/maxiniuen big@siaé @a i n
P3 where two consecutive |ayers will be scanned on top of it. If there are
two | ayepse loyerdexasible 8kilhispRssibie, fom vamae combmptigus|of lager begwrasd photarasin not
occur since the overgrowh (if a 1), be created in P2 and P 1 itself.
& hor wi sEITRYBTUES Fird g picg s ol e o¥ ol Skmb g Tty Ry o

det er m nigygrst oRERASok g)_rfcﬁEM purbOMdEra WLCE AYRY Bi@ Bradihg cBE Gsttallybd he P
1 layer by finding the difference between Poly 3 and P 1 . Referring to

Fi gur e 4dvdified by sppropnate poleytgmmo!l ellgsed beam [ahd besint hlaarapteristicn PR welver, at t wo
consecutive %ﬁéers P4 anleS Tﬁll ?e capned on to oﬁ it but.there is no
cured reShoildiRaapicddpat similan pY1qns LOREF gtires IRyRiof TRYE 14y ShioV FrsiELne RINGE i n

t he areaogah&gqs?%tﬁggéhég, Reen P3 or P2. Elence, oversize wll be produced
in these areas. ) Subtracting fromP3 the areas Poly 2 and Poly 4 under
whi ch oversizing will occur, produces the desired polygon as shown in
Figure 4e. The resultant polygon i% P3 n Poly 2 n Poly 4 . The resulting
Modi fi ed Esamplon- Swewver Aversighgeroklems stored as the nodified layer to
replace P3 as the |ayer to be scanned in a nodified |layers file. (f j
Repeating the process for the next set of |layers and so on starting with

t he secorpgiot ai @chfiquehef ¢ifeitingusr deteffest dfftke two Biyed assizeahay Fsuliixtoret of

| ayers, until the last set of 5 l|layers has been considered. (g) Sending the
modi f i ed migsieg &afyrese A6 shown dndigud 26D dp @ovedascyrreshpods) e when @ eweenhct ual
fabricati o] [ d. t ¥Di ng f. t heen

of fset - or ptop PESTEREBpEIL AL BIBR byl b Bltshbl 2tfend BERAREBIEIET

t he above2rehfvels tethe/desite shap®s6ma Eeiniras €3 arededt atithe iep ¢f thomod&o10.d Creat or
System (SCS). As seen in the Figure the foll ow ng 30t" Cctober 2002 -11
basic steps are perforned: 1) CAD data of STL, |IGES or HPG format are

created aﬂﬁ‘s Pn%%gt%jn i[)r%vg 3§ aslg(r)] e s%%%ti%%gr%}ag&sht%]g technique which reduces missing

features and increases dimensional accuracy. Figure 2(c) is an example of the result of using

the compensation technique of this invention to form a wedge-shaped model 10. Instead of



2) ,NEW5S (UNI X wor kst ation devel oped by Sony) receives the t

conputes the cross-section slice data at equal intervals %&@c?cibﬁ??@@% 3mm
usi ng a data processing software called ProSCS. 3) These data are
subsequently converted into binary files under the nanmes nodel.ctr,

nodel .1, nodel.2 and so on. 4) The SCS software offsets the | aser scan
along layers by a half size of the |aser spot. This is to conpensate for

t he oversi zing caused by the | aser spot-%f half a diameter. The proposed
conpensation algorithmwitten in C|anguage then nodifies the sliced |ayer
dat a basfdng@thd Menbsrastliaypd DD td affsdt, Me armk leiusidy R dVefiie 484dstifveaalize of
a nodel. 5 ) The user can then manually edit the slice data in graphic
nodel usermgveh® aghigpnp befter ageurasy. (likg mcg@ﬂue eynseguently inpravecthe hesyicasytad

aut omati cal | r.panual |y. ate.the su rt data as usual if necessary. 7)
When thetﬁ%mo\élspla‘é@y gl?eeol%{‘rcéglss?rg&#tg%gr?éhﬁﬁgcegfl‘stem controller, it converts

theminto DE commands (digital electronic conmands whi ch contains
information on the co ordinates and | aser control that the scanner CPU
under st alfigaies 3 lapé 360 ghew thessamgdllestrativomodélglepictedvin pghogomel arddsorsetric t o
the machi.ne control]er. 8) Upon receiving the nessages fromthe system
cont r ol | BFWS [RBCHHENT ne controller starts building the solid nodel Layer
upon Layer by repetitive scanning and hardening of the UV resin surface
using the X-Y | aser scanner. 30t" QOctober 2002 -12 It will be apparent

t hat t heForravewotlayenovasizing piabjdne the overdize sfifents, ot determansidi foomh asttad obsdrvatioagr aphy

t ) - One | i zi ) | I t.h A
over S 2} M BRGS0 TooRn LA o BB T RE o Aeoarpo e deindable TapLE
2 Layer s| gcpnpaHhdd PloufPf SNMEERIHE, & GHITBY bedetve@)hat:

(1) laser curing by scanning over one layer alone will produce and oversize with a
thickness of half a layer if there is no cured resin or stage under the scanned layer.

This half layer thick oversize is due to the overcuring of the scanned resin.

(i1) laser curing scanning another layer over the first scanned layer also cure the resin under

the previously cured layer and produce an oversize with a total thickness of one layer.

(iii)  further scanning one or more layers over the previously scanned layers will produce
and additional layer under the previously formed oversized layer. The maximum

oversize beneath three or more scanned layers is thus two layers.

TABLE 1
Layers scanned 1 2 3 4 or more
Oversize (cummulative) 0.5 1 2 2
(in terms of layers)

The process of identifying the areas where oversize will occur is illustrated in Figure 4 which
correspond to the plan view of Fig. 3(a). The computer model is divided into layers P1, P2,

...PK.... of thickness equal to the layer thickness of the optical stereolithography process .



(in terns of layers)0.51l Figure 6 shows the side view ofzo® ¥adger sb@ped
nodel, built with and without offset. Based on the oversize characteristics
the oversizing effect for a set of three layers is as follows: (i) Scanning
of one layer alone will produce an oversize of half a layer thick, which is
solely the overcure. (ii) Scanning another |ayer over the cured layer wll
further cure the liquid resin beneath the latter, resulting in the
overgrowt h, and thereby increasing the-8versize to one | ayer thick
(overcure + overgrowh). (iii) Further scanning over two existing |ayers

W | | noThérdratdfive ¢ross-eat6ndl eyetry 1 36 P8, unlBecqnsilension af edctaitie. f Yhegasidre
areas where oversizing will occur and renoving themis illustrated in

Fi gure ¥epp@¥elyesn plan views of the nodel). In this case a set of three

| ayers P11, P2, P3 is to be considered in order to nodify each the second
or mddle |layer of the set. The basic steps in determning the nodified
scan arga) f or Blreafithifins ostd arlbR)R PS uhdvt SHhieh oversdfitig m&F d@aLdusilaker 13 (a)
Determning the areas in P2 where oversizing may occur under PZ due to
scanni ng of P3scanping insP4oHas mﬂmﬁhajufwgmgﬁbe mmréche@bet@werb%mémlvzeand P3.

Poly 1 = P2 n ure %a the r in ol P

the area in PZB\%h’erTA‘SPz E@tfﬁg u%@t ‘?F‘%‘é"@c?ﬁ‘ﬁeﬁi’%@% %‘gygf ﬂ? XI‘F? t here
i's no cured | aygp3 RJheWﬁéx@ﬁA%PPPQJﬂYbé scaﬁi{&f&l%‘pﬂﬂlﬁ’“[fhc%ﬁl!ziye‘f!l)ﬁ%eﬁart of
the Laser beam used for curing P3 will penetrate through P2 and further

cure the |iqui doresstundanesh Rolpd, o@rsizingmak ocduf sinbepart oighalaserbedmivsgdr P |

Poly 1 whor o o¥ereirie B i prieyaia hrovhP S5 hoirsbes B Pt Ry Psantior ance

between Poly 1 gpdri Ee i t‘%ﬁé @acu[%Q hged P uE&emea&?Ptﬁqu\@vérﬂzA: WilPA& ofBud he
resul ting polygon, Poly 2, is the area in where a next |ayer P3 will be

scanned on top of it acid there is no cured | ayer underneath In ot her

words, liquid resin wll be fQu dint a marked, by P under
P2. Hend®) whe PELEHRE repacasin P‘Yolf U‘E#éwﬁéfg‘é’r"e@%r"b‘ %ﬁ“ﬂyﬁ‘é“r\’ét &g{s

t hrough P2 and produce overg hin the Liquid resin under ly 2= ()
Subtracting fr8gnedY ‘Hé‘“&rtlé%lg‘%@ﬁﬁ'd’é? bgiwieem Palel %‘}dzmngpﬂ%@l T:IPBE'chF\ Peo give
the Modified Polygon = P2 n PoI 2 as sr kn re.7¢c. The nudified

pol ygon in Fi gJﬁ'és ipabaun Gy st 4o Thg gesult iRegeigandiolps, i heareait woet ayer s

file. (d) Repeat egglagé}gpwml%%%c{n@%am Q)?)fttana%er&?{s n§ PP&&%@ %ﬁ? i

starting fron1t €' se | ayer o Pevious se ayers

Modi fi ed Pol ygonsothérwadds, liqaéd lesieridl barfwﬂiehelenP.hMe arh nifrket bpPblythe
| ayers have been of fset, sendlgguthe nodified |ayers file to the_optical
st er eol i t hogr apHgnesy ehempeappingdhunnrt phibe lasst eusrey WHEPasHalghioye B3 @pflbes

only SAlle eIIIg&?%%%égﬁﬁ§%§§%%h§¥agﬁﬁp&kgppggg nodi fi cati ons can be nade

wi t hout departln romt e 1 nven 30" " COctober 2002 - 14
CLAI MS:

(©) Determining the possible areas in P3 under which oversizing may occur due to
scanning in P5. From Table 1, there is an increase in the oversize by one additional

layer when the third layer is scanned. In this case, the third layer of Table 1
corresponds to P5 and this means that scanning in P5 may also cause oversizing

under P3. Therefore, it has to be considered in the algorithm. To determine the

areas in P3 under which possible oversize will occur due to scanning in P5, the
intersection between Poly 1 and P5 is found. As shown in Figure 4c Poly 3 = Poly

1 N P5. Poly I is used instead of P3 (i.e. P3 N P5 is not used) for this computation

because the areas of intersection between P3 and P5 may not overlap any part of P4.

If that happens, the laser beam passing through PS5 will not pass through any cured

resin to produce overgrowth under P3 but will cure the liquid resin undemeath P5.



1. A nethod for determning the areas of resin to be cureg. h5a
stereollthography process for rapid prototyping using seéﬁ%n@.%ﬁef 6%
curing of layers of a resin having a selected thickness to produce a
desired shape of cured resin, said nmethod conprising the steps of: (a)
generating a conputer nodel of said desired shape; (b) dividing the node
into layers of thickness equal to the thickness of said | ayers each
defining an area of resin to be cured by0eorrespondi ng Layer data; (c)

sel ecting a set of said layers including and sequentially adjacent an
intermedi ate | ayREmanLH Posf MsHlRGeduilicnt 8783 HPaAIEs | ntermedi ate | ayer of
resin which woul d be oversized by said |aser curing of one or nore |ayers
| ater in the curing sequence; (d) nodifying said |ayer data to conpensate

for said oversizing; eating steps. {c) and (d) by.sequentially
sel ecting said1§§F% Hﬁgﬂﬁyﬁ%?'ﬁ@ gn?ﬁ@ﬁ@‘%ﬁb@%ﬁhﬁ?éW?& éfi%ﬁﬁﬁgﬁ?ﬂ“ﬁiyers
respectively ageSaintled Ot RpRH A Beled¥EER la?ers 6f (RENREN P9 a6l 2l WRderh&he! @i M 1
wherein said sets are sequentially selected with each subsequent set -having
sai d i nt er nedi doly 3,apersideeviiqot hecur ainee thedjvargeowtht(ffeny hwel bedieastee id By er of
the previously s cte t. 3. Anethod.as clained_in claim?2 wherein the
first selected aé‘gkﬁi‘ﬁél?'ug’g@“‘tvﬁ& q‘ier%%m&&@‘@f)c‘i"a“@sngéﬁ%&a ‘the sequenti al
subsequent sets respectively include as the internediate |ayer the
subsequent|ly cured adjacent |layer. 4. A nmethod as clained in any one of
clains Xdjo 3 \/Simﬂaily) de&ﬂhuﬁfg tile smbs erdlyuBleadd)d Wtﬁgtem&mhﬁg ilNo¢car redhect ed
fromthe series 3, or higher rs determ ned by the size 30"

Cct ober 2002 - H leyer&dimdmgethédéfeﬁw hstwefee Relyakand %hrlil‘#@rrmg tp ﬁégqrééii nin
terms of numberg, Pesulbﬁg ﬁalyg{g‘h ‘1’#8%?2 Swtllgoebtﬁe &%%F?? @{hox% twWa: co%e%EH‘eoﬁ

claimed in any one 0O conpensate I ‘oversi zi ng of

| ayer thi cknes4i 4idlrsdwilidbe scanned @mtmoﬂobmgms ihef dupedirebiyi \@desledth e r[ﬁ | n
the conputer nodel as P 1, P2 .......PK ..... starting at the first Layer
to be cured; (thesavasds ligwjdrasin wnllr@fomdr iadhg argemarked by Pelypungsr BHpgP2.

sel ected set an determ.nin aid diate |l ayer to be mddle |ayer P2;
(c) determ ning he- QY 88é° | E%9“Puﬁ§ﬁPE§SC§ngpotent|aIIy oversi zed due to
| aser curing of layer P3, denoted by Poly 1 = P2nP3;

(e) Subtracting from P3 the areas Poly 2 and Poly 4 under which oversizing will occur,

produces the desired polygon as shown in Figure 4e. The resultant polygon is P3

N Poly2 n Poly4 . The resulting Modified Polygon shown in Figure 4f is

stored as the modified layer to replace P3 as the layer to be scanned in a modified

layers file.

® Repeating the process for the next set of layers and so on starting with the second
layer of the previous set as the first layer of the next set of layers, until the last set

of 5 layers has been considered.

(2) Sending the modified layers file to the optical stereolithography system for the
actual fabrication of the rapid prototyping part after all the layers have been offset

or modified.

Figure 5 is a flow chart showing the implementation of the above method to create a more

accurate model using a Sony Solid Creator System (SCS). As seen in the Figure the following



(d) determining the areas in Poly 1 in which oversizing m&yL&c?q%Halb&
occur as a result of no cured resin in corresponding areas o he 8 acent
earlier cured |ayer, by finding the difference between Poly 1 and P 1,
denoted by Poly 2 = Poly 1 n P 1 ; (f) sequentially repeating the steps (b)
to (e) for each set of 3 layers starting fromthe second | ayer of the

previ ous set and continuing until all s Hs of layers in the nodel have been
processed. 6. A nethod as clainmed in aﬁs one of clains 1 to 4 to conpensate
for oversizing of two layer thickness including: (a) nam ng polygons
defined‘ﬁ§m§&ﬂﬁaFHV€ﬁ§mﬁ%ithe computer nodel as P 1, P2 ....... PK......
starting at the first layer to be cured; (b) selecting the first five

| ayers )1 t CRB data oA FHLsEFES pebiP{d: foamdt afetcesatadrindpasseddo theaBorty 8CSober
2002 - 16 interpedi.ate |layer to be mddle |layer P3; (c) determ ning the
areas in Iayewogngﬂ%t are potentially oversized due to |aser curing of

| ayer P4, denoted by Poly 1 = P3nP4; {d) determning the areas in Poly 1 in
whi ch oversi zing woul d actually occur as a result of no cured resin in

cor r espalidi ngNEMREINIX woekstation developed blyiSeny necevks|ti/€AD daya dridnabinypgpteshe

di fference between Poly | and P2, denqted by Paly 2 = P Il n P2 ; (e)
determining t Cé?§§§§°€{‘?f‘ ﬁgcet flafp aéﬁ@ﬂ%dﬂéﬁW%‘%P?ﬁ%%r@i @éé“ﬂl&‘é‘ngoa Idé'é‘er
curing of laygr Bo. %gﬁ%%dc[am [;’Rjgc\ﬁz = Polyl n PS---- P3 n P4 n P5; (f)
determning the aredas 1n Poly % In ich a second | ayer oversizing wll
actually occiu~ as a result of no cured resin in corresponding areas two

| ayers earlier by findi ngbthe difference between Poly 3 and P 1, denoting
the areadas Pbhspedlata gogsybsgqpently converied intg)binary didest yrider themapiea madsl-ethe
steps (b) to ﬁ%?efpﬁ(ﬁéF aﬁf&)8{ S layers starting fromthe second | ayer of
t he previous se and con rnurng until all sets of layers in the nodel have
been processed. 7. A nethod as clainmed in claim®6 wherein the conputer

nodel is nodified by renoving fromlayer P3 all the areas that would
produce #ver silh¢ fgSoaévarmofisgts thejaserssche plong layeerty alkalbsiznef thadaseespatt ant

| , d by P3 2 n Paly 4 . h i g . . 8. A
ot hod as. ol ai MEUSTReRipeAR foF ok SR it 3 B RL TG BRI 2i ng
of two layer tie@fs|R3&d EdMapeadidtidd algorithm written in C language then modifies the sliced

layer data based on the overlapping layer geometry which might cause oversize of a

model.

5) The user can then manually edit the slice data in graphic model using the graphical
editor (EditSC).

6) User can also choose to automatically or manually create the support data as usual if
necessary.

7 When the slice data are transferred to the system controller, it converts them into DE

commands (digital electronic commands which contains information on the co-
ordinates and laser control that the scanner CPU understands), pulse sequences and

control signals which are then sent to the machine controller.

8) Upon receiving the messages from the system controller, the machine controller starts
building the solid model layer upon layer by repetitive scanning and hardening of the

UV resin surface using the X-Y laser scanner.



(a) nam ng pol ygons defined by said |layers in the conmput t |,
....... PK...... starting at the first layer to be cured; eéo”@@fébag?oggr

2002 -17 (b) selecting the first five layers P 1 to PS as said sel ected set
and determning said internediate |ayer to be mddle |ayer P3; (c)
determining the areas in |ayer P3 that are potentially oversized by one

| ayer thickness due to | aser curing of yer P4, and representing the areas
(P3nP4) nP2 --- P3n P4 nP2; (d deférmning in |ayer P3 where
oversize would occur two layers earlier as a result of laser curing in

| ayer P5, and representing the areas by P3 n P4 n PSn P 1 ; and (e)

di f P3 .al wh
over szt P Qe BB e el O bbb ey e uParE e qna
P5, the £§§Hgtant pol ygon being represented by P3 n ((P3 n P4 n ~] n [P3 n
PAnPS nP1l--__ P3n(P3nP4inP2) n( P3nP4AnPS) nP1l 9 A

nmethod as clainmed in any one of clains 1 to 8 wherein said sequenti al

| ayers z direction or built direction. 10. A nethod as

cl ai med ﬁmﬁ?ﬁﬁ (bmdﬁ% S OVEFSTARE FOWEMect i on corresponds to the vertica

direction in the stereolithography process so that the first cured |ayer is

the lowest layer. 11. A nethod as clained in any one of clains 1 to 10

wher ei n Bathd odatayef awersizing probttini thedvemizecharactstisiios drd given inckgbigt 2r nmenory,
magnetic nedia or optical nedia. 12. A nethod for controlling an optical

stereolithography systemfor rapid prototyping to reduce oversi zing

i ncl udi ng,the: et hod of determining the areas of resin to be cured as
claimed in any one of claims 1 to 1 1

. AfF?. AU . Ahy. Ah. AU. ALA2. A9.y. A&, . A{ Y. AUr. ARAy. A98r . ALA9. A9A. AA. AL. . A9AY2+, d

~sn
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o] o] e O o o o tam der cLrRLerLee ol pal cad eakid) cal el cal
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Jca] ca] Ca] Ca] i lﬁﬁgr?l%]nﬁﬂ]lé:ﬂl]tﬁé‘cﬁéx%%, Qﬁm%%@u@reasinyﬁ{égb\{e}sme & Q)t@‘lagfcr

thick (overcure + overgrowth).
(iii)  Further scanning over two existing layers will not further increase the oversize.

The process of identifying the areas where oversizing will occur and removing them is
illustrated in Figure 7 (based on plan views of the model). In this case a set of three layers P1,
P2, P3 is to be considered in order to modify each the second or middle layer of the set. The

basic steps in determining the modified scan area for P2 and subsequent layers involve:



1098 ()- Of s10%&' ()- 10%& () - Mi~sn th

FCO*" 100& ()- & 109%& ()- & 10%& ()-"10%& ()- "100& ()- s 100& OFgper 2002
+xmbCl | 1092& ()- 10 10 10" $?109%& ()-s@ ni 109& () - 94" 109%& () - s7n 109%& () - *]
dEnbC "109%Z& ()- "10%b& ()- "10%&Z& ()- Y 109&Z& ()-"109%&Z& ()- 109%Z& () -
JAE:/ 10Z 10Z6" 109%Z&' ()- 6" 109%Z& ()- " *"109%Z& ()-LL! "10%Z& ()- "109%&Z& ()-
"109ZM&' ()-8sxY:/ 10Z9nt 10% & () -

10% & ()-"10% & ()- & 10% & ()-S10% & (Y-1PrL0% & ()- 10ZHEJE: /

10ZL' m'10% & ()-#10% & ()- @O0% & ()-10% & ()-@"10% & ()- 10% & () - . BdE: /
1079410% & ()-93m'10% & () - & 1nm'10% & ()- & 10% & ()-S, "10% & () - (@0% & () -

qbC 1ozy(]as)%&bgt)eﬁr!1{£r1?'n()g(@§£ ax(ezis- injlg: wl%e(%e:: oversizing may occur under P2 due to scanning of
P3. This is done by finding the intersection between P2 and P3. Poly I =P2 n P3.
As shown in Figure 7a the resulting polygon, Polyl, is the area in P2 where a next
layer P3 will be scanned on top of it. If there is no cured layer P1 underneath Poly 1,
oversizing will occur since part of the laser beam used for curing P3 will penetrate
through P2 and further cure the liquid resin beneath P2. Otherwise, if there is a cured

layer P1 underneath Poly 1, oversizing will not occur.

(b) Determining the areas in Poly 1 where oversizing will occur. This is done by finding
the difference between Poly 1 and P1: Poly 2 =Poly 1 n P1 . As shown in Figure 7b

the resulting polygon, Poly 2, is the area in P2 where a next layer P3 will be scanned
on top of it and there is no cured layer underneath. In other words, liquid resin will be
found in the area marked by Poly 2 and under P2. Hence, when scanning P3, part of

the laser energy will penetrate through P2 and produce overgrowth in the liquid resin

under Poly 2.

(c) Subtracting from P2 the areas under which oversizing would occur, to give the
Modified Polygon = P2 n Poly 2 as shown in Figure 7c. The modified polygon in

Figure 7d is stored for use in place of P2 in a modified layers file.

(d) Repeating the process for the next set of 3 layers and so on starting from the second

layer of the previous set of layers until the Modified Polygons for all the layers are

determined.

(e) After all the layers have been offset, sending the modified layers file to the optical

stereolithography system for actual fabrication.

The foregoing describes only some embodiments of the invention and modifications can be

made without departing from the scope of the invention.
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@ generating a computer model of said desired shape;

(b) dividing the model into layers of thickness equal to the thickness of said layers each

defining an area of resin to be cured by corresponding layer data;

() selecting a set of said layers including and sequentially adjacent an intermediate layer
and determining the areas in said intermediate layer of resin which would be oversized

by said laser curing of one or more layers later in the curing sequence;
(d) modifying said layer data to compensate for said oversizing; and

(e) repeating steps (¢) and (d) by sequentially selecting said sets of layers to include

substantially all of said layers respectively as said intermediate layers.

2. A method as claimed in claim 1 wherein said sets are sequentially selected with each
subsequent set having said intermediate layer being the layer adjacent the intermediate layer

of the previously selected set.

3. A method as claimed in claim 2 wherein the first selected set includes the first layer
to be cured and the sequential subsequent sets respectively include as the intermediate layer

the subsequently cured adjacent layer.

4, A method as claimed in any one of claims 1 to 3 wherein each said set includes N

layers where N is selected from the series 3, 5, 7 or higher odd numbers determined by the size
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(b) selecting the first three layers P1 to P3 as said selected set and determining said

intermediate layer to be middle layer P2;

(c) determining the areas in layer P2 that are potentially oversized due to laser curing of

layer P3, denoted by Poly 1 = P2nP3;

(d) determining the areas in Poly 1 in which oversizing would actually occur as a result

of no cured resin in corresponding areas of the adjacent earlier cured layer, by finding

the difference between Poly 1 and P1, denoted by Poly 2 =Poly 1 "' P1 ;

] ® sequentially repeating the steps (b) to (e) for each set of 3 layers starting from the
second layer of the previous set and continuing until all sets of layers in the model

have been processed.

6. A method as claimed in any one of claims 1 to 4 to compensate for oversizing of two

layer thickness including:

(a) naming polygons defined by said layers in the computer model as P1, P2 ....... PK......

starting at the first layer to be cured,;

(b) selecting the first five layers P1 to PS5 as said selected set and determining said
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PS5, denoted by Poly 3 = Polyl n P5 =P3 n P4 n P5;

4)) determining the areas in Poly 3 in which a second layer oversizing will actually occur

as a result of no cured resin in corresponding areas two layers earlier by finding the

difference between Poly 3 and P1, denoting the area as Poly 4 = Poly 3 " P1 ; and

(g) sequentially repeating the steps (b) to (f) for each set of 5 layers starting from the
second layer of the previous set and continuing until all sets of layers in the model

have been processed.

7. A method as claimed in claim 6 wherein the computer model is modified by removing

from layer P3 all the areas that would produce oversizing one and two layers below it and

denoting the resultant polygon, represented by P3 n Poly2 ~ Poly 4 , as the modified

layer.

8. A method as claimed in any one of claims 1 to 4 to compensate for oversizing of two

layer thickness including

(a) naming polygons defined by said layers in the computer model as P1, P2 ....... PK......

starting at the first layer to be cured;
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(d) determining in layer P3 where oversize would occur two layers earlier as a result of

laser curing in layer P5, and representing the areas by P3 " P4 " P5 N\ P1 ; and

(e) modifying the computer model by removing from layer P3 all the areas where oversize

would occur below it as a result of laser curing in layers P4 and P5, the resultant

polygon being represented by P3N [(P3NP4)P2] ~ [P3 P4 P5]

A Pl =P3n(P3 A P4 nP2)N(P3 N P4 NP5 )~ PI.

9. A method as claimed in any one of claims 1 to 8 wherein said sequential layers are

cured in a z direction or built direction.

10. A method as claimed in claim 9 wherein the z direction corresponds to the vertical

direction in the stereolithography process so that the first cured layer is the lowest layer.

11. A method as claimed in any one of claims 1 to 10 wherein said data for said modified

layer is stored in a computer memory, magnetic media or optical media.

12. A method for controlling an optical stereolithography system for rapid prototyping to
reduce oversizing including the method of determining the areas of resin to be cured as

claimed in any one of claims 1 to 11



