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STERECLF—FKI}Vﬂﬁ$f3¥¥§§§¥§_‘_ELD OF THE | NVENTION This invention relates to
optical ste y processes for rapid prototyping.
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| aser pokuieh AatiRIN Pl ochemi stry technologies. Its many benefits
I ncl ude significant productivity gains and cost saving in product design,
and t heThiiihvéntiohaelardsrtodiptiealcaereelithogragte] srocesses fnanpidpeoionpind. Mbre. The
process relies on a scannlng ultravi ol et |aser beamto harden successive

t hi n | ayBRr&cyarlpHbrelies 1 ganethogd, for df:tﬁgmn%éhe prg9%eof revin faobs @red Weanmpéwlous
aver unbideoflub 36y PRSP AR PRy IRE PRETNALEF tho PRE:4SGIARL 08 )

popular TnTn rapl nsi der a een

direct Edcérﬁrdlliﬁgra@n\ﬂpﬁGaltSMeoaﬂwghSﬁy s@terh hﬁreﬁ@&ﬁh@ﬁh@ﬁrd@dﬁbverﬂﬁlﬂg@)f Eértsy the

accuracy in the vertical or rection by reduci ng oversizing

Z- di r ect ingthapait badici@r)alisecaen duecto iveipapetatian obthe dasehbagm amsl cmamrmg whéreed to
50min the. X and Y directions. The X- and Y- errors, however, can be
correctef*¥asily in nost optical stereolithography machines. In spite of
its great potential, the dinensional errors, if not corrected properly,
will Iimt the application of rapid prototyping parts to design

veri fi caBAGIKGROWND OF THE INVENTION

Optical stereolithography is a manufacturing technology that uses a sequential additive layer
method to build complex three dimensional objects from computer data. The technique uses
a combination of computer graphics, laser polymerization and photochemistry technologies.
[ts many benefits include significant productivity gains and cost saving in product design, and
the ability to introduce concept models in a short period of time. The process relies on a
scanning ultraviolet laser beam to harden successive thin layers of photopolymer, building

each layer on top of the previous layer until a three-dimensional part has been formed.

The technology is popular in industry for rapid prototyping. Considerable effort has been
directed to improving the accuracy of the fabricated model, especially the accuracy in the
vertical or Z-direction by reducing oversizing. The Z-directional inaccuracy or oversizing can
be as high as 200um compared to 50pum in the X and Y directions. The X- and Y- errors,
however, can be corrected easily in most optical stereolithography machines. In spite of 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
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" Thére are two causes of the oversizing. The first is that the |aser power
is normally selected to cure the photonononer to a depth, d greater than
the |l ayer thickness, Lp to ensure bonding between the |ayers. Thus, when
curing the bottommost |ayer of an over-hanging part, below -2- which is
liquid resin rather than the stage or the previously cured |ayer, a |ayer
is formed thicker than the desired | ayek-pitch. The second cause is that
when the second |layer is scanned or cured by the |laser beam the |liquid

resin belawhtiB¢iqRIENsAUSIhY: HaheRk baYEhr he PRl viSusHHERE] 1albl, % lhFerddodntdt he
over-penetration effect of the |aser, suggesting that 'the solid resin is
nor e tr atisgar dran theoddsired Wyet pisdr t han the |iquid resin. This over
penetration effect may give rise to further overcuring of the liquid resin
bel ow the cured | ayers when a third layer is scanned by the laser. Fig. 1

shows t h?hg ggcroﬁh Zhi\d s E{aft StHen iﬁéj%ggmpgi oVElse fBE b @ﬁr’_e&"ﬂ ‘?t?e {'a'é‘é? ﬂe@ﬁl‘?'ihe The
followng s shown 1 n Fgure 1: : gS|re ayer pltc% al so the anopunt
t he st agéqwidlrtsibeelbwwey geviatidlecuredtiyesis @) curedl, This tudue ta dptdvespenetratidn r st
| ayer. d, : total cure depth of the first and second | ayers. d3 : total
cure depeffeasiof thedager.saggesyng Biatithgselid resinds meyeranspgentdQ dredy Y ilzsgr thaa theo

over-penetration effect of .t - Fi 18 . a

dopt oot P o P 6 e sl CARF Y S isG | MREer b ERRRL S BRGRAHEL |
part ovenhiaiah&8urdd fa9ERiwien SitReelagerds Scadndtiosy- 1Y RiEAIFY NGhawsl thrpvenitpangi ng
part. It also shows the overcuring 3 froma single scan of layer | and the

over si zi nffeasfchesst by over-pergtreiéen htheleser pldwdolawingis gownha Figised: f r om
scanni ng.a_ seco | ayer and a third | ayer..7. . Mor ecent US patents on
oot cal by efSuen tsgb sl it sSBSkDe o Valeh BE°GEh s 071 "ot s o
no sol ut [yon. 0 4gMRLE HMEIkN§ydrnaccuracy due to the oversizing effect. US
5,398,193 teaches a subtractive or renoval procedure to renpve surplus
mat er i al df owmdduieniepth of the first and second layers.

d, : total cure depth of the first, second and third layers.

8, : oversizing due to over-penetration effect of the laser beam.

Figure 1 compares the actual depth, d, and the desired layer pitch, Lp, of the cured layer 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



" various form ng processes. Japanese patent applications No. 125078: 1995 and
No. 125079: 1995 teach off-setting the 3-D nodel data with the val ue of the
oversize to inprove the accuracy of the nodel. DI SCLOSURE OF THE | NVENTI ON
An object of this invention is to provide a nethod for determ ning the
areas of resin to be cured in an optical stereolithography process for
rapid prototyping. It is a further objecg-of the invention to provide an

i nproved optical stereolithography process to produce nore accurate - 3-

nodel s fﬂﬁﬂ%@@&qa ﬁﬂ£9&¥ﬁ%&9' In one aspect this invention provides a

met hod for determ ni'ng tthe areas of resin to be cured in an optical stereo
| it hography process for rapid prototyping using sequential |aser curing of

| ayers of a resin having a selected thickness to produce a desired shape of
cured r el ope aspeqd thipiveaioRpides? Agthoddosdeigsmingng theareas oh sgsit forkg cared

conput er . mpdel.. of I i o Lyvidi ng. l,.into.l ayers of
£ hi oknos Brgaic s Ep PR bR o R capil brlbitp Helink e TR 1 UL O,
resin toldyerseffagdsihhaciap hasperdithigkdedy &) prdaic;a déired SHap6 o Bred r&h, safd sai d
| ayers including and sequentially adjacent an internediate |ayer and

det er m nmsthodiremprisg theistgps of: i nt er medi ate | ayer of resin which woul d be
oversized by said laser curing of one or nore layers later in the curing
sequence; (d) nodifying said | ayer data to conpensate for said oversizing;

and (e) (fpeabinGariietnkikeranshel o) sdy danaugiipeal | y sel ecting said sets of
| ayers to include substantially all of said [ayers respectively as said

internedi ate | ayers. Preferably the sets are sequentially selected with
each subgequent .set having.the internediate ayer heing the. ] ayer adjacent
Che i nt elfiad: drafiagrmatel e fyeatolerss areb e sifkner o S RYSS it or v e
that the firshefgheah 8laSelesiobédaRdiikotleltind @M &er iRabe cured and the

(©) 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.



" sequential subsequent sets respectively include as the internediate |ayer

t he subsequently cured adjacent |ayer. Preferably each set includes 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 in ternms of nunbers of l|ayer thickness to be conpensated. -4- In one
specific formthe invention provides a mathod to conpensate for oversizing
of two |layer thickness including: (a) nam ng pol ygons defined by said

layers i g, bhes Qfﬂ&%ﬁﬁ &ﬁ@?ﬁ/l:n lEr?)wdgga nheth(%d to%n}pensate f()?tO@EIISlZE}%D@iI tv\;che

first layer t be cure sel'ecting I rst |'ayers

as sai d ssketiddesdhcladieigdet er m ni ng sald i nternedi ate Iayer to be nlddle
| ayer P3; (c) determining the areas in layer P3 that are potentially
oversi zed by one l|ayer thickness due to |aser curing of |ayer P4, denoted

by Poly gd_ P:r)’lgrﬁﬂ &I;O(F%gsonghgﬁnedrhyns%d;l er? tﬁé 801"91%8% 1¥loé‘el Pth rSI zing

woul d actual l y oc ares rrn correspon ng ar eas

of the adjace@@ﬂﬁ@g&n@{ﬁ@umggtbaygﬁmdby flndlng the difference between
Poly 1 and P2, denoted by Poly 2 = Poly 1 n P2 ; (e) determning the areas
in P3 that are potentlally oversi zed due to laser curing of layer P5,

denot ed PoI P erm ning .the areas in
Pol'y 31 it cHiedlingegiirst Bybrsguort o Faghatd sdetedrryirg. SihiadE SES) |
of no cured r%ﬁé%édﬁtg%s,éﬁt%mgqﬂgdag: 1&e®3; two layers earlier by finding the
di fference between Poly 3 and P1, denoting the area as Poly 4 = Poly 3 n P1
, and (g) sequentially repeating the steps (b) to (f) for each set of 5

of the previaus set gnd canti nuing

| ayers startl fron1tp sec nd
until al set SUErminRgde areas rlaverBaahat afpena obﬁrﬁé@s@eﬂleﬂawr thickness
due to laser curing of layer P4, denoted by Poly 1 = P3nP4;

(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 n P2 5

(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 PS5;

43) 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 A Pl ;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.

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.



" Preferably, the computer nodel is nodified by renmoving fromlayer P3 al
the areas that would produce oversizing one and two | ayers below it and
denoting the resultant polygon, represented by P3 n Poly 2 n Poly 4 , as
the nodified layer. -5- In another specification the invention provides a
met hod to conpensate for oversizing of two |ayer thickness including (a)
nam ng polygons defined by said layers Lg_.the conputer nodel as P 1, P2
............. startlng at the first layer to be cured; (b) selecting the
first f| e nd_ d [Me) }

i nt er ned¥a%%?1¥er S ec1 1caE1 ﬁle.l (ﬁn?gll'l gro%?de % %l%dqée 111 %r]lsglite?{) %%&Sl%l}%éﬁ&oﬂ

| ayer P3k5haﬂn@@@$ggaaalgally overS|zed by one Iayer thlckness due to

| aser curing of layer P4, and representing the areas (P3 n P4) n P2 = P3 n
P4 r-) P2 ; (d) deternlnlng in Iayer P3 where oversize would occur two

| ayers earlier as a re aser, curi epr entlng
tho ar eatDby  pinemp s teithea py AT W e b RiGhed ae Bk oF Sivael b
renovi ng fromgl.aveachlR Bist labieodeRagdwher e oversize would occur belom1|t
as a result of laser curing in layers P4 and P5, the resultant polygon

bei ng represented by P3 n[(P3nP4) nP2] n[P3nP4inP5] nP1l=P3n

(P3 n P4 P2) n n P Prefe nti al ers,are
Cured in(® o APPeine B B e GpEROBbASPS. A= 5P Sesjed, 3 i Pyt 2
direction, pr ‘?r(tﬁfn?é?i'w}fe lagg{{oqﬁqgllaq[% ihRripAe vertical direction or built

direction in e ster I thography process so that the first cured layer
is the lower layer. The nodified | ayer data can be stored for exanple in a

conput er nenDry magneti c nedia or_ optical nedia. The invention also
i ncl udes (& t hi ﬁterrtlgnrgctaﬁéreas WeEYRo &3 Rt At rilY AYFraireddp eredpyer thickness

due to laser curing of layer P4, and representmg the areas (P3 " P4)n P2 =P3 N

P4 P2

(d) determining in layer P3 where oversize would occur two layers earlier as a result of

laser curing in layér PS5, and representing the areas by P3 m P4 n P5 A Pl ;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 PS5, the resultant

polygon being represented by P3~ [(P3nP4)NP2] ~ [P3NP4nP5]

A Pl =P3n(P3 N P4 nP2)~(P3 N P4 "P5 ) n PI,

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



C o6 stereolithography systemfor rapid prototyping to reduce oversi zing

i ncludi ng the above nethod of determ ning the areas of resin to be cured.
One enbodi ment of the invention will now be described by way of exanple
only. BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 schematically shows the
oversizing resulting fromcuring of successive layers in a prior art
optical stereolithography process. Figure-2(a) is a side view of a

wedge- shaped nodel built using an optical stereolithography process

Wi thout aBXRABREARAALYAGN (6} A€ pfifhplnd @ rBhile WeRILAL ifdiRying daeabdiaped

nodel built using an optlca t grap y process wt onst ant
of f set ofmethad off dyterminirtg theeea 6Liesingo e surdé. vi ew of t he wedge- shaped node
built using an optical stereolithography process incorporating the method
of this invention with intelligent of fsetting. Figure 3 shows two different

vi ews of oft é\ﬁ g&feﬂ?‘&?ﬁﬂ %ry\’wilﬂ?mgzngdg%?ge& ?y wta#ld%{ag‘&eqqe E)H'l? met hod

accordlng 'S nventi on. n-ort hogonal
views and Figure 3(b) is an |sonetr|c view. Figures 4(a) to 4(f) show the
plan views of the steps in a 5-layer offsetting algorithmin a 2 |ayer

over si zi R§IIpF @@SQRIBE NI HEDRAYINGhod of this i nventl on Fi gure 5
shows thg uQ£ &E Ca gn of %Qe nethodr&g Ihl()lgvent&p f al
opti cal 18t mi’csh SN SEs ug]tng = wﬂge 6su§‘f1e(§§/\'/§e HE™S P&e Vi ew
of a nodgliodu (Lﬁtlcm gt&e@nﬂo%ylabﬁp%%c@fsfset according to this invention for a
one | ayer oversizing exanple Figure 7 shows the procedures of a three

| ayer offsetting method according to this invention in a one |ayer
oversi zi p%u?exﬁg})ils%'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 5-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.



" BEST MODES FOR CARRYI NG OUT THE | NVENTI ON As described above parts produced
usi ng optical stereolithography techni ques have oversizing inaccuracies.

D fferent paranmeters used during the processing of the part will produce
different oversize effects. Any techni que 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
200m and t he naxinuntoversize is 400m, then the oversize 12 is equivalent

to 2| ay?{g%r ﬁlh ({&Eﬁr?#’&ﬁ t%fe%)layer offgg'ﬁﬁ meﬁloH%cé)oig&%% g'l?glvgrrltlsonal ong

conpensat I-on, ave a ‘maxi mum ver5|ze

the sl opm a)t)netlh?errmdfshzmg'l'a&mmé_hod of this invention is illustrated in
overcom ng the oversizing effect for the cases when the maxi mum oversize
is two |ayers (exanple 1) and when the maxi num oversize is one |ayer

(exanpl e o) tions of |aser beam and
phot oresP%)ST ar a§§ P@?ﬁ/?ié%’%ﬁ@ @Qﬁ%m{ﬁm@ar. on that the oversize
ef fect NRY db&ribbd 88 vehaRYHOdiERA Bsink BY@IabstelcOVBY@hphyl tB6hnR[BS hdvedveRIHAPOSES,
a three or nore |ayer oversizing can usually be ‘avoided by appropriate

sel ect i omapfuradies. | Hsderehieparmmars esedndusingr the tpeedesting of tidopaw evill produsshoul d

be noted . that sim.lar uti on or the three_l nor, e

overol o1 dierd SpAhEE sty A BimiRlechMPanadliae i et indbo pige ok 10 Cafgron oy or
oversi zi gy Rhtiens, Ppwxaﬁbre ffnq%@ﬂeq&mf@tve@gefs?ﬁtédrﬂadet ?6 lsttta%e%tlﬁﬂfstn f the
t wo Iayer oversize may result in sone” m ssihg features. shown I n |gure
2(b) in alwy&d@émﬂohp@domdehnclme mitemum cuersiznis 4003mh,rmhe|mjdteoc5vem‘1iesbz fsng is

appl i ed, that is, .every |ay ffset by | ayers so that the oversize
12 conf ofHEVilentitae laé"sfﬁréd gﬂ‘é( 3 ﬁee%%df Eheéf*slsmqfset POSIMBANSEHRD, thsp of

the rmdelno Lwﬁﬂﬁa%g a’h‘(a%ﬂ‘hh&”od%k% ﬁeé:f g lgﬁ? l{%cs% \é%f(tlgémgaaat i ng

t echni que uces mssing feature ncredses di mensi ona
accuracy. Figure 2(c) is an exanple of the result of using the
conpensation technique of this invention to forma wedge-shaped nodel 10.
| nst ead &pe mgthod of this invention is illustrated in overcoming the oversizing effect for the cases
when the maximum oversize is two layers (example 1) and when the maximum oversize is
one layer (example 2). It is possible, from various combinations of laser beam and photoresin
characteristics and layer pitch selection that the oversize effect may be three or even more
layers. However, for practical purposes, a three or more layer oversizing can usually be
avorded by appropriate selection of the laser beam and resin characteristics. However, it

should be noted that similar solutions for the three layer or more layer oversizing can be

obtained using the same approach.
Example 1 - Two layer oversizing problem

Prior art techniques of offsetting for the effect of the two layer oversize may result in some
missing features. As shown in Figure 2(b) in a wedge-shaped model 10, when a current
technique of offsetting is applied, that is, every layer is offset by 2 layers so that the oversize

12 conforms to the desired shape, some features 13 are lost at the top of the model 10.

This invention provides a more selective compensating 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



" fixing the nunber of layers 11 to offset, the areas causing the oversize
are identified and renoved to achieve a better accuracy. The techni que
consequently inproves the accuracy of the nodel built by the optical
stereo |lithography process. Figures 3(a) and 3(b) show the sane
illustrative nodel depicted in orthogonal and isonetric views
respectively. For a two | ayer oversi zinggproblemthe oversize effects, as
determ ned from actual observation and rounded off to the nearest half

| ayer, arg: i I ) C i ta.i lLe.

referri ngf& t"?@‘%ﬁfﬁ% © %ggg’iefsl {J@for gi{fs%% 2?6 %{éaéwl&?ﬁs eﬁglggg;g%g(??% hd;etn ?ﬁ?dlf‘“‘? aser
curing byeracaddnb Aghiowes bate adcayey. Therehnild cansapiiaty anpdovselisacaragy bh a

t hi ckness of half a layer if there is no cured resin or stage under the
scanned [tkg@pdel bpHf By HiglgpticahystareqlHpegkaphyayresese is due to the overcuring of
the scanned resin. (ii) laser curing scanning another |ayer over the first
scanned | ayer also cure the resin under the previously cured | ayer and
produce FgQ¥EF@) 4RI Wb Ehodv thetsahe tRisakiesiodd depietell ay&thogohaliani ifomidoher
scanning one or nore |layers over the previously scanned layers will produce
and addi tviovstespeayieelyunder the previously formed oversized |ayer. The

maxi mum oversi ze beneath three or nore scanned | ayers is thus two | ayers.
TABLE | Layers scanned 1 2 3 4 or nore Oversize (cunmulative) 0.5 1 2 2
(in termgqph t\lv@va?é,saveifshﬁn BERFSthObvdrilandtickii Rdietehfindd BdmH WARI 6bLMALiSH Z€
will occur is illTustrated in Figure 4 which correspond to the plan view of
Fi g. 3(a)and Thmdedoffts the naaest half &ayei, aiedbowvi it tablial.eAscording ppthe data in Pible . . of

thicknes%_e ual to tgg Ia%er. hi ckness q@ tﬂg 0 éical stereol i thography
process .| A rerpRaE oK g s IlvRUOR dOvILhea b PBAIET b1 o P5, under
consideration at each tine. The basic
(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.

(ii)  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.

(ii1)  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 .



" steps involve : (a) Detennining the possible areas in P3 wider which

oversi zing may occur due to laser 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 |ayer P2 does not
exi st underneath Poly 1, oversizing wilkF9oeccur since part of the |aser beam
used for curing P4 will penetrate through P3 and further cure the liquid

resin beﬁﬁ@tte@r{) Iﬁve crgs;l?é’c%%ﬁ’(l%)j)ets PR]L 851 shdRr CaHsRERY SF eddh tHRIET st Poly

1, oversize w not occur. Deternihing the areas in Poly 1 under which
over si zestap$ Invabteual | y occur. This is done by finding the difference
between Poly 1 and P2 : Poly 2 = Poly 1 n P2 . This is show in Figure 4b.
The resulting polygon, Poly 2, is the area in P3 where a next |ayer (P4)

i1l b d ' | : b
other wordt, i arniuftie bhisfREuttSh B iod SRRl AEha B B Ry ' Bt

2. Hence, whenscmamg mgPP4Thipardonoby tfidingabent@sRiigy b¥wlebn P8RARY Pat Eet
through P3 and produce overstinH inthe liquid resin under Poly 2. (c)
Det er mi ni ng t he PplyslsT BP & B-eBlais isillmstrated die Figwiti 4eh The enodygonnBolyrdyis deecaiea due
to scanning in.P From Table 1, there is an increase.in t Qv ize by
one additional a?ilévrhe%ael}lexﬂagert l?ﬁl }NQ?F%flceaPn? sonst((:)gr?n%dﬁf?ﬁurteﬁﬁasyeﬁgég?est he

third layer of hafdxest &nq&@éaﬂepmng®&§zi8§wmsc@hhi§c¢mr&m@ﬁger%@aﬂmﬂsé&g in
P5 may al so cause oversizing under P3 herefore, it has to be considered

in the al gorit hfer ciong B¢ arilirpenstrateghrongheB¥ aidfupBenentiehe liiid respolsepedsh &3.
oversize will occur due. scanning.in he .intersecti.on tween Poly 1
o P51 st ound ORESHEHBeR o1 Burd Ay Bppofelatiiy S Re it e, o

used instead of P3 (i.e. P3 n P5 is not used) for this conputation because
the areas of intersection between P3 and P5 nay not overlap any part of P4.
I f that K@ppensDetdmminiag e dpmam Palydi unget WhisbghePie wiill ictnally pass Thisaugh
any cured L

done by finding the difference between Poly 1 and P2 : Poly 2 =Poly 1 n P2 .

This is shown in Figure 4b. The resulting polygon, Poly 2, is the area in P3 where
a next layer (P4) will be scanned on top of it and there is no cured layer underneath.
In other words, liquid resin will be found under P3 in the area marked by Poly 2.
Hence, when scanning P4, part of the laser energy will penetrate through P3 and

produce oversizing in the liquid resin under Poly 2.

(©) 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 P35, the
intersection between Poly 1 and P5 is found. As shown in Figure 4c Poly 3 = Poly
1 N P5. Poly 1 is used instead of P3 (i.e. P3 m PS5 is not used) for this computation
because the areas of intersection between P3 and P5 may not overlap any part of P4.
[f 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 underneath P5.



resin to produce overgrowth under P3 but will cure the liquid resin
underneath P5. -10- Alternatively, Poly 3 is also equivalent to P3 n P4 n
P5. The resulting polygon, Poly 3, is the area in P3 where two consecutive
| ayers will be scanned on top of it. If there are two |ayers of cured
resin P2 and P 1 underneath Poly 3, oversize will not occur since the
overgrowh (if any) will be created in PAd-and P1 itself. Oherw se,
oversizing wll occur when P5 is scanned. (d) Simlarly, determning the

areas in Poly 3{%"9‘%“ é?gl gglrgg%oéhgg,g%{ t'lgfgcﬁlf’ﬁri\@it he P1 | ayer by

finding the difference eferring to Figure 4d the
resulting polygon, Poly 4, will be the area in P3 where two consecutive
| ayers P4 and P5 will be scanned on top of it but there is no cured resin

underneath it. WThe resulisg pakvigas, Paly dus therased 1 R where bve ensecutive {aysrsayidla
mar ked by Poly 3 _Qr P2 S| ik I.h these
areas. (e) Subt ré%c I ﬁggd Eﬁtgﬁlogg {fﬁ%@g?‘%ﬁ?"%ﬁf dfcgrﬁg‘r%ggx} gfﬁrpc{}ﬁglléll%% fic

oversi zi ng w | | pelgbversRe ddl @8Sodchesif@sthé eterp@wtg 0 a@s vallMereréatedin®r e 4e.
The resul tant polngo_n is P3 n Poly 2 n Poly 4 . The resulting Mdified

Pol ygon shown i andP hipadf. 4Pthierwise oyeisigingswillheccwphdn Ryjisisggmaedt o repl ace P3
as the layer to be scanned in a nodified layers file. (f) Repeating the
process for the next set of layers and so on starting with the second

layer of (hhe preuhidiy, 8&tmafing e drbdssh PoBYRindef whitg oﬂ@fgltzir%abmqa‘ccﬁraﬁ%s,
until the 'last set of 5 |ayers has been considered. (g) Sending the

modi fi ed | ayer sPiildyer by finfimg ol diffatense bateott Rdlpgraaghy. Refarang fokigtteetd
actual fabrication of .the rapi roto ing part after all the |ayers have
been of foet or Uegariragibolis et e KBHRPER BT i b ST
i npl ementation @f ,he53RAVE sORLOPGh 0P oFi@RL Breft @6 Qured resin underneath it. In

other words, liquid resin will be found in the area marked by Poly 4 under P3 or P2.

Hence, oversize will be produced in these areas.

(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 ~ 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



accurate nodel using a Sony Solid Creator System (SCS). As seen in the
Figure the following -11- basic steps are perforned: 1) CAD data of STL,

| GES or HPG. format are created and passed to the Sony SCS workstation. 2)
NEWS (UNI X wor kst ati on devel oped by Sony) receives the CAD data and
conputes the cross-section slice data at equal intervals of 0.1mmto 0.3mm
using a data processing software called]ProSCS. 3) These data are
subsequent|ly converted into binary files under the nanmes nodel.ctr,

nodel . 4) The SCS software offsets the |aser scan

al ong Iayerggtyg H%P?ﬂggge of the laser spot. This is to conpensate for

compensation &GORAEHH S DEY PrPBCLaRUAGE: TRER ADAPRITEE ' HE SrPeRe

| ayer data bas@qugu&he over |l appi ng | ayer geonetry which m ght cause
oversize of a nodel. 5) The user can then manually edit the slice data in
graphi ¢ nodel using the graphical editor (EditSC). 6) User can al so choose

necessary) 7) N ¢ RENFpachater 8 Eleoct pERERGrioat Bl S lrenvempres 1 or

It converts tREMINLQeddfon QQ%@Q% (:(ﬂ!ag'lﬁt@f’vaﬁl SEH AR Go WIHRNESingAl §lla

contains information on the co- tes and | aser control that the

scanner CPU unﬂemshagdsﬁwapuﬂkdI&eﬂﬁﬁnces and control signals which are
then sent to the machine controller. 8) Upon receiving the nessages from
the systemcontroller, the machine controller starts building the solid

model | ayﬁr u pﬂl%sJ: & I’areb yubrsceq%%}n!l); E(an’eﬁg&i [H% Bglagnﬂleg AhEEHhOFaRLs xtnggel.ctr,

model.1, model.2 and so on.

4) The SCS software offsets the laser scan along layers by a half size of the laser spot.
This is to compensate for the oversizing caused by the laser spot of half a diameter.
The proposed compensation 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.



"W resin surface using the X-Y |aser scanner. -12- It will be apparent that
the invention can be inplenented using other optical stereo |ithography
systens. Exanple 2 - One | ayer oversizing problemlIn the one | ayer

oversi zing problemthe oversize characteristics are given in Table 2.
TABLE 2 Layers scanned 1 2 3 or nore Oversize (cummulative) 0.5 1 1 (in
ternms of |layers) Figure 6 shows the sidel¥trew of a wedge-shaped nodel
built with and without offset. Based on the oversize characteristics the
oversi zing effect for a set of three layers is as follows: (i) Scanning of
one |layer alone wll produce an oversize of half a layer thick, which is
sol el y t Hewdlles appreent thag the Syartivinregn heonplemerted esingoather opheal sigrestithoggaphy wi | |
further cure the liquid resin beneath the latter, resulting in the

over gr ot*@id t hereby increasing the oversize to one layer thick
(overcure + overgrowh). (iii) Further scanning over two existing |ayers
w Il not further increase the oversize. The process of identifying the

ar eas whdi>ample? s Onergyenobvdrsiaogurotderd renoving themis ‘illustrated in
Figure 7 (based on plan views of the nodel). In this case a set of three

| ayers P1, P2, P3 is to be considered in order to nodify each the second
or mddl g,l t ' Wer dified
scan ar egnfﬂ?r/&%Zlg A VE{JSEZE%%E%E%T‘ @gé?@s?ﬁ?/gﬁﬁe/det&ls?l?%%re?gﬁmngt%ﬁa%izrr{:)ng t he
areas in P2 where oversizing may occur under P2 due to scanning of P3. This
i s done blyA]giLIrE]%i ng the intersection between P2 and P3. Poly 1 = P2 n P3.

Layers scanned 1 2 3 or more

Oversize (cummulative) 0.5 1 1
(in terms of layers)

Figure 6 shows the side view of a wedge-shaped model, built with and without offset. Based

on the oversize characteristics the oversizing effect for a set of three layers is as follows:

(1) Scanning of one layer alone will produce an oversize of half a layer thick, which is

solely the overcure.

(i1) Scanning another layer over the cured layer will further cure the liquid resin beneath
the latter, resulting in the overgrowth, and thereby increasing the oversize to one layer

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:



As shown in Figure 7a the resulting polygon, Poly |, is the area in P2
where a next layer P3 will be scanned on top of it. If there is no cured
| ayer P1 underneath Poly 1, oversizing will occur since part of the |aser
beam used for curing P3 will penetrate through P2 and further cure the
liquid resin beneath P2. O herwise, if there is a cured |ayer P1

underneath Poly 1, oversizing will not -dGcur. (b) Determ ning the areas in
Poly | where oversizing will occur. This is done by finding the difference
between Poly 1 and P 1: Poly 2 = Poly I n P11 . As shown in Figure 7b the

resulting polygon.. Poly 2, is the area in P2 where a next layer P3 will be
scanned (20n t Dpteahining tha dretharR2 wherpovasiziag nheazyrepumndelr Ihladunerto stannmgmfr
words, liquid_ resin wll be ound i n the rke oly 2 nder
P2. Hence, whBf dBEARfRS tF’Bﬁ“C{%% Ehecb?terSF‘Hlé’“ %V?éfie“ g i Telyder anl g

t hrough P2 anquogl\%g}ﬂflﬁ eF?%lrﬁé g_é ﬂﬁllgsél}’lﬁ%P@%éélﬂ li"'ogllr f‘ssthQ are'zlri‘ﬁi@ﬁ vﬁ%lré’ a %ext( C)

Subtracting from oversi zing woul d occur, to give
the Modifi edladyet BR@ill be 2nmedRol typ 8f S Ifherats nocuredlay & P?lmndmmthmdiy‘ l.ed
polygon in Figure 7d is stored for use in place of P2 in a nodified |ayers
file. (d) Repe¥srFiagetwd qsewcares ragyoftthe lqﬁ@x@ea@e'eseéffoecqw&%vvdhaer%a@n

starting fr On}th Sﬁfanlaq» rt{u%%ﬁ{e tﬂé llé\ﬂg rddif eﬁéﬁ!egz‘l{ﬁ p8ehH Qefrzvhs)%yi réjlgta'cluretdhe

Modi fi ed Polygon are ernlne all the

| ayers have b&@erpf ﬁﬁcﬁmeaaﬁm!yngo&dﬂﬁzmgdﬁninedodcayers file to the opti cal
stereolithography system for actual rication. The foregoing describes
only some embodinents of the invention and nodifications can be nade

wi t hout part] fro t he sc f the inventi A et hod
For et el nt REUPREVER Ladat TGy h VisrEe A Eh oot oByF ore by Fndfhe
stereol it hogr ?1{23 Wi fference 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 undemeath. 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.



" process for rapid prototyping using sequential |aser 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 nodel into | ayers of

t hi ckness equal to the thickness of said |ayers each defining an area of
resin to be cured by corresponding | ayerldlata; (c) selecting a set of said
| ayers including and sequentially adjacent an internediate |ayer and
determ nigiga\ig: areas in said internediate | ayer of resin which would be
oversized by said |laser curing of one or nore |ayers later in the curing
sequence; (d) nodifying said | ayer data to conpensate for said oversi zing;
and (e) repeatjng,steps, (c).and, (d) by.sequentially selectin id sets of
Mayers t dor morhBErogIBEbiraRg il Y5 SRR 4l oF Sofi Tl fogeRthy o

i nter medipl@sd @nehdid &ma?y;n_ﬁ% heitlg a8 qdnBhiMBser! dirigh &fMhylerVOE Lk fn RV ALt S
are sequentially selected with each subsequent Set having said

i nt er medisaleeted dyemetrab pgpdubea Hexyred skaghe aCened tekie, sant metied canpriding/ e steps t he
previously selected set. 3. A nethod as clained in claim2 wherein the
first sel%cted set includes the first | ayer to be cured and 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
clainms 1 (hp 3 gshetdhfaeanpusamdddelf shiddkesickdshipe; | ayers where N is sel ected
fromthe series 3, 5, 7 or higher odd nunbers determ ned by the size -15-
of possible oversizing fromlaser curing of the resin in terns of nunbers

fl i . . . i in f
0 ayer (H(;I Zii{l‘glﬁﬁlg}[’ﬁ%ee H}E@f:l&ﬁ%ﬁ?&?&Ft(ﬁlckﬁess'%ggﬁttg'81% tﬁl%k&és@bﬁ?ag?( ﬁnagsexg%\écl%) ne o

claims 1 r’-.oversizing one yer t
i ncl udi ng: defining an area of resin to be cured by corresponding layer data;
(c) 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.

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



" (a)’ nanming pol ygons defined by said layers in the conputer nodel as P 1, P2
....... PK...... starting at the first layer to be cured; (b) selecting the
first three layers PI to P3 as said selected set and determ ning said
internediate | ayer to be mddle layer P2; (c) determning the areas in

| ayer P2 that are potentially oversized due to laser curing of |ayer P3,
denoted by Poly I = P2nP3; (d) determ niisg the areas in Poly 1 in which
oversi zing would actually occur as a result of no cured resin in

cor r espopeh gL KRB kDR 184 AFHIorAR febiffin RNhEH hidNhs ofydr EkMaSs 1ot he

di fference between Poly | and P1l, "denoted by Poly 2 = Poly 1 n Pl ; (f)
sequent i b¢ bgmpepatad.i ng the steps (b) to (e) for each set of 3 layers
starting fromthe second |ayer of the previous set and continuing until

all sets of layers in the nodel have been processed. 6. A nethod as
clainmed kn an al 4 .40, o Zd: WO

| ayer tthknegéﬁ?ﬁg?g%ﬁhg%ﬁ?g%n%gw%%ﬁﬂgo gggEzgggFFﬁéﬁgE@mégﬁﬁﬂﬁégg?% in

t he conpidyer thinkdeds iadudBhg: P2 .. ... .. PK...... starting at the first |ayer
to be cured; (b) selecting the first five layers P1 to P5 as said selected
set and determning said -16- internediate |layer to be mddle layer P3; (c)

det om0 ¢ BRSSOy P gzed e 10

areas in Polystarting atkHeCirsOM@drso Be B@redoul d actual ly 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

rgs(e?\) Cgﬁ)ﬁgmagéqqg@étgg s firee’ 1de|?§ Ptl %tPBaerlsesa%) tse“:'\lgétleg1 lse':tyan%v ertgrlmzlr%gg%gl% to

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 n P1 ;

3] 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



P5, denoted by Poly 3 = Poly 1 n P5 P3 n P4 n P5 (f) determning the
areas in Poly 3 in which a second |ayer oversizing wll actually occur as
a result of no cured resin in corresponding areas two | ayers earlier by
finding the difference between Poly 3 and P1. denoting the area as Poly 4
= Poly 3 n P1; and (g) sequentially repeating the steps (b) to (f) for
each set of 5 layers starting fromthe - ®econd | ayer of the previous set
and continuing until all sets of layers in the nodel have been processed.
7. A nmethod agténaidiesialér t6lbainiiufic Wit BN the conputer nodel is nodified by
removing fromlayer P3 all the areas that woul d produce oversizing one and
two | ayers below it and denoting the resultant pol ygon, represented by P3
n Poly 2 Poly 4 . .as . the modifi | ayer. 8. A nethod as c¢lained in. any
one ot ofSh e ciefrumyiie SaTRany B i MR VB EEa oot Tine oo
i ncl uding (a) |RRFPNGARGLY BOPSIdeLipaepsby said layers in the conputer nopde
as P1, P2 ..... .. PK .. ... starting at the first layer to be cured; - 1 7
( b) selecting the first five layers P 1 to P5 as said selected set and
determining said internediate |ayer to be m.ddle | ayer P3; (c) determ ning
the ar eaé‘i])i n FEyERINBE ﬁ&’fea%d“ep‘ﬂb%{éﬂt“fthéth QVeHErE VPO Wagﬁ @Cé‘ﬁféra el kness
due to | aser I 3! n P2
S e n pan Bont e e b ol R SR SRR I bt
two | ayers earlJ f e i 1~ P5p~>and
representing ltE éeﬁgsgggé%{}&%%l 1?1011%4{ aﬁlh%% é\en H{(Li %dr%gz(i%,&%é?fpﬁ hg the
conputer nodel by renoving fromlayer P3 all the areas where oversize
woul d occur below it as a result of laser curing in layers P4 and P5, the
resul t anfe) 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 " 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 A Pl ;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.

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 Poly 2 ~ 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;



pol ygon being represented by P3 n [(P3 n P4) n '1-2] n[P3 nP4nP5] nP
1=P3n(PZnP4inP2 n(f PRnP4nP5) nPIl. 9. Anethod as clained in
any one of claims 1 to 8 wherein said sequential layers are cured in a z
direction or built direction. 10. A nethod as clainmed in claim9 wherein
the z direction corresponds to the vertical direction in the
stereolithography process so that the fitst cured | ayer is the | owest

| ayer. 11. A nethod as clainmed in any one of clainms | to 10 wherein said
data for said nodified layer is stored in a conputer nenory, nagnetic
media or optical nedia. 12. A nethod for controlling an optical

st er eol i (ogr aghstingydedinst Hre daypisdl pro Pt aspiand) stlected ecfand dpvansining rsgid

i ncl udi ng the.net hod OEWdEt rm. ip th% areas of resin to be cured as
clainmed in anylGEdge @yg); ‘H&’ein’pg C%aﬁﬁr 3; K

(©) determining the areas in layer P3 that are potentially oversized by one layer thickness

due to laser curing of layer P4, and representing the areas (P3 " P4) n P2 =P3 N

P4 P2 ;

(d) determining in layer P3 where oversize would occur two layers earlier as a result of

laser curing in layer P35, and representing the areas by P3 m P4 n P5 NP1 ;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 PS5, the resultant

polygon being represented by P3N [(P3NP4)nP2] n [P3 NP4 PS5]

M 1

P3A(P3 n P4 nP2)n(P3 n P4 A P5 ) n Pl

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.



