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vat The optlmal size of the blade gap depends on a balancing of several considerations. A large blade gap
is problematic since it may lead to creases in the surface of the resin bath which will take time to level out.

55 This is so because the blade gap determines the extent to which the top of the part must be raised above

the resin surface for sweeping, and also determines the extent to which the top of the part must thereafter

be lowered before curing of the next layer can begin. For a 3.175 mm (125 mil) blade gap, for example, and

a desired blade clearance of 0.508 mm (20 mils), the top of the part must be raised 2.667 mm (105 mils)
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The float apparatus presently used in the SLA-500 is illustrated in FIG. 21. As illustrated, the apparatus

comprises float 602, supporting beam 603, bearing 604, and optical detection circuitry 605. As shown, the
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sweeps of the blade are used for r@&ﬂﬁqqrpd §1g| ven |layer, with a different
bl ade cl earance and possibly bl ade velocity at each sweep. Assuming a |ayer

t hi ckness QJ r{b%atmﬂ é&ﬂe%@bjogpamé a@%ﬁtreslnasﬁﬁsfce Gspilac%ém §00. 'h{é b@zLE

staged recgy é‘rﬁbaW B&%BIS ardu 3§L‘A%05 CHearan%o ge
1.524 mm ( 8ékring.! s), for the seconle and for thethlrd

0.508 mm (20 7 bgtical ddfctidn Ichduity t605 %tsh@ﬁﬂh d&meﬁ me Qz miukmedamv U‘FHuntr?fcorﬁﬁﬁésn
w1 be swapinba\Vedy1 whiéis icbupfod 3 BEHNE603Y\RAPerNlifgE dibkee QrLEDs") 8052 ahd 6653, wiiidhCondit
smal | er bulighe beéms 6g86nandl 8057, Drespedtively, bl bitioalt defdctotsh 605l | nd c606%) awhidhf delect itheg| €
sweep wer e unistertipted presanoabf. lighk bbanisgpo56) ard(pes1) taspedtivaly. THe opiicall de@iibrsafe didtRonlidatiyde

i s probl ematupled whe plunget or atheemieans (nanshow) desedhed eartier dovcaisingt oe losvelririgythet fesin lplvalthe .
When a tr apsseuse/iglelectiical signela from theoplied! detectorause of the force of gravity, a

| ar ge bubge d¥ny chasgenin thayevel obhihe Huidiwill nause & canlespopdingcertical digplatement pk the feat. ki inr ed
| ayer thi ckemeddl cayse bpam &dieyiotate| arpyag beiing Ao yhich will seuseymrabes S01 He diprlagel wertically

t he bul ge WRep distarop which isRarponiticatianiof e fiyid displacereent. r st i nst ance, then this
probl em c I (fslﬂ%‘géﬁtheme'l @?s aéé'!?é’P S s"i’ﬁ?%b "Iﬁb pashgaes, pot l'.?l?c'? ?"Pifs?f F‘at“'é‘ﬂ"gm th

FIG 13, B is dem 4 and
S pEcpatle T

of excess
tRe, bl ade. el %pl S&iﬁ sa &m&f&n&egﬁw e In Jrae?w ool .?{i.ta'r e
wi th refzsrr%oaeanausn%s eca WiGELSH e 6055 ib BIb&kEd B RYIR barwcﬁ b8 bt

bul ge may % ewcﬁﬁetea&%w ‘ﬂ%h:et B6unfel AL 18 Fesin6leCig tdd dow, h WHich e a H?rf‘ger or the
formati on @le dOE®b Nowdksd fuRfl SheXBsin lovel isSraibdd| 8 #e dofrect Rsight. nrsyamtunezeré DI Dy e
bl ade is t mamBér] Wit MR defocibdl By optibd Hétdcidn 6685, 1B will baleRuméd that BdIrésin 18VeNie ®othiyf) €
i's | ess romnwhichrcadshiiplungstionthd Gkefcbid\baaR&r untiakd vedinBveDis dilered AR dudrbct RGIGHA.MteE I
whi ch can et bottr of Behris B0d6 end SP5Z @ahnoif sinultanebdsiydbe bloekep ®F mambey 60511 THatpiord, thg@avill
sweepi ng, vindy, & eserclbd dncaniguitysyithathis epparatye, is the dristah@dviborthermsitn leselitcq an fircorrest
advant ageo height.gedauling lvhether thetpeipbraesporise thetetodeto4dise s pwerdhd resiplavel. geonetry.
When the bl adée irecogiing sdfiweye aoesk in dhe| UARE0 will mew pe resatibefl| A spedificationdér the gaftware in f
t he' bl ade ths farmeha fowchat i Yustritad in FIG. @3, Beferarutifizingithe sefiward 8 usarmust fi cify serdains e
of dr ag, 30 \\RE"emete thet wilh %E@d r“é%q"PP' he| resnemnend ofihe, platiorm, Tﬁeﬁ?@aame'a;;}ﬁm A &Y AW,
vel ocity. Ppd FlPreAsm'ea@rM B meye idefgll ﬁt”ﬁ?’a?"bmpﬁ‘é&mé%m :ﬁ’/'§%)‘h° Rigiiprms is pgiar dhe
resin 0.0258° #;@“P or kpqv, 75 pcPROCESS cAmMRHte '??caé'lfu'ftdh E§§ compufes will

cn sec (4 F aF‘@ raéf’%éz%gﬁ"ﬁt'ﬁ%tz" }'? i \‘frg% : “’ el ‘“°
cni sec (3‘%’ |sc earher I[tpgmuc Slfrt n atja nodg ’je% }(wh%%
areas, a F%%E a%%mi ﬁ f §er gﬁor I were it
large flat ol s Qayai Do G 5 8 si
the above sgﬁg W d E)VAY b

if the bla 01,§,e t00 S ow, this may glvet eresmlnthe&@u | ge rmre

time to 4l ow gegd&r ﬂ&ataaramfarsbkhaolger & SRERT Shor Qeriiblod FoR RAGTIaye? lok FRSe of fayerRY
be desi r ablneiudify SROWHIASE tHehamBerest dwedps lpBiCiajdr,odle GVO whibi btakde Jorglshaevelodiel amAaV e
“time to fl eidicatoihatiai skdaps drl @ IRARE af the BRkifidtbvebBity. THIAKEALE thal SFSCKLNINT, which
however, siancdivifual Velicios Rssbadar dith cweapsialy, raspedtivety. (Hy setihg Nhed® Walbe, trer wsed

I n front ofndicétes gl on e, wishis elocitydo valy by ssebp.and f or m bubbl es. Unfortunately,

it is di4ficulhe pragesszheging incsteppi@dovheh laybreN fid draken. Miextainistenl 70V, tokeplatfocn isglowared
part geonebenpath thegagih surlecepby ZD bld reeth determinge be ZA anh &V 1n siaaﬂﬂaablpestsiwe@t#y iiss
provi ded f dnplemeptad i Qliewnsaiingof e tagin slaeadhr platlgrm basdustlhpermostl. t he bl ade at each
sweep and t hdn slep3R4: agpadingedie Bﬁ'st %awelbéete%s%ﬁkqnoanﬁmcﬁrrqﬁeﬂ dortahklasgipisguced Dy the

pr obl ens f6'F°“%¥V1(' fified jas Pﬁ AL-BIAS), Tha yeading i¢ thep co tyéth aroupperdinitcidengied ag MPLIMY,
parts, \/Ef’nela‘%'d “"ft "éﬂ" ifiof 8%, LOWH{Y. ‘?"‘S't?ﬁ'éf!i"’ﬁ?dv‘h S \Iﬂelf?s"H%""le'ﬁﬁ?H'ﬂ?"etP agat g,

usealarg(§° o er Ia. e raneof 5
relatively ol QW %Ti%at Py %&%ﬁa& %,E ﬁ%’ﬂéﬁ E’Eﬁ%% awg):fs
that a byl Gemih R sl ¢ el snﬁﬁ‘iﬁéﬁosm b

sweeps, ONnlaide %}
e A
the blade will not strike it while sweeping. The upper bound for the platform position is identified by the
mnemonic NOSWEEP.
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EP 0 361 847 Bl the bl ade when a trapped volune is encountered. On the
ot her hand, because of the slow b the probl em of pushing away
too nuch resin off of a |arge, éﬂaggﬁﬁgf%ght part surface will be

m nimzed. This is because the bI ade will not be abl e to generate enough

drag to SWegRufiiitedd! conditldfs dr&Mbtin sMP'?@é)Xr?ﬁrmEIQ@unﬂr QWEEPAd frsBiREAsbd'b 0, and! O
be a pr Otill.eﬁfﬂc%\%ﬁteé PP 2, At TsSmatb ‘i determinéWitbthe Db Bise't AeltneHdht dP Backbf fved
to buil d yepassaming thelHBRI6r tNd MbmedE il tbg 718, 6 bIB& ID 5Pk RMhdback BFthdlvalt lhikh Rda
under neatdastatttfsesp il 8y BWEEPDIST) At 4 Voo vien Maft depeRd6ratfle culbntivelusif SWEEP.

advant ageouwrnénahbaa@htae rdachell @e)redr [0Ethe Xt Siwill inOtheMsuBinnstaié gyt a iswitch idhtbgpped
I nt 0 t he witk Hemmidailonic RIMST\SW[TICHJASS@Rhdthe [ switeh Béd Hbel acticetdd, Rrstept7® ahbdk is S

t ypi cal | ymadenedesapeling ehedieek bl thi swepps Spmcitieddly SNkiave berinrpeifoymerbioetht leger. Adsaming
desired |tsydavetniof, g jumpismaie badkdo stepT09] anyi dhe.abdve cyaerapeeled, i n a commerci al
enbodi nent Timing BLitolsten i, incthe ¢ase Whate 6 limihsyitgh basmotrheeh asjiva®d, 13y bladeris slowhhe
assi gnwe resved towards, ijecrear at Wpeyelocitynof 12F mmised @S in/sec). ayéraswmmgkthey@wwwes
[err] mna°¥yﬁt°1‘ iikls 2 spopndsh @ Jumpnls Pde tor Hiep 1#8r Assynaing {f s ok B9 pelivajesk Hie (PIRSESS;itit o
the resi rebYipdn S8R 72hhi ch i s many times a typical |ayer thi ckness

Therefore, tf"'tgsba&étglsmﬂﬂ%afsammﬂeﬁtaeets W‘E "t°hh v a‘ PSRRI H) 'ﬂF‘Wﬁ" on
eeph'émt’%ﬁ §

| ayer t h f"° t th t f
Il) dleeﬁ?) e"%@ wly e n a veoc
eve )nlg? QQmats |{cﬁ| with 6 Cﬁ aél '}HJ l?i?%nt E% esQ t

15 Ove a er S no on ensures

byl ge Of r eﬁlrﬁ?n VB to éBJp%E’ 'wci?ﬁ% ﬁbin ﬁg@ In *Ba %Qvabd%erf GRR%pR the
dur | NG,,S iEGPdu ?‘m L resih 16951 Rhof A HHdTaBSropria .am A6 i tnﬁetap&:wﬁ% ¢ b?r it sl d
i nt er f er gughok Bolicds It BCVAVEAS HQfeast ihaupLiM, steaes.@oevdn QY&J low? dhd thé pilifor miisk thom €
part wer eel 15%5RddS MCstdpl 28.Ca EHdCH 18 nadd!id sH6% the Blingdt!isfat6dly @i thé BBoMOS thdWaE ing oul d
f orm abOVaesthfg ifasLhdt, iNEresth2$ arecr26, avciungdr @& 1bvawedl andie. pluhdr Position,icuatities @it the

" channel "mra@bni& PLUNGPES] i ppdafed il oD 7871 a oy i$ istitutetitd Hllow thoefrésireto saitd, endxsjump
snal | ess, iamadevio stbpl704as Ehscicthe tekir led) againD VieraboMe ogufle thesepeatsceded t o- snoot h out
di sr upt i onsTurniigebeek b step 12¢.caasupdngdhe plurgedis piothe) botoy afrthe evatt the enlp whyatpagaise the
t hi cknesdJevel ieeadddesinciottiieovat. insstapof32.cth evall isrybokedragdin, and ragsuping lilris still. todViow.dover ,
i f over disteps AP-7adtee Usprris asked o preghkeydndicating e okahe will mapgaiiy\addhiésin. Uatil the key is

t Ncknes suessast thp @rocgss nmﬂ Ipapp ey iherkeycis presead, A Fag)is est (thecsnmefleq; weicttia chesised in
de5| r affl estepEg$), Whiled Hmaliiy adds eesis éostheyyal m@%@&é@%emﬁsst Wil lsop yngl thestesing n
parts wi t'evehis ghthe é'é‘E?FUP‘P r‘f"he"fﬁéﬁ' é‘f%‘?"@ “'cPe'@?Fs’Eﬂ?é? sedt Bﬁ"'%{j"’aﬂ"@‘@“@a@?ﬁn?"ﬁ? n
| ayers i rf°‘°t"h'fa§ b?eé.‘ dedpand

S g agtﬁg os gt tsgézf éf’%%e* s %@ﬁggg “i'j;fj‘“d

Turni s than

bet t A the (fase where

pfob'erensqw e hg feaé’ i Hrs o es wsé%i’ng’“ onal
d

embodi e :i%,;% rﬁéoga; e ONaBSS Vet T W 1%‘%@1??!:1 t&éoent

In the S bggkqg @gal 1 ON O the doctor baelsasquare having a

‘Wi dth gf 3 ihg B

aetl{o&tdp%b)assutn HdHinhdr s at it RighdSk pobiticAUfteddy, ahd! BdRRYt b6 ehisdl
onl'y one ajforéi thd)usdr aidstmarrtouﬁealnf ron¥thié Sdineltobifl &b thb Wax. WDt EA] a Gleck Remidleasle so
t hat t he dateamifie #iatahel rbsin IBYLPIE Gtill tod KIGHS BAY iR stapsCART43, T @Ser is [SahtS nEsYage,akei® him

pr obl em kon@eio asnové tebih,cand Bredkad o pross atep aeknywiddaing theugsEage.tUntl tenicby @ prédsed,

bl ade t witsd grogessiwifl loap.tWies thetkbeis elegsel.cm ctep T4t oflagris sut, sind in steh @45, evbitectbe wegr is
process, remeingassim theussit lovalis| chyeked tmiil i lisnat Sw. applopriatexheight. Unid itvikitiehprodees will
unsuppor tlea. When the level {s\at the corregt Hieight, inestepi 746, theyserris hadified to sigp ramevingyein.éndd 't he
bl ade | erigpmmadebaeidta step Hitaln s P%WPH endiscuppay oasliep the fiag istresat setting of the 35
bl ade gap wNetp thahlevellisg aepd. "°'T Re 'f"t?éé%ga"f‘ rRYer 9@§“‘Mﬁfﬁ e davel mayhayp ehargsd t o

error, arRgcause of asy of g followingi,) "P%e" Shrinkagp; %go "F"&“gtdﬁfP'ﬁm"ts‘éYséWs
whi ch @arPytﬂ?gEb’ngig?g "B'E‘B; % epg 'é!P P?Et"“tbﬁ ¥ r g lgye rmr e
recent c

SLA- 500, a" St f°’ RRuteS oL diaen,

f romt hat::@%gﬂ sel Vetl ,’% ore d)uflnr? %ﬂad‘atm Iaye?s I? tpros'g d[§ ln%
nore egsi | ypgy LS gey St BGINS p {% vy ded at 40 each end of
the bl ade.  Whut e %&&ﬁﬁ@ﬁ@@%’%@&hﬂ% Y 1A rRRRY T BRWEESI N
surface tQmpfses i e‘ott@vvi.stﬁnsdu Asbﬁtlsaen\mwmat.yﬁstw.mhn a tolerance

of [err] m[ wthout exertlng torque on the blade. In addition, threaded,
retractabl e needl es are provi ded, one at each end of the blade, each of

whi ch extends a known di stance fromthe‘ bottom of the bl ade, which distance
is equal to the expected bl ade gap. At present, the needl es extend 0.635 nm
(25 mls) beyond the bottomof the blade. If a different bl ade gap



45 were desired, needl es which extended a different anmount coul d be used.
The needles are illustrated in Fl G%?é4 %9%5 FIG 14 shows bl ade 400

wi th needl es 401 and 402 provided $41 nd. FIG 15 shows a cl oseup of
one of the needles which is nmounted in the blade. As shown, the needl e has
an extended pe+ - } } om 408
of the blade. |In tMedulsl A-5D0, the distance i Pegrrigig8 nm (25 nmils) 0.d127 mm
(0.5 mls). A3 SHSWREP.PAE eI swidping @fingpdri ulfiHd Srted R lcbrjunBtioft Wit B dh i s
preferably a Ifismomelras t hy amsls sikeivdvd Stepbing@Pthé PIEtdEH Biing Ridoding’ NS/ i Nch)l. The
needl e nount il MACHINEXPRMIE | mcludbe BivdebingMputdétiuitpartmstence numeral 409. As
shown, the nDOYMUTOREVELPABT [ peifatngievbling @Tbetfiabn the dawing\bfilaybrst he t hr eaded
portion of the UTRADIUSTEAS peset hrsetyesillevehbalors buligisg &ipert, f or control ling the
extent to whi {rRECOATERBAR e| uws alpveprpgrares th @grivrml recéatingastianesiemél td BULID| ade. To
set the bl ade gap, the needles are nounted by screw ng theminto the bl ade

until tHey pratdeedBed Memote REIP§ODL! Phsht AgPIdRion SN B3f ERNBUINS idMih6 'pRIGRIE Which
screw at OgRhéfislosdthe bl@ind bt As ifditald Abdvs)ithd prgdaﬁnsrmcﬂl e Bduallifince? Bélused in

t ouches t h@onfjufstion with! BURDE Togdifbrs thésbprEgianhd Will PRvidS iAEShaby skibstarilly ¥imfidr N6 that he
tip of thedeseaslabove Wih lesebh teIFIGEZI) RECGITERPAS,IGRVER Profides R MeaRsUS pakobnil rebdding
resi n surf aaependeaiof BUILDOTHS SoftMakeistingiol635 - 0. 0127 mm (1/4-1/2 m ) of it.
Thus, tH& needl e can be placed at the surface within a tol erance of 0.00635
- 0.0127 mm 1 EP 0 361 847 Bl (1/4-1/2 ml). Then, the mcroneter screw
at the other &nd oT INe Dlade T &t Usr el Ut T =TI fesre=ar=Tar=end
tQuches the resi 3DsSystems §heneolhehbb&dph95SKét&QdSOQEdaEEen | owered to
see if heth the_peedles touch the surface at_the sane tinme. |f not, further
iterations of the above cycle are nade until they do. VHhen they oo —The

bl ade gap is deened set, and then the needl es are unscrewed so they no

| onger protrude. gy ¥bl In remain in the nounts, however, so that the

bl ade mass stays_t he sane. her nmeans for attaching the needles to the

bl ade are possi bPEA Reepatergbladeysndoplupgent upiddtyndncaudas £illet.t ons
simlar to those used with a ratchet set. To reduce tw st and flutter of

the bl ade, a sec | port is added so that each end of the rail is
supported by 3ucg£2;52##.é$ﬁigi&FIFrFEBﬁée or eliminate twist and flutter

st o (12 asmeiconcupates tor producesta stasho dousis 12|

reduce flutter i nf{ %@y%gm%ﬁ& H}gé&eﬂ’é.j‘nﬁ't ﬁPii@&fm éBEgﬁg9°ﬁ5twbEh

possi bl e wi t Richardne Itspbis faute!the bl ade woul d sag nore. At present,
SLA- 500 bl ades ' | f.7Q. Q@3 1/8 Ln 0..0048 _mMm

' (3/16 in), and ?%@%mfi/%ﬂ @-ﬁgﬁl& Qgsiéﬁgg)ﬁglsﬁg#ﬁ)’ml%‘:'e?ﬂ%rb| ade

cross secti orf¥- be changed so it is no longer rectangular. 15 First, the

Che Dlade nos: 't TFLS78s Mol AR Mifi¥bathddibednif 1KY 100 pAREbECRECS O
el ’

t he bl ade near the, bottom form ang W fals
506 and 507, B9 ®¥. angl es of attack and separation, respectively,
With theeresin soa/rg89 TEOF angtegpatet w2k JéntBestNIsB0 YebBEonl M eCtion
of bl ade novenent while the angle of separation is the angle at the other
end. These angles are added to better inprove resin flow underneath the

bl ade. Wt hout these angles, turbulence could be generated underneath 20
the bl ade, which could create bubbles. These bubbl es are problematic since
they may$stravel along with the blade underneath it and be left at the
surface of the part after the blade has travelled over it. As a result,
they may turn up as an inperfection in the part. By angling the edges of
the bl ade, the pressure gradients are reduced underneath the bl ade, |eading
to less fluid separation and therefore | ess turbulence and | ess bubble
formati JA. 1t 'has been found that, depending on part geonetry, these angles
can range between 25 about 5 and 8 degrees, and in addition, the angle of
attack can differ fromthe angle of separation. For the SLA-500, an angle
of attack of 6 degrees is used.
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The blade in FIG 16 is shown as bisymmetric so that it can sweep in either
direction. Alternatively, two asymetric blades could be used alternatively
to sweep in either direction WithE'?elﬂé"%g‘wo?1 attack in the direction of
novenent . Qther blade configurations are possible. 30 FIG 17 shows
the blade of FIG 16 where each vertex point is rounded. This may further

reduce turbul enc 1 hpps,. §O # h ire bottomis
rounded. FIG 19%%@@3 €§S| on e%r\%rg{éé? héebétg(gltetigmgi gagggs}‘r%sﬁﬂeggﬁgx. The
| evel | i ng appaF3%Ris ¥8f PR Sha ¥ wsAVarRyaye (R%eRs pE@. mAves Bh®ar at us
over coges a proeteatexhi bt rigfy ivts v= ikt thérhewehise slihecdvac steppipfr at us

described ear| ppsm AINSIEISHABEAAY,! iviHich! Nfe Dhowebbe3heraPPar ghtts may be

sensitive to bubglweﬁs. %vgrgone t hi stprobl min that aggarat us, a side

tank i s added PRV HFENTBPe 2 FOFRBEE { BPeR PARARSERES &8 FOFESRY s

detected in theelodfdYsat. However, when a |ayer of resin is supported on a

heavy e sci bl e d1A819t8eS JPeS PasBeGacBel). & zZWR168! aé\pPhbSﬁétém; Nep 365, 444,

the resin Ieveﬁ*&,}&g §|5?°Je%rllsegays&q;tcebe an accurate determ nate of the
e nain vat, as I.

resin level in s assuned. This is because during part

bui | di ng, resin iMAATESRGF dde FRA, Khe recendppest fispdelaw far| o0

conpar ?52 wi t h phwngerderbank. Because of this disproportionality, the liquid
in the™side tank,gqngyi S rSutMHd hat in
the main vat. ?_%%39‘5 4 caﬁ%q\tdﬁer%si n ngg?élcll n%%?hggéle%g;?gzﬁefo al sely
read too high. JPEPYaRe=) hi s probl em an apparatus including a float is
eqpl oyed in the $2X03489t G0HeAddt PDRe PraimAdcelel and Direin¥eloaatoi nstead
of "the_pi-cel | swgypapaimus descri bed earlier. The float has the advantage
that 4 it isr Lvely .-0s i tgVe: bubbl es. _and.sp_.can bg used to
detect the |evel edo?tolt?égbr E‘dg?nil%é t’#% %"%p%r?%ét (geé‘tﬁﬁpgg&gf?’g“a gﬁfé t ank.
This i s becausEhandfustec ¥ dloattaches to the side of the float will not
change its mass, Gy24/encGOR Add| exit totsedPluingetr if deksok Ewer eipste, a side
tank -i 8 not negglehicald the float will accurately detect the resin |evel
even if a layer of stp were floated on a heavy, immscible fluid. The

fl oat can take nsﬂ?/rzgﬁﬁgego.r Minoreledmunsand EPAMeNtSat s presently in the
shape of a snall B97/89 JFavidry BlungenVp ofuldbostrde,ccadd bketter | n

atiei tion, the dddiffance 3¢VaRtEgRPUES Yedf | OferiPatady 2@sbigd £FYyd esin that

gets of? the to r he sides of the float, wll rapidly drip or slide
of f, and not s‘g%ns'%aﬁ\fgﬁéﬁl t‘change the mass of the float for an appreciable

period of tine. 193/37488pTRT %&'@ omdiyefittingigbatiB'al vritihg fbashon he fl oat,
this could cause greenr oEepiayevel nMPESUacEBRédstidICEthd Cerhdséhange the
extent to whi | S b : his l,nstapce, to cogbat 55 this
probl e ot he%’{%g?gggg‘?egénsh%#e%%%??bl%{“}sersh W i Haﬁ'&:' 20,%i ch woul d
not enabl e bubfAEables| odBe thik, ity thatf| Sake Taasigmygntapbremt us
present|y usedMaxPluingeMbves Mire trahsfovmedt €d iondgin®. 21. As illustrated,

the apparatus comgr/e9gef %{ﬁg} [ 603, bearing 604, and
opti cal, detecti on, ({: r% |t%§ft§8§%is S owrr%,& tgﬂe o EP 0 361 847 Bl
supporting beam i°$/#8 g?e o°hange blade Malfungtisn: algrt, Qi AliK f ace 601
pl aced in vat & tphrepesition hladewvertically rotatable around bearing
60:1_. Iln é hte StL_A- F@?psbeg;:‘rm sﬁi%;&swﬂvmaﬂg@tﬁaqual --C'Ff‘sés gzbe% ing. The
optical detection. [ own i n_de i :

i |1 ust mat ed, therbg/?éz#?rgﬁ% ii%{g%%ﬁgﬁﬁ’éra%r%"@h Precedit ed to
beam 603, |i giindk®pPPPrE FROMER.("LEDs") 6052 and 6053, which emt |ight
beans 6056 and 6354r-+-86{86kk¥etyq-Giid-0ptiLal-—det.ectors GQS4_andy 6055,

whi ch d_et ect t #QLD&@H#RWQ*PI%%QQ*QI*JJ*QM,QQ **G*QQQ*Qng*§P57,
respectively. The optical detectors are electronically couplea to" a pl unger

or oth& neans a€fown) described earlier for raising or lowering the
resin |l evel irmses CRT,DOS,UTILITY1,UTLZSTAGE,SINSTEP, BUILDVAR; :

§6
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response to electrical signals fromthe optical detectors. 10 Any
change in the level of the fluid will cause a corresponding verti cal
di spl acenent of the float. This, i FP Q3% 84781 cause beam 603 to rotate
around bearing 604, which will cause nenber 6051 to displace vertically by
a distance which is a magnification of the fluid displacenent. As |ong as
t he nenber 6051 i j t e of. bl.ock either of
the two Iight b‘e’fn’:?’,*s'gg\ég*Etﬂ*'gio*té'%*?ﬁépﬁﬁﬁ %r*?‘ﬁgrgggﬁ?ﬁg*e*ﬁaa*ar*\mi chis
detected by opt{ Q@thjeopreeessBUHIPRAt1s 6055, respectively, the resin
| evel issassuned to be at the correct height. Only when nenber 6051 is
defl ected sufficifgfgdet +plock the passage of one of the light beans to
its correspondi ng optical detector, which will be detected by the failure
of the optical det dSPEFINB SORX up any light fromits correspondi ng LED
Wil it be assung($ELSE} the resin it at an incorrect level. In this
i nstanceg? a pIungeQ pBFh&spyeans electrically coupled to the optical
detectors will be egither raised or lowered in order to position the resin
20 level, and hd®&&PEFdat, at the correct height. |f beam 6056 is bl ocked
by the nenber, typech will be detected by optical detector 6054, it will be
assumed that the (s3¥peF! is too low, in which case a plunger or the
li ke codfd be lowered until the resin level is raised to the correct
hei ght. |f beam\é%@? T¥PH| DAPYSY t he nermber, which will be detected by
optical detector {#®38E}it will be assuned that the resin level is too high,
I Q_whi ch case a pli¢aeeype’=txeail; ke coul d be raised until the resin |evel
is lowergd to thg gﬁ &git height. Note 25 that both of beanms 6056 and 6057
cannot sinultane 3 & bl ocked by nmenber 6051. Therefore, there wll
rarely, if ever, be an anbiguity with this apparatus, in the instance where
the resin | evel(g1s prbadsel @y rect height, regardi ng whether the proper
response thereto is to raise or lower the resin level. The recoating
softwaresused in the SLA-250 will now be described. A specification for the
software in theomgtm of a flowchart-is illustrated in FIG 23. Before
utilizing the sqf vdRPGungeMtiRis "WS3odds 5 POL N sEBUeA! brdlyy JPRNFGIFL € S
that will be u ?P tQ cog;éol t he novenent of the platform Thése paraneters
ake zA, zv, ZWARECIECE rd%redcribed in nore detail in U S. Patent
Appl i cat®?on S. N{ ¥axPlunmgeMaowesy| =t 28007 i s fioxidhet eld osxtwrent of }a conput er
known as the PROCESS conputer. ZA is the anpbunt the PROCESS conputer wl|
all ow the platfor elerate or deaccglerate, ZV is the maxi mum
vel ocity the plat ?8%%“@#\§Tr§°§al | owed t O HcHi é\?&?“iﬁ & §weePnd depth t he
platformis cause®inplungempves nto the | izuisd resin before sweeping. As 35
di scusséd earlier, ZDis typically nmuch greater than a | ayer thickness. ZW
is the settling d ich is the anou of time the PROCESS conputer is
~directed to wait §?§§?r¥ﬁi platforn1ha§'8%€n_Iomered after sweeping to
pl ace the upper s@WakBeried the resin | eek0ion top of the part at the sane
| evel aggthe resin in the vat. The PROCESS conputer wll wait the anmount of

time specified by be uri,ng r esi t part. 40

Besi des t hese par eslfzre 'er;sl?{%m'uggr°%rah€y%?)e'cir}1$3g0%§8f£@%'r{b l’‘es for each

| ayer or range of layers including SN, which is the nunber of sweeps per

| ayer, and GV, vafei ch stands for global velocity, and indicates that al
sweeps ase to he cified velocity. The user also may specify
V1- V7, which a?eggﬁ ?%?%ﬂgpﬁeéggcities associated wth sweeps 1-7,
respectively. BPS¥EePing t hese :vBPateani he user indicates he or she wishes
vel ocity to vary by sweep. 45 The process begins in step 700, when

| ayer Nis dra in step 701, the platformis | red peneath the
resin sdfface Eﬁug%?g % speed determi ned by éﬁ?igmf'zv?mﬁﬂggtikPQ&ﬂi a
post - di p del ay fremj iptegamifar 680%al bow settiing of the resin since the

pl atform has just been noved. In step 704, a reading fromthe bi-cell
detector is taken and corrected for a bias introduced by the circuitry
(identified as BCVAL-BIAS). The reading is then conpared with an upper
limt, identified as UPLIM 50 and a lower |limt, identified as LONIM |f
bet ween these two values, the resin level is assuned to be at the correct
hei ght. Assuming the level is at the correct height, in step 705, a flag is
checked to see if set. The flag is set in response to a key pushed by the
user, which indicates that the user nan*;lly has added or taken away



resin fromthe vat. Assuming the flag is not set, in step 708, a check is
made to determ ne that SN, the 55 BW?R B]; sweeps for layer N+ 1, is
“greater than 0, and that the pl at FB T84LRY | in a safe position so that
the blade will not strike it while sweeping. The upper bound for the
platformposition is identified by the menoni c NOSWEEP. 13 EP O 361 847
Bl Assum ng t MachineDgpéi ons are net, in Stgyriag9, an internal counter, -
SVEEP, is firgfa,eiblibgbié£d to 0, and thep 'irfi:%rgg nted. In step 712, a

check is made to determ ne whether the blade i { the front or back of the
vat. Assuni ng DefauitBhangerStepsPesMiht , ih rAads 713, the blade is swept to
the back of the vat (which is a distance specified by SWEEPDI ST) at a

vel ocity which may depend on the current value of SWEEP. 5 When t he

bl ade has reacheq the rear of the vat, it will in the usual instance
trigger a switlcFitBeFPREeRYE lith the menonic LIMT SWTCH. Assuning the
limt &itch NamSWeepsacti vat edintegétep 727, a check is nade to determ ne
whet her all t eps specifi,e v fmed for the | ayer.
Assuni ng theyliﬁg\iiéﬁnot, a junmp ?ggﬁgﬁg Eﬁ’cﬁ"fg‘ig?gg%g, and the above
cycl e repeat e®12f#8F&Png back to3FFBPI¥447) jof dnsegass where the linit

swi tch_has noBikeen activated,: tihteherde is slowy 10 noved towards the

rear af the Veh 8hbMoRd MM 3eeqef: 5 i n/sec)., and assuming the limt

&

switch is acti gat ed . w tﬂ?%la} s:econgg a junp is made to step 722. Assuni ng
it is not so SCEPFSEREL the profleatfwpend; Mo pRedibp 721. Turning back to
step 712, assUpbay the bl ade i:siategée: back of the vat, in step 717, the
Che. curs ent oue i ber and | ATSP8T Y T L 5 Check T4 made to see 11 the
limt switch \ﬁiggﬁ‘é Qctivat édnﬂggﬁﬂ?\’g’ it has, a junp is made to step
f722.tlftit ha:oapzip;;lsiyze? ZrmﬂainthgzbisaQe/i S sI).ova ydnp}/e;jht O}Nfar dts thgat ]
ront at a velhgmbhd : ] b in/sec.), and i elimt switc
is actewated w.thi n02 sec., a jaﬂeeﬁs made to step 722. If it is not, the
process i s ab6P@ed in step 72%. iBERFEVY back to step 704, which is right
after the pla¥Porm (and part) :h&teatPgpeover dipped bel ow the 20 resin

mhae 0 step TagvEREER P, S, BBbuBhnt E OER O O 1T BOVALBIAS 15
great ef® t han BPPFRESERREIEsin: BFAL s too | ow, and the plunger nust then
be lowered. In step 724, a check is nmade to see if the plunger is already

at the bottom@kahifsddlneBihedS Wik it ddudsnalQhuohPedl fRSallRagnd 726, the
pl unger is |lowered, and the EIEun osition, identified wth tHhe mmenonic

er
PLUNGPQS, is BpaSedwre ke ?Egl,mﬁ ¥iay is instituted to allow the resin
to settle, angrecedure ReadMACHINEXPRBEIYe;/04 to check the resin |evel

again. The ab ¥Sc£&'|i.{é£b‘€){}?{d&mlgﬁgﬁﬁéﬁnn &, ing back to step 724, assum ng

the plunger iS at t vat, the only way to raise the level is
to add resin PEocpdure SwesperBackiperias: :| veal; StopRedecd ingeger) and

assum gg it i protédiré 00 SwdéperRofhaRS(petdodl4, té&l HSelstiopcaaked {0 press
a key indicatifge &r PI she will manually add resin. Until the key is
pressed, the process will |oop. Wen the key is pressed, a flag is set (the
sane flag whi PROFedurp MoveBladgdpesied: zeal: Ghppeodevintageryriesumabl y adds
resin to the pabceduret PRungériéRFinyTorqae: \(lUsel affitdintany t peungsin | evel
is at the cur{ngg% J,fvﬂ. When it is, in step 740, a nmessage Is sent to the
user indicating that enough resin has been added, and a junp is nade to
step 704. Tur RFpgediaxs RlnngexpoypinupMeves thdangiing;haerbssapaoded: so t hat
the resin | evghtégery; the correct height, the flag nust. be reset. This

condition is [ 705 and 706, and.in step 707 the flag is
Foser. 55 - DECEENEL BgngBugGuediied]t il i tendaen n” o

| ess than LOMPKeIeRX: cating that the resin level is too high, the plunger
must be raised. A check is nade in step 728 to see if the plunger is

al ready at
65
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its highest possible position, indicated by 0. Assuming it is not, in steps
729-730, the plunger is raised, and_the plunger position, identified as
PLUNGPCS, is updated. Then, in stegpﬂ§%1§$ ttling delay is instituted,
and a junp is nade back to step 704. 40 Turni ng back to step 728,
assum ng the plunger is at its highest position already, and cannot be

rai sed anynore, phi@edtee WS&n@@sQQLb&L%&%ﬁ%@% 'r%\?gPri:QaEhe vat .

In step 741, a ¢heck s made to determne t e is'still too
high, and in st%ﬁgpéﬂée- ng‘,ngfﬂﬁr{rser is sent a nessage, asking himor her
to renowe resi npragedure 5skaitsveqpes{opbidnsinkeganivastigi Agoptmiaessage.
Until the key i dnpegésyrd, the process will |oop. Wien the key is pressed,

in step 744, a ! YoTo RN L i t user s 45 renoving
resin, the resi %E?g\e/éexfrfgéac%%c é’g raﬁ%%‘ﬁp F?"ng‘\p@i E-?ﬂ%{gep"pﬂidﬁf’#ﬁ?%r)rfei ght .
Until it is, th@Fpreduce WhichBladalimjkivar HdmisSuiteh: dntegerkorrect

‘hei ght, n step T4proc¢dunresaddRencveRiekin (vd:0 FihapLEéeINY iiRgeges) N,y and a
jump made back peotefud@d. dcFiERGe L) Hutlier PPullbatUIIRESALIFL, LI
flag is reset. tel hat l.eyel |1 ng need not ebe performéd at each Tayer, but
only when the | at VIHGW e%?ﬁr?ged because of any of the follow ng: 1)
thermal expansi 8F0edyme nkafesSwaelp 3P idRegithy Lk gprdepeht recased 50 by
pl at f or m suppor RelaxdtivnTihet ivfeddigse are present, levelling need not be

conducted for ag??%?dr}‘er&“ég‘gég‘??é& Eggfééégdérm??fa” the sweeps for |ayer N

+ 1 have been p I'n qualr’to ZWw |1 be instituted,
aRd, i n steps 758*'?%&‘?“%&"9%?%"%&"?‘& ed:¥ealhi e conputed, and the

| ayer dp@awn usi pyotérbare egpMoveBladelpepiddilreallpre detail on conputing
vectors and dr apkbledieshebscd Vi ded in U.S. Patent Application S. N

331, 644. 55 The above cycle is then repeated for all the rest of the

| ayers of the part. A listing of recoating software, version 3.60, used in
the SLA-250, w KF*HBAEASE *BFSUF tt A TR @ SEpfaaiokoc & & ohppi i dovck s & & ek £ 5o8 4 Jowi NQ
modul es2s w i tt eimplemdd8BOiBASCAL, each of which is listed in turn: 14 EP

0 361 847 Bl Modul e Descri ption

UTLSVEEP. PAS Controls sweeping during part building; used in conjunction

V\éu-t(.h BUI LD SI NSTERStoAS Al l ows sine wave stepping of the platform
ing recoating 5 LnstepsMACH dlcr@3M1..60) ingeudesssvegring =

d

i nput/dé&ault pasgees L f leveli | et ween the
drawi ng of Iaye?g UTL?Z\JU}[@%{BSXEXE'ﬁg'é‘?’t339§éf'9§r'Jé%?'r%%l'g\k/é?gbie#&lraéa bilding a
part RECOATERPA%: 818 Rl &11800e SpP ofyr bufly 44+ Bed F rdn2v@e 802 i g doldi dn
external to BU 110 1,1,1)3, 0asa,i0hedojmogre detail in U S, Patent
Application S.N 331,644, BULD is the program which orchestrates the
buil ding of a part._As i gi ca#ed ,above, the progranms will, in the usual

i nstance, be used |§¥°@Sﬁ]q nctYWPwi t h BUILD. Toget her, these prograns w | |
provi de functi onabiSweepEdbst#808&l |y sinilar to that described above with
respect to FIG 23. RECOATER PAS, however, provides a nmeans to perform

recoating 15 indepgnd | LD. The sqf re Jistin ol low. 3D
Systens Stereolitho rag’ﬁi"%"s em Sof t war e ZéW%TLS{/\Eﬁ!".cFﬁ% ;5 SLA
Recoat er bl ade and JREGNSEPL2%i ity include OFle. 11/15/88 GOF File created.
11/ 28/ 88 GOF Updat eteffanltplunyeMotopD&lay? 56 geard. 30

o defaultPlungstart = 3.5 { inches - not used
now )
defaultUpLim = 53
defaultLowLim = «5;
50 defaultBPladeGapLo = 0.125; { inches between

liquid and blade }
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11/ 30/ 88 GOF Add Bl dSweep.inc, solidify interfaces with Richard. Its his
fault! 01/03/89 GOF Comment out ﬁé if Eg,ygr essed from sweeper code.
01/13/89 GOF Put MbnitorlLaserBea 0381 1part of PD, postdipdelay. 40
01/18/89 GOF Integrate with Jon's SLA 500 version. 45 60 55 15 EP 0 361
847 Bl 01/24/89 JFT If requested speed is > MaxSaf eSi neSpeed then we use

the ol d square-wa he 5 _ . recqa t,if it's <= it
t hen we use sine- vi\%\féhg?gc’éébrﬁs%rf% S| NSTEP?PAS ugi %gé%ﬂm&]ﬁ we now USE
here.  Both met h&e<apy Scorrect Bpddd palafptematicomede kct

vel oci sy. 10 defagltPn? 89 JFT Pass ZAcc®t & ZVeloc as paraneters to
ZFreeMwve & ZMove@etadbtsi ance. 01/27/89.C0q Aphd PD2, the second post dip
del ay for set plung rk/g{__@g. 01/31/89 GOF_Ad¢d routine to read and wite
Machi ne. prm ( MaxBIRaENDYES) 02/ 01/ 89 GOF~Add’PDZ, Drai nAccel, and

Drai nVel oc to 20 defaudt¥Rp prm 02/07/ 8% A¥®ad XP support. (extra

Pl atfofd) Al so change Veloc to Floatt. 02/24/89 GOF Add exit to SetPl unger

if its OKthe fir ReadBi Cel | . Q2(27/89 GOF M nor cleanup and
?w Dist .1;
comments. 03/07/8 féé b?] Pl unger Up full sé%o e, add better assurance of

getting to top. Echo stall nessage if we 30 don't reach it. 03/17/89
JFT It'1s only ¥aszting that |'mwiting this on a green display. To
acconofate the 188F, : Integer; VMAXPl ungeMoves has becone greater than
max| nt . So, varda Igﬁ in thi 3 ugi.t that take assignnent from
MaxPl ungeMbves are PRREY of r‘?’é’& o] fongint. 04/10/89 JFT Change Velocity to
Perjod. 40 PlupgeStema Jimtegemnhge bl ade mal function alert to allow
user tg repositi @elaytiwe : integer;

junkl, junksc : integer;

junkKey ¢ char:

25 {*********i*******it************l_‘.‘******_***i*_*************)

procedure SweepDefaults;

; var
~ % i, code : integer:
begin
NumSweeps = 1;
for i := 1 to 7 do begin
35 Period(i) 1= defaultPeriod;
BladeGap[i] := defaultBladeGap;
end;
Bias t= defaultBias;
“0 PlungeMotorDelay := defaultPlungeMotorDelay:
PlungStart := defaultPlungStart:;
UpLim ¢= Bias + defaultUpLim;
o LowLim := Bias + defaultLowLim:;
BladeGapL0 := defaultBladeGapl0 * 25.4: { convert
to mm } ’
PostDhipDelay := defaultPostDipDelay:
60 NumChecks . := défaultNumChecks: { automatic mode
}
55
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07/05/89 JFT Single Coil Holding Torque. 09/20/89 JFT/ RAG Added Sweeper

Cal i bration procedure and support Esr NCR.
0 361 847 B1 i
------------------------------------------------------- 50 interface

uses CRT, DCS, UTI LI TY1, UTLZSTAGE, SI NSTEP, BU LDVAR; 55 16 EP 0 361 847 Bl
{ math coprocessor support } {$I FOPT N+} {$DEFI NE COP} {$ELSE} 10

{ SUNDEF COP} {$ENQpds type 15 e é%ﬁ; } Fl oat Type - Single;
{$ELSE} FloatType = Real; 20 . °{ $I product. inc} 25 const (
MaxPl ungeMoves = §@é§?‘?€e}or t he *&j figEAu w) ( Now in product.inc. 30
{ MaxPl sngeMbves DraigWeloc for the defahltovew } defaul tPeriod

= 3; ( seconds perxgweep } m npl URGECRDYBfal (defaul tXpP Eoé').% m nPeri od
= 0.1; nmaxPeriod = 10; 40, Bits: array|d.. f of Byte -

($09, $OA, $06, $05) ;SRPEFVEEP  « (FELEMRRY | abl es) NoSweep
bool ean; 50 epd Linger Pos l ongint; { Made | ongint
from i nf®ger et e T T T e
procedure ReadSWEEPxPRMfile:;
const

anyfile = $3F;

16
var

SweepFile : Text:;
Line : String:

Y
20 i,3),kk,index : integer;
DirInfo ¢ searchRec:
begin
2 If ShowSweep then writeln (' Reading machine.prm
file. '); _
. FindFirst('\3dsys\Machine.PRM',anyfile,DirInfo):;
~ 20 if DosError <> 0 then begin
window(1,1,80,25);
ClrScr;
gotoxy(1,21):;
35 writeln:
writeln(’ ERROR: Machine.PRM not found.
l) H
Userwait;
@ Halt(1):
end;
{ _ }
P assign(SweepFile, '\3dsys\Machine.prm');
reset (SweepFile);
i:=0;
repeat
50 _ readln(sweep?ile,line)'

until line = 'SWEEP,.PRM':;
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EP 0 361 847 Bl Machi neType : string; MaxBl adeMoves

. integer; 5 Def aul t Pl unger real; { file contents } 10
NunBSweeps i nt eger; Peri ?%EB%E’FBM é‘ array[1..7] of FloatType;

Bl adeGap array(l..7] of integer; t5 Bi as

I nteger; PlungeModtorDelay :integer; PlungStart : Fl oat Type; { not used
} UpLim whild [ @@e' EoffsweepFi®¥)]) Mna (i <= 27) donbagi; Bl adeGaplO
: Fl oat Type; Post D pDeIﬁ){‘ s :‘J‘,g; e eré) unChecks “integer; 25 PD2
integer; XP readln(Sweept; “r%& SHOWBVEEP : bool ean; 30
ProcessSpeedM - Rbfi|1ine[1] <> '! Y then inc(i):

(******************if*fUvi*tﬁéﬁ*a\-évih***************** } procedure
ReadSWEEPXPRM i | e; 35 procedure ReadyAGH NEXPRM il ¢ pragedure;, -
WiteMACH NExXPRM i | e; prqcedure Swe'e'per Back(period : real; StopCode
integer): 40 IntVal(eoRyfldne, Lpesfifol 1RSI ladidll: real: StopCode

I nt eget?) ; procedur ceddyeBl ade(period: real; StopCode: integer); procedure

Pl unger Hol di ngTor qugg (,-pga gjt@ﬁd Y <kl !'%g%eﬁf’begin nove of 1] procedure
Pl unger Down( num\bves .%o gl n&; var StopCode : integer); 50 procedur e
Pl unger Up( num\bves t n(a’l RPd %™ StopCode : integer); 55 18 EP 0361
847 B1 procedure | ni t Sneeper &ndPeuRger (B i®nt ¢ M dgel; val 1 V

2]):=RealVal (copy{line,1,pos('!',line)-1),3J)
else BladeGapI (i div
2] s=round(RealVal (copy(line,1,pos('!',line)~-1),33)}¢?
20 : (} ( BladeGap{i div 2]:=(1/1000) * (25.4) *
BladeGap([i div 2]}; ) :
{ covert mils to mm )
if (BladeGap[i div 2] <= 0)
2 then BladeGap([i div 2] := 0;
if (BladeGap[i div 2] > 999)

_ then BladeGap(i daiv ‘2] := 999;
- end;

% case i of

16 : B ias : =
Intval(copy(line,1,pos('!',line)-1),jj):
35 17 : PlungeMotorDelay
Intval(copy(line,1,pos('!',line)-1),jj):
18 : PlungsStart : =
RealVal(copy(line,l,pos('!',line)-l),jj)#
40 19 : UpLim
IntVal(copy(line,1,pos('!',1line)-1),33):
2 0 : LowlLimn :
IntVal (copy(line,1,pos('!’',line)=1),33);
21 H BladeGapUL?Oo
(25.4) *RealVal(copy(line,1,pos('!',line)~1),3J):
{ convert inches to mm )
50 { ) ( 22 : postDipDelay
Intval(copy(line,1,pos('!',line)=-1),3j): }

.
"
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StopCode : integer); 5 procedure I ni t Sweeper (option: nteger;var

St opCode i nteger); procedure ReadB @#61(*21%4rs: char; var Final Level:

i nteger); procedure Wi chBl adelLi m € Switch: integer); 10 {
procedure AddRenoveResi n(var Final Level: integer); } procedure

Set Pl unger (nuntSet Pl ungers: integer;var FinalLevel: integer ); procedure
DoSweep (Di pDepth, LayerDepth:2 rzaal :Rel axat inonThne: higateges) ; ptocedure

expSweeper Back rogedvie eﬁgz\w Forward (speed: real); 20
pr ocedur e expl\/bfic ﬁg‘c"%ggir'%%ed& ? plroc fpﬁg\/\eepCal { o xEmoekx A
k% **k*% gr-k-k * k% * *kkkkkk*k *kkkkk*%k -k-k*rk -k-k-k -k-k =

i npl enent ati on Totkdl (coPy¢pine, 1 pasl(a!I[Jlirﬁ()}-li'JD)f- } I nt eger = 30
(400, 200, 100,060, 50, 45440, 350&(1&5.:29,4%?(1&4& Postd. ,1ine)-)

? ? ? ? 2 2 2 g g g g 6“0 0 "(‘531"%8 %ﬁva &S’P (%i%égpog\’veepﬂlirﬁe) %?sos 40

def aul t & adeGap ' 25 - 100; { x|§’ercent ) defaul tBi as = 0;
def aulht Pl unge{\/bhe%%ﬂnlg&opy(ﬁinéi posl("’ ,1igeh aw) § 53 ungSt a&t , Low|_| . 3.5;
[— |2c gg on def a\tﬁ‘ll6> Bl a%ﬁ%agwggb o upcaseé“l'ﬁ%[lﬁ’ T ﬁcﬁéls bet ween
liquid gnd bl ade ) 55enhg EP 0 361 847 Bl def aul t Post D| pDel ay = 3
{ seconds } defaul téhayChecks = -1 { automatic node } 5
def Iaul tPD2 c1ose(sﬁee3i‘ifkﬁ)f:a‘“ t DA : = '0.8; defaultDVv
:k/50'8 ’ for i := 1 to 7 do begin
' 20 if (Period[i] > maxSweepPeriod) then Period[i] :=
maxSweepPeriod:;
if (Period[i] < minSweepPeriod) then Pericd[i] :=
minSweepPeriod;
25 end; _
UpLim := Bias + UpLim;
_ LowLim := Bias + LowLim;
~ if showsweep then begin

? writeln('Here are the gap percentages--'):;

for i := 1 to 7 do writeln('Gap',i,' is
' ,BladeGap(i)):

35 end;
ZSafeSweep := ZBladelevel + 0.060 {warp tolerance + 10
nils) + XP;
end;
40

{*****************i*******i****************************}

procedure ReadMACHINExPRMfile;
const
anyfile = $3F;
var .
SweepFile : Text:;
50 Line : String:
. i,ji,kk,index : integer:

&5
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def aul t XP. - '0.0"; 10 SweepD st 12.1; var

15 Steplter : integer; SweepStep Pl ungeSt ep I nteger; 20
del ayti me i nteger; junkl, | unk%%b%fgﬁeﬁb j unkKey . char; 25

*******************************************************
} procedure

SweepDefaults; var i, code : integer; 30 begln Nuaneeps _ = 1; for
= 1 to 7 do begi ®wi¥Info : s@arichieci def aul t Peri od; Bl adeGap[ ]
: = defaul t Bl adeGap; end; Bias = defauItBlas 40

Pl ungeMot or Del % .- defaul t Pl ungeMot or Del ay; Pl ungStart

def aul P ungSt% g[ UpLi m : Bias + defaul tUpLim 45

LowLi m . 2EpFhavSweepr sher writeAn B! adReading MACHINE.PRM

def aul t Bl adeGapiXe. * '3?%.4; ( convert to mm) PostDi pDel ay

def aul t Post Di pDel ay; mChecks
automati c rmdg } 5)5/}"-'§5911‘j'1-5tliS 63%% g eiﬁgi.:g& ,anyﬁﬂ;efﬂ%ﬁf\&j ‘def aul t PD2;

Dr ai nAtcel cPRRRFHESK. < ai nVel oc = defaul tDV; XP
: = Real Val (def aul t XP, codé)ind@m(ﬂt\&'m%) ; .= fal se; end; 10
’ Clrscr:;
gotoxy(1,21);
15 writeln;
writeln(! ERROR: Machine.prm not found.
. ') ¢
~ 20 UserwWait;
Halt(1);
end;
{ - - }
2 assign(SweepFile, '\3dsys\Machine.prm'):
reset (SweepFile) ;
i = 0;
A ' repeat
30 readln(SweepFile,line)

until line = 'MACHINE.PRM'; :
while (Not Eof (SweepFile)) and (i < 3) do begin
readln(SweepFile,line):

5 if line[1] <> '!' then inc(i);

case i of
1 : begin
. ' MachineType := copy(line,1,7):
ProcessSpeedM := RealVal{copy(line, 8, 8),
id)
end ;
45 ' 2 : MaxBladeMoves : =
IntVal(copy(line,1,pos('!',line)-1),33): :
3 H DefaultPlungerstepsPerMil $=
Realval (copy(line,1,pos('!',1line)~1),3j):

50
end;

55
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procedure ReadSWEEPXPRM i | e; const anyfile = $3F; var SweepFile
Text; Line : String; 20 . integer; Drinfo
searchRec; begin 25 | f %%h&%&ggpgfhen witeln (' Readi ng
machine.prmfile. '); FindFirst( \3dsys\thh|ne PRM , anyfile,Dirinfo); if
DosError <> 0 then begin 30 wi ndow 1, 1, 80, 25); CIrScr gotoxy(1,21); 35
witeln; witeln(' ©"™ERROR Machine. PRM not found. UserVéit: 40

Halt (1); end; 45 close(sweepRjdebnreepFi | e, \ 3dsys\ Machi ne. prni);
reset(SmeepFiIe)éna,:: 0; repeat 50 readl n(sweepFil e, i ne)
until lisne - ' SWEEP. PRM ; 55 21 EP O 361 847 Bl while (Not

Eof (SweepFile)) and (i <= % do be9|n readln( SweepFile,line);

if line[l] <> ' UYPHEYT**ARET 4t *’ffﬂ?ﬁéh*t%ﬁﬁﬂ#*ﬁ?tﬁ?ﬂ%§ﬂm*é*é*b s
I nt Val (copy(| i neptogeainire! WkiteMACHINEXPEMEi140 end; if (i >= 2)
and (i <= 15) thggndegin if (i md 2) - Ot hen Per i od i d i
1 1 ' . ..
IR BRI NI RN
NewName = - '\3DSYS\MACHINE.PRM';
15 var

I0Oerr,i,m,n,valcode : integer;
J : longint:
Ly r : real:;
20 ParamFileLine, AppendText : str8o:;

ParamFile,NewFile: text;

2 DirInfo : SearchRec:
InputlLine : string;
U begin
30 OpenParamFile := ParamFileName;

assign({ParamFile,OpenParamFile);
rewrite(ParamFile) ; '
35 assign(NewFile, NewName).
' reset (NewFile):
while not eof(NewFile) do begin
readln(NewFile,InputLine);

“ writeln(ParamFile, InputLine);
end;
rewrite (NewFile) ;
45
IO0err := IOresult;
if IOerr <> 0 then begin
OpenParamFile := ParamFileName:;
50 assign(ParamFile,OpenParamFile) ;
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el s e Bl adeGap [

2] : =round( Real Val (copy(li ne, 1, pos D) 20 {}
{ BladeGap[i div 2]:=(1/1000) * é%"z?? dlﬁ’hde@ap[ div 2]: } { covert mls
tomm) if (BladeGap[i div 2] <= 0) 25 then Bl adeGap[i div 2]

- 0; if (BladeGap[i div 2] > 999) then BladeGap[i div 2] := 999; end; case

i of 16 resetﬂ’ariamaike)z =
IplntVal ﬁ/gopyge: ne, |, Poskr 's= &bP@Quljt).’Jj) 35 17
P ungeliotof el 2y 1 1EYAJPL b Uy B9 SOPRRCAr | o)1) ) a0
19 en@hp(lglerwprmtval(copy(l|ne 1 pos(" ,line)-1),jj); 20
LowlLi md45 3¢ ydéer/al 0CeR¥AIBeAN . POS(" ! Ilne) 1,jj); 2 1
Bl ade G%a p L n411(25 4)*F@alval(copy(llnelpos( |Ine)-|),jj), {
convert inches to { :
postDi pDel ay := |neqenqaagsy€il i1, pos( ,line)-1),jj); } 55 22 EP O
?61V8ﬁz Bl ?lz rep eat NumChec :

nt Val (copy(! i ne, pos( 24
PD2 | nt Val (copy(l [ ne, 1 po gq +§ﬁz p)aé;rg ile?-ni{x}e()br ai nAccel :
copy(l i ne, 1, pos(' ', 1ived )“(“2‘21 A .\'3%1‘ Qépy(line, | pos(

Ilne}-l) 10 until paraffileLine = 'MACEBENERRRMVal (copy(line, | pos('!

I| ne)-1),jj); 26 . . 1 Ry e % . ;
O 0s6( SweepFi | e readfH(PURaRFiiE, daranddzetingel 1]) ); end; 15 end

w while (paramFileline[l] = ' ') or (paramFileLine[1l]
20 = I!!) dO .
begin
writeln(newFile,paramFileLine);
readln(paramFile,paramFileLine);
25 end;
writeln(newFile,paramFileLine);. _.{ This is the
' machine model #. }
\“/ - str(MaxBladeMoves,paramFileLine):'
writeln(newFile,paramFileLine+' { Maximum blade
steps to cross vat'):; ’
readln(paramFile); { We just wrote a new val here
35 so throw old away. )
while not eof(paramFile) do
begin
readln(paranFile,paramFileLine) ;
“ writeln(newFile,paramFileLine) ;
end:;
end;
. close(NewFile);
close(ParamFile);
end;
50 (**********************************“*******************}

55

26



for i := to 7 do begin 20 i f (Period[i] > maxSweepPeri od)
then Period[i] : = naxSweepPeriod %Perlod [i] ., m nSweepPeriod) then
Period[i] = m nSweepPeriod; 25 03 1847,81 UpLi m . Bias +
UpLi m LomL|n1 . = Bias + LomL|n1 i f showsweep then begin 30
witeln('Here are the gap percentages--'); for | = 1 to 7 do
witeln(' Gap',i procpdure p| Befeat®§tppyDirstep: Integeriyar 7Jabuthiste: : =

ZBl adeLevel + O.mt@géxps p tol erance + 10 m | s} + XP; end; 40 procedure
Read MACHI NExPRMHeIgg 45 const anyfi le = $3F; var SweepFile :

Text; 50s Li |nteger 55 23 EP O
361 847 Bl Dirl nﬁ&epxter 3= ééﬁ?gﬂﬁ?y *5"“5“?) bEdth me8 &howSweep t hen
witeln (' ReadnpytRyt@H :REBi B8 teplIber) ) ; Fi ndFirst('\ 3dsys\ Machi ne.

PRM , anyfil e, Di rdnaf;0); 10 i f DosError <> 0 then begin w ndow 1,
1,80, 25) drScr; gotoxy(1, 21) 15 witeln; witeln('
ERROR: chi ne. prnlnot f ound.. ; UserWait; 20

{***************** EARRRARRRARFIRARRRRARRRRRRR AT AR T A Ak gk }

procedure BenDelay(del.integer).
var
15 X :integer:;
i :integer:;
. i :integer:
— begin
X = 0;
j := 0:
repeat
INC(X):
for i := 1 to 10 do inc(j): { 100 us )
until X>= del;
W, © end;

25

( RRAREEREERRRAREREARERREARRARARRARAR AR AR TR kb hh ki dkd }
function SweeperParameter(period : real): real:

{ Feed this the desired period and it will return the
appropriate parameter )

{ to sweep at that period. You then feed that # to the
appropriate }

{ sweeper moving procedure.

36

40
)
var
RoundPeriocd : integer:;
45 sWeeperParam : real:;
begin

RoundPeriod := round{period):
if RoundPeriod < minSweepPeriod then RoundPeriod :
minSweepPeriod:

50

55
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28

Hal t (| )S; eng; I 25 0 assi gngSweepFi | e, "\ 3dsys\ Machi ne. prm ) ;
reset (SweepFile); i :- 0; repeat 30 ile, li
unti | (I i nep- ' I\/?ACHI NE. PRM ; a/hi | ER RU3F1 Eﬁ‘?ﬁ/\ee-pFir Fg;:“) ngﬁ\évet(aipFLl g) | hge%)egi n
readl n(SweepFile,line); if line[l] <> "'!" then inc(i); case i of 1 begi n
40 . Machi neType - copy(line,1,7); ProcessSpeedM :
Real Val (copy (Il ijge RoBndBeridd )> ; n&feépPeriod then RoundPeriod :=
Max Bl adeMoves 4iy§ggbéﬁﬁﬁ¥ Jnel,pos('!",line)-1),jj); 3 N
Def aul t Pl unger St'epsPer eal Val (copy(line,1,pos('!",line)-1),jj); 50 50
end; 5% 24 EP 0 361 847 Bl end; close(sweepFile); end; 5 procedure
Wit eMACH NExPRM(i*| eheclorfsir tbBe Reachifie| tyfermso=the JPPYSPIMSHINE. XYZ' ;
AT | o AR U A6 bl sty Lt COce
str88; iDaJr anfi | e%ﬁgmf"é‘?eﬁsgg??d%*r Mo 1) thefl' © ISegrlcﬂééc?\ppen ext
10 (* WYSE 286 values ¥%)
case RoundPeriod of
. 1 : swveeperParam := periodlParam; {
SquareMoves start here. )
15 2 : sweeperParam := period2Param;
3 : sweeperParam := period3Param;
_ 4 : sweeperParam := periéd4Param:
- 5 : sweeperParam := period5Param;
% 6 : sweeperParam := periodéParam;
7 : sweeperParam := period7Param:; { SineMoves
start here. } _ _
25 8 : sweeperParam := period8Param;
9 : sweeperParam := period9Param;
10 : sweeperParam := periodlOParam;
W, 11 : sweeperParam := periodllParam;
30 12 : sweeperParam := periodl2Param;
13 : sweeperParam := periodi3Param;
14 : sweeperParam := periodl4Param;
15 : sweeperParam := periodlSParam;
% 16 : sweeperParam := periodléParam;
else
begin
40 if (RoundPeriod > 16) and (RoundPeriod < 21)
then sweeperParam t= periodléParam -
( (RoundPeriod -~ 16) * ((periodlsparam~period2;Param)/4));
if (RoundPeriod > 20) and (RoundPeriod < 31)
4% then sweeperParan t= period2lParam -
( (RoundPeriocd - 20) * ((period21Paran~-period30OParam)/10)):
end;
% end
65



25 I nput Li ne string; begin 30

Par anti | eNanme; assi gh( Par anti | e, OpePF%raz%rrFi

assi gn( NewFi | €, NewNane) ; reset(hwa I
readl n( NewFi | e, | nput Li ne) ;
rewrite(NewFile); 45 1Cerr | Oresult;
QpenParanftile :- P, 4 'sgy
assign(ParanFiIe;C%%f%g%saggﬁrggq 6 g
IOerr := IQresult: if(Yah NR 3P4 ¥a
| Cerr =40 then begi n ¢ase_RoundPeriod of
readl n( par anfi | e, par anFijl eLg

writel n(Parantil

| f

E ") EP 3
ue A =

welperthrh®! X ACYF} | e, paraghbbsdisiia

QpenParanfil e :

le); rewite(ParanFile); 35
Ble not eof (NewFi | ) do begin
e, Il nputLine); end;

| Cerr <> 0 then begin

361 847 Bl reset(Parantile);
REiPRVesS-*dng: {10 error} if
reset (Paranfil e); repeat
o 15

until parantil e}i ge, - ' MACHI NE. PRM ; readl n(paranfile, parantilelLine), while
(paranfFileLine[IT"="" ') or (paranFileLine[l] 20 = '1") do begin
writ el n(newFi | e, par anFi ek i FE8ePEXRANAR (FakakFi | 'epat anEWeeperRaram) 6=
end; w i el n(neok8l g, paranti | eLi ne); { This is the nmachine nodel # }
St r (MaxBl adeMoves, par anfg I eHé@e;rParam t= 0.6 ; 6 : sweeperParam :=
0.5 ; '
s 7 ¢ sweeperParam := 0.4 ; 8 : sweeperParam :=
0.35 ;
9 : sweeperParam := 0,31 ; 10 : sweeperParam :=
U 0.26 ;
20 11 : sweeperParam := 0.245 ; 12 : sweeperParam :=
0.22 ;
13 : sweeperParam := 0.205 ; 14 : sweeperParam :=
0.19 ;
25 15 : sweeperParam := 0.18 ; 16 : sweeperParam :=
0.16 ; '
17 : sweeperParam := 0.152 ; 18 : sweeperParam
— %0 1=0,1375;
19 : sweeperParam := 0.135 ; 20 : sweeperParam :=
0.13 ;
21 : sweeperParam := 0.12 ; 22 : sweeperParam
35 :=0.115 ; '
23 : sweeperParam := 0.11 ; 24 : sweeperParam
t=0.105 ;
25 : sweeperParam := 0.1 ; 26 : sweeperParam
0 :=0.097 ;
27 : sweeperParam := 0.0935 ; 28 : sweeperParam :=
0.09 ;
5 29 : sweeperParam := 0,087 ; 30 : sweeperParam
+=0.085 ;
end (* case NCR 386 *) ;

50
end;

55
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SweeperParameter := sweeperParam;



writeln(newrile, parantil eLi ne+’
readl n( paranfil e);
away. ) while not eof (paranfile) ERO ngpﬁ Btad n( par anti | e, paranti | eLi ne) ;
witel n(newril e, paranfil eLine); end; end; 45

40

cl ose(NewFi |l e);

pr ocedur

Blts[StepIter]

i nteger;
| NC(X) ;

functi on Sweepe:reEaéﬁﬂﬁﬁr(perl od :

e

i
for

W j ust

cl ose(Parantile);

I Maxi mum bl ade steps to cross vat');

mmote a_new val here 35

end; 50 55 2

so throw ol d

6 EP O 361 847 Bl

ROt it B S{ 1D raBi @ ok + & A MA@ GEU R AARR *  kMPINABRE@* %4 NIGFYr ) ; 6
begin Steplter funcuéﬂs.ma &% we@ba& ﬁ)fcréh JDkat; | nput Byte =
Rass)

ife Efyerts

.ﬁ“l@gé?y far

var

r &effﬂuﬁegg _121'&. 5}'35%%&5 o5

_private unitm | nSmdller| trueVels }cemspomi toegreatrt 30

real): rea

{ Feed this the desired

period and it W lrhig et ibl®i8%ho 10ng@PRIsRA" ate paraneter ) }

10

15

20

25

30

35

45

50

55

var

truevel :

begin

real;

if vel <= 1 then trueVel := 76

else if vel

+ 76
else

+ 36
else

+ 23
else

+ 17
else

4+ 12
else

+ 10
else

+ 9
else

+ 7
else

+ 7

else trueVel

if

if

if

if

it

ir

it

it

vel

vel

vel

vel

vel

vel

vel

vel

<= 2 then trueVel

L=

L=

<=

<=

<=

&=

<

6 then trueVel

3 then trueVel
4 then trueVel

S then trueVel

7 <then trueVel

8 then truevel

9 then trueVel

10 then trueVel

1= 5;

SweepersSqrVelocity := truevel;

end;

= (vel

t= (vel - 1) * (36~-76)

2) * (23-36)

= (vel

t= (vel - 3) * (17=-23)

t= (vel ~ 4) * (12-17)

5) * (10-12)°
t= (vel - 6) * (9-10)
1= (vel = 7) * (7-9)
t= (vel - 8) ; (6=7)

1= (vel - 9) * (6-7)

{***************************************************}

procedure SweeperBack(period : real;
. { StopCode 0 = normal return ( could be the limit )

30

StopCode : integer):



[ to sweep at that period. You then feed that # to the appropriate

} 40 { sweeper noving procedure. var__RoundPeri od i nteger; 45
sweeperParam real; begin RoundPe P 361 847 Br‘ound(peri od); if RoundPeriod <
m nSweepPeri od t hen RoundPeri od = 50 m nSweepPeri od; 55 27 EP 0361
847 Bl if RoundPeriod > maxSweepPeri od then RoundPeriod : = maxSweepPeri od,;

5 (* check for the nmachi ng 1y, %lo?ﬁﬁ h_eﬂg@{;_gg%ggﬁfé}io*omgﬂw%evm ue for

the bl ade sweep is assignéd * Process < 1) then 10
(* WYSE 286 val §e%S%39%dse RoundPeriod of 1 : sweeperParam :-

peri odl Raram Squar eMoves2s# aakinorwak. - )keypressed 2 :sweeperParam =
period2Param 3 :sweeperPgrangea11p§ri od3Param 4 :sweeperParam =

peri od4Param 5 :sweeper Param peri od5Param 20 6 :sweeperParam : =

peri od6Param 7V@8weeper Param : = period7Param Si neMbves start

here. ) 25 i : intege8:: sweeper Param : = peri od8Param 9

- sweeperPar am Rey i od@dBeram 10 :sweeperParam = periodl OParam 11

. sweeper Param : pgﬁgé)éjjzllgg am 30 12 : sweeper Param :
periodl 2Param 13 sweeper Param = periodl 3Param 14 :sweeper Param

peri odl 4Par am PSg.i%weeper Param = periodl5Param 35 16 :sweeperParam =
peri odl 6Paranm speed := SweeperParameter(period):; {speed holds a raw
15

parameter now)
if period < MinSafeSinePeriod then begin
delaytime := trunc(speed):

“ ,
20 if (zZStagePos < ZSafeSweep) then exit;
port[Sweeplim] := S$FF;
is= 0;
if ShowSweep then writeln(' SWEEPER BACK '):
%5 . repeat '

if (port[SweepLim] and $40) <> $40 then begin
, port[SwepCoil] := $00; '
— BladePos := MaxBladeMoves;
%0 StopCode t= 0

exit; { hit limit switch )
end;
inc(BladePos);
if i <= 59 then inc(i) { ramp up

35

else if BladePos > (MaxBladeMoves - 60) { ramp

40 down )
then i := MaxBladeMoves - BladePos + 1:

rotatestep(l,Sweepstep);

@ port[Swepcoil] := {(port{Swepcoil] and $F3) or}
(sweepstep and $OF):
BenDelay(delaytime + Lnstepq[i]):
50 until ( (keypressed) or ) (BladePos >= MaxBladeMoves) ;
port{SwepCoil] := $00;
55
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el se begin 40 i f (RoundPeriod > 16) and (RoundPeriod < 21)

t hen sweeper Param : = periodl 6 - ((RoundPeriod - 16) *
((peri odl 6Param peri od21Param/ 4) BES§?§%&FOdPGH od > 20) and (RoundPeri od
< 31) 45 t hen sweeper Par am = period21Param -

((RoundPeriod - 20) * ((period2lParam peri od30Param/10)) end; 50 end 55 28
EP 0 361 847 B elifekéypiédsed3thamibdgin*) (* all NCR 386 val ues are sine

moves *) 5 key SaFeablREpdPeriod of 1 : sweeperParam= 1.2 ; 2
sweeperParam = 1.2 : eperParam= 1.2 4 : sweeperParam = 10

8&’% LE ] 1 4
0.8 ; b : sweeperPa 5RPCRqe & ;% 6 : sweeperParam = 0.5; 7 : sweeperParam
0.4 ; 8 : swed®iPdram = 15 0.35; 9 : sweeperParam:= 0.31 10

sweeper Param = 0.i36 BladéPos >= MaxBladeMdves themepegiinram = 0.245 ; 12
sweeper Param := 0.Zg %§°‘:’S‘Z ep&resa@gtemg. i%i ;ER%%RE SWREPEr Ppram: =

0.19; 25 , eper Param : = sweeper Param : =
0.16 1?7  sweePiaaPeraRack )i 152 ; 18 : sweeperParam : =0.1375; 30 19
sweeper Param : = 0. 88%ay(1X®0) ;:sweeperParam := 0.13 ; 21 sweeper Param : =
0.12 ; 22 : sweepgelpam 35 = 0. 115 ; 23 sweeperParam := 0.11
; 24 - SmeeDerPar%HLdePos := MaxBladeMoves;
5 StopCode := 3;
end;
. end
s else sinemove(MaxBladeMoves,speed,'r!,'r',stopcode);
20 .
end;

{ Ahkhhkhhhhhhhhhbhhhhhhhhhhhhhddhthihdbddddhddibieid)

procedure SweeperForward(period : real; StopCode :
integer);
var
W i : integer:
30 Key : char;
speed : real;
begin
speed := SweeperParameter(period); {(speed holds a raw
parameter now)
if period < MinSafeSinePeriod then begin
delaytime := trunc(speed):;
if (zstagePos < ZSafeSweep) then exit:

25

35

® port{Sweeplim] := SFF;

i:= 0;

if ShowSweep then writeln(® SWEEPER FORWARD ');
45 repeat

if (port([SweepLim] and $20) <> $20 then begin
port([SwepCoil] := $00;
BladePos := 0;

50 StopCode t= 0;

66
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= 0.105 ; 25 sweeperParam : = 0.1 ; 26 : sweeperParam :=0.097 ; 27
sweeperParam: = 0.0935 ; 28 : sweeperParam_: = 0.09; 29 sweeper Par am

= 0.087 ; 30 sweeper Param : =0. 0 Q3Qhﬂﬁ75“ case NCR 386 * ) 50

Sweeper Par anet er : = sweeper Param end; 55 29 EP 0 361 847 B1 function
Sweeper Sgr Vel ocity (vel :real) :real; { Converts a velocity in inches per
second to the sweepers @¥ifat el dhemeslinBnwwisehtt ueVel s correspond to
greater velocities. (endd s function is no | onger used. 10 var trueVel

real ; begin 15 ' |, <= 1 then trueVel := 76 else if vel c= 2
then trueVel = (vel -dgﬁ(n’ht’ %é( 6;) + 76, else if vel <= 3 then trueVel :=
(vel - 2) * (23-36) 2 4 55 8P ehem 4pg(ik= 4 then truevel (=FRORIUR 3) =*
(17-23) + 23 25 } else if vel <- 5 then truevVel = (vel - 4) *
(12-17) + 17 else if yple 42 Bride¥os! kUSYE! { TFaliedown 3) * (10-12) + 12 30
else if vel <- 7 then tr%\e/ IT,_LQ,_ %\1855’%086)_‘_ *1;(9- 10) + 10 else if vel <= 8

then truevel : (vel - else if vel <= 9 then
trueVel = (vel - 8) ¥okakepren(-71.8weePS¥eR)d| <= 10 then trueVel = (vel -
9) * (6-7) + 7 port[Swepcoil] := ((port(Swepcoil] and §F3) or '
} (sweepstep and $0F):;
15 BenDelay(delaytime + LnSteps({i]):

until ((keypressed) or } (BladePos <= 0);
port[SwepCoil] := $00;
s { if keypressed then begin
key := Readkey;
StopCode := 2;
end; )
if BladePos <= 0 then begin
if ShowSweep then writeln(' *%** ERROR : STALL in
Sweeper Forward )
BladePos := 0;
30 StopCode := 3;
beep:
delay(1000);
end:

25

end
else sinemove{MaxBladeMoves,speed, 'r','1l',stopcode); ( We
should never reach }
{ this point.

}
end;

(**************i*******i*******************ﬁ**********}

procedure MoveBlade(period : real; StopCode:integer):
_var
g0 . RoundPeriod : integer;

55
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40 el se trueVel :=5; SweeperSqgrVelocity :- truevel; end; 45 procedure
Sweeper Back( peri od real; StopCode _integer); 50 ( St opCode
normal return ( could be the Iin1FP?3§B B1" Ep 0 361 847 BL 1 =

- limt hit before conpleted nove ZStage 5

keypressed 3 - stall } var i I nteger; 10 key : char; spee

begi n speed

ShowSwgep then wiiPetexmineSyEcipie RXpR. } _
(port[SweepLin] gpd( S¥HcesasPééan henobggsa PaHenSwepCoi l |

: = MaxBl adeMoves; S de = 0; exit; { hit limt
NCR 920 ) ‘T?%c‘iﬁlédéggg; if i <= 59 then inc(i)

switch } end: 35%

0

abnor nal

d

2 = abnormal -

real ;

- SUREESSAANEL OFdANer | 0d); (speed holds a raw 15 paraneter
now} if period <, M nSafeSinePeriod then begin delaytine := trunc(speed); 20
i f (ZSt agePosP®93af eSweep) then exit; port[Sweeplinl := $FF; i :=

); 25 repeat if

{ ramp up el se i bewimdePos > (MaxBl adeMoves - 60) { ranp 40
then i 70 = MaxBl adeMy el adePoade’0s thern expisihemdws( MaXBrageMaoyss ,

por t[ Swepcoi | gy eeperpardmttel YEPLR )] , apd BF3) or}

15

20

25

30

50

65

else expsinemove( MaxBladeMoves ,
SweeperParameter{ period ) , '1' );
end else begin
{ Wyse 286 }
if period >= MinsSafeSinePeriod
then if BladePos <> 0 then
expsinemove(MaxBladeMoves,SweeperParameter(period),'r')
el s e
expsinemove (MaxBladeMoves, SweeperParameter (period),'l')
else  if BladePos <> 0 then
sweeperforward (period, StopCode)
else sweeperback(period,StopCode) ;
end;
end;

(*****************************************************}

procedure PlungerHoldingTorque:
begin
if SteplIter >= $09
then port[SwepCoil] := (
else port{SwepCoil] := (

end;
{***********************i***f**************************}

$08 * 16 and S$FO )
$04 * 16 and $FO );

procedure PlungerDown(numMoves : longint; var StopCode :
integer):;
{*** numMoves of 0 means go to Plunger limit *##*}
var
i,3.k : integer;

34

0;

i f

: = $00; Bl adePos

down )



(sweepstep and $OF); BenDel ay(del aytinme + LnSteps[i]); 50 unti |l
((keypressed) or ) (Bl adePos >- Nhéggﬁﬂﬁgﬁygg); port[ SwepCoil] := $00; 55
3 EP 0 361 847 Bl (-if keypres gin key : = Readkey; StopCode
2; end; ) if BladePos >- MaxBl adeMoves then begin if ShowSweep then

I

witeln(" *** ERROR  STALL in 10 Sweeper Back '); del ay(1000); beep;
Bl adePos : = axBladeMvmdnti5 {) { Changed JromChrteger- td acodmpodate el se

si nenove( MaxBl adepMbyss, speed, 'r', ' r', stopcode); 20 end; 25

pr ocedur e Sweeger Forward( peri od real; StopCode integer); var i

i nt eger ;s 30 €Jin ey : char; speed : real; begin speed :-

Sweeper Par anet er  ( perRlgugerPes oo MAXPLHIngeMo¥es Jhen exitpar aneter now) i f
period < M nSaf eSi nePeriod them heM o el @ygi ne ¢ ->trunc(speed) e 40

i f (ZStagePos < bl PHEE = SFF;, i :=0; if
ShowSweep t hen \%/%?%Iei n% : ggéb@%&ﬂ%ﬁ%ﬁ%&?& Hdn%c%'e eat if
(port[ StkepLi nj andf sHpgwsweepoghen Wrifaling ' por MOEFBECBEPYCER. DAWY. B adePos
= 0; 50 setting leSedplode = 0;
if numMoves = 0 then m := MaxPlungeMoves else m :=
numMoves;
15 k := 1;
port[SwepCoil] := ( plungeStep * 16 and $F0 ):
_ repeat
\/ " inc(k) ;
for j := 1 to minplungemoves do begin
rotatestep(l,plungestep); .
port([Swepcoil] := {(port[Swepcoil] and $F0) or)

25 (plungestep*16 and $F0):
delay(PlungeMotorDelay) :
end;
o inc(PlungerPos) ;
so ' until (k >= m) or (PlungerPos >= MaxPlungeMoves):
if numMoves <> 1 then PlungerHoldingTorque;

{ irf numMoves <> 1 then }
5 Update3DStateFile(2StagePos, PlungerPos,JunksC) ;

end;

‘******i******i*********i****i**i**************tt***}

@0 procedure PlungerUp(numMoves : longint; var StopCode
integer):;
{*** nunMoves of 0 means go to Plunger limit %)
var
45 ' i,j,k : integer:;
m : longint;
HitLimit : boolean;
begin

50 HitLimit := false:;

§5
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55 32 EP O 361 847 Bl exit; honme [imt switch ) end;

dec(Bl adePos) ; if

I <= 59 then inc(i) ; ra up } else if BladePos < 60 (
ramp down ) 10 th@hoﬂs.34éggdePos + 1

rotatestep(-1, sweepstep); port[Swepcoil] = {(port[Swepcoil] and $F3)
or }(sweepstep and $OF); 15 BenDel ay(del aytime + LnSteps[i]);

until ((keypressepjumjerstabl@iieRogaxse0); port[ SwepCoil]

keypressed then b Rﬁﬁg .
i f Bl adePos <= %ieﬂméegl%u%fu . §ﬁ5§£\/\ees|gtt nli’\%ﬁae?%(g

STALL ign SmeepEVlﬁbrmard '); BladePos := 0; 30

beep del ay(1000);

' 1' st opcode) ungele l@aegggl tfevebpl epch } { this point.

= $00; { if
éfontoZ end; )

* k%

&op&ﬂe::S;

NanPLluBgeMonkse| gdvei nprRAter( NSBIraieRby that s fded

end; 45 procedure

:\/tr)];/ggla?deggegl?)od stope@ode §t OQOOdF Déﬁtu(iqega -] aalr 5%31: to O whgp%dpe“ od

10 hit switch. }
if PlungerPos <= 0 then exit:
it numMOovVves < > 1 then
Read3DStateFile{ZStagePos,PlungerPos,JunksC) ;
15 if numMoves = 0 then PlungerPos := 2 * MaxPlungeMoves;
if ShowSweep then writeln(’ MOVING PLUNGER UP -

setting level.?!):

if numMoves = 0 then m := 2 % MaxPlungeMoves else.m =

20 numMoves ;
k = 1;
port[SwepCoil] := ( plungeStep * 16 and $FOC ):
25 repeat '
inc(k):;
for § := 1 to minplungemoves do begin
rotatestep(-1,plungestep):
30 port([Swepcoil] := ((port(Swepcoil] and $F0)
or }(plungestep*16 and $FO);
delay (PlungeMotorbDelay) ;
end;
% dec{PlungerPos) ;
if (port[Sweeplim] and $80) <> sso then begin
port[SwepCoil] := $00;
%0 PlungerPos := 0;
StopCode s= 0;
HitLimit := true;
{ Update3DStateFile OK for numMoves = 1 }
45 Update3DStateFile (ZStagePos, PlungerPos,JunkscC) ;

exit; { plunger top limit switch )
end:;

until (k >= m) or ( PlungerPos <= 0);
50 ;

55
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EP O 361 847 Bl sweeperParam: real; begin 5 { Determ ne machi ne
type. ) if ( ProcessSpeedM* 10 ) > Qlﬂéeere"g NCR 920 } (Too cool! JFT)
begin 10 i f Bl adePos <> si nenmove( MaxBl adeMoves
Sweeper Paraneter( period ) , 'r' ) else expsinenove( MaxBl adeMoves 15
Sweeper Paraneter ( period ) 1" ); end else begin { Wse 286 if period >=
M nSaf eSi nePeri od 20If this was a fullt$txroke mpfe, clickdéPBosee iftwe 0

then expsi nequﬁwh&ﬁbademeéuﬁ&eperﬁa%m&aﬁ(eertm ,airsplaﬁ tnat €
expsi nermve( I\/axBI % ves per Par

Swe r(peri od§ 1)
el se on dcfgr ng, to %gﬁ ‘ﬁ aeeperforward(perl od, St opCode)
el se sweeperback(pélfl pUpMaVesCn d@ thepobegin end; end; 35 procedure
Pl unger Hol di ngTor que; ipagth HitLHRD theh Plurﬂ‘ﬁQ'sthHEd)GH EtuepCoil] = (
$08 * 16 and $F0 ) 4Q.el se port[SwepCoil] := ( $04 * 16 and SFO ); end; 45
procedure Pl ungerDown(numeves - longint; var St opCode |ntt er) (***
nunvbves®of 0 neans go to Plfhger PIUBMPO % &8 o >50 ﬁ’? Yinteger:
55 34 EP O 361.’968333&1:%&?11@h@ﬁthOs{?h{ngehaﬂgeﬁﬂﬁqs6w| nt eger ‘to
acconodat e SLA- ¥a; }

15 {****************i************************************}

o procedure ReadBiCell (recurs:char;var FinalLevel:integer)
— {*** recurs = R = recursive readings to check validity

20 N = non~recursive reading
8 = average of 5 simple straight bi-cell
values with no validity checks ##%*)}
25 const
LevelReading = 128;
var
K./ b,i,j,count,k,newlevel,sun,stopcode : integer:
S0 junkstr,sign : string;
begin
count := 1;
if Recurs = 'S' then count := 5;
% sum := 0; '
for k := 1 to count do begin
port([780] := 12; { addr ADC port = 780 has 16
20 channels, use 5 )
for i := 1 to 100 do inc(j)s; ( 10 us }
i :=0;
repeat
45 inc(i);

b := port[$310];
newlevel := port{$30C};
until (b<128) or (i>2000); {re-repeat this loop}

% Newlevel := NewLevel - LevelReading;
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5 begin if PlungerPos >= MaxPl ungeMoves then exit; i f numMOV

e s < > 1 t h e n Read3DSt at St agePosPl unger Pos, JunkSC); 10
i f ShowSweep then writel n(' I\/D?#\@sg{d\bé_é - setting level. "); if
nunmvbves - 0 then m:= MaxPl ungeMoves else m : = nunMves; 15 k
= 1; port[SwepCoil] : = ( plungeStep * 16 and SFO ); repeat inc(k); 20 for
j = 1 to m npl uneiarlleselo: s Nepwheved At est ep(I pl ungest ep); port[Swepcoil]
=, {(port [ Swepcoi in 3adsii Q) Mnhipsver; (P ungest ep*16 and $FO) ;
deIay(PIungertor ...end; |nc$ ungerPos) 30 until (k >=m or
(Pl unger Pos >= M I EXBRR Shen; Pegifpyes <> 1 then Pl unger Hol di ngTor que;
{ i 1) nLuﬂMMFé§eln( <> 1NewLeviedn="',NewLevel, *
Updat e3DSt at eFi | e()5St agePos, Pl unger Pos, JunkSC) ; 35 end; 40 procedur e
Pl unger Up( numVbve: Hﬁﬂ%b?t; var StopCOde |nteger) {*** numvbves of 0 neans
go to Plunger limt *** i I nteger; m: |ongint;
HitLi M® : bool ean; iEFe&){a LS‘{Fl 30 thefHﬁlE’Pm't ' elga@ignsins'+': Ep 0 361
847 Bl PlungerStall edjunkattye; (:#&f nmnngattp(fulelw strbeveXxet Ehe pl unger

position to twkggidn, intstr(abs(NewLevel))):
centertext(junkstr,l1):

75 delay(100):;
end;
end; { for 1 to count )
A if (SshowSweep) and ( count > 1) then begin
20 if sum > 0 then Finallevel := trunc((sum /
count)+0.5)
else Finallevel i= trunc( (sum /
25 count)-0.5); :
{} { writeln(' Avelevel =',Finallevel,' )1}
if Newlevel > 0 then sign := '-' else sign := '+';
Y junkstr HE concat('New level =
30 ',s8ign, intstr(abs(NewLevel))):

centertext (junkstr,1);
delay(200);
end;
if (Recurs = 'S') then exit;
if (Newlevel = BIAS) and (Recurs = 'R') then begin
( test for laser blocked or off bi-cell } |
PlungerUp (20,StopCode) ;
ReadBiCell ('N?,NewLevel) ;
if Newlevel = BIAS then begin
PlungerDown (40, StopCode) ;
45 ReadBiCell ('N',Nevwlevel) ;
if NewLevel = BIAS then begin
centerﬁext('ERROR : Laser Beam is blocked or
off Bi~Cell.',1);
UserWait:;

35
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MaxPl ungeMoves gi ve greater assurance that the plunger reaches the top. }

StopCode :=1; { Default to stall Pfﬁé‘l\ﬁﬁ Wnen we 10 hit switch.}
if PlungerPos <= 0 then exit; i s<>1t hen
Read3DSt at eFi | e( ZSt agePos, Pl unger Pos, JunkSC) ; 15 ' i f numvbves = 0

t hen PlungerPos := 2 * MaxPl ungeMoves; if ShowSweep then witel n(’ MOVI NG
PLUNGER UP setting | evel.')Hal€(Xiumvbves - O then m:= 2 * MaxPl ungeMves

else m: = 20 num\bves; lengs 1; port[SwepCoil] = ( plungeStep * 16 and $FO
); 25 repeat ing{k); for . . to.m npl ungenoves do begin
(i‘luéger@p(éo,sm °&) port[ Swepcoil] :-

rot at estep(-1, pl ungestep
{(port[Smepc0|I] and $¥W;’(3r }(plungestep*16 and $FO);

del ay( Pl ungeMot or Del ayRlurejetpowdi®d(20,StopCode) ; dec( Pl unger Pos); if
(port[SweepLin] andei8$0) ﬁwﬁ@@ei heprRgoj n port[ SwepCoil] : = $00;

Pl unger Pos 0; St opCo e O; HtLimt ;= true; Update3DStateFile OK
for nunVBves = 1°P4ji5 { ReadBiCell” }

Updat e3DSt at eFi | e( ZSt agePos, Pl unger Pos, JunkSC) ; exit; { plunger top limt
sSW tch ) end; untgiehsfdn e sihs ks {+ ARt RGLENOS AT+ 0) & e dsfe v RedbAMSX <> 1 then
Pl unger Hol di ngTor que; 55 36 EPO361 847 B1 { If this was a full-stroke

nove, check to see if_we h|t the limt switch.  If we didn't, then display
t hat sithati on a®E8F ?ﬁf1ﬂ5 Ebﬂkﬁﬂ%Liglt(var LimitSwitch: integer):
{ 1 = front, 2 = back, 3 = neither )
_ begin
1 " if (port[SweepLim] and $20) <> $20 then begin

port[SwepCoil] := $00;
LimitSwitch:= 1;
BladePos = 0}

25 exit; { home limit switch )

end;
if (port[SweepLim] and $40) <> $40 then begin
kd. port[SwepCoil] := $00;
s0 Limitswitch:= 2; '
BladePos t= MaxBladeMoves;
exit; { back limit switch }
end;
5 Limitswitch := 3
end;

{ **********************'k*************t****ti******}

procedure InitSweeperandPlunger (option:integer:;

© var StopCode : integer):
var
wvastekey : char;
45 kk : integer:
begin
port{$30B] := $98; { init 8255 )
% port[$30B] := $98; {control port)
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i f numVbves - O then begin if not HtLimt then PIungerStaIIed :- true;

end; 10 { <> t hen }
UpdateSDStateFlIe(ZStagePos PIund@ygggggﬁkgiD end; 15 procedure ReadBi Cel
(recurs: char;var FinalLevel: integer); (*** recurs = R = recursive

readi ngs to check validity 20 N - non-recursive
reading S = aver ggrtjEwepsoil]l e=sbf ai ghtabss quirit epal ues with no validity

checks ***) 25 ﬁor:gﬁaé%%fﬂ’]e' :Beggi ng ségsg’po\égom

b,i,j,count,k, ne st'opcode I Nt eger junkstr, sign
strings begin couift ? If Recurs - 'S then count :=5; 35 sum := 0;
for k - 1 to count do begln port[780] c- 12, addr ADC port = 780
has 16 40 ONAYR®L Sde LA tTkk) | ql’bt!hls—sét§ ®128@psl jinc(j); { 10 us } i
- 0; repeat 45 % = port[$310]; newlLevel :=
port[$30C]; until fﬁdﬁ283 %] BO) (re-repeat thls | oop) 50

NewLev#l : = hmeeveIeePtevelReadlng 55 37 EP 0 361 847 B1 Final Level :-
NewlLevel ; sum :- sumritBlnal Level; if ShowSweep then begin {}

{writeln(" NRHeRYEh (' Cmel , Sweeper Bld&€not in home

position.'):;
Centerln(' You may manually reposition the blade at
front of vat. '); :
userwait;
~ " . delay(1):
{){)kk:==1234;
WhichBladeLimit (kk):
{}{)Window(1,1,80,25);
2 {}{)Writeln(kk):
if kk = 3 then begin
gotoxy(1,1):
W, DrawBox(3,7,73,14,2);
30 repeat delay(100) until keypressed:
junkkey := readkey:
Cursoron;
Halt(1):
end;
end;
PlungerPos := MaxPlungeMoves +150; ( Pad it so we
0 KNOW it goes to limit )
PlungerUp(0,StopCode) ;
PlungerDown ( (MaxPlungeMoves div 2),StopCode) ;
PlungerPos := MaxPlungeMoves div 2:
45 if ShowSweep then begin
writeln(*' SWEEPER, PLUNGER, AND ZSTAGE INITIALIZED

15

35

l)‘o
delay(800);
end:;

50
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10 if NewLevel > 0 then sign :="'-' else sign :="+"; junkstr

concat (' New | evel ',sign,intstr&abséhmeevel))) centertext(junkstr, 1);

15 del ay(100); end; en &7 B o count ) if (ShowSweep) and
( count > 1) then beginif sum > 0 then Final Level - trunc((sum /

count) +0.5) el se Fi nal Level = trunc((sum 25 count) -0. 5); {}
{ witeln(’ AVeLQ.\Eeryprefdeﬁatk&’(Q}astekéy Newpaugkeyy 0 then sign @ = "-"

el se sign :- unkstr concat (' New ‘evel = 30

' S|gn|ntstr(ab§? wLevel ))); centertext(junkstr,1); delay(200); end; if
(Recurs g 'S) then exit; if (NewLevel = BIAS) -and (Recurs - 'R ) then
begin ( test for{i%ﬁmsp*b*tﬂﬂ«yjier*tﬁ#*ﬂsh*ciii*ﬁp*4®*************)

Pl unger Up( 20, St opCode) ; ReadBi Cel | (' N, NewLevel ); if NewLevel - BIAS then

begi n PIungerDo ReadBi Cel | (" N, NewLevel ) ;
if NewLevel = ﬁ%&ﬁ‘b&%@éﬂ?’é?ﬂp&f’f‘ *H%898T¢ Laser Beamis bl ocked or
off Bi-Gell.", User \Mar, SEepQRie : Dreegezt 847 Bl

Halt (1); end; FﬂwngerUp(40 StopCode) end; Pl unger Down( 20, St opCode) ; end; {
NewLevel - BIAS ) 19 ReadBi Cel | }{

£ {
********************P}g¥$¥*** ?;*******************}

Kk ¢ integer;
5 begin

_ port[$30B] := $98; { init 8255 |
e 0 port[$30B] := $98;: (control port)
port([Swepcoil] := 0; ({8255 port C}
port{Sweeplim] := 0; (8255 port B}
delay(1l):
25
WhichBladeLimit(kk):; {( this sets BladePos )
_ if kXk = 3 then begin
W beep:
30 writeln;
Centerln(' Sweeper blade not in home position,
program aborting. '): '
Centerln(' You may manually reposition the blade at

% front of vat. ');

userwvait; _
if (port([SweepLim] and $20) <> $20 then begin
40 port(Sweeplim] := $00;

end else begin
gotoxy(1,1);
DrawBox(3,7,73,14,2):
45 repeat delay(100) until keypressed;
junkkey := readkey:;
Cursoron;
Halt(l):

50
end;
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15 procedure Wi chBl adeLimt(var LinmitSwitch: integer); { 1 - front,
2 = back, 3 = neither ) begin if Egort Sweeﬁkln] and $20) <> $20 t hen begln

20 port [ SwepCoi | ] tSwitch:= 1; BladePos :- O;
25 exit; { hone I|n1t switch } end; |f (port[ SweepLin] and
$40) <> $40 then begin port[SwepCoil] := $00; 30
LimtSwitch: - 2; @&ddePos .- MaxBl adeMoves; exit; ( back limt switch }
end; 35 endbi MtSwitch : = 3; end; 40 procedure
|n|tSmeeperandP ypgghgg L Nk r var wast ekey
. chars 45 - 9 |ﬁpi?* ggﬁéﬁﬂ75%55§$f%§§ﬁgﬁ***%ih£¥¥i *}nit 8255 P
50 poPFf%%‘bB]e Liquids abl leBelaviol port] 55 39 EP 0 361 847 B1
port[ Swepcoi | ] { =Tdkxe bicdlA25beatitigsC)untdit [&Eeﬂhfﬁérenceo;betwee[n8_2f55kE0rt3
B 5 Sehaiiqh 1sPiahA 3 ( hmsfl SeEL AGETS, -
t hen begin 10 & JS) e iﬂ{l nghé nta %éé?ieé etd(h I%&%L \%z’eper bl ade
not i nhome podi FP%Hn. '} ; 15 Centerln(' You may nanual |y
reposition thecphs®le at front of vat. '); userwait; 20 delay(l);
{}{}kk:=-1234; NumofoDeltaReadsNeeded = 5;

deltaEpsilon = 3;

75 var

level,oldlevel ¢ integer:;
; numOfODeltaReads : integer;
(% begin

20 numOfODeltaReads := 0;

ReadBiCell('S',level):;

ReadBiCell('S',oldlevel):

while (abs(level - oldlevel) > deltaEpsilon) and
{(NumOfODeltaReads < NumOfODeltaReadsNeeded) do

begin
sz ReadBicCell('S',level);

30 ReadBiCell('S*',oldlevel);
if abs(level - oldLevel) <= deltaEpsilon then
inc(NumOofoDeltaReads) ; '

25

end;
% end;
‘{*******t*t***********i****i************************}
“© procedure SetPlunger(numSetPlungers:integer:var
Finallevel:integer ):
var
level,oldlevel, timesthru,stopcode : integer;
45 OKfirstTry : boolean;
zPos : real;
pPos ¢ longint;
junksc : integer:;

50 begin { SetPlunger )
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Whi chBl adeLi mi t (kk); {}{}Wndow 1, 1, 80, 25); 25 | {H{IWitel n(kk);
If kk = 3 then begin gotoxy(1,1); DrawBox(3,7,73,14,2); 30
repeat del ay(100) unti l keypressed;EPJQﬁﬁa Bt_ readkey; CursorOn; Halt(1);

35 end; end; PlungerPos := MaxPl ungeMoves +150; { Pad it so we 40
KNOWit goes to limt ) PlungerUp(0,StopCode); Pl unger Down( (MaxPl ungeMoves
div 2), St opCode)(* RIANGEFPIE**22KEXIP| ungeMoves div 2; 45 i f

ShowSweep then begiif rrwiideFrlagSMEaPbegikl UNGER, AND ZSTAGE | NI TI ALLZED
del ay(800); 50 end; 5§e§£5DStaEE?E&é%§¥o§f§pég&de¥Eélpressed t hen wastekey :

ReadKey;s end; 5{ * * % % % kkk khkkk khkk *hkkkkk

*x** 1" procedure |nit30RRAGERSHIN orkevel) éger: 10
var StopCode i ntegehppend(PMigstelige): char; kk : integer; 15 begi n
port[$30B] = $98; (wkitéimiPmRricémilel 2B682:6,* $98;, prosenjrol port]
port[Swepcoi I] 7@y, + (RBTuRPLY ChmBREdd.SNEGPITM = 0 (8255 port
B} del ayel); 25 ! e
c10§e(PMWriteFile):
end;
{*****************} *)

15 OKfirstTry := false:
TimesThru := 0;
if ShowSweep then begin

W/ if NumSetPlungers = ~1 then writeln('AUTOMATIC
20 MODE') '
else writeln{'Number of Level
Checks="',numSetPlungers) ;
end;

25 . R
{(}  ReadBiCell('N', level); :

) if (level < Uplim) and (level > lowlim) then begin
"~ if ShowSweep then writeln('Bi-cell level OK first
30 time through SetPlunger.'); .
(* {*****************,
if PMWriteFlag then begin
Read3DStateFile(zPos,pPos, junksc);
35 : ReadBiCell('N’,level);
Append (PMWriteFile):;
Writeln(PMWriteFile,zPos:2:6,' : ', pPos:1,"' : ',
level:1l, ' SetPlunger completed.');

“ Close(PMWriteFile):
end; '
{*****************} *).
45 : exit;
end;
if NumSetPlungers = -1 then NumSetPlungers s= 25;
repeat '
50 if ShowSweep then writeln({'READING BI-CELL');
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mhichBIadeLinit(kk) ( this sets BladePos } if kk = 3 then begin beep; 30
writeln; Centerln(' Sweeper blade_pat in_hone p05|t|on program aborti ng.
"); Centerln(' You may manual |y r558§$fpﬁﬁthe bl ade at 35 front of
“vat. ); userwait; if (port[SweepLin] and $20) <> $20 then begin 40

port[ Sweeplin] := $00; end el se begin gotoxy(1,1); DrawBox(3,7,73,14,2); 45

repeat del ay(100) Lnnéddakegpteﬁeedevélmﬂ<key : = readkey; CursorOn; Halt(l);
50 end; 55 41 ﬁgmggggﬂah 84 = Ré OGRS e bIeEEIay {
Take bicell readlngs uﬁ%@ % Q¥S;égeren etmggh re%++§ui) ?gamnth

epsi |l om a specified nutb& o™ Levelroh@Wiodisy then

Nurmof ODel t aRea @ERERSKITY:= true; = 5: deItaEpS|Ion = 3; 15
var IeveI,oIdIeveI : |nteger nuanCEEItaReads . integer; begin
20 ODq g%@, - | ( , level);

ReadBi Cel | (" S qgfdledéﬁgﬁ r O‘B%BP%BE?L (abs(level - oldlevel) >

del t aEffsi | on) and (‘N&?Cfcﬁlritd&ﬁéfaﬂgsk hegRor Ok | taReadsNeeded) do begin

oldlevel := level;
PlungerUp (20, StopCode) ;
ReadBiCell('N',level);
5 if level = oldlevel then begin
PlungerDown (40,StopCode) ;
. ReadBiCell('N',level):;
o/ ' if ( level = oldlevel ) and ( level = bias ) then
begin '
writeln; .
writeln('ERROR : Laser Beam is not within a
usable bi-cell range.');
writeln:;
UserWait;
W, { AddRemoveResin(level); } Halt(1l):
30 end;
' end else PlungerDown(20,StopCode);
end; ( TimesThru = 0 } *)

25

% if level > UpLim then begin

repeat _
Plungerbown(1l,StopCode) ;
o ReadBiCell('N',level):
until level < UpLim;
end:;
if level < LowLim then begin
45 repeat
PlungerUp(1l,StopCode) ;
ReadBiCell('N*',level):
until level > LowLim;

50
end;
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ReadBi Cel | (*s',level); 30 ReadBi Cel | (' S',oldlevel); if

abs(l evel - oldLevel) <= deltaEpsilon then_inc(Nuntf ODeltaReads); end; 35
end’ { ***************************EP*G3&1M7ﬂ1*************} procedure

Set Pl unger (nuntet Pl ungers: integer;var FinallLevel: integer ); var
| evel , ol dl evel, tinesthru, stopcode I nteger; 45 KfirstTry

bool ean; zPos { the state f93le; iPARKt updated in PlungdrOR@vas;og Unksc
i nt eger; 50 Qegl { SetPlunger } 55 42 EP O 361 847 B1 (*

[ xFFoxE ok Kk ko k x stlf'F> iteFl ag then begi n Read3DSt ateFil e (zPos, pPos,
J unksc) ;s ReadBi Cel | (' FPA4H83BFFACaRIIeqaTFARNE S B pgerPos, Stopcode)

Witel n(PMNI t eFi | ezPoss (XiesThrd),; pPos: |, ' ", 10 | evel : 1, '
Set Pl unger conmences. g,iquidskanfdidYdéi:t eFi | €); end; {**xxxxxxxiiiaxiixy )

15 firsg Iry, = e 1l Thru := 0; if ShowSweep then begin
i f NunSet Pl unge?s‘?‘g -Q’ t ﬁ&%‘ﬁ‘?’gﬁn o Tl C 20 MODE' ) el se

witel n(®Nunber { ofif notg{BimeaThrrs> NungetBlundarsdr ey OkfigstIsy) )

ReadBi Cel | (' N, | evel )thdn} delay{rHd*aoeb) < yplinm and (level > lowmim then

begin if Shomeepuk??i‘ (WimbEritha B neRbéemrRGlre d oXe1sleTry; INE
t hrough Set Pl unger.’);
if’  ShowSweep then writeln (! FINAL LEVEL
5 =1 ,FinalLevel):
(* (*****ti**********)
if PMWriteFlag then begin
A ReadiDstateFile (zPos,pPos,junksc) ;
ReadBiCell ('N',level):;
Append (PMWriteFile):
Writeln(PMWriteFile,zPos:2:6,' : ', pPos:1,' : !,
25 level:l, ' SetPlunger completed.');
Close(PMWriteFile);
end;
\./ (*********.********} *)
s PlungerHoldingTorque:;
end; { SetPlunger )

{ khkkkkkhhhhhhhhkhhhhhhhhbhhbkhtkhhdhhdihhhhbhhhhhid }

86
P r o c e d u r e

OneSweep (index:integer;DipDepth,LayerDepth:real);
var
40 . stopcode : integer:
currentZzPos : real;
junkPlungerPos : longint;
begin
4% Read3DStateFile (currentZPos, junkPlungerPos, stopcode) ;

(*if currentZPos > O then DipDepth := 8 else DipDepth
= 6%)

50 if index = 1



If PMWWiteFlag then begin Read3DStateFile (zPos , pPos, junksc); 35

ReadBi Cel | (' N
", pPos: I,

, 1 evel); Append(PhNV|teF|L€) VVlteIn(PNMV|teF|IezPos 2: 6,
81 84%

" level: ' Set PFRIA leted."); 40

Close(PMWViteFile); end; {***************** *) 45

end; if NunBet
| f ShowSmeep t
ReadBi Cel | (" N,
(Level <=UpLi m
TimesThru - O

Plungers - -1 then Nuntet Pl ungers = 25; repeat 50
hertxwhl begiv ' READI NG Bl - CELL'); 55 43 EP O 361 84

U} e e T

Tﬂgﬁdﬁg PHO do a validity test her e

ol dl evel :=level; PIungerUp(ZO &mauﬁlnkﬂth ReadBlaiEGap'[ Ahdeéex)/aiop) ) 1
if level = oId} ) bhg begi n PIungerEbwm(40 StopCode)

ReadBi Cel | (" N
begin witeln;
bi -cel 1o range.
end; end el se

Ievel e 3bi

e bbbt AL BB ) =
BladeGapl@| h: UserWait: ( AddRenpveResin(level); } Ha
Pl unger Dovvn(ﬂ@,eSbepﬂode)# ereladegad] ingteXhy 100) )728 .}

it level > UpL} &8sdv1eRobefdbs ) )

15

(U
20
25
k/‘
30
35
40
45

end else begin
if ShowSweep then writeln(! ZMove
=1', (-~({(LayerDepth * BladeGap[index]/100)-
(LayerDepth *
BladeGap[index=-1]/100))/25.4):7:3)
ZMoveGivenDistance (ZAccel, ZVeloc, - ( {LayerDepth *
BladeGap{index]/100)~
({LayerDepth *

_BladeGap[index-11/100))/25.4):

end;
MoveBlade (Pericd[index],StopCode) ;
end;

{ dededo i dr e v de de v e o O o o o e o o v sk I o Y g e o e ok e g o b ok e o e o o e e ok o e e e e e e v ke e ok }
procedure ' DoSweep (DipDepth, LayerDepth:real;
RelaxationTime:integer):
var

level,oldlevel, isweep,StopCode : integer:;

currentZPos : real;

junkPlungerPos : longint;
begin

Read3DStateFile{currentZPos, junkPlungerPos, stopcode) ;

{(*if currentZPos > 0 then DipDepth := 8 else DlpDepth
= 6.*)

'{ ZwW=RelaxationTime in seconds // 2D=DipDepth in mm’

50

55

ZV=ZtableVeloc // ZA := ZtableAccel // Next Layer
Thickness = LayerDepth }

exit;

7 Bl
and
i f

5

t hen

usabl e

Lt (1);
*) 35

30



repeat Pl ungerDown(l, StopCods); ReadBiCell ("N ,level); until level < UpLim
end; if level < LowLi mthen begin r epeat

Pl unger Up(1, St opCode); ReadBi Cel | (%ﬁoqeé\%?)m until level > LowLim 50
end; 55 44 EP O 361 847 B1 [ the state file is not updated in Plunger
Updat 308t at oF | Alze Sususep then bealh o opcod

pdat e ateFile er Q e [
Li qui dSt abl eDel ay; ?g géfay( #'Bg '%bi(fg‘)n QC;E o ﬂ%Ibgs&m’r L{;)
not ((Ti mesThru > NunSetPIungers) or OKfirstTry) then del ay(PD2*1000): }
until (T4 mesThrgn g @t&§¢gﬁ;@t§)1cmo[3§|4035?3y, |f ShowSweep then

Wlteln (' EVE (*****************
if PMWIiteFl ag thenwggg%%n eadSBgP SPelitf g(zbosgk gzjunks cy! &nChes
ReadBiCEII('N',1bNeI) Append(PNMV|teF|Ie) Witel n(PMViteFile, zPos: 2:6,"

', pPos:1, ', 25writelhevel 11, ' SejDipdepthcdrd)‘etund’) ) ;
d ose(PNWV|teF|I%%u.end (FHRAFFFF I I XA K KA KKK *) 30
PIungeerIdlngTorque end; { SetPIunger }. 35 r o] C e
d u (" Movecdeyn &Ry PiPRERYR |nteger Di pDept h, Layer Depth: real);
var ZMoveGivenDistance (ZAccel, ZVeloc,-DipDepth/25.4):

15 { wait PD } '

Delay(3500)
_ LiquidStableDelay;

\_ . (* delay(postDipDelay*1000): *)

20 if (numchecks <> 0) and (not demoFlag) then

SetPlunger (numChecks, level) :

if showsweep then begin _
writeln('ZstagePos=',6ZstagePos:7:2);
writeln('BladeGaplL0/25.4="', (BladeGapL0/25.4):7:2);
writeln('DipDepth (mils)=', (DipDepth/25.4):7:3):

30 writeln('LayerDepth (mils)=',(LayerDepth/25.4):7:3):

25

_ writeln('1-2-3+4=',( 2StagePos - (BladeGapL0/25.4)
- (DipDepth/25.4)
+ (LayerDepth/25.4) ):7:3):
writeln(!'2SafeSweep=',ZSafeSweep:7:3);
userwait;

35

%0 end;

{ no sweep case )
{ Note this critera does not involve BladeGap(i]. )}
% if (numSweeps <= 0) or (( 2StagePos - (BladeGapL0/25.4)
- (DipDepth/25.4)
+ (LayerDepth/25.4) ) < ZSafeSweep) then begin

50 if ShowSweep then writeln('#*** Unsafe to sweep.');

47



40 stopcode : integer; currentZPos : real; junkPlungerPos :

| ongint; begin 45 Read3D Sﬁgh%@h& rrent ZPos j unkPl unger Pos,
stopcode); (*if currentZPos > 0t B 8 else DipDepth : = 6;%*)
50 If index = 1 55 45 EP 0 361 847 Bl then begin if ShowSweep
then witeln('" ZMwve =",(-(-D pDepth 5 - Bl adeGapLO + (LayerDepth
* Bl adeGap[ i ndex] /{L3®yVe ¢ldvatpr:up 3p; thd/Ddesv wvexD Tapercepbdieiml., ZVel oc,
- (-DipDepth y - 10 Bl adeGapLO + (Layer Depth *

Bl adeGa dex] /100y, )/ 2 h I b 15
1 SouSwoep, 1ny ghuelp! chen"SEkbeSRR 21 25 PO\ Pdgia pep p -

Bl adeGap[ i ndex/ 160{LaYerRertxRiPRepth)/29. 446 T /i ndex 11/100))/25.4):7:3 ):
20 ZMbveG venDi st ance (ZAccel, ZVeloc, - ( (LayerDepth * Bl adeGap

i ndex]/100) - ﬁkéﬁ‘@é%ﬂlstance?ﬁcdceesl_ 2 E%@é’%ﬁiﬂ& P@é{?&ﬂ-b’ﬁ&@ﬁér{)% 4); end,

MoveBl ade (Perkgd {I ndex] , Sto
DoSweefd( Di pDep ayer Depth: real; Relaxati onT| me: integer); 35 var |evel,
ol dl evel , isweep, S9@¥d8Be?: integer; currentZPos : real; 40

j unkPl unger Pos : | axdiapi{ReD¥itiionTime{2ZW)) ;
exit;
15 end;

o for isweep := 1 to numSweeps do begin
(g OneSweep (isweep, DipDepth, LayerDepth) ;
end;
{(Now bring the system to pre-sweep plus part layer
thickness.}
25 if ShowSweep  then writeln(' ZMove
=1, (- (BladeGapLo-(LayerDepth * BladeGap[numSweeps]/lOO)+
LayerDepth)/25.4):7:3);
K/ if not HopNguyen then begin
30 it¢ d em o F1ag t hen
ZMoveGivenDistance (ZAccel, ZVeloc, ~ (BladeGaplL.O-

(LayerDepth * BladeGap[numSweeps]/100)

Y/25.4)
35
e 1l s e

ZMoveGivenDistance(2Accel, 2Veloc, - (BladeGapLO-(LayerDepth
. *®

%0 BladeGap[numSweeps]/100)
+LayerDepth)/25.4);
end;
delay(10);
45 end;

{*******************************************************)

50
{***********i*******************************i***********)

55



Read3DSt at eFi | e (current ZPos, |

current ZPos > 0 then Di pDepth

ZW Rel axationTinme in seconds // ZDEBﬂﬁ%rﬂ‘
Zt abl eAccel

0 361 847 Bl if ShowSweep then begin witeln(’

Next Layer 50

unkPl unger Pos,

stopcode)' 45
8 else Di EDepth = 6;%)

Layer

Thi ckness(m) =' fungtidepxpsSeecperSqrvelocity(vel:real) treal;
[[)eaéﬁbé&@oé 2\%1‘&:15)! An i‘ﬂf:hé@'p@‘: seconé\B¥ &the sweepers

(mils)=",

- () D &)Dem h/ 2% )mz? %it‘.s” es%%erwﬁ:&-he {#1

ZMoveG venDi st al’feé(’%ﬂ&’cﬁﬁ ZVel oc, - Di pDept h/ 25}4)

(* deIay(postD pDel ay*1000) ;
denoFl ag)

Li qui dSt abl eDel ay;
(nunthecks
Set Pl unger ( nunChec
mﬁltelncsztagePos
witeln(' BIadeG&pE@hZS 4=

(mls)=",

and

el)

3i§iage % 7.

(not

(Layer Dept h/25.4):7: 3ae Ve L& QQ

- (D pDeE

WW|teIn(

thl 25.4) 35
ZSaf eSteédp-

ZSafeSweep 7:3);

(Bl adeGaplL0/ 25. 4): 7: 2) :
(D pDept h/ 2bg 4)el7<3)1 tHen truevel

*) 20 i f
t hen

shomsmeep t hen begin 25

2);
writeln(' D pDepth

yer Dept
userwait;

case } { Note this celsedd vebs=nat ﬁmotw‘alade(}a{ﬁ[ll F.2)} %523-36)

(numBweeps <= Ok gg (( ZStagePos -
(kgyerDepth/ZS 4)
Unsafe t,p sweep. A

25

30

35

50

55

23
else

+ 17
else

+ 12
else

+ 10
else

+ 11
else

+ 9
else

+ 9

if vel <=

if vel <=

if vel <=

if vel <=

if vel <=

if vel <=

(BIadeGapL0/25.4) -

5 then trueVel := (vel - 4) * (12-17)
6 then trueVel := (vel - 5) * (10-12)
7 then trueVel := (vel - 6) * (9-10)
8 then trueVel := (vel - 7) * (7-9)
9 then trueVel := (vel - 8) * (6-7)

10 then trueVel := (vel - 9) * (6-7)

else truevel := 5;
expSweeperSqrVelocity := truevel;

end;

procedure expSweeperBack:;

{ StopCode 0

( Zstage )

1

= normal return ( could be the limit )
abnormal -~ limit hit before completed move

2 = abnormal - keypressed

w
i

= stall )

(
B, mm zv=Ztabl eVel oc // ZA :
Thi ckness = LayerDepth } 55 46

orrespond' to Dgp%gxh 703,

{wait PD } Del ay(3500);

:= Weitel n(' LayerDepth (mls)=",
4 St - LO/ 25. 4
%Lah%ﬁ m{v@% 39@@8 3)( B 39659 )

end; { no sweep

(Di pDepth/ 25.4) +
) S1457ECRUPR) o NGIRAPERLVE  SNQTIRED) g uedf el n(’ = "



50 55 47 EP 0 361 847 Bl { Move elevator up to the 'draw next | ayer’

position. if ShowSweep t hen i teln(! ZNove

=', (- (Layer Dept h- Di pDept h) / 25. 4) 5%)36 847 B1

ZMoveG venDi st ance( ZAccel , ZVel oc, - (Layer Dept h- Di pDepth)/ 10 - 25. 4);
del ay(5); Del ay(Rel axationTime{ZW); exit; 15 end; for isweep :=1
t o nunbweeps d¥abegi n OneSweep(i sweep, Di pDept h, Layer Depth); 20 end; (Now
bring the systemyto jpregéyeep plus part layer thickness.} 25 i f

ShowSweep t he Lweitel n(t ZNbve

=, (- (8l adeGapLCg‘f’f_a'y\g%B%bt h * Bl adeGap[ nunBweeps]/ 100) +

Layer Dept h) / 254 ki : BP®ed §{readti BopNguyen then begin 30

i f d e nhbeginl a g t hen

ZMoveG venDi st ancgdi2te sk . Z,\Leltggnéé'gﬂ@aqgapm- (Layer Depth * Bl adeGap

s / 100 [ 25, 35
Qll\J/bv\é\geo\F/)Z]nDi st Zm%’(é%i&%%é?fﬁeféfoé,s? ﬁ?&@gﬁﬂ ﬁ’.‘g&ér Depth * 40

Bl adeGap[ nunSweeRATtiSareplinjerBepfh) / 25. 4); end; del ay(10); 45 end;
50 55 48 i := 0;
if ShowSweep then writeln(' SWEEPER BACK ')
15 repeat

if (port{sweepLim] and $40) <> $40 then begin
port([SwepCoil] := $00;
o’ BladePos := MaxBladeMoves;
20 exit; { hit limit switch )
end;
inc(BladePos);

25 if i <= 59 then inc(i) { ramp up
else if BladePos > (MaxBladeMoves - 60) { ramp
&J- down ) .

30 _ then i := MaxBladeMoves - BladePos + 1:

rotatestep(1l,Sweepstep) ;
port([Swepcoil] := ({(port[Swepcoil] and $F3) or}
(sweepstep and $0F);
BenDelay(delaytime + LnSteps{i]):
until ((keypressed) or ) (BladePos >= MaxBladeMoves);
port{SwepCoil] := $00:

35

“ { if keypressed then begin
key := Readkey:
end; )
45 if BladePos >= MaxBladeMoves then begin

if ShowSweep then writeln(' #** ERROR : STALL in
Sweeper Back !');
delay(1000);

s0 beep:

55

50



EP 0 361 847 Bl function expSweeper Sqr Vel ocity(vel :real):real; ( Converts a

velocity in inches per second to the sweepers private units. Smal | er
trueVel s correspond to greater vel 5&0#5 47 Bl } var 10
trueVel : real; beginif vel <= 1 then trueVel :- 76 else if vel <- 2 then
truevel :- (vel - 1) * (36-76) 15 + 76 else if vel <= 3 then trueVel
:= (vel - 2) * (23-3cBladed®sclsMa¥BladeMavest t hen trueVel := (vel - 3) *
(17-23) 20 + 8ndelse if vel <= 5 then trueVel := (vel - 4) * (12-17) +
17 else if vel <g46 then trueVel := (vel - 5) * (10-12) 25 + 12 else if vel
<= 7 then trueVel := (vel - 6) * (9-10) + 10 30 else if vel <=8
then truevel :- (vel - 7) * (7-9) + 11 else if vel <=9 then trueVel :=

(vel - 8) * (6- Mphedd@kBihhhbkdihidid ik pdfifhhjchdiobr MG sk dpetyitade)) = (vel
-9 * (6-7) + q,r@cggu{.y@%gbeéﬁeﬁore;pweeper Sqgr Vel ocity := truevel; end;
A

procedure expSWQJe er Back; 45 StopCode O = normal return ( could be
the limwe ) 1 = normal - limt hit before conpleted nove ( ZStage 2 =
abnormal - keypresded bmuteger: 3 =stall} 55 49 EP O 361 847
Bl var i : integerkey : char;
{(}{ speed : real; )}
15 begin

delaytime := trunc(speed):;
if (2stagePos < 2SafeSweep) then exit:
o port{Sweeplim] := $FF:
i = 0;
if showSweep then writeln(' SWEEPER FORWARD ')
repeat '
if (port[SweepLim] and $20) <> $20 then begin
' port[SwepCoil] := $00;
BladePos := 0;

25

W exit; ( home limit switch )
30 end;
dec(BladePos);
if i <= 59 then inc(i) { ramp up }

else if BladePos < 60 { ramp down }

3 then i := BladePos + 1;
rotatestep(-l,sweepstep):.
© port(Swepcoil] := ((port[Swepcoil] and §$F3) or

) (sweepstep and $OF);
BenDelay(delaytime + LnSteps{i]):
until ((keypressed) or ) (BladePos <= 0):;
45 port(SwepCoil] := $00;
' { if keypressed then begin
key := Readkey:
end; )

50 if BladePos <= 0 then begin

58
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key : char; 5 {}{ speed : real; ) begin delaytinme :- trunc(speed); 10

i f (ZStagePos < ZSaf eSweep) then bkbi éiSweeplin] = $FF;, i :=0; if
ShowSweep then witel n(® SWEEPER ?E; repeat if
(port[SweepLini and $40) <> $40 then begin port[SwepCoil] := $00; Bl adePos
: - MaxBl adeMoves; 20 exit; { hit limt switch ) end;

I nc( Bl adePos) ; 25 if ShowSweep fthencwrigelheh ¥4%C(BRROR : STALL in

ranp up else |§wggp°é}egg§wgm{ MgxBl adeMoves - 60) { ranp down } 30
then.i := MaxBl a e Blad Pos + 1; rotatestep(l, Sweepstep);

port[ Seepcoil ] § ?T%Mep bll] and $F3) or) 35 (sweepstep and
$0F) ; BenDeIay(deIa Hé + LnSteps[i]); until {(keypressed) or ) (Bl adePos
>= MaxBl adeMoves); @elayfveqodcil] - $00; { i f keypressed then begin key
: = Readkey; end; g 445 i f Bl adePos >= MaxBl adeMoves then begin if
ShowSweep t hen MW|teIn( *** ERROR : STALL in Sweeper Back '); del ay(1000);
50 10 3%9p 55 50 EP 0 361 847 Bl Bl adePos : = MaxBl adeMoves;
end; end; 5 prprechdurecepiavaidafe(perigd:real);

var
SineMoveParam : real:;
5 begin

{}{ if period < 2 then begin
_ if BladePos <> 0 then expsweeperforward
- else expsweeperback;

' end else begin

case period of

: SineMoveParam := 10.5;
SineMoveParam := 6.8;
'SineMoveParam := 6.2;
SineMoveParam := 6.1;
SineMoveParam := 4;
SineMoveParam := 3;
SineMoveParam := 2.98;
SineMoveParam := 2.97;
SineMoveParam := 2.95;

25

VOOV e WN

(1) (1} 1} .o 1] (1] (1] .o

g 5
2

if BladePos < > 0 then
expsinemove (MaxBladeMoves, SineMoveParan, 'r')
el s e
expsinemove (MaxBladeMoves,SineMoveParanm, '1l');
end; }
sinemoveparam := period:;
45 {}¢ if BladePos <> 0 then
expsinemove (MaxBladeMoves,SineMoveParan, 'r')
el s e
expsinemove (MaxBladeMoves,SineMoveParam,'l');}

50 if BladePos <> 0 then expsweeperforward(period)

52



10 var i : integer; key : char; speed : real; ) 15 begi n
delaytinme := trunc(speed); if (ZSt%%gPos < ZSafeSmeep) then exit;

port[ Sweeplin] := $FF;, 20 1 ShowSweep t hen WW|teIn(
SWEEPER FORWARD repeat if (port[ SweepLini and $20) <> $20 then begin 25
port[ SwepCoil] := $00; BladePos := 0; exit; ( home limt switch ) 30
end; dec(Bl adePos); if i <= 59 thene'lBE(é:}psweeperback(per.toc‘ﬁ)ra”p up  }

else if BladePos < 60 { ranp down } 35 then i := Bl adePos
+ 1; rotatestep(-I1,sweepstep); port[Swepcoil] := ( ((port(Swepcoil] and
$F3) ors)(smeeﬁ§FEp and $0F); BenDel ay(del aytinme + LnSteps[i]); until
{(keypressed) or ) (BladePos <= 0); 45 port[ SwepCoil] := $00; {

i f keypressed then begin key : = Readkey; end; ) 50 i f Bl adePos <=
O then begin 55 {1 0 4781 J.f showSweep then weitel n(' *** ERROR
: STALL in Swee 2 = *é?§¥f§ %ggﬁf*ﬁ*** **ﬁff*gézﬁf*ﬁigfﬁy o *tend; 10
end; pradeedure SYOOBIRER Hveepealvd: real);

var

resp : integer:
theDelay : integer:;
15 realDelay : real;

. hourl, hour2,
(7 minl, min2,
i secl, sec2,
secll00, sec2l1l00 : WORD ;

2 begin
repeat
write( 'l) for square, 2) for sine ?' );
U readln( resp ):

s0 if resp = 1 then begin

write( 'Raw delay ? ' );

readln({ theDelay ):
o GetTime(hourl, minl, secl, secll00) ;

isf BladePos <> 0 then
sweeperforward(theDelay, StopCode)
else
@ sweeperback (theDelay,StopCode) ;
end else if resp = 2 then begin
write{ 'Raw delay ? ' ):
readln( realDelay ):
4% GetTime (hourl, minl, secl, secll00) ;
if BladePos <> 0 then
expsinemove (MaxBladeMoves, realDelay, 'r')
el se

50 expsinemove (MaxBladeMoves,realDelay,'l"')

55
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var SineMobveParam : real; 15 begin {}{ if period < 2 then begin if
Bl adePos <> . then expsweeperforward el se expsweeperback; end el se begin

case period of 2 : SineMyveParam EE.0 361 847 BY, 3 : SineMveParam
.- 6.8; 4 : SineMoveParam:= 6.2; 5 : SineMveParam:= 6.1; 6 :

Si neMovePar am : = 4;e§%: 7 : SineMwveParam:- 3; 8 : SineMveParam
= 2.98: 9 : SineMweParam := 2.97; 10: SineMveParam := 2.95; 35

end; i f B 1 a (GetBimp(hour2, min2, seg2, seq2100)
el

expsi nenove( MaxBl aderiteln (listerby fRahanrl s ') *40ninl, , secl, ‘':',

e 1 s g expsineaysoMyBl adeMves, Si neMoveParam ' 1'); end; } sinenoveparam
.= period; 45 E é if . ,BladePos , < 0 t hen,
expsi nenove( MaxBl ad¥ ,(S'isﬁéf/BVe'PaLﬁ'r‘rf r¥ e l1"'>"$2'e"" secdi™:r,
expsi nenove( VigeRRaAGMY es5Si neMoveParam ' 1');) 50 i f Bl adePos <>
0 then expsweepeiuhiYossldar i(@drewdr o2 EP 0 361 847 Bl el se
expswe®per bac eriod); end; 5 10 procedure SweepCal; var resp :
i nteger; theDelay : integer; 15 real Delay : real; hourl, hour?2,
Iﬂ ni nin2 {*****************************************************}
begin
15 { blade must be at the front, already checked in
utlzstage init }
SweepDefaults;
i ReadSWEEPxPRMfile;
20 ReadMACHINExPRMfile;

BladePos := 0;
StepIter := 0;
NoSweep := false;
ZClearBuffer; .
Read3DStateFile(ZStagePos, PlungerPos, junkscC) ;
Q_; end.
30 unit SINSTEP;
{ mmmm===c
3D Systems Stereclithography System Software

36

01/24/89 JFT Creation.

(*******************************************************}

interface
uses CRT,DOS,UTLZSTAGE,UTILITY1l:;

const

MaxSafeSineSpeed = 1;

var
50
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20 secl, sec2, secl100, sec2100 :- WORD ; begin repeat wite( '1)
for square, 2) for sine ?' ); readln( res If resp =
then begin wite( 'Raw delay ? ' ré&ﬂ &héﬁelay ); GetTinme(hourl, mnl
secl, secl1100) ; if Bl adePos <> t hen
smeeperformard(theDel , StopCode) e, 1 s e 40

sweeper back( t heDdfad Code); ehdiB¥eELT % resp = 2 then begin wite( 'Raw
delay ? ' readln( realDelay ); 45 GetTine(hourI m nl, secl,

sec1100) if .

expsi nenpve( Nﬁ%"g%ves J‘P ggfﬁe St;"/el"'s‘) mtf%er g@gepperiod real;
expsi nempve( M@ kfotived, cBaFpDestgpcade: Beger) i EP 0 361 847 Bl end;
GEtT'”E(hOUf2,pfbdﬁhuﬁﬁﬂﬁﬁpSEﬁﬁiﬁgaxsﬂé s el e rade%&ﬂTLreal.,dﬁhﬂl

', sel, ' secl 1 QG 2) ; MW|teIn( Start: ', hour2, ':', mn2,
‘1, sec2, ""‘§EE?IOO 2) ; until false (forever) 10 end; begin 15
( bl ade st tﬁ?Qﬂ*t#ﬂ?ﬂﬁﬁ@ﬂ??**arreaﬂy*tﬁﬂﬂﬁ&ﬁfﬁﬁ$*ﬁFthfagé*fh$f*}*}
swegptefaults;ijgxgyaﬂggéﬁﬁ%ﬁiIe; 20 ReadMVACHI NExPRM i | e; Bl adePos
const
" JB = $300; (plunger, recocater address)
JBC = $308; (8255: 4 MSB: plunger)
U ' CoilDataPort ~ = $309; { 4 LSB: recoater)
20 MaxBladeMoves = 1255; ( pre - microstepping }
SwepCoil = $309;
SweepLim = $308;
26
function SweeperVelocity(InchesPerSec:real):real;
W { No longer used--JFT, 4/3/89 )}
80 { Used by SineMove to correct the veloc;ty parameter to
correct speed. }
var
a5 vel : real;
begin
if InchesPerSec < 0.1 then vel := (InchesPerSec /
0.1) * 0.11
d : else if InchesPerSec <= 0.2 then vel =

((InchesPerSec - 0.1) / 0.1) * (0.2375-0.11]) + 0.11
else if 1InchesPerSec <= 0.5 then vel
& ( (InchesPerSec - 0.2) / 0.1) * (0.68-0.2375) + 0.2375
else if 1InchesPerSec <= 1.0 then vel :
((InchesPerSec - 0.5) / 0.3) * (1.55-0.68) + 0.68;
SweeperVelocity := vel;

50 end;
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Steplter := 0; NoSweep = fal se;

Read3DStaieFiIe(ZStagePoé,PIunger ' ;
Systens Stereolithography Systen1é£§?h£8§;§% 0

i nterface uses CRT, DOS, UTLZSTAGE, UTI LI TYI ;

var 50 55 54 EP O 361 847 Bl Bl adePos

si nemove( st eps{}i (ricpapve SmisyPeteppling ofl remmcéamtl plungésys ;
st opcode: i nt egaéscr iPriond bee pakRiie 0N (4RSS diNtHaQY, ;

char);
recoat er
Coi | Dat aPor t
1255;

( pre 2 maidhostephinther Semt€oil

function vaeepﬁtc\.iedp%hy(m henBee fstay @dkindsd

Used by Slnerve to correct the vel ocity paraneter to

4/ 3/89 ) 30

correct? speed. } var vel rea
{ No longer used.
4/3/89 )

procedure sinemove(steps:

15 device,dir :

25 ZC earBuffer;
end. 30
1/ 24/ 89 JFT Creati on.

45 const

40
Max Saf eSi neSpeed

| nt eger; procedure
see

Te$80ForSveteid | procd&fii®;: 25

integer:
char; stopcode:integer);

SweepPeriod:

( No | onger used--JFT,

Expsinemove is used instead--JFT,

real:;

const
() DAngleArray : array[0..7) of integer =
20
(i0,10,10,15,15,15,30,30) ;
AccelRampMax ¢ integer = 2;
25 RampLength : iptggér = 4;
type
W LookUpTable = array [0..45] of real:
30
var
stepcount : integer:;

36 X1,X%2 : real;
Fld,AccelValue : integet:
DIndex, DAngle : integer;

© 8inOfAngle,CosOfAngle : integer:
QuarterPi,PeriodPoint ¢ integer:
FldTimes s LookUpTable:;
BitFactor : integer:

45 X0Bit,X1Bit,X2Bit : integer:;
CoilABitl,CoilaBit2 : integer:
CoilBBitl,CeilBBit2 ¢ integer:;
SingleBit,FLdCount : integer:;

b0 j,double,accelcount : integer;

55
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reasRarag real ;
adar Zgl-'?&?%‘ bbb Yiskolneg i copoos et iy RRIGS

to gy for higher velecitiasc(pif)er PO ﬁFcelRamPM%x Bl adeMoves

unit SINSTEP; 3D

1;
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35 begin if InchesPerSec < 0.1 then vel := (InchesPerSec / 0.1) * 0.11 40
el se if I nchesPer Sec <= 0.2 t hen _vel = ((I'nchesPerSec - 0.1) /
0.1) * (0.2375-0.11) + 0.11 else EPOS§I#ABIpersec <= 0.5 then vel
:= 45 ((I'nchesPerSec - 0.2) /.0.1) * (0.68-0.2375) + 0.2375 el se if
| nchesPer Sec <= 1.0 then vel = ((I'nchesPerSec - 0.5) / 0.3) *
(1.55-0.68) + 0.68; stugrpauyel ocity : = vel; :5@ntegearyd; 55 55 EP 0 361.
847 Bl {} (sinenoveg,,@&. 4 ostepping of recoateg EEEE \l unger: see description
of paraneter at beg?ﬁg%#gfile. Last test resérg . éknter performance with
CoProc N+, Ranp seef®® to be to slow for hi ghéP*8¥*%cities (>10), so
Accel RanpMax : = 2 wwhichkinf urther tests Test ihbtegerti s procedure:
M CROL. PAS (see conggié®nal defines)) 10 { Norkanger used. Expsi nenove is
used instead--JFT, 4/3/89 } procedure sinenpbve(steps: integer; SweepPeri od:
real; 15 device,dir : char; stopcode:integer); const DAngl eArray
array[01.7] ofhﬂﬁﬁéger = 20 (10, 10, 10, 15, 15, 15, 30, 30); Accel RanpMax
. integer = 2; RaniffepzgtagePos < ZSafeSweep) itheagexits 4; type LookUpTabl e
array [0..45] of regkt(Rfbepdinft SPGREaL . integer; 35
X1, X2 1 e s reaki Flg A %Flvslue . . . integer;
Dl ndex, DAngl e veloc := Swegperialocity o PHSCRRTFRIYf e : integer;
Quart er P}, Peri odPoi nt . integer;

if device = 'p' then BitFactor :=

_ else BitFactor := 16;
() CoilABitl := 32 div BitFactor:
{20H, 2)
CoilABit2 := 16 div BitFactor:
, {10H, 1)
25 CoilBBitl := 128 div BitFactor;
{80H, 8)
CoilBBit2 := 64 div BitFactor;
k.j {40H, 4}

{Fld}
Fld := round(100/veloc+0.5);

{Dangle}

DIndex := round(veloc+0.5)-1;

if DIndex < 0 then DIndex := 0;

if DIndex > 7 then DIndex := 7;

for j := 0 to DIndex do Dangle := DAngleArray([j]:

{ Set QuarterPi to one-fourth period. )
45 QuarterPi := 90 div DAngle:;

{ Build a table of values for the five-fourths period

interval. )
{ The extra quarter lets us look up cosines easily. }
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FI dTi nmes . LookUpTabl e; BitFactor

sinteger; 45 XOBit, X1Bi t . integer;
- Coi | ABi t1, Coi | ABit2 : integsé%%é)isfrﬁg , Coi | BBi t 2 . integer:
Si ngl eBi t, FLdCount . integer; | , doubl eaccel count
integer; 55 56for 72 @ 361(342 Q%J,r%ggi)e duil | . integer;
out put nt
i nt eger; whi chLi mndﬁmas[ﬁ' s‘lq’e( ? 1% egglﬁng%ﬁl ocﬂ * Fld;
real; 10 begin if (ZStagePos < ZSafeSmeep) then exit; port(Sweeplini

= $FF;s veIoc : = Sweeper Vel ocity(12. 1/ SmeepPeriod); 16 if device ='p'" then

EitFactor = #éf ;@%d?gghgr,= Gh sggb%ﬁg§jﬁgf%n 32 div BitFactor; 20

(20H, 2) C0|IAB| v Bit'Factor Coi IBBit| :=
128 div BitFactor; (80H, 8) CoilBBit2 := 64 div BitFactor; {40H 4} 30
{FI d} FId := rounif lGbrttiseeepLin] anBaszodk}<Dis2dexher r ound(vel oc+0.5) - 1;
if Dn#ex < O thegb ex :- 0; 40 if Dindex > 7 then Dindex := 7,
for j :=0to DIn ex 0 DAngleArray[j]; { Set QuarterPi to
one-fourth period. }* ?pcasg(glr)ﬁfar% ©- 90 div DAngle: ( Build a

tabl e of values for thegini ve-fourths perlod
15 port[SwepCoil] := $00:
bladePos:=0;
StopCode t= 0;
W, exit;
20 end;
end else if (port[SweepLim] and $40) <> $40 then
begin
if upcase(dir)='L' then
begin
port[SwepCoil] := $00;
bladePos:=MaxBladeMoves:;

25

KJ
30 StopCode t= 0;
exit;
end;
end:
35

if (stepcount <= RampLength) then begin

A ¢ c el V. alue : =
%0 AccelRampMax*round(veloc/3) * (RamplLength-stepcount+1)
div RampLength; {accel)
if AccelValue < 1 then AccelValue := 1;
end;
45

if ((steps-stepcount+l) <= RampLength) then begin
A ccel V alauue : =

5 AccelRampMax*round(veloc/3) * (RanpLength-(steps-stepcount))
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interval. } { The extra quarter |l ets us | ook up cosines easily. } 55 57

EP O 361 847 Bl for j: to (5 * %uarterPr do FIdTines[j]:=sin(pi / 180 *
DAngle * j) * FId; 5 for stepcount eps do begin if :
(port[ SweepLi ni and $20) <> $20 t hen 10 begin if upcase(dir)='R
t hen begin 15 port[ SwepCoil] := $00; bl adePos: =0; StopCode
= 0; exit; 20 div Rampbengtintd el se if (port[ SweepLin and $40) <>

$40 then begin if upcase (A@crehvdue thgneRen brgeivansd [:SwepCoi I : - $00;
bl adePos: = MaxBI adel\/bves 0; exit; end;

end; 354f (stepcounfP® ]ﬁ&nﬁfeﬁiﬁ"rﬂwf‘ﬁﬁn M#ﬁ(‘ﬁﬂ tée‘é 1V a 1u e

= 40 Accel RanpMakeeelNad@eck®c¥3) * ( RanpLengt h- st epcount +1 ) div
?aangngzg f " (accel) i f Accel Value < 1 then Accel Val ue : -

;en | step ou ﬁﬁ% ng? t e ce 1V
a 1u e: ic?@gﬁ N‘g{qrou ve gor}) l% %Bﬁe%f] Sanfe!

(st eps- gt epcount%ﬁPeBQiB% on step
{ direction. CosOfAngle is one-quarter pi ahead of

this. )
if upcase{dir) = 'L’
15 then SinOfAngle = 0
else SinOfAngle := 360 div DAngle;
CosOfAngle := SinOfAngle + QuarterPi;

20 for PeriodPoint := 0 to (4 * QuarterPi) do begin
X1 := FldTimes[SinOfAngle}:
25 if X1 > 0 then Xibit := CoilABitl {32 20H}
else if X1 < 0 then Xlbit := CoilABit2 {16 10H}
else Xlbit := 0;
30 X2 := FldTimes[CosOfAngle}:
if X2 > 0 then X2bit := CoilBBitl {128 80H})
else if X2 < 0 then X2bit := CoilBBit2 {64 40H)
else X2bit := 0;
% X0Bit := 0:
if abs(Xl1l) < abs(X2) then begin
% double := abs(round(Xl +0.5));
SingleBit := X2bit;
end;
if abs(X2) <= abs(X1l) then begin
45 ' double := abs(round(X2 +0.5)):
SingleBit := Xlbit;
end;

single := abs(round(abs(X1)-abs(X2)+0.5));

80 null := Fld-double-single:

85
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EP 0361 847 Bl div RanpLength; if AccelValue < 1 then Accel Value :- 1; end

el se if (stepcount > RanpLength) | Value : = 1; { Point SinOAngle
at lo or hi end of table, 10 Hﬂ?%ér@?% on step } { direction.

CosOFAngl e is one-quarter pi ahead of this. i f upcase(dir) ="'L" 15
then SinOAngl e : = fofl &fteTcBGhONG & to ﬁéeemaadaAaal Beg ﬁosOf Angle :=
SinOdAngle + QuarterPi; 20 for PerlodP0|nt :- to (4 *
QuarterPi) do begin X1 :- FIdTinmes[Si nOf Angl e] ; if X1 >0
then Xl bit := Coil ABit 1if upcase(din) =0 then hqglﬂl < 0 t¥REEIX1bit : =
Coi | ABi& 2 (16 1OH else XIbit :=0; 30 X2 =

FI dTi mes[ CosOF Angl e] i Coi I BBi t | {128 BOCH}
else if X2 < 0 then X2b|1ttx%l°uaoe t e %%fn

F% el se X2bit := 0; 35
XOBit := 0; if abs(Xl) < AF(k»= PhE‘Pn iR 4R PorE[ColliataPerkd (3 +0.5));
Si ngl eBlt C= Xabidtsxewik; i f abs(X2) <= abs(Xl) t hen begin 45

doubl e = abs(round( X2 + d5)) SlngIeBlt XIblt end; S|ngle =
abs(round(abs(XI) abs(Xé?! g& ul | =

Fl d- doubl e-single; 55 5 £ sipgle %6"1 then Reginy, accel count := 1 to

Accel Val ue do begin if upd®se]di= P to'dingiikedo lpogtiCoilDatafloat]}:=

15 SingleBit;
end:;
if null > 0 then begin
N for j := 0 to null do port[CoilDataPort] :=
20 XOBit;
end;
{end dir =W"1Y)
25
end else begin {(dir "r")
{right}
U o
30 if null > 0 then begin
for j := 0 to null do port[CoilDataPort] :=
X0Bit;
o end:;
if single > 0 then begin
for j := 0 to single do port{CoilDataPort] :=
SingleBit;
40 end;
if double > 0 then begin
for j := 0 to double do port[CoilDataPort] :=
X1lbit+X2bit;
® end;
end; {dir "r")
end; {accelcount)

50
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5 if double > 0 then begin for j := 0 to double do port[CbiIDataPort] =

Xl bit+X2bit; 10 end; if single > OFEEF 1q§ﬂaﬂ for j := to single do .
port[Coil DataPort] := 15 Si ng if null > 0 t hen begin for |
= 0 to null do port(Coil DataPort] := 20 X0Bit; end; (end dir -"1") 25
end el se begin (dir "r") {right} 30 _ | f nul! > 0 then begin
fﬁr Jb::_o ;o nul | dg deatéknddmnpaEbb%%égzinﬁ@Bst )??d; 3g.|f|sgpgle4g 0
then begin for j = Qg Qosh 0P or = SingleBit;

end; if double >0 then egigdﬁrq aoi legg%gﬁe do port[ Coil Dat aPort]

Xl bit +X2bit; 45 en %ﬁﬂ? = {dir "r"} 50

end; end elgedwginount} 55 60 EP 0 361 847 Bl { Update

Iookup tabl e pointers. shnofaﬁgyaase(§1ﬁaf5ngﬂg+1then begin 5
SinOAngle : = SIHCTAH% -1; end else begin SinOAngle : = SinOFAngl e+l1; end;

10 _ CosOfAngle := SinOfAngle + QuarterPi:
end; {for SinofAngle...}
15
end; {steps)

port(CoilDataPort] := $FF;

> 20 if BladePos <= 0 then begin
{} { if ShowSweep then writeln(' **#* ERROR : STALL in
Sweeper SineMove Forward ');)
BladePos := 0;
2% - StopCode := 3;
beep;
. delay(1000);
e 30 end;
end;

{RrRhRhhRhARhhRAAhRhhhdhhhrhhhhhhhdhhdhhhdhkidhkkhdhkids }
35

procedure expsinemove(steps:integer; rawParam: real; dir

¢ char):;
“© const _
DAngleArray : array[0..7] of integer =
45 - (10,10,10,15,15,15,30,30) ;
AccelRampMax : integer = 2;
RampLength : integer = 4;
type
o LookUpTable = array [0..45] of real;
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61



10 CosOFAngle := SinOFAngle + QuarterPi; end,
{for SinOOAngle...} end; {steps} port[Coil Dat aPort]

L= $FF; 20 i f Bl adePos < 098RLRYRLIn () { if ShowSweep then
witeln(" *** ERROR : STALL in Sweeper SineMove Forward ');) BladePos = 0;
- 25 St gagode ; 3; beep; delay(1000); end; 30 end; {

***********************.*****************************} 35 pr OCGdUI’e

expsi nenove(steps:integer; rawParam real; dir : char); 40 const

DAngl eAr r ay stepcountyr rqy[ 0..7] of it dgépgerys

(10, 10510, 15, 15, 15, 2% X? ; Accel RanpMax : real; . integer = 2;
RanplLengt h a yvhfiigger = 4; type . LookUpTabl e -
array [0..45] of rea 1d.Acce} amiP 0 361 847 B 5‘33?‘%’[ epcount

. integer: 5 Dindex,xgmle : integer;. o -

Fl d, Accel Val ue SinofAngle, CosGfifawyleD ndex:, integez;

i ntegel’, SinOf Angl e, GRsPedBd, Beriodpointi Nt eger int8ger:;
QuarterPi, Peri odPoi i . Integer; FIdTings .
LookUpTabl e; Bi t Fact'otdTimes o n-?régg?‘}’l’"isble-
XOBit,X1Bit, X2Bit  BitFactor : |nteger; Coil ABiimtegstt ABjt 2
i nt egeJ,; Coi I BBi t|, GroBiRBixaBit,x2Bit : integes integeteBit, FLdCount
. integer; ]

CoilABitl,CoilABit2 : integer;
CoilBBitl,CoilBBit2 : integer;
w SingleBit,FLdCount : integer:
20 j,double, accelcount : integer:;
single,null ¢ integer;
output : integer:
25 rep : integer:;
whichLim s integer:;
veloc ¢ real;
30 begin

if (ZstagePos < ZsafeSweep) then exit;
port([Sweeplim] := S$FF;

veloc := rawParam;
35

BitFactor := 16;

CoilaBitl := 32 div BitFactor; {20H, 2)
© ' CoilaBit2 := 16 div BitFactor: (10H, 1)

CoilBBitl := 128 div BitFactor; {80H, 8)

CoilBBit2 := 64 div BitFactor; {40H, 4)
® {F1d}

Fld := round(100/veloc+0.5);

50 {Déngle}
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20 j , doubl e, accel count : integer; single,null

i nt eger; out put e o ger; rep
i nt eger; whichLim EP 0 361 442:5 ger; vel oc
real; 30 begin if (ZStagePos < ZSaf eSweep) then exit;

bort[SweepI inl := SFF, veloc :- rawParam 35 BitFactor := 16; Coil ABitl :-
32 div BitFactor; DIndex := found(vElochPHBilr2 : = 16 div BitFactor;
{10H, 1) CoilBBitl if nmxdkvoahi&aotaaéx := 0; {80H, 8} CoilBBit2 := 64

div BitFactor; 0y, 5 . {FId} FId:-
r ound( 100/ vel oc+0. 5% D?bdreé’l‘ 7 Uneidn1 /i55 62 EP 0 361 847 Bl
Dindex : = round(veEBE+h.}3) 91t0RIndex 8 Qﬁﬂﬂlﬁheﬁ DyngdeArraytiliif Dl ndex > 7

then Dindex :=7; for j := 0 to Dindex do Dangle := DAngleArray[j]; { Set
QuarterPi to one- f@usé@m&wép; )tolgne-fourth pedfdd.enPi - 90 div DAngl e; (
Build a table of v S IQr sperlodlnterval ) 15
( The elra quarteéu#jé srpgs 70%9(43‘5 B%Eﬁﬁafs easily. } for j:=0to (5 *
QuarterPi) do FIdTinmes[j]:=sin(pi / 180 * DAngle * j) * Fld, 20 for
stepcount := 1 to stBpkldla tepie &5 vialueporsdt Imreglived rairdnd2perica $20 t hen
begin if upcase(dieiealR jthen 30 begi n port[SwepCoil] := $00;
15 { The extra quarter lets_us look up cosines easily.
}
for j:= 0 to (5 * QuarterPi) do

o FldTimes([j]:=sin(pi / 180 * 'DAngle * j) * Fld;
20

for stepcount := 1 to steps do begin
25 o -
if (port[SweepLim] and $20) <> $20 then
begin
U if upcase(dir)='R' then
s0 begin
port({SwepCoil] := $00;
bladePos:=0;
exit;
end;
end else if (port[SweepLim] and $40) <> $40 then
begin
if upcase(dir)='L* then
begin
port{SwepCoil] := $00;
bladePos:=MaxBladeMoves;
45 : exit;
end;
end;

35

%0 if (stepcount <= RampLength) then begin
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bl adePos: =0; exit; 35 end; end else if (port[SweepLin] and

$40) <> $40 then begin 40 | f upcase(dlr)—'L' t hen begin
port[ SwepCoil] := $00; bl adePos: ER Q381 84Rbves; exit;
end; end; 50 i f (stepcount <= RarrpLengt h) t hen begin 55 63 EP

0 361 847 B1L A c c e | Valu

Accel RanmpMax*r ound(vel oc/ 3) * Raanength stepcount+§% d|v Ra Lené?h;
{accel} 5 AccelRampMaxc*xpund (x815/3) 1 (RapRT-eRGERr SEERRAY +i end; if
((steps-stepcount +1)div~Raappersgidi:h) then begin 10 Macaeld | V al u e

AccelsRampMax*r OU“dif’g{c@/Q?ﬁH&B@H'—%ﬂ% haddivaguat epcpunt)) 15

div RanpLength; if Acc alue < 1 then AccelValue := 1; end else if
(stepcount > Raan%ﬂEﬂrD then Accel Value := 1; 20 ( Point SinOfAngle at |lo
or hi end of table, depending on step ) 25 { direction.
CosOf Angl e i s "one- ggiag {sfle B'—s@&kﬂi&i‘:&ﬁ his. RdnprJéﬂ €8F (¢Hen begih' then
SinOOAmgle := 0 30  fetep % n Ang1 g q&v DAngl e, CosCOf Angl e
= SinOFAngle + QuarterPi; for riodPoiht g arterPl) do begin
35 X :- Fl dTAFce}Ranrastaound (velogy/3b+ Méﬁnge!m (ste ePEPIRE) ) {32
20H}

15 div Ramplength:;

if AccelValue < 1 then AccelValue := 1;
end else if (stepcount > RampLength) then
(O AccelValue := 1; -
20 ] )
{ Point SinOfAngle at lo or hi end of table,
depending on step }
{ direction. CosOfAngle is one-quarter pi ahead of
this. )
if upcase(dir) ="'L'
W, then SinOfAngle := 0
30 else SinOfAngle := 360 div DAngle;
CosOfAngle := SinOfAngle + QuarterPi:;

25

for PeriodPoint := 0 to (4 * QuarterPi) do begin
35
X1 := FldTimes(SinOfAngle]:
if X1 > 0 then X1bit := CoilABitl {32 20H)
40 else if X1 < 0 then Xlbit := CoilABit2 (16 1l0H)
else Xlbit := 0;

X2 := FldTimes[CosOfAngle]:

4 if X2 > 0 then X2bit := CoilBBitl (128 80H)
else if X2 < 0 then X2bit := CoilBBit2 {64 40H}
else X2bit := 0;

50 X0Bit := 0;
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40 else if X1 <0 then Xl bit := Coil ABit2

{16 10H} el se Xlbit

= 0; X2 := FIdTi mes[ CosOF Angl e] ; 45 if X2 >0 then X2bit : =

Coi | BBi t | {128 80H} el se i EPR36&I &7 Ben X2bi
40H} else X2bit := 0; XOBit := 0; 50 55 64 EP O 3
abs(X2) then begin double := abs(round(Xl +0.5)); S
end; if abs(X2) <= abeff ¥bp (KBEr< labgi(k2 X dilienebegimps
SingleBit := Xlbit; endoublegi< abs (2bekd QiNdoabp)X1)

t :=CoilBBit2 {64
61 847 Bl if abs(Xl) <
ngleBit := X2bit; 5
round(X2 +0.5));: 10
-abs(X2)+0.5)); null

:= 5 Fl d-doubl e-si ngl esg.é‘é?ﬁgg =qc§§Lf€unt := 1 to Accel Value do begin if

upcase(dir) = 'L"' then feft} 20if d
for j := 0 to doubl e ¥Miport[Coil DataPort] := Xl bit+

ouble > 0 then begin
X2bit; 25 end; if

single > 0 then begi nif @absj(X2)F ¢ abs¢knylthedobegin [ Coi | DataPort] : = 30

SingleBit; end; if nul Idoﬁerth.erhggqgwnéggz 1,,0:_5)(}0, to
i end dir

port[ Coi |l DataPort] := 3 0Bi ,.,.end; {
end;

single := abs(round(abs(X1l)-abs(X2)
null := Fld-double-single;
5

nul | do

-"1"} 40 end el se begin

+0.5}));

for accelcount := 1 to AccelValue do begin

o/ if upcase(dir) = 'L' then begin
20
if double > 0 then begin
for j := 0 to double do port(|
X1bit+X2bit;
end;
if single > 0 then begin
i,/ for j := 0 to single do port|
30 SingleBit;
end;
if null > 0 then begin

25

{left)

CoilbataPort] :=

CoilDataPort] :=

for j := 0 to null do port[CoilDataPort] :=

% XOBit:
end;
{end dir =u}lw)
“ end else begin {dir "r%)
{right}
45 if null > 0 then begin
for j := 0 to null do port[CoilDatarort] :=
X0Bit:;
end;
50 if single > 0 then begin
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45 if null >0 then begin for j := 0 to null do

port[ Coi |l DataPort] := XOBit; end; if single > 0 then

begl n 55 65 EP 0 361 847 Bl fcﬁp?“‘—sﬁ% si ngl e do port[ Coi | DataPort]
SingleBit; end; 5 i f double > 0 then begin for j :=0

to doubl e do port[CbllDat Porl] X1Dbi, t +X2 end;

end; {dir "r" g 3h=0to 51"9£(l£° P°£*£?%%&PEFEB?EEJ *f5 { Updat e

Iookup tabl e §émqke§#;.} i f upcase(dlr) = 'R then begin SinOFAngle : =

Si nOF Angl e-1; 20 end; end el se begin SinOAngle := SinOAngl e+l ; end;

25 5 CosOf Angl g ¢: ao&ﬂad A'ag{:ﬁen bg‘ﬁ'ht erPi; end,

{for SinOkAngle...} 30 steps} -
port[Coi | DataPort} := $FFEOFfI BI‘aQié'PoQW&le) do B@ﬁ'—&f’é@lﬁaﬁsp?lft] =00f
ShowSweep t heRibit#xduit; *** ERROR : STALL in Sweeper SineMove Forward ');}

Bl adePos :- 0; 40 ena; Peep; delay(1000); end; end; 45 50 end. AZ
55 66 10
end; {dir Yr")
end; ) {accelcount)

15
{ Update lookup table pointers. )
if upcase(dir) = 'R' then begin
N\ SinOfAngle := SinOfAngle-1;
20 ’ .
end else begin
SinOfAngle := SinOfAngle+l;
end:;
25 CosOfAngle := SinOfAngle + QuarterPi;

end; {for SinOfAngle...}
) end; . {steps)

port{CoilDataPort] := $FF;
if BladePos <= 0 then begin .
{}) { if ShowSweep then writeln(' #*** ERROR : STALL in
Sweeper SineMove Forward !');)
BladePos := 0;

35

40 " beep:
delay{1000);
end;
end;
45

{*****************************************************}

50 end.*2
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EP 0 361 847 Bl | kkhhkkhkkhkhkkhhkhkhhkhhkhkkhhkhhkhkhhkhhkhkhhkhkhhkhhkhhhkhhkhkk hkhkhkk hkhkkikkikhkkikkikik**

.1 Build Paraneter File ! Version 3.60 !
**********************************5&3361*847*51* | Part Nan-e

Date: 10 | nportant Data: |last altered: 15 I place options
toget her i NSi dey Of w ANAMARS i s e kB # % J e e Je s U0 AR T de OXUER R G 2 1 4 e e ik e e e SSRHVO R

Par anet ers 800 El evat or board base address 25 * 100 _

el evator pitch 5. 556 XY-only scale factor; Use 3.556 for Inches and
Slize res=1000 30 Build Parameter Rid@ 0.0 17000 X-coordi nate offsets
17000 Y- ¢ooyghidiine 306dset s 35 5000 Max nunber of bytes
per block in Lager CUeue 26000, 26000 M ninmum X and Y of vat area (for
graphics viewport) 4 39000, 39000 Maxi mum X and Y of vat area

#TOP, " DC+" - t}ﬁ#ﬁ*Wcafréttﬁtﬁfﬁdﬁ*ﬁs*******F*#Bﬁﬁﬂ*

I Z-axis wait t!nEPaftrﬂumeﬁds ZD 8; Date: I Z- aX|s dip depth in
mm 50 55067 f%ég;k §§7D§gaZV'O 2; I Z-axis

vel ocity paramneter | Z-axis accel eration
pararreter | ***J**l&&ﬁ@lﬁﬂtﬂd}************************************* I\/ACI_" NE

PRM 1 o e Je s de de e ¢ e ok de ok ok o % de % e de e b vk b g Ik e vk % v g I % de v e de d ok e de g de ek
15 ! place options together inside of quotes; use "" if no
options
!
nn
20

General Parameters

800 ' Elevator board base address
% 100 elevator pitch
3.556 - XY-only scale factor; Use 3.556 for Inches
o and Slize res=1000 :
N~ a0 111, 0.0
11a0, 0.0
17000 X~-coordinate offsets
17000 Y-coordinate offsets
d 5000 Max number of bytes per block in Laser Queue
26000,26000 Minimum X and Y of vat area (for graphics
viewport)
o 39000,39000 Maximum X and Y of vat area
|1
#TOP, "DC+" ! Drift Correction on
!
4% !
§BTM,"2W 30; ! Z-axis wait time in
seconds
ZD 8; ! Z-axis dip depth in mm

50
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10 I

machi ne type 620
I plunger steps per ml

Tabl e 20

Profile Data !
second sensor
hol e
2 mls changed
sensor zgchannel

1/2 ml

0. 040
0. 00776

32767, 32767
multiplier to.

0. 0060k
t her nonet er

calibration tagpg JfP00, 10 machin

i

MACHI NE. PRM machi ne parameter file 05/18/ 89 SLA-250 !
I maxi num bl ade steps to cross vat 15
of el evatkfrORGY

0. 03

BEAM PRM ! PROCFI LE Par aneters

Version 3.60 5000, 32767 beam rest position 25 ! Beam

3 nunber of profile sensors 30 3
channel z# @3394, 55452 sensor #1 ¢hgrgeiks 3véXodi®yMIH 0. 045
é%g Sr to get mAN 0. 0116 1 ml 35 0. 00592

g 0. 00072 4mi|s 1 . _first
# 40 2‘752, 6543 sensol ¥AXIFaAGERLEEVA89 MIH
paré&metielr hole nmultiplier to get nWw0.0102 1 ml
12*IﬁJdi*Ghaﬂikii*3*24*£¥L**Nukk45%*******&&‘11%@3****** 4 mls 5

ml hole (#3) O. 040 1/2 m1l hole

sy o

0. 0010 EP 0 361 847 Bl

MACHINEQBRE pachine pq;:'amef:gr5file °5/18/39Terrperat ure Data 4

channel # 10

13 # points in thermstor
i ' 15720, 15

gyy@rature calibration table..
format is re5|stance (Chns) e ) 15 2490, 20 10000, 25
ﬁa nﬁ Lf%éj

8057, 30
15

20

25

30

35

50

55

0.03

BEAM. PRM

tgp; éb cross va

plunger steps per mil of elevator movement

PROFILE Parameters Table

]
! Version 3.60
t

5000,32767

W W = = =

.63104,55452

0.045
0.0116
0.00592
0.00072

1l
4752,6543
0.040
0.0102
0.00776
0.00063

5
32767,32767
0.040
0.0010

beam rest position

Béam'Profile Data

number of profile sensors

second sensor channel #

sensor #1 changed 3-24-89 MJH

1/2 mil hole multiplier to get mW
1 mil

2 mils changed 3-24-89 MJH

4 nils

first sensor channel #

sensor #2 changed 3-24-89 MJH

1/2 mil hole multiplier to get mW
1 mil

2 mils changed 3-24-89 MJH

4 mils

position of 2 mil hole (#3)

1/2 mil hole multiplier to get mW
1 mil
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6531, 35 20 5327,40 4370, 45 3604, 50 25 2986, 55 2486, 60 2081, 65

1749,70 30 ! Fast, Medium & Sl ow i tion Delay Values ! ! line formt

is Spiral time (ns), between poi n%lp(@éﬁ?saﬂ%ﬂ 1/ 10 sec res); !

bet ween rows (secs) 20,0,0 Fast: 20 ns, turnaround as quickly as
possi ble 50,0.5,5 Medium 50 ns, 1/2 sec, 5 secs 100, 20,120 Sl ow
100 ns, 20 sacs,90060Rutes 452 m&lw Rate Lint Paranmeters ! 1000
maxi mum step in @iddo@s axi s 5@ miis 2 del ay between step
points in mllisgconds 55 69 EP 0 361 847 B1 !
-k-k-k-k-k-k**gc-k-k-k-k-k-k-k.*-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k-k************************ PO/\ER PRM[ PO/\ER

V3. 60 Paranet er st FileBPeRREMISORREA YPE=TOGGLE LEVEL or UNKNOWN !

****************!E**************************************** 10
SWEEP. PRM SV\EEP_. £RM 05/ 18/ 89 khérmometer thdhndiugsweeps 15 10 !
i chnest {ehnork?, %R 1) 104 voined 1RIEER e o PERSRGRT YL | VT
P3 100 I (G319900,10 temperature calibration table...
15720,15 ‘format is resistance (Ohms), temperature
(©)
15 12490,20
10000,25
. 8057,30
W, 6531, 35
20 5327,40
4370,45
.3604,50
2986,55
2486,60
2081,65
k/ 1749,70

30

25

Fast, Medium & Slow Calibration Delay Values

! line format is Spiral time (ms), between points (secs,
3% 1/10 sec res),

! between rows (secs)
-

w© 20,0,0 Fast: 20 ms, turnaround as quickly as
possible :
50,0.5,5 Medium: SO0 ms, 1/2 sec, 5 secs
100,20,120 Slow: 100 ms, 20 secs, 2 minutes
%5 !
! Slew Rate Limit Parameters
!
1000 maximum step in either axis
50 2 delay between step points in milliseconds

55
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25 10 ' P4 100 e 10 I P5 100 I G 30

10 I P6 100 I & 10 l 100 I G/ 0 I Bl bias
when He | aser is blocked 9 ER 0 361 ?ﬂ-ﬂﬁi'ge Mot or Del ay : del ay between
pl unger notor pulses (nms) 40 30 ' PS PlungStart : inches

pl unger noves down to its start position 4 ' UL UPLIM: bi-cell
activate | evel Lasanrinnininbdhdr@Rs Ml kDol QLR AR Sk figrr@ ek bt & & & 0. 125
! BG Bl adeGapb&yer $riat ance between |iquid and recoater blade (inches) -1
' NC Nunber of che k > 5 or -1 for auto node *** ) 50
0.3 s ! DA bra?‘?cﬁzi‘g 8r%?/%‘6’f‘m3g%’gﬁ %r‘&ﬁ on 55 70 EP 0 361 847 Bl 0.5
I DV Draining &l evator velocity 0 ! XP

exXtra Pl at f ot 83 ERPOWEROY BEMTOEGER) . Z3aveDv e unkRbedelLevel +60m | +XP noshow
! Show or No- SL‘PW.*%WQQQ*LN*Q*(.é&iu%k&&h‘i.ﬁ“ﬁh@iwm*l*u***

R R R R E R EE R R EE R EE XL ES ZSTAGE PRM !
ZSTAGHoPar armet 8VEER=BRY | \ersion 3.60 15 | command |ine optlons. | NEGZ,
/'S, /M 800 ! el evVSWEEPRRM 06)/18® d |/ O address .5
accel eration parameter 20 1 vel ocity paraneter 2000000 bi g
di stance (max govement folg dg Qr dovvn) 100000 # of m crosteps per inch
25 2000 tlneouf vaﬁ (ol olo o ZBl adelevel
10 ! sweep velocity
100 !{ @61 blade gap as a percent of next layer
thickness (ignore if NS=1)
7 10 ! P2
2 100 ! G2
10 ! P3
- 100 ! G3
25 10 ! P4
100 ! G4
10 ! PS
&/ 100 ! G5
30 10 ! P6
100 ! Gé6
10 ! P7
100 ! G7
% 0 ! BI bias when He laser is blocked
9 ! MD plunge Motor Delay : delay between plunger
motor pulses (ns)
© 3.0 ! PS PlungStart : inches plunger moves down to
its start position
4 ! UL UPLIM : bi-cell activate level '
-4 ! LL LOWLIM: bi-cell activate level
4 0.125 ! BG BladeGapL® - distance between liquid and
recoater blade (inches) :
-1 ! NC Number of checks for leveling ( 0 -> 5 or
=1 for auto mode ***% )
%0 0.3 ! DA Draining elevator acceleration
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10000 ZLi qui dLevel 30 10000 ZUnl oadLevel AZ 35 40 45 50 55 71
EP 0 361 847 Bl program Aut oLevel ; _uses crtBHtllltyI ut | sweep, w ndows; var
j unksc . integer; D Spl : W nd; ExitSave

poi nter; 10 Done . bool ean; Hol dKey.
: char; thelLevel . integer; 15 ($F+)procedure
EX|tAutoLeveI°($F ) beblnDYUP§GiEhngEeleﬂatvtnﬂeMPCQQYCIrScr ExitProc : =
Exi t Save; endy 25 procedure Dr awMai nScregn; begi §pCl r e8¢ rad0 )Platform
centertext(' This Surface Positio eat abi | i oD
centerte«t( bgéé f?hgz§? §$§ﬁ?ﬁﬁzgfaéfﬁe¥%%f@9?iif¥PPress L to Leve
X to exit.', 4noskhod; prioceshow SpANbeShowl swélép info begSnor N in the

centertext (' # +hﬂg in progress ',6); SetPlunger(-1,theLevel);
centertext (' Ayi ? eégi % write(PlungerPos);
l *********************************************************

10 ZSTAGE.PRM :

! 2ZSTAGE Parameters File
! Version 3.60

]

16

"n command line options: /NEGZ, /S, /M
800 elevator control board I/0 address
N " .5 acceleration parameter
1 velocity parameter
2000000 big distance (max movement for up or down)
100000 # of microsteps per inch
% 2000 timeout value
10000 ZBladeLevel
L 10000 ZLigquidlevel
30 10000 ZUnloadLevel
~2
35
40
45

50
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witeln(' '); userwait; DrawMai nScreen; 50 end; 55 72 EP 0361 847
Bl begin { Initialize program 5 Exi t Save : = ExitProc;
Exi t Proc := @xitAutolLevel ; CMrscF%fP@‘EﬁH%‘:: false; 10 { Initialize
screen. clrscr; 15 Def i neW ndow( Di spl ayW nd, 5, 5, 75, 20, 2);
FrameW ndow Di spl ayW nd); ActivateW ndow D spl ayWnd); 20

Dr awMai nScr eenprégf@mdueeysevel; { " X' key exits. } 25 ( "L" key

autol evels. re . . delay(100); until
keypr essed; HoPg%y&?ﬁg%ﬁtﬁ%g@é’('ﬁﬁééﬁ%‘%';‘”é‘&“" i f Hol dKey = ' X
then Dgne := tV8E; if HoldKey = 'L' then DoAutolLevel; until Done; end.AZ 40

45 50 55 73 EPj@ni3®1 847 Bl : integer:
DisplayWind : wind;
Exitsave ¢ pointer;
10 Done ¢ boolean;
HoldKey s char;
thelevel : integer:
15 ' {$F+)procedure ExitAutolevel;($F-)
begin
CursorOn;
\— N DefaultWindow:
Clrscr:
ExitProc := Exitsave:
end:;

25
procedure DrawMainScreen:

begin
g_j clrscr;
S0 centertext('This is the Surface Position Repeatability
POD',1); o
centertext ('Auto-lLevelling Program Vi.l',2):;
centertext('Press L to Level, X to exit.',4):;

% end;
procedure DoAutoLlevel:

“© begin |
centertext('Auto-levelling in progress...',6);
SetPlunger(-1,thelevel);
centertext('lLevelled at ',6):;

45 write(PlungerPos) :
writeln(' '):
userwait:;

DrawMainScreen:

%0 end;
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( 02/01/89 JFT Made into a unit from Wayne Vinson's code. 02/27/89 JFT

Modi fied "Too H gh" or "Too Low' segt] read until a peak is reached,
then read until the abs(level) is ?@é@ﬁﬁﬁﬁkgg threshol d value. The user is
adding or renoving resin during this tinme. 03/01/89 JFT Above fix only

wor ks well for resin 10 renoval. Go to nodified older nmethod with
epsil on of 5. Changehmginnnssages 05/04/89 JFT Fixed (?) the bug that
caused repeated adj ustne M%Fgl Amwﬁ bul | seyed. Changed user 15
messages and sounds. ane nee to p ess key when adj ust ment conpl ete.
05/ 25/ 8% JFT Use procedi®itgane el fpokkRF®Quest in adjust resin |evel

| oops so that the user ngyiedesd ;E)@Exityﬁgamévéa;ar break. 06/16/89 JFT
Lengt hen nove done by péﬂy&gr éff”“‘40 to 60 when checking to see if we're

on the bicell. Al so us UpLi m and | owLi minstead of tw ce upLim
and twice |lowim 08/03/nheFkI|IfaXd¥ecklLevel, if 2nd or 3rd readings are O
then Ca|1¢ |t Off the bl Cell } ** *%* ************* %k k*hkkhkkhkhk *khkkhkkkhk*kx

Kdkkxk xkkkkRx ) 30 unit Ul Adjust; { $ M 16384,0,0) {$D+ 1+) {
************************fc*I—nl—tral—rze*sgreen;\—*,r*********} 35 i nterface

uses Crt, Dos, Utilityl, UdSnesp; UtIZStage W ndows; 40 procedure

AddRennveResin(var FlnaILeveI nt eg
%kﬂ&ﬂéﬂﬁ (P{%Pi%yg&ﬂét%ysq%ﬁe@%rzécho boolean)

d d° r
pr ocedur e LongReadBiCEIIﬁﬁhﬁngﬁ&&W@uisﬁusymiﬂd)45 procedur e
procPl unger Up(echo: bool egan) ;. praced roc mn(echo bool ean); 50
i ppl ementati on 65 74 é&giyékéﬁ i%féﬁbé 2; { +/- bias
variatigp used in add/rdhnawﬂatn$mreem.opt stopc : |nteger;

{ Read Keys. }
{ "X" key exits. }
{ "L" key autolevels. }
repeat
W, repeat
so delay(100);
until keypressed;
HoldKey := upcase (ReadKey) :;
35 if HoldKey = 'X' then Done := true;
if HoldKey = 'L' then DoAutolevel;
until Done:
end.”2

25

45

50
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10 velocity2 : real; key, junkkey : char; |evel . integer;

del aytinme : integer; 15 onbi cel | Ieveladjusted . bool ean; tenpstrin
string; Al ertWnd, DataWnd : wi&fu0 Q‘o*‘B or o] Cc e )

d u- r e procReadB|CeII(dlsplaydelay:integer;echo:boolean);

{If echo is true then wite levels to screen} 25 var junkStr:string;

si gn cstringg dzggimaﬂea'dﬁaﬁﬂ ligtdl 3 miel Jrom NWapndVinkon'dewpde.if | evel <

|er/ Qlen_siog?h: = qlt» 29/88 Fh'koditied "Foo mgn-{ Ry 48 %@n%é&&oﬂs5p| ay} if

nQ SI L=
concat §' The ?9 QF uptij, a peak i%lgﬁléﬁﬁiﬁl' Bs ¢ veF?# Sthe
centerText(JLnﬁhicleyyl)ehﬁ legs than a th!#ﬁhp@élgal%SKkﬂﬁhﬁ usGﬁdlsprocedure
LongReadBi Cel | 44iiil 8y Updmyingt £6£In dusszng thisbeghe, 55 75 EP 0 361 847

51 repeat pr oc gl ?gssggsfpm@el o 1) workdlOLdy10CkGe { Gakiel 5 10

screen) 5 until ke eadke
pr ocPl l)nnger Up(ma booF%a?ﬁ modd ¥ olderyinethod with Lgscflo%ref 5.

Change user messages.
05/04/89 JFT Fixed (?) the bug that caused repeated
adjustments when the bicell was bullseyed. Changed user
15 messages and sounds. Removed need to press key when
adjustment complete.
05/25/89 JFT Use procedure HandleKeyboardRequest in
[ adjust resin level loops so that the user may abort
20 w/ctrl-c or break.
06/16/89 JFT Lengthen move done by plunger from 40 to 60
when checking to see if we're on the bicell. Also use
2 upLim and lowLim instead of twice upLim and twice lowLim.
08/03/89 JFT In Checknével, if 2nd or 3rd readings are
0 then call it off the bicell. _ }
! {**************************************t****************}
30 unit Utladjust;
{ $ M 16384,0,0)
{SD+;:1I+)
{*******************************************************)

interface
uses Crt,Dos,Utilityl,UtlSweep,UtlZStage,Windows;

procedure AddRemoveResin(var Finallevel: integer):

P r o c e d u r e
procReadBicCell (displaydelay: integer;echo:boolean) ;
procedure LongReadBiCell(displaydelay:integer);

45 procedure procPlungerUp{echo:boolean);

procedure procPlungerDown(echo:boolean);

(**********************i********************************}

50 implementation
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| evel adjusted : = fal se; 15 repeat Pl unger Up( 10, stopc);
procReadBi Cel| 1,echo); until keyp sed; j unkkey : =
upcase( Readkey); end; 25 procggz’réq&%gﬂ‘l unger Down( echo: bool ean);

begin level adjusted : = fal se; repeat 30 Pl unger Down( 10, st opc) ;
procReadBi Cel | (1, echo); until keypressed; junkkey := upcase(Readkey); 35
end; procedure &aRaep(freq,tine I nteger); 40 begin sound(freq)
del ay(tine); noso e C [ A §?¥3ﬁ° war
i, level,tenpi ntret %n%ég 2 nt% "[eyj bggg ggyﬁ?@g‘%%é gﬁ. éB teKey
. char; 5beg| n AE:S t}eWndovv(AI erthd) 6 clrscr; if onbicell
t hen begin { otherw se setplunger gets pissed } centertext (' Performng
autonated fine ?Qb#stnent 10 of resin | evel .",2); centertext('Please stand
,5); Activa ndow( Dat aW nd) ; clrscr;
ReadBlceII( N, | e\RY, stPPc{feﬁﬂﬁQQFr'— 8;) ( do course adjustnent first
10 velocity2 : real:
key, junkkey : char;
level : integer:

delaytime : integer;

onbicell, leveladjusted : boolean;

tempstring : string:

AlertWing,Datawind : wind;
(*******************************************************,

15

20
o) r o c e d u r e

procReadBicCell (displaydelay: integer;echo:bcolean):
(If echo is true then write levels to screen}
% var
junkstr:string:;
sign sstring;
begin
ReadBiCell('N',level);
if echo then begin
if level < 0 then sign := '+' else sign := '=';
35 {Reverse signs for display}
if level = 0 then sign := ''; {0 gets no
' sign}
junkstr $= concat ('The liquid level is
',sign,IntStr(abs(level))):
centerText (junkStr,1):;
end;
45 delay(displaydelay);

end;
{*************i***t*************************************}

30

procedure LongReadBiCell (displaydelay:integer);

50 begin
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20 tempint := 32; { do course adjustnent first ) repeat
Handl eKeyboar dRequest ( wast eKey ). if (level > uplim

then begin repeat for i := 1 to t%%ﬂ@ﬁ!aﬁ%Bbegln Pl unger Down( | , Ret ur nCode) ;
30 del ay(400 div tenpint); end; ( of i )
ReadBi Cel | (' N-,level); until level < UpLim 35 end; if (level <lowim

t hen begi n repeatrefieat for i :=1to tenmpint do begin
Pl unger Up(I ret urnCo o d; el 4

ReadBi Cel | (* N, | eve%?°ﬁﬁ§+%§3§?%‘%“%?' 1)"13%] (adn+t &ho to

clrscrg 55 77 Tﬁg ¥ B1 centertext('Pausing to allow resin
to settle. '",1); Qﬂﬂi&y&SlﬂKﬁssed-{ allow settling tine } CrScr; (
Pause conpl et ed }kdyenpi Réadkeyk; ( now do finer adjustment )

ReadBi cel | (" S gfgvel); 10 until {level < uplim and (level >

low inm; ActlvateVV m& VVnd%; clrscr; centertext(' Resin |evel now
adj ustwd for phft* fﬁ§** ***ﬁﬁf*Fdf o phubbated: 3 okl b= V0 iaF- To ik 1510 bt & 8
del ay(2500); bnmggednﬁe procPlungerUm(ethot bodleam)iscel | ) end; { of
dof i nal dj ust mepégin
leveladjusted := false:
15 repeat
PlungerUp(10,stopc) ;
procReadBiCeli(l,écho):

N - until keypressed;
20 junkkey := upcase(Readkey):
end;

: ( **********************************************t********}
procedure prccPlungerDown(echo boolean).
begin
leveladjusted := false;
Lo repeat
30 PlungerDown(lo stope) ;
procReadBiCell(1,echo);
until keypressed:;
junkkey := upcase(Readkey):
end;
(*************************************i******************}
procedure DoBeep(freq,time : integer):;
begin '
sound(freq) ;
delay(time);
nosound;
45 . end;
(********************************************************}
procedure DoFinalAdjustment:;
var _
i,level,tempint,returncode : integer:;

35

50
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{********'k*************'k********************************‘ } 25

procedure CheckLevel; { reads and eval uates if on or off bicell and sets
bool ean bicel | accor di ngly } var 3¢FP 0 361 847 B1 returncode, firstlevel,

secondl| evel , thlrdlevel tenplnt . integer; begin

Acti vat eW ndow(AI ert\, %5 Crsgrepaibicell = fal se;
CEntertext( Checklng reS|n evel. ',1); 40 Centertext (' Pl ease
stand by. ',5); fibPe¥iRvel : = 0; secondl evel 0; thirdlevel - 0; 45
Acti vat eW ndow( Dat aWambivatewindow RdmaBWind) (' S' ,firstlevel ); if

(firstleyel > 2*uplin; Qe firstlevel < 2*1omdin) 50 then onbicell :+

true 55 78 EP 0 361 84 | se begin { ve bla ing ..
could still be dead o+1f}°’151’1‘fﬁ r Epe %?ﬁ%r{ 8655‘9{3 i38¥§ %ed to
thwart the recupisaédapj ustnment bug. } Del ay(3000); 10

ReadBi cel | (* S, secondl eV@ér):erE&idageﬁeQ@wﬁiRQ,ar&waaa@dﬁ)ne fajhsenelnd ay
added t00thmart the r rre ust ment bug.

Del ay(3000) ; Re&&BFE%f#( qu *ﬁlevel) PIun r p%GO returncode); 20

{ both 2nd and 3rd nust qantegtesttﬂE%#ﬁﬁeaIF?QFt BeSdh bicell } i f not
(second1leve l Ztivatewinddw @atagshdpn ..b| as+epsilon]) and not
(thirdlggel in[bias-epsiéfy%crgias+epsiIon])

ReadBicell ('N',level);

(3 . tempint := 8;) { do course adjustment first
. }
20 tempint := 32; { do course adjustment first )
repeat

HandleKeyboardRequest( wasteKey ):
if (level > uplim) then begin
repeat
for i := 1 to tempint do begin
\ PlungerDown(1,ReturnCode) ;
30 . delay (400 div tempint):;
end; { of i )
ReadBiCell ('N!,level);
until level < UpLim;
end;
if (level < lowlim) then begin
repeat
P ' for i := 1 to tempint do begin
PlungerUp(1,returnCode) ;
delay (400 div tempint):
end; ( i)
® ReadBiCell('N',level):
until level > LowLlim:
end;
clrscr;

25
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then OnBicell := true; 30 if ((secondlevel > uplim or (secondlevel <
lowim) and 35 é thirdlevel > wuplim or (thirdleve
<lowin) then OnBicell := t r ue; ER8 361 847 B1 if ( ( secondLevel >
bias + epsilon ) or ( thirdLevel < bias - epsilon ) ) then OnBicell :=
true; { The follow ng was added to acconodate SLAs with 45 bi ases

outside of the range -1..ténté¥taxtof Paidingbi ced | , athese Sedsnshawed as on
the bicell. TRggephoulig;catch that case. --JFT ) 50 if(
secondLevel - bias ) or ‘(. thirdLevel = bias % then OnBicell := false; 55 79
EP 0 361 847 Bl Activat eV RO8) § W rdpllek pettldpgetinady; { of

checkl evel } procedure Cefile$dttiunger; waPanseurompddeedi ¥ipl unge, pl ungenove :
integer; 10 begin nidpl ungempintTR%PL JNOHGRVES finerlaaPhstidpgoye 1=
abs(m dpl unge - plungerpo§gé 2el11('S! . 1evel) : al ways put plunger in md
position before starting par? q for ﬁ%M/éPmays go all the way to top }

pl ungeroup( 0, r et ur ncodejintsd (level < uplim)yandrdevelntdddigemoves div
2,stopc); updat e3dst at actliedzestingep (&l gdtwiga)y pos, returncode); ( if tracking
shows no problemthen agtiygte 25 follow ng instead } { i f

Dl ingerbos > apragertextBERL! OVRY Lot Ba el e e oy )
Fr ameW°ndow( DaPBé¥¢ing. *,4):
leveladjusted := true:;
delay(2500);
o beep:;
20 end; { if onbicell )
end; { of dofinaldjustment )
(**t********i***i***************************************}
procedure Checklevel:; '
{ reads and evaluates if on or off bicell
and sets boolean bicell accordingly )}
var
30 returncode, firstlevel,secondlevel,thirdlevel, tempint
¢ integer:;
begin
ActivateWindow(AlertwWind);
ClrScr:;
onbicell := falsé:
Centertext(’'Checking resin level.!',1):
Centertext('Please stand by.',5):;
firstlevel := 0;
secondlevel := 0;
thirdlevel := 0;
45 ActivateWindow(Datawind) :
clrscr;
ReadBicell('s',firstlevel):
if (firstlevel > 2*uplim) or (firstlevel < 2*lowlim)
then onbicell := true
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Acti vat eW ndow( DataWnd); clrscr; 35 centertext (' Pausing to
allowresin to settle.',1); del ay(100006)1;847%1wai t 10 sec for level to

stabilize after 40 EPO3 fast plunge nove}
ActivateWndow( Al ert Wnd); end; { centerplunger } 45 procedure
AddRenoveResi n(var Final Level : integer); const CoarseAdjustLim= 10; 50
var 55 80 EP 0 361_84 epmj I \ I e option,returncode
integer; 5 egsg,%si%’e{gg;&s‘:gﬁg&;g ?ie%%rt&g? gg%gjago "PesR e%ched ;

e
bool ean; MaxReaditidl: be rfilee’@ef’," 10 begi n
Def i neWgdow( Al ert W nd, 1R uhgeeyp 6@, retlefcowsl:ndow( Dat aw nd, 10, 23, 70, 25, 1) ;
Defaul t Wndow, ClrScr; witgid: de8RyCldddel Ol!IChavaieSkhe LGl rfghe!st MENt
Uility'); 20 vvridtelg)'g?cegterl (' Copyright (C) 1989 by 3D Systems, Inc.');
centerln('3D Sysat JHE 2% I"t hogr aphy System); 25

FrameW ndow( Al ert W nd) ; Qelay4a@99hdow Dat aw nd); { Datawnd is framed in
Cent er Plranger ) Acti vat cnfaabiavér] evsr\\s8dondldvel)tirst see if already did

| evel check ) { ShOWSW,eeﬂtim:;ePﬁb\?ﬁ(1}2o§§etumcode),- (if not leveladj ustled
then begin centertext('Initl il | Z] ng resin ad;ust nment apparatus.', 2);
{ This delay added to thwart the recurrent
adjustment bug. )
Delay(3000);
ReadBicell('S',thirdlevel):

PlungerUp (60, returncode) ;

15

~ 20 { both 2nd and 3rd must not give bias reading
to be on bicell )
(*
if¢f not (secondlevel
25 in[bias-epsilon..bias+epsilon]) and
' not (thirdlevel in[bias-epsilon..bias+epsilon})
then OnBicell := true:; '
N\ *)

30 (*
if ((secondlevel > uplim) or (secondlevel <
lowlim)) and
((thirdlevel > uplim) or (thirdlevel <«
lowlim)) then
OnBicell := true:

35

*)
40 if ( ( secondLevel > bias + epsilon ) or (
thirdlevel < bias -~ epsilon ) )

then OnBicell := true:;

{ The following was added to accomodate SLAs with
biases outside of the range ~1..+1. When off the bicell,
those SLAs showed as on the bicell. This should catch
that case. ~-JFT ) '

if ( secondlevel = bias ) or ( thirdLevel = bias
) then OnBicell := false;

50
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centertext (' Please stand by.',5); 40 Cent er Pl unger;

ChecklLevel ;

Del ay(300); 45 I f OnBicell then begin

Acti vat eW ndow( Al ert Wnd); O rScrEP @SRt 842 Rkt (' The resin Ievel

currently 50
accept abl e

n',2); 55 81 EP 0 361 847 Bl centertext('an

[
range for L Lding. " A,
centertext (' Manual d&ﬁ%ﬁ?@%ﬁﬁ?ﬁééQ&g¥ert§%%dﬁhnecessary.',5);

DoFi nal Adj ust ment ; epdiatie®38€al eFi | e( ZSt agePos, Pl unger Pos, stopc); 10 exit:
end; { if OnBicelkehda} Acif cheelieven (Al ert Wnd); 15 CrScr; for tenpint
to 3 dg begin QQQQ'**_ZD*************t******QQL?N(J*QQLQ\*EQQ&*{**QR*ESEP' nt )

centertext('The resin level 1is not in an acceptable', 2);
centertext (' r DFGEefnye fantegBlungery © 3); centertext (' A MANUAL

adj ust nment

wi | kar be necessary:',5); centertext('Look at the white
lleveling pointer at, gl tfRge/hiafRiHde, bethdenh
centertoext (' Is rgsiégtouchiﬁé t%ﬁ '? b
keypressed do waSP8kRBy :

‘gw éginweexv:at 1 8);

e pointer?,9);

Readkey; { get new hidplunge := maxplungemoves div 2;

15

L
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plungemove := abs(midplunge = plungerpos):
{ always put plunger in mid position before
starting part }

{ for now always go all the way to top )
plungerup (0, returncode) ;
plungerdown(maxplungemoves div 2,stopc);
updateldstatefile (zstagepos,plungerpos, returncode) ;

( if tracking shows no problem then activate

following instead }
{ if plungerpos < midplunge then
plungerdown{plungemove, stopc) ;

is

Wi | e
= readkey; ( catch all previous keys } Wastekey :

if plungerpos > midplunge then-

plungerup (plungemove,stope) ;)
FrameWindow(DataWind) ;
ActivateWindow(DatawWind);
clrscr;
centertext('Pausing to allow resin to settle.',1):
delay(10000); { wait 10 sec for level to stabilize
after
fast plunge move )
ActivateWindow(AlertWind);
end; { centerplunger )
(****************************************************)
procedure AddRemoveResin(var Finallevel: integer):
const
CoarseAdjustLim = 10;
var

1



( LEVEL TOO HGH } If Upcase(Wastekey) = 'Y then begin { level too 45
~high' ) drScr; centertext (' The reg] V, I,S too high. " ,1);
centertext (' Pl ease renove resin un%Hb:%eﬁfﬁlﬂgép 50 sounds.',5); 55 82
EP O 361 847 Bl centertext(' Stop renoving resin when you hear the
beep.',6); 5 PeakReached : = fal se; MaxReading : = O;
Repeat HandleKeyboardEﬁgﬂwsIdldM&&bmKFWuﬁgembOe,option,returncode :
Acti vat eW ndow Lata\ind) ; readbicell( N ,level); ( need quick read here }
del ay(10);} Activate ndow(AI erthd L f abs(l evel ) > MaxReadi ng t hen
MaxReadisng : =abs(| ev&eYywaskekey : ch if (abs(level) <
MaxReadi nQ) and (KexfPeeall rng reald) then PeakReached := true; {}{

Until (level < bias-gpakkesdndd :( b8¥féam: 25 bi as+epsilon);} {} {Unti
PeakReached and (absn;:evel%*< Ooar eAd ustLim; 30 Unti l

abs(level) > upli ng ¢ }n Silon); { bicel | values negative at
bicell top } cevagEm ext( Press any key to conti nue. ,8); 35

Repeat DoBeep( 100, 10@Q¥inéwimidwiAl extwiiy, o hgyo;m,s;gc} 40 vvastekey =
readkey; cl rseri centgyh e (C Ran,ChALSHSh, 28TRY 28, 1851 1T 5.
DefaultWindow;

CIrScr}

writeln;

centerln{Product+' Resin Level Adjustment Utility');

15

20
writeln;

centerln('Copyright (C) 1989 by 3D Systems, Inc.'):
centerln('3D Systems StereolLithography System'):
% FrameWindow (AlertWind) ;
{ FrameWindow(Datawind):; }
. ( Datawind is framed in CenterPlunger )
~ ActivateWindow(AlertWind):

{ first see if already did level check )}
{ showsweep := true; }
35 if not leveladjusted then begin
centertext('Initializing resin adjustment
- apparatus.',2);
centertext ('Please stand by.',5):
CenterPlunger;
CheckLevel;
Delay(300):
45 if onBicell then begin
ActivateWindow(AlertWind) ;
Clrscr:
centertext('The resin 1level is currently
in',2):

56
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45 CheckLevel; { to check for too nuch |i qui d rermved } if not onbicell

then begin 50 r EP 0 361 847 B1
centertext('Resin level not in ac%PeBt:’gﬁws nge. ' 54
DoBeep(100, 1000); del ay(2000); addrenoveresin(st opc) end; ( if not
onbicell ) 10 DoFi nal Adj ust nent ;

Updat e3DSt at eFi | e(ZSt ageRamtBtege( s, sicepptabbxi tranfa emdr (paftl|evel too
hi gh ) LEVEL ;@é%) QrScr; centertext('The resin level is too
| ow. cen P?* M¥dse add resin SLOMY until the 25 beep

soundss '5): centertext ('SSMSATEENF hawaln wadAusERSear YHY beel® |
PeakReached : wmrnekegsadp. “MMEEadlng :- 0; Repeat HandIeKeyboardRequest(
wast eKey ); 35 DoFinalAdj ateVVndow(EataVVnd)

readbicell ("N, | evel nee ul c,f< ead here del.a
Activat eW ﬁ\dow(AI ert%N ngl)UanFegB§??téféF7(7§W lr‘lég é‘#'ﬁ&?ﬂgédl ng :=
.abs(l ewel); 45 It (abs(level) < MaxReadi ng) and
(MaxReadi ng > 50) then PegkReached := true;

end; { if onBicell }

ActivateWindow (AlexrtWind);
15

Clrscr:
for tempint := 1 to 3 do begin
- beep:
~ 20 delZy(lOO) :
end; { of tempint )
centertext('The resin 1level is not in an
acceptable!,b2)};
% centertext('range for part building.',3):
centertext('A MANUAL adjustment will be
_ necessary:',5);
~ centertext('Look at the white leveling pointer at

30
the!,7):

centertext('rear of the vat.',8):
centertext('is resin touching the pointer?',9):
35 while keypressed do wastekey := readkey; { catch
all previous keys }
Wastekey := Readkey:; ( get new key }

© { LEVEL TOO HIGH )}
If Upcase(Wastekey) = 'Y' then begin { level too

4 high )

ClxsScr:

centertext('The resin level is too high.',1);

centertext ('Please remove resin until the beep
50 sounds.',5);
55
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Until (level < bias-epsilon) or (level > 50 bi as+epsilon);) 55 84

EP 0 361 847 Bl {}{ Until PeakReached and (abs(level) <
Coar seAdj ustLin); 5 EP 0 361847 Blaps(1evel) > uplimtl (( bias
) + epsilon); centertext('Press any key to continue..."',8); repeat 10
DoBeep( 100, 1000); del ay(50); until keypressed; 15 wast ekey : =

readkey; clrscr; cent ertexééﬁéé%%x%%“éé&?%eﬂu@@?ﬂ@.f&i&nwhe?)#?uaﬂggp-evel ;

( to be sure hefore t{enpting I nal adj ust ment not onbi cel
t hen begin Oent%ﬁ'&???“%éé*h l evel not in acceptable range. ,5); 25
DoBeep( 100, 1000) ; del ay( 20P€AkReaghed ntw cfadsien( st opc); 30 end;
{ if not onbicell } DoFi najfdlidadlingnt= o;
Updat e3DSt at eFi | e( ZSt agePo&%;la%nger Pos, stopc); exit; 35 end; {
if not |eveladjusted } clrscCr, centertext('Resin |evel is now adjusted for
part 40 buil ding.', 4); diangleRepegardRegpestiwasteXeyr noveresin } 45
begi n | evel adj usted : = fal se;actidat@Wifidow (Datawind) ;

readbicell('N',level); ( need quick read

here }
{ delay(10);)
ActivateWindow(AlertWind);

if abs(level) > MaxReading then MaxReading
¢t= abs(level):

15

20 if (abs(level) < MaxReading) and
(MaxReading > 50) | N
then PeakReached := true; .
()¢ Until (level < bias-epsilon) or (level >
% bias+epsilon) ;) |
{ M Until PeakReached and (abs(level) <
' - CoarseAdjustLim); )
N~ a0 Until abs(level) > wuplim+l(( bias ) +

epsilon); _ y
{ bicell values negative at bicell top }
centertext('Press any key to continue...',8):
36 Repeat
DoBeep(100,1000) ;
{ delay(50); )
Until keypressed;

“ wastekey := readkey:
clrscr:
centertext ('User finished removing resin.',5);
45
ChecklLevel; { to check for too much liquid
removed )
if not onbicell then begin
50 ClrScr;
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55 85 EP 0 361 847 Bl 3D Systens StereolLithography System Software 5
RECOATER. PAS SLA- 250 Recoater w per and‘flunger Control Program 10 Recent
Hi story: 15 9/12/88 V&P 838847 BT (5t el eased for breadboard
testing 10/17/88 Ver 3.301 nodi fi ed to be
utility/initialization for final SLA250 20 11/15/88 Ver 3.31

copi ed from Recoatl - use CogRRdrtdit(+RESik | 18710 Hot1/4189 a¥Bbptasie I enOVe
sweeper forward back --> use nove nove sweeper 25 01/25/89 Ver 3.33 JFT

renoved sweep&PM¥8t oty biasing --> pass desired velocity in in/sec to
MoveBl gde, Sweeper Forwar d oPoBeem(¥f0BAORO) Checks constant SI MULATI ON 30
to see if we want to run thiggiap(ood)ul ation (no communication wth

SLA) (useful for runnin on._\Wor ions not attached to SLAs).

- 01/30/89 JFT nerged with wa?ﬁgrggqﬁﬁiﬁfggi%é%ﬁgdnveResin 35 pr ocedur es.
02/ 01/ 89 USES W ndows. emdve(Abfimotoeakégell to unit Ul Adj us. USES

Ut | Adjus. 40 02/ ToFifafnigiidtmehalt Position sets new ZPl ungeSet Pos

and sends the el evator tQ!prdgﬁas%%%%gge(i%}/EgZﬁgsg,Plﬁﬁgex'RPOS.seggg)d: exit proc

to forward sweeper. 45 ecal i brated sweep
periods to account for final conpiler options. 03/10/89 JFT Fi xed
Ul Adjust so that it nay exdthroken out of. 50 55 86 EP 0 361 847 Bl

15 ’

end; { if level toco high )

{ LEVEL TOO LOW )

20

Clrscr;

centertext('The resin level is too low.',1);

centertext ('Please add resin SLOWLY until the
% beep sounds.',5):
centertext('Stop adding resin when you hear the
beep.',6); '

PeakReached := false;

? MaxReading := 0;
Repeat
HandleKeyboardRequest ( wasteKey );
35 ActivateWindow(Datawind) ;
- readbicell('N',level); { need quick read
here }
{ delay{10):;}
40

ActivateWindow(AlertWind) ;
if abs(level) > MaxReading then MaxReading
:= abs(level);
45 if (abs(level) < MaxReading) and
(MaxReading > 50)
then PeakReached := true:;
{1)( Until (level < bias-epsilon) or (level >

50 bias+epsilon) ;)
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03/ 28/ 89 JFT V3.42 Change sweep period now bullet-proofed to
I nput. 03/30/89 JFT V3.43 Wite pg&ﬂﬂiéers to machine.prm5 instead of
zstage. prm 05/25/89 JFT V3.61 All B4 Blpr eak out of adj ust resin
| evel | oops. 10 06/ 07/ 89 JFT V3.61B Make stirring easier to break
out of. 06/15/89 JFT V3.61C Better stirring utility
(multi-speed). 06/ 16/ 8 T Sl eaB&IHGET | check
(see Ul Adj ust.gg‘s). 06/ 16/ 89 JFT%{}giglEe%ﬁ}( Sl i&af@b@sﬁﬁi"ng t he
i ndexer's MA ( seAAIRASED) icdnmand. 20 07/ 05/ 89 JFT V3. 61F
Single Goil Hol di ng Tor queuntil 2ak3q18¥a81)3. 62 ldmydd (vebdrsn ¥*. 67/24/89
JFT V3. 63 Fixedeégﬁfﬁgg;resin level (?). 25 { $ M16384,0,0} { $ D;1+} {R+}
30 uses t,Dos, Utilit I,QtISwe%P tinue...',8);
Ut | ZSt age, wi ndows, Ut | AdFGQF?’F‘?%@)@eFFef%I ny KgucEo; Fantizme. - - " 8oy
Versionld - '3.63"; |Indeepeat = 19; 40 epsilon =1; { +/- bias
variation used i n add/renpygpéésiavol, 160634 ation = fal se; { I'sthis a
simulation (no SLA)? 45 var Egéﬁﬁﬁqpc . Integer; SweepPeriod : real; 50

e

key, junkkey : char; 55 87" *361 847 Bl | evel . integer;
delaytime : integer; ombtddl|keyrressadjusted : bool ean;
wastekey := readkey;

15
clrscr;

centertext('User finished adding resin.',5):
_ CheckLevel; { to be sure before attempting
20 finaladjustment }
if not onbicell then begin
CenterText('Resin level not in acceptable
rangé.',S):
DoBeep(100,1000);
delay(2000);
addremoveresin(stopc):
end; { if not onbicell }
DoFinalAdjustment;
Update3DStateFile(2StagePos, PlungerPos,stopc) ;
exit;
35 end; ( if not leveladjusted }
clrser;
centertext ('Resin level is now adjusted for part
building.',4):

25

30

40
delay{2500);
beep:
end; { addremoveresin }
45 (Fkhddhhhnhhdhhhhdhikhhhhhhrhbhhdddibtthhhhihhhhhhhhhhis)
begin
leveladjusted := false:
end.
50 AZ
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5
SaveExi t

); CrEol; 20

tenpstring : string; TopWnd, BottomW nd, Intrownd : w nd;

. pointer; 10 Procedure (tenpstrlng . string; RowNunber
15 i nteger); begin gotoxy(T§$§§ﬁé%ﬁéi

i f

iengt h(tempString) >= (1l o(WndMax)-lo(WndM n)) then got oxy(1, rownunber) e
I

S

e-m@zxéiﬂ&;ﬂ%LﬂM%ammuﬁw) )

div

20 2) LI s e SRR LB Sy Dy RSBSOS

Hal t (0); 40 ercF==prottthiic-BDFSprIoerers W’EP&F' BERESET===3tT i ng; Sign

begin 35

strisg[1];

begin 50 pr ocReadBi Cel | (500, true) 55 88

847 Bl end; procgggég,réyfﬁ%l t Wndow2; begi n Defaul t Wndow,

wi ndow( 1, 1, 80, 22

10

15

L’I
20
25
L
30
36
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45
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end; rocedur e ShowPower Menu;
SLA-250 Recoater wiper and plunger Control Program

Recent History:

9/12/88 Ver 3.30 first released for breadboard
testing

10/17/88 Ver 3.301 modified to be
utility/initialization for final SLA250

11/15/88 Ver 3.31 copied from Recoatl - use common
utl*.inc files

01/11/89 Ver 3.32 remove sweeper forward back --> use
move move sweeper . _ .

01/25/89 Ver 3.33 JFT removed sweeper velocity
biasing --> pass desired velocity in in/sec to MoveBlade,.
SweeperForward or SweeperBack. Checks constant SIMULATION
to see if we want to run this as a simulation (no
communication with SLA) (useful for running on
workstations not attached to Sls).

01/30/89 JFT merged with Wayne's updated AddRemoveResin

© procedures.

02/01/89 USES Windows. Move AddRemoveResin to unit
UtlAdjus. USES UtlAdjus.

02/16/89 Adjust Start Position sets new ZPlungeSetPos
and sends the elevator to that position.

03/07/89 JFT Added exit proc to forward sweeper.

03/09/89 JFT - Recalibrated sweep periods to
account for final compiler options.

03/10/89 JFT Fixed UtlAdjust so that it may be

broken out of.
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var 15 I : integer; junkStr : string; begin DefaultWndow2; 20

CrScr; FrameW ndow BottomWnd); éﬁd@i _gy ndow( Bott omW nd); 25
Di spl ayLevel ;) Defaul t Wndow2; cenF ?? dduct + Recoat er Uility

Control Program ,1); 30 witeln; centertext(' Version
"+Versionld+ Software Release '+Rel_3D 2); centertext (' Copyright (O
1989 by 3D Systens03/28y89, 3);JEI5 V3.42 Chengert ewe¢p 3[periddst amy Laser

St er eoLi t hogr apmlﬁ(ﬁ\iy&,f@a;tg finpu®l Mul ati on  then
centertext (' SI MJL INWE '  for i:= 1 tQ 5 [ teln;
FrameW ndow( TopW n %; Kcstgi vatew ndg\%( ?%%anﬁa%és to mg%f’!r[\%%:‘rp;%lmwi tel n(’
1. Adjust Resi nipgtead 9fi pptgge pImyrjt el n(’ 2. Sweep '): witeln(' 3.
Change Sweep Peri 005)25/8® JFT V3.9l A2low user 4o bhoewk dutqofdagjusts 89 -
EP 0 361 847 B1 Lk e e . Raise Liquid); witeln(' 6. Adj ust
Building Start ﬁg’éit I on’ 1; lgop% wri,t_el,né' e St'h% Li }ui d);
wite @ X Exi ?5'597/§Qf JEF t W i S Make Fhirrind: prexera e RERRK Put
sel ection.', 18) 910 writeln; end; procedure
WitezStartLevel (NesyisygoZLeyel: ragl.s1clS Bettelr  stirring utility
(multi~speed).
5 06/16/89. JFT V3.61D Better bicell <check (see
UtlAadjust.pas).
06/16/89 JFT V3.61E Fix stir utility by using the

W, indexer's MA (Mode Alternate) command.

2 07/05/89 JFT V3.61F Single Coil Holding Torque.
07/21/89 JFT V3.62 Changed version #.
07/24/89 JFT V3.63 Fixed adjust resin level (?).
25 T =}
{ $ M 16384,0,0})
{ § D=:I+)
o {R+}
30 uses Crt,Dos,Utilityl,UtlsSweepdp,
Utlzstage,windows,UtlAdjust, Indexer;
{$I product.inc)
36 const
VersionlId = '3.63"';
Indent = 19;
© epsilon = 1; - { +/- bias variation used in add/remove
resin )} _
Simulation = false; { Is this a simulation (no SLA)?
: _
45

var
opt,stopc : integer:;
SweepPeriod : real:

50 key, junkkey : char;
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Par anti | eNane - '\ 3DSYS\ MACHI NE. XYZ' ; NewNane = '\ 3DSYS\ MACHI NE. PRM ;
20 var 1 Cerr,i,mn,valcode : inte o I ngi nt; 25 r . real
Par anti | eLi ne, AppendText : st r80$éaptﬁﬂ #gNevvFi le: text; 30

I nchDi stanceStr : str80; Dirlnfo . SearchRec; InputlLine
string; 35 begi n OpenPar anfil e : = Paranfi | eNane;

assi gn( Par anFi | e, &9¥aPar anfi Lo¥egewswr it e( Par anFil e) ;

assi gn( NewFi | e, Ne\dbaaptime eseihbydd;l ) ; 45 - whi | e not

eof (NewFi | e) do begi I | QD ine.;
writel g(Paranfil e%gﬁ%ﬁ%ﬁé ; 5%3#;14%8 "PHde1 el rewite(NewFile); 55 90
EP 0 361 847 Bl | G8PPSTEing:8HFINGsif | Cerr <> 0 then begin QpenParanfil e
: = Par anFi | eNane; TopWind, BottonWind,Jingrné®indarrFwliad OpenPar anfi | e) ;
reset (Paranfil e); sh¢Bexit = bOigeadt; if 1Cerr <> 0 then OpenParanfFile := 10
end; (10 error) if 1Cerr =0 then begini :=0; 15
reset(ParanFilg); r epeat readln(ParanFiIe,paranFiIeLine);
Wﬁiteln(neMFql ,ﬁiafaﬁﬁ*Tﬁﬁﬁ*ﬁé’f* ***********************************}
{

Procedure CenterText(tempstring : string;RowNumber :

15 integer):;
begin
gotoxy (1, rownumber) ;
o ClrEol;
20

if length(tempString) >= (lo(WindMax)-lo(WindMin))
then gotoxy(1,rownumber)
e 1l s e
gotoxy (((lo(WindMax)~-lo(WindMin)-length(tempstring)) div
2) ,rownumber) ;
write(tempstring):
end;: ) ’

25

30
{**************i*****************************************)

procedure ExitRecoater:
begin
35 SweeperForward(3,stopc) ;
CursoxroOn; H
ExitProc := SaveExit:;
Halt(0);
end;
(**********************************t*********************}
procedure Displaylevel;
o ‘var '
junkstr : string:;
sign : string([l]:
begin
50 procReadBiCell (500, true);
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20

until paranFileLine = "'ZSTAGE. PRM; while (not

eof (Parantil e)) and (i <= 9) do begl n for g&ﬂl to 255 do

Par anti | eLi ne[i]: ', 25 P 036184 n( Par anfi | e, Par anfi | eLi ne) ;
I < 7 then MW|teIn(hbmF|Ie ParanFlleLlne) el se begln if i =7 then
appendText 30 ZLi quidLevel '; i f [ 7 t hen

mmlteln(hbmFlIe,&kwfiartZLevel 12: 10 appendText) else
writel n(NewFil e, ParanFiIeLine) 35 end; if (Paranti | eLi ne[ 1]

and (ParanFlleLJrggéégure ;&ﬁgplg%rfﬁaranFlle) do beg(PararrFlleLlne[l] <>

‘") then |nc(|)
readln(paranFlIebﬁﬁﬁﬂanFlleLlne) writel n(newFil e, paranfFil eLi ne); end; 50
end; 55 91 EP Olﬁ&&u&!ﬁ’iﬁbePl ungeSet Pos = NewStartZLevel + 0.315;
8mm | ower than Star

procedure ZSurface 05|t| n(var

In 45

iQ§%@N§€flle) cl ose(ParanFile); end; 10

<>

Sl ow speed for s#d ing levels ) 15 var key : char; dunbkey, OK
bool ean; StopCode i nt eger; 20 Z\NSet Z str10; begin dunbkey
fal se; ’

15

20

25

30

35

50

55

procedure ShowPowerMenu:;

var

i : integer:
junkstr : string:

begin

DefaultWindow2;

Clrscr: _

FrameWindow(BottomWind) ;
{ ActivateWindow(BottomWind):

DisplayLevel:)

DefaultWindow2;

centertext (Product+! Recoater Utility Control
Program',l):

writeln;

centertext('Version ‘'+Versionld+' Software Release
'+Rel_3D,2):;

centertext ('Copyright (C) 1989 by 3D Systems, Inc.'!,3):

centertext('3D Systens Laser StereolLithography
Systen',4):

it Simulation then centertext (*SIMULATION IN
PROGRESS!,S);

for i:=1 to 5 do writeln;

FrameWindow(TopWind) ;

ActivateWindow(TopW1nd).

ClrScr:;

writeln(! 1. Adjust Resin Level Utility '):
writeln(' 2. Sweep '):;

writeln(' 3. Change Sweep Period'):;
writeln(' 4. Lower Liquid?’):

{

fue real); const ZVSIow = '0.100000' ;

i f



25 Acti vat eW ndow( TopW nd); clrscr; Centertext(' Use up and

down arrows for positioning Centertext (' space to
halt,',2); Centertext(' Sto shifﬁppaélpﬁﬂgépeed ,3); Centertext(' and X

when at the desired level. ',4); ZVSetZ - ZVel oc; 35 repeat K : =
fal se; repeat 40 key : = 'z andleKeyboardRequest(key); key
: = upcase(key); ifwgyﬂghey t heg, kpyise Liquia!): dunbkey: =f al se;

if key in [#72,#80 ' X n pLand arrows )

until OK; 50 writeln ase kéyxl%* %Bg}l&g.n%ﬁt%rg f°§h5&§iwr}#72 begi n

if got NegZSwriteln (' hen7ZF$@él\/H-\iePZ¢\bbEI ZVSetZ,' UP ') el se
ZFreeMove( ZAccel ZVieide ' QOVW ) x. demeddegy: : = true; 10

end; #80 begi n NegZStage t hen

ZFr eeMove( ZAccel , zeée?i?éqﬁﬁﬁﬁ g el se 15 ZFreerve(ZAcceI ZNSetZ," UP  ');

dunbkey true; ef@nteryext(iRiense pakesa: seleapiany’ 18){ change to sl ow

Speed ¢ 25 writeln; Centertext (' Shifted to sl ow speed', 6);
Centertext (' folpfknal positioning. ',7); end;

procedure WriteZStartlevel (NewStartZLevel:real):
15

const
ParamFileName = '\3DSYS\MACHINE.XYZ':;
- NewName = '"\3DSYS\MACHINE.PRM':;
o/ 20 _
var
IO0err,i,m,n,valcode : integer:;
j : longint;
% r : real;
ParamFileLine, AppendText : str8o;
U

ParamFile,NewFile: text:;
InchDistanceStr : str8o;

30

DirInfo : SearchRec:
InputlLine : string:;
35 begin

OpenParamFile := ParamFileName:;

assign(ParamFile,OpenParamFile) ;
rewrite(ParamFile)
assign(NewFile,NewName) ;

reset (NewFile) ;

45 while not ecf(NewFile) do begin
readln(NewFile, InputLine);
writeln(ParamFile, InputLine);

end:;

50 revrite(NewFile):
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"X : begin 30 {} ZVal ue : = -abs(ZStagePos); exit;
end; end; 35 until false; procedure AdjustBuil dStart;
var instring st ri'ng; val co E% 36{}%47 BY nt eger; 45 junkStr
rstring; NewStart :real; Tenp :real; begin 50

St opKey : = true; 1 847 Bl Tenp : - ZLiquidLeveI;

Act i vat eW ndow BO??SﬁﬁV 'hd 1‘%35%1 g Centertext (' Movi ng
elevator to  cdfr &perr %’t & Fhﬁbsmqlc!h ,1); CGotozPos(1); 10
Centert ext (' Positi onopéspartamirdter : aipdﬂampdesﬁaﬁd-start position.',1);

ZSurfacePpsition(ZLl egg %mrfiésﬁéﬁﬂfé?FmFile)'

ActlvateVVndom(Botto # rscr = concat (' A new build starting
| evel has been enterEﬁ?e axguFile) ; centertext (junkStr, 1);
ActivateVVndom(TopVdeérrc##snrpsﬁﬁt. centertext (' Accept this new

| evel ?',2 r epeat | £, n = if te <>
ZLi qui dImevZaI thgn bsg?uo err%pgag%%r% ?é‘ﬁ%ﬂ' et th('an ™
r}
if IOerr = 0 then begin
i:= 0;
15 reset (ParamFile);
repeat
readln(paramFile,paramFileLine) ;
W ' writeln(newFile,paramFileLine);
20 until paramFileLine = 'ZSTAGE.PRM':;
while (not eof(ParamFile)) and (i <= 9) do begin
for j:=1 to 255 do ParamFileLinefi]:=' ';
readln(ParamFile, ParamFileLine) ;
if i < 7 then writeln(NewFile,ParamFileLine)
else begin :
if i = 7 then appendText := '
30 ZLiquidilevel!';

25

ift i = 7 then
writeln(NewFile,NewstartZLeyel:12:10,appendText)
else writeln(NewFile,ParamFileLine);
end;
it (ParamFileLine[1) <> ' 1) and
(ParamFileLine{1l) <> '{') and
40 (ParamFileLine[1l] <> '"') then inc(i):
' end;
while not eof(paramFile) do
begin
readln(paramFile,paramFilelLine);
writeln(newFile,paramFileLine);
end;
end;

35
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WiteZStartLevel (ZLi qui dLevel ) el se ZLi qui dLevel := tenp; 35 end,

St opKey : = fal se; GoToZPos(2); eck Resin Level p05|t|on } {}{
ZReadPar ns;) end; procedure SetNéﬁtgggyhaﬁé? var instring :
string; val code . integer; junkStr . string; 50

t enpReal . real; 55 94 EP 0 361 847 Bl begin

Act i vat eW ndow( BRlangésedPos urkBewStartZLlevebncf-G1Bnt ef SMmsio¥gEr peri od
[ now ' Rea|Sthﬁ§ﬂe@QBQ£LOﬂ 2) "'s]: "); centertext(junkStr,l); cursoron

10 readlq&!n% g instring <> "'' then begin tenpReal :=

Real Vals(i nstri ng, 5 e gtenpREaI > maxSweepPeri od) then tenpReal 15
maxSweepPeriod; i q%@éﬁﬁF&kﬁl fi nSweepPeri od) then tenpReal :=

m nSweepPer i oden&nd; 20 cursoroff; |f (valcode - 0) and
(instring<>"') then SmeepPeriod : tenpReaI junkStr =

concat (' Sweeper eriod__no e tr(9 eriod, 2)," seconds');
cent er toext (| unRS?ﬁE) edure #Zgy SE}t{%var g‘lléﬁ"(f V\foce’dure Get Sel ecti onl;
begin 35 constpeat Activat eW ndow( Bott omA nd);

ZVSlow = '0,100000°'; { Slow speed for setting levels
)
15 var
key : char;
dumbkey,OK : boclean;

o/ - StopCode : integer:
20 2vSet2 : strilo;
begin

dumbkey := false;

2 ActivateWindow(TopWind) ;

clrscr:
Centertext('Use up and down arrovs for
W positioning,*',1):
30 Centertext('space to halt,',2):

Centertext(' S to shift to slow speed,’,3):;
Centeréext(' and X when at the desired level.',4);
ZVSetZ := ZVeloc:

% repeat
OK := false;
repeat

% key := '2';

HandleKeyboardRequest (key) ;
key := upcase(key):
if dumbkey then key:=' *';
45 dumbkey:=false;
if key in [#72,#%80,' ','s','X'] then OK := true;
{ up and down arrows )
until OK:

%0 case key of
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Di spl ayLevel ; 40 Act i vat eW ndow( TopW nd) ;

Handl eKeyboar dRequest (key); key := upcase(key); if key in["1".."7",X]
then exit; 45 until false; 53(9333(9&7534 procedure DoBeep(freq,tine :
integer); 55 95 EP 0 361 847 B1 begin sound(freq); 5

del ay(tinme); nosound; end; 10 procedure doUpLi quid; begin

Acti vat eW ndow( Bot t om\¥7ml):;; Bbégin procPIungerDomn(true)

Act i vat eW ndow( TopW nd) ; end; 20 pr dur Do egln
Act i vat eW ndow( %g_t t oWV N z)@ﬁ 25 qu? ﬁ’ ngcPYVgnger %Jp?t then
Act i vat ewW ndow( TSpRPHTNe (4A5gel ggVsetz, 'UR, oc’e&&?é Stir; var wast eKey

. char; endPos : longlnt; 35 endPosStr . string;
abort Stir, st op ZFrlQRo s ZACREY fIvaediz0tpownt)’; String; 40 procedure
El evat or Commnd( theCmd : stri nm Val. [&SRQNse . string; 45
begi n

J 10 end;

#80 : begin

if not NegzStage then

ZFreeMove (Z2Accel,ZVSetZ, 'DOWN') else
15

ZFreeMove(ZAccel,ZVSetZ, 'UP ');
' dumbkey := true;

(s end;
» 'S': begin
ZVSetZ := 2ZVSlow; { change to slow
speed )
25 Centertext('Shlfted to slow speed!,é);
Centertext (" for final positionlng. :7):
end;
Q_j 'X': begin
30 - {) ZValue := -abs(2StagePos):;
exit; |
end;
end;
% until false;
end;
% procedure AdjustBuildStart:;
var
instring ¢ string;
valcode : integer;
45 junkstr : string;
NewStart ¢ real;
Temp : real;
begin

50 StopKey := true;
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if theCmd <> '' then if SendCndTol ndexer (theCrd+" ', zTinmeQut) <> 0 then

begi n 50 beep; 55 96 EP ? 361 847 Bl end else if
ReadResponseFr onl ndexer (respons EP 036 5 <>05 t hen begin
beep; end; end; 10 { begin endPos :- trunc( zStepsPerlnch * (-1)

( zLiquidLeveI - 0.5) ) Str( endPos , endPosStr );

Act i vat eW ndow( Betempnvv nzi) i quidL&ee) ; 20 Wite(' STIR

fast/ medi un sl ow yJdy/. iqgggwinddh(ageggﬁyinq?Lay(100) until keypressed; wasteKey
= UpCase(ReadKe%g a ort Stir = 25 case wasteKey of 'S
begi n accel : ¥§ Fiel oc : = '1', end, "M : begin accel :="'5"; 35

veloc :- '5'; en(PeﬂtF!-’teer'@Hia%celelﬁaﬁWIO' ; £a0 veprxent= '51'@!'?- end; el se

abortStir := tpesitidn...*',1); end; if not abortStir then begin
GotoZPos (1)
10 Centertext('Position the elevator at the desired start
position.',l);
ZSurfacePosition(ZLiquidlevel);
clrscr;
15 ActivateWindow(BottomWwind) ;
clrscr:
junkStr := concat('A new build starting level has been
\_} entered.');
20 centertext (junkstr,l):
ActivateWindow(TopWind) ;
clrscr;
centertext ('Accept this new level ?',2);
repeat
delay(100)
Y until Kerressed:
30 if temp <> ZLiquidlevel then begin
if upcase(readkey)="'Yy"? then
WriteZstartlevel (ZLiquidLevel)
else ZLiquidlLevel := temp:
end;
StopKey := false;
GoToZPos (2); { Go to Check Resin Level position. )
{}{ 2ZReadParms;)

25

36

40
end;
procedure SetNewDelay;
45 var
instring : string:
valcode ¢ integer;
junkstr : string;
50 tempReal s real;
65
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ClrScr; Wite( ' STIRRING : press any key to abort..." ); 50
GoToZPos(2); 55 97 EP 0 361 847 Bl El evatorConmmand( 'E MA A" + accel ,
'V + veloc ) stop := false; ElevEPRMWIAMRI 'D + endPosStr +' G ); 5

repeat if KeyPressed then stop := true; delay(100); 10 . i f
KeyPressed then stop := true; until ( stop ); CrScr; Wite( ' Aborting
stir operation. begih; 15 El evat or Coomand( 'K ); ZGoHone;

GoToZPos(2); end; 20tivatewindoddBottbomwifd)vat eW ndow( TopWnd); end; 25
begin ( ReCoater )  TexiBackground Text or(Wite);

Bl . 30 |
SadeEx| ty - = Exi 1 Pt AESRESE | pine SOngRE( VHRT oFYeaRSFay | RO 4Rbv: 3
drScr; Defi neW'nBeatSoplAweepPensiaa.2), 7' st Ndent, 16, 1) ;
Def i neW ndow( Bot t oe¥ftéktdktdIunksti5 i),

Def i neW ndow( | nt r o\, nd ,7,70,11,2); if Sinmulation then OnBicell := false;
Read3DSt at eFi | e( ZSt'agePos, Pl unger Pos, st opc); SweepPeriod :- Defaul t Peri od;
45 0 Level AUPRRIRMINSEYing)sie: del aytinme : = trunc(SweepPeri od);

Cursor O f; FranmeW afoinstrting\¥nd)!, then begin
tempReal := RealVal (instring,valcode):
if (tempReal > maxSweepPeriod) then tempReal :=
15 maxSweepPeriod;
if (tempReal < minSweepPeriod) then tempReal :=
minSweepPeriod;
o end;
20 cursoroff;
if (valcode = 0) and (instring<>'!') then SweepPeriod :=
tempReal;
junksStr := concat('Sweeper pericd now set to
' ,RealStr(SweepPeriod,2),' seconds'):
centertext (junkstr, 1)
L~/ delay (3000);
30 end;

25

procedure GetSelectionl;
begin
repeat
ActivateWindow (BottomWind) ;
Displaylevel;
ActivateWindow(TopwWind) ;
HandleKeyboardRequest (key) ;
key := upcase(key):
if key in ['1'..'7','X']) then exit;
45 . until false;
end;

35

{ kkRRRAAAARRR AR RREAAALRRAAARERARRAR AR AR RR R AR R R AR RA Rk )

s0 procedure DoBeep(freq,time : integer):
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50 ActivateWndow(Intrownd); 55 98 , EP 0 361 847 Bl1 CrScr;
Center Text (' El evator noving to cC evel position... ',2); if not
Si mul ati on then GoToZPos(2); keyqﬁ?géSngfE+aultVVndomg 10

clrscr; repeat ShowPower Menu; 15 Acti vat eW ndow( Bot t om\W nd) ;
Acti vat eW ndow( TopW nd) ; Get Sel ectionl; case key of 20 '1': _
AddRennveResin(sbegmﬂ '2': MoveBl ade( SweepPeri od, stopc); '3': SetMewDel ay;

25 fbunafefyynliquid; 'S5 : doUpLiquid; '6":
AdjustBU|IdStart ela . "7V Stir; "X Halt(O; end; key :
= ' 5; 35 until faf%& y&ﬁ?&&rCn ( W exit through abort... we never
reach here. nosound ; } 40 end. Wile the

i nvention as deséndped herein has been directed to specific enbodi nments,
various nodifica- tions thereto can be enployed For exanple whi | e excess
pol yneri zabl e | i quid ha eing struck off by a
doct or 19b| ade, éfﬁ%ﬁ*?ﬁiﬁﬁg*fEﬁ*%ﬁjﬁﬁ*fﬁﬁ$ﬁﬁéf*ﬁﬂﬁﬁ*tﬁﬂﬁ*ﬂﬁ§fﬁfﬂﬁg*éﬂﬁﬂ*dyed such
as rakes and t protedure AoUphiziuidr exanpl e, a radi ati on source and sensor
have been descpegesdl herein as nmeans to detect the |evel of the upper

surface of the bat rhéﬁiv&%%ﬂﬁfdwz(ig{&%iﬁdﬁ whereas a wide variety of

mechani cal , el ectroni ¢, pneu devi ces can be used to detect

this | Bvel. For exéﬁﬁF?luﬁﬂP%Rﬂﬂﬁﬁﬁfﬂ%)US|ng a float has been descri bed.
Gt her nodi fi cati onsActrigratepimcsr(@op@int)s be used w thout 50 departing from
the scope of tpgginvention. Accordingly, it is not intended that the

igvention be i HlI£¥L*J§§§§E4*1¥%*Rhf§£¥¥29n$¥¥1*ﬁ T L
20

procedure doDownlLiquid:;

begin
ActivateWindow(BottomWind) ;
2 procPlungerUp(true) ;
ActivateWindow (TopWind) ;
end; |
U : ( **t**********.******************************************* }
30 procedure Stir;
-var
wasteKey ¢ char;
endPos : longInt;
% endPosStr ¢ string;
abortstir,stop : boolean;
accel,veloc ¢ string;
40 { ’
procedure ElevatorCommand( theCmd : string ):
var ’
response : string;
45 begin

if thecmd <> '' then if SendCmdToIndexer (theCmd+'
',2TimeCut) <> 0 '
then begin

50 beep:;
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Clains 55 1. A nethod for stereolithographically formng a

t hr ee-di nensi onal object (40) layer b ayer, conprising the steps of: a)
appl ying a layer (34) of polymeriz&EBI%E38&E®] onto a surface (15) of an

obj ect support neans (12) or a previous |ayer; 99 EP 0 361 847 B1
CrScr; CenterText('Elevator noving to check resin |evel position...',2); 5
if not Simulation the?{'dGo‘I'.oZPos(Z); key := ' Default Wndow, 10

clrscr; repeat ShowPdotge\Vekfl RepdResponseFronIndexey (r2SPoRsRERIBEOREMN nd) ;
Acti vat eW ndow( kepdV nd) ; Get Sel ectionl; case Kkey of 20 'l

AddRenovgResi n(st 0pc)gnerd b IlE/,gveBl ade( SweepPeri od, stopc); '3 : Set NewDel ay;
25 14" 38 wnLiquid; "5 : doUpLiquid; '6':

Adj ust Bui | dStart; 30  Peep: "7': Stir; 'X : Hal't(0); end; key
= " until false; CuersorOn; { We exit through abort... we never reach
here. ) 40 egfa; Wil e the invention as described herein has been

enpl oyed. For exanple, while excess polynerizable Tiqui d has been descri bed
herein 45 as bePRgiBtruck off by a doctor blade, other neans for such

renoval can obvi ouehgpdie :enphiyed zStepsPexIrichk @s(-<and #t hezlidwidresednot her
exanpl e, a radiatbog'Fgurce and sensor have been described herein as neans
to detedf the |evel” of ‘t'he upper surface of the bath of pol ynerizable
fluid, whereas a wtel 2O%PeEy ANAROSHELRi L4l , el ectronic, pneumatic, and

ot her devi ces .can Aetide@Wiodoe(BatttomKisd) evel . For exanple, an

KJ Clrscr;

20 Write(' STIR fast/medium/slow (f/m/s) : ');
repeat delay(100) until keypressed: '
wasteKey := UpCase(ReadKey):;
abortstir := false;
case wasteKey of

directedoto speciL%c enbodi nents, various nodifica- tions thereto can be

25

'S' : begin
o accel := 10.5';
- 30 veloc := '1°7;
' end;
'M' : begin
accel := 'S§';
35 veloc := '5°';
end;
'F' : begin
o accel := '10!;
veloc := '10';
end;
else abortStir := true;
45 end;
if not abortStir then begin
Clrscr:
Write( ' STIRRING : press any key to abort...' ):
50 GoToZPos (2) ;
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apparatus using a float has been described. Oher nodifications and

i nprovenents can be used wi thout 50 departing fromthe scope of the

i nvention. Accordingly, it is not EP ﬂ@éﬁﬂ@dB! hat the invention be limted,
except by the appended clains. Clains 55 1. A nethod for
stereolithographically form ng a three-di nensional object (40) |ayer by

| ayer, conprising thBletajpsrCommamy)( ABMA/ iANg+aadamles ( 342) +ofelaad yoeri zabl e
liquid onto a surfacgeddS= @h18&; Obj ect support neans (12) or a previous

| ayer; 99 b) levellin I 4) of. polynerizahle liquid on said "
surface (15) to a deg#ve c{r%?wﬁifé 'éi )s't?'}%%ﬁéxﬁf*f 'a%? %cess
pol yneri zabl e i qui d¥¢B®®Y fromthe applied layer (34); c) applying a
curing media in a preseif®egbresdda thennétog he tewed | ed | ayer (34) to
sufficiently cure the '@éﬁ&ry(iﬁof,hat it supports one or nore subsequent
| ayers (38) of polynerigz e lirquid to be cured, 5 characterized in
that s#i d step a) corrpr’réé‘?yf’ﬁ%s 4, fhegisten j=pF8idi ng sai d pol ymeri zabl e
liquid as a bath (1lgntint(astep Jn a container (10); and a2) subnerging
said surface (15) of csg8dt;0bj ect support neans (12) or said previous |ayer
to a position bel ow r,f f Lo b . 40,2. The nethod of
claim 1, wherein sai gpgezg b?ﬁ%zb@inlglsg'ggrt gr}sa%%)lb‘f']'u%i'ng a snoot hi ng
nenber (26; 300; 400E1eXRPPrLemmang( KKAg) of f sai d excess Iiquid (302). 3.
The net hod of cl ai m ZGeHdwezei n t he application of the curing nedia in step
~c) follows the conpl gétsybaali2}? step b) after a short delay. 4. The
thod of claim Zéng\/gerei n the step of striking the snoothing nenber (26;
3097 4Q0; 505) congrfses sweepi ng sai d snoot hi ng nenber (26; 300; 400; 505)
in a horizontal pFaRecBnd additional |y delaying the application of said
curing nmedi a aft eactbheatewindow({Pdpwindgpi Nng of sai d snoot hi ng nmenber 20
(26; 300; 400; &@%) is conpleted. 5. The nethod of any of clains 2 - 4
wherein said st%*m“(‘:on’pri ses; striking said snoot hi ng menber (26; 300;
400; 585) in art*OPposT e " aLt O S I A TS AR TP RAL B3 * &L ri ki ng of
a previous stroke of the snoothing nenber (26; 300; 400; 505). 25 6. The
met hod of any @fegihaj ecbate® YWerein said step b) conprises: striking said
snoot hi ng menber %Q":Ba?)q%r ﬁg&sfa% ,at least tw ce above the previously
faemed | ayer. 7. e BT T6d Of \eI a6 wherein the step b) conprises: 30
striki Py sai d snmo@eNFFRLARIMBAEeY 26; 300; 400; 505) at |east once over the
previ ously fornedshegexitat:=aEkitBdocéel ocity; and striking said snoothing
menber (26; 300; : )s pagg gond tinme over the previously
formed | ayer at aﬁgg')%%n vel g%+ty iO?FE?'ent fromthe first velocity. 35 &
The nethod of eitR@?a‘b]ft'@I"gPﬁé 6 or 7 wherein said step b) conpri ses:
striki ﬁsg sai d sno&ipsemy nenber (26; 300; 400; 505) a first time over the

previously form%'dnbﬂ@éw&ﬂafob(@oﬁﬁfn‘at,:ﬁh@ﬁ@&ge,ééﬂﬁméﬁghspﬁeNeen a | ower
surface of {he Smagyll AR EU0Gbedabhind Do, 2100, 2054y A" an Upper surface of
© DefineWindow(Introwind,10,7,70,11,2):
if Simulation then OnBicell := false;
Read3DStateFile (2StagePos, PlungerPos, stopc) ;
SweepPeriod := DefaultPeriod;
45 LevelAdjusted := false;
delaytime := trunc(SweepPeriod);
Cursoroff;
FrameWindow{(IntroWind);
50 ActivateWindow(Introwind) ;
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striking said snoot hi ng nenber (26; 300; 400; 505) a second tinme over the
previously fornmed | ayer 40 with a second cl earance (303, 404) between
the | ower surface of the_snDothingEﬁéH¥EfMT§%; 300; 400; 505) and the upper
surface of the previously formed | ayer, wherein the second clearance is

| ess than the first clearance. 9. The nethod of any of clains 2-7 wherein
said step b) corfpt¥¥e%! 45 striking said smoothing nember (26; 300:
400; 505) over ttenpervextc!plévater |ayeingi t boa chegkanaes(izd3,leitl)

bet ween a | ower fﬁﬁ%gce pf, ¢ he snoot hing nenber (26; 300; 400; 505) and an
upper sugfeum?%ﬁ b?évi% Sy formed layer which is different fromthe

| ayer thickness.ifinotrh@imelabiionftheni @eToiPes i said step b) conpri ses:
50 striking % y d, sT0OE i ng menber (26; 300; 400; 505) over the
previously fornmed 1ayer a first tinme with a first clearance (303, 404)
between a | ower BeF3RLEWLRASWe snpot hi ng menber (26; 300; 400; 505) and an
upper sueface ofgirgckfeviously forned |ayer; and striking said snoothing
menber (26; 300;_ 400;,505) a second tinme over the previously forned | ayer
with a second clE®Pehte (303, 404) between the |ower surface of the
snoot hi ng nenber (SiowBoWerMéna: 55 505) and the upper surface of the

previously forned i i pd second cl earances are
differedt. 100 é@ﬁz%%ﬁﬁﬁ%bﬁ&ﬁﬁt&ﬁgﬁ%& hod of any of clainms 2-10
wherei n said step dgtivapeVindow(BepWind)l he speed of the snoothi ng nenber
(26; 300; 400; 50gets@1&6tfbhe;t0 tailor the snoothing nenber speed to the
geonetry of the three-djnensional object (40). 5 12. The nethod of any of
chdi s %-11 wher ei $2%8i ¥@¥%t8% b) conprises: nmoving said object support
means ( %) t o di spl ate' saaddReyeveREdinfboopc) he upper surface (20) of the

bath (11) and then s}kjKki i ] . 300; 400; 505). 13.
The net hod of any Oft%raiﬁgvgei%d§ﬂg§é$hgg5¥§aggéﬁﬁ "conprises: 10
stri ki ng sai d snoot hf 3§: n8etBewbPebay300; 400; 505) in a plane above a pl ane
of the werking surfacg.;ZQ%DOQALi&hfdnethod of any of claims 12 and 13
wherein, after striking, the [eV|ousfy formed layer is relatively
di spl aced so that itésgbpéPUEEFQHééfis | ocated one | ayer thickness bel ow
the working surface (@0} Aa§udBBuildsea&ptihe prescribed pattern of
sywergi stic stinulatgip ig igplied. 15. The nmethod of any of clains 1-14
wher ei n %8ai d pol yneri zabl t gquid is a photopolyner. 16. The nethod of any
of clains 1-15 wheretX*saldlpad)ern of curing nedia is applied as said
| evel layer is 20 en .held at a working surface (20) which is being held at
a substantially fixea'level. 17. The method of claim 16 additionally
conprising the stekeyot= #efeécting a surface level (70, 80) of the liquid;
and adj #8ting t hg gfiegagge$urface | evel (70, 80) to the desired working
surface (20). 25 E ) e net hod of any of clains 1-17 wherein said curing
media i s radi ati GAr8e¥FeBfed fromthe group consisting of ultraviol et
radi ation, infraggdexdti ehrélighvabblts.l| #8t nevkeeCreagnhbhere. x-rays, and
“gamma rgys. 3 19. The nethog of any of clains 1-18 wherein the liquid is
transfornableeﬁﬂOn exposure to ultraviolet radiation and said curing nedia
is ultraviolet radiation.
While the invention as described herein has been directed to specific embodiments, various modifica-
tions thereto can be employed. For example, while excess polymerizable liquid has been described herein
45 as being struck off by a doctor blade, other means for such removal can obviously be employed, such as
rakes and the like. As another example, a radiation source and sensor have been described herein as
means o detect the level of the upper surface of the bath of polymerizable fluid, whereas a wide variety of
mechanical, elecironic, pneumatic, and other devices can be used to detect this level. For example, an
apparatus using a float has been described. Other modifications and improvements can be used without
50 departing from the scope of the invention. Accordingly, it is not intended that the invention be limited,
except by the appended claims.

Claims
55 1. A method for stereolithographically forming a three-dimensional object (40) layer by layer, comprising
the steps of:

* @) applying a layer (34) of polymerizable liquid onto a surface (15) of an object support means (12)
or a previous layer;
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[
20. The nethod of any of clains 2-19 wherein said snoothing nenber ﬁG;

300; 400; 505) strikes at a speed f EBRIBVSF BI2. 7 t of m “mﬁumﬂﬁ

second (about 0.5 to 10 inches per second). 35 21. AH tm A
stereolithographically form ng a three-di mensi onal obfect (L40)M | ayer by

| ayer, conpris- i%sﬁﬁrreans (10, 11, 13, 14) for applying a layer (34) of
pol yneri zabl e | i qpasic@Prexe( SELEP&€of 15hot n | echedyPP spea ) or
a previous |layer;,4p (g% maansf(z%st,oggl%,& 383{ 0%13; SO%Séslfgg; n'E%‘é%lzfor
level i ng j he RS2ty - ol +Pblymerizable 1iquid by striking off any excess
pol yneri zabl e |i qlf dn¢B02imbleviohethen! coToZpys(2)$4). c) neans (24) for
applying a preselected patiern of curing nmedia onto said |evel layer (34)
to sufficiently clfﬁ% the layer so that it supports one or nore subsequent

| ayers {38, 40) dbefahltwimdowable |iquid to be cured, characterized in
that 45 4 saidé\#)lo#gation means (10, 11, 13,14) conprises: al) a

contai ner (10) including a bath (11) of said polynerizable |iquid; a2)
means (13, 14).fdreped¥ergi ng said surface (15) of said object support
means (12) or a pr eyphSwbovediént® @ position below the surface of said bath
(11). 50 22. The a&ggrat us_of .clai m21, wherein said nmeans (26, 27, 30 to
33; 300; 1400; 505) 1yatevindow Bk temiindinot hi ng nenber (26; 300: 400:
505). 23. The apparxétivatewimddw PPopwinder conprising neans (25) for
starting the applic téé) Oft aid curing nedia in step c) after a short
delay. 55 24. The a%'p S ti ai m 22, wherein said neans for |eveli ng
conpri ses neans (2&as® keBIEfor sweeping said snoot hi ng nenber (26; 300;

400; 505% in a horizontal .for delaying the
application of said cﬁiri'ngﬁrre |a°‘g§}?ee£r%?{;§et%‘ﬁtont al sweeping of said
smoot hi ng nenber 101 '2' EMovelade(SwiegPeri@ddostado) ; 505) i s conpl et ed.
25. The apparatus of ejw, BetNewnBL s 24 said menber (26; 300; 400; 505) is
stroke a, | east once 'i n an o posite direction conmpared to the direction of
striking“of a previoust'st r%&‘mmf%b’-%hoot hi ng menber 5 (26; 300; 400;
505) 26. The apparat s of dsUpLiqeidy M8 22- 25 conprising neans for
alternating the di rec'té'dlo.n Oézjzf%é ki w th successive sweeps. 10 27. The
afparatus of any of cl Trhdn %arthi d neans for |evel i'ng (26, 27,
30 to 33 300; 400; 506): sudwsi ses neans (25) for striking said snoothing
menber (26; 300; 400;.}§.0,5)1_F£:|§a éda)fa,st twi ce. 28. The apparatus of any of '
clains 22-27 wherein said % or leveling (26, 27, 30 to 33; 300; 400;
505) conprises: 15end; neans (25) for striking said snoothing nenber (26;
300; 400; 505) ovenedde previpusly formed [ayer at |east once with a first
menber v&l ocity; neans (25) for striking said snoothing irenber (26; 300;
400; 505) at | eadttils time with a second snoot hi ng nenber vel ocity;
and neans (25) f@ursssong the first and second snoot hi ng nenber velocities
to be different. 20 ' -
- { We exit through abort... we never reach here. }

“0 end.

While the invention as described herein has been directed to specific embodiments, various modifica-
tions thersto can be employed. For example, while excess polymerizable liquid has been described hersin
45 as being struck off by a doctor blade, other means for such removal can obviously be employed, such as
rakes and the like. As another example, a radiation source and sensor have been described herein as
means to detect the level of the upper surface of the bath of polymerizable fluid, whereas a wide variety of
mechanical, electronic, pneumatic, and other devices can be used to detect this level. For example, an
apparatus using a float has besn described. Other modifications and improvements can be used without
50 departing from the scope of the invention. Accordingly, it is not intended that the invention be limited,
except by the appended claims.

Claims

§5 1. A method for stereolithographically forming a three-dimensional object (40) layer by layer, comprising
the steps of:
" @) applying a layer (34) of polymerizable liquid onto a surface (15) of an object support means (12)
or a previous layer; ' '
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(226 The apparatus of any of clains 22-28 wherein sa Mﬂm‘em ll ﬁml I ng
27, 30 to 33; 300; 400; 505)_c means - ﬂ ﬂ“ said
snoot hi ng nmenber (26; 300; 400; ?gg{hf-’eégt once overct previ otisl y

formed |layer with a first clearance (303, 404) between a | ower surface of

the smoot hi ng, 'I&Qiifrthé #fer (34 of polymitabie tflid oAlka BAsks 3HB) WQ%&snrﬁ&'Eﬁ&ﬁe@s 8f the
previously f A eheest BoA® Zéﬁ iqliP {02 trbrh e ABplibdBye? (BaRT hi Ng nenber { 26;
300; 400; 505) 4 Iyn‘g%‘&fnn@mﬁ@&?n prBéeIEEtesg Sloml AR the BYHISLIGYeY (Pl ¥Biflciéndy Blre Wi T h
a second cl eahsRfe? sé Had su ety YRR bubsaGuehiOuyRFs (38) bf Rifyfefidablé liquicBBe tlledg
menber 5(26; 3peractét26d in Hab and t he upper surface of the previously forned

| ayer; neans daidjeplaptomprses thegtepdie:: second cl earance to be | ess than the
first clearanceai) psd¥iddg said paynsefigablodituid asceH bathr(y1) obntairied innescoftd@ingt §10iland ei N sai d
means for | evela@ngybmergipy sakdk surfacee(3$)f 4 pbidch supparewprng (12} eri didsmeyistshlayey i@ nber
(26; 300; 400; pegtion beowthe skrtaceof esid baws(1§). f orned | ayer with a val ue of

cl eararce (303, 404) between a |ower surface of the menmber (26; 300; 400;
505) and 2anTogmmethodsefclais: & wiereinsaidstes k) sorapriges the stap) of using,a SHoOthing Mmembers(26ir ot
fromthe |am4Q0h5q5)<fﬁm*'ngqi§saﬂ1°x°$ﬁhquﬂiﬁ%at us of any of claims 22-28
wherein said neans for IeveI|n co_-rlses 5

snoot hi ng™ népayaeth ;.ﬁ whejoi tiap qgf ihe curing R

f or med™ ayefR 4Yr| ear ance (303 404) bet ween a | ower surface of

the .sm)OtI' | 9 (o] f i:laum 2 3v91grem 'ste 00? )strl R 13 sribBmi bgla&g 5&) .65?%5_)

previously fo ﬁ

. i mber (26; ; ;. 585) rizontal plane: itionakly
”Emﬁe; og ggbd e Slcatinof G THiodid bitar B Bbrizbilsl sWeepM UPs“aid)%n{o&ﬁu Rarbty er
L) ; b .
sm)othl ng ; 505) and the upper surface of the

previously ﬁ%ﬁ&%d'&!@rdclamgznﬁmeuﬁQa'f&stéﬁ)o&ﬁfuﬁésﬂg the first and second

cl earances (3Q>%ukmg%)1 shridothiRy Fhefnbe? (2671306 NMB0;0506) Afant dpposfé ERdcticNEbNPEEO Bdlthef

cl earances 4R Stfillir of B breti6ud ¥irdkb @f théytadothing inlnberq2s; 30054082605 The appar at us
of anyaz0f clainms 2 1 wherein said snoot hing nenber (26; 300; 400; 505) is
striking at Themabodcuﬂerwomvlamsehewporewszw $pyb)compriees: | ayer (34) with a first
menber vel ostiking sairschobthing membee (261800;4D9 §05) atieasttwice pboyathg preyoustydormpdlayer.of t he
snoot hi ng nenber (26; 300; 400; 505) to be able to tailor the bl ade nenber
skeed to Thé’h‘geﬁh@tqfﬂalmfsW@'WWMFW@SOMI obj ect (40). 50 33. The
appar asus OMMSWP@PW%W?E %99e‘?°81 ﬁ?s)t%@aﬁﬁﬁﬁ‘?@’?’é'?a AUty ﬂﬁ“"(’%e’aé? 30
to 33; 300; fisb@locitypdd conpri ses;

h rilgn f()[q 05& xﬁst) aa?gqnd r|§2a5er ‘Hﬁ é%ev ﬁ‘M Jorg&d
Eilt gpigg\e”dogﬂfége“%s%ﬂw 919%”95’;?55@'"(%)'& velog %" méaang (27, 30 to 33) :‘2r
r
fS or Irrel:lgﬁg §alTﬂ idt IﬂgA iﬁ Whemlggid 49 Qg”%g}?&\‘s%l:%;dveﬂiﬁ‘?y%e JEL;%%VI ;-uwsnt!ﬁ éce

(20). 102 ==k fhing BB (2

wher ein the_l: D r,a Bdrpfsf"g%s n'eglﬁloso . Qr(% for st r| k| ng

sai d_snoot hi i Qﬁoo Qn (26“%@0 £83ps) dsedoral tRidCovarny Sreﬁo@@%rﬁm@&j layer

wor ki ng, sur cloaran 404§ bisen rdtisWer Sliracd b e fsmBdtmhg Mherdbér 26; 30b:61061 N

the neans f QOS)'aﬁd/ fhb Iupghr G@W d)f&l‘fbsprewously formed layer, wherein the second clearance is less than
the first clearance.

9. The method of any of claims 2-7 wherein said step b) comprises:
45 striking said smoothing member (26; 300; 400; 505) over the previously formed layer with a clearance
(303, 404) between a lower surface of the smoothing member (26; 300; 400; 505) and an upper surface
of the previously formed layer which is different from the layer thickness.

10. The method of claim 9 whersin said step b) comprises:

50 striking said smoothing member (26; 300; 400; 505) over the previously formed layer a first time with a
first clearance (303, 404) between a lower surface of the smoothing member (26; 300; 400; 505) and an
upper surface of the previously formed layer; and

striking said smoothing member (26; 300; 400; 505) a second time over the previously formed layer
with a second clearance (303, 404) between the lower surface of the smoothing member (26; 300; 400;

&5 505) and the upper surface of the previously formed layer, wherein the first and second clearances are

different.
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adj ust ment screws (409) attached to said snpothing nenber “

505) for adjusting its vertical pogb %E BS needl| es Mﬁiﬁm‘m‘““ hed
to the snoot hing nenber (26; 300; '3 (%? or adj ust bet weten- a
| ower surface of the snoothing menber (26; 300; 400; 505) and the working

surface (20) nd-Metic of BEor ABRR'2Ab Wherblh séid dhgB) Semaast €i n the needl es (401,
402) are ret hagihgthoSpe of thb SinoBIRRG Inidbiey 14061506 @ %abi6 4y Rhior Y idothinigh e

~ smoot hi ng e RRgibedspésd tSh omey rea-a.mansetfa%asctbdoﬁde 15 38. The
apparatus of any of cl ai ms 22 and 23 further conprising neans (27, 30 to

33) to rove. The mshswdf g clamgizan whetéin sadéep B}Q@Bhprsédd) i n a horizontal plane. .
39. The appamavitg said otfeey supporiCrheansitl 2 displacadidid tdyar(3d) lalove tiaTuppes istiripce @0) of the
means (17, 1®ath21) arid2hen2ikingl @, smbOibing MBmbet (2B) 30D;0400;1508)di ng t he wor ki ng
surface substantially at a fixed level. 40. The apparatus of any of clains
21- 39 addi 13 dheimpthoccaf amyr 9f slaimg 2-1iwherein g4id] stepts) comdiges: 140) for detecting a
surface’ evelstr 05"'?!)38“86“003@9 ngmMbein6:t30e 409:PA%)dn aplene sgve a plaprsefrike Yorking sugacen 3,
95) for adjud$®®ng the detected surface | evel (70, 80, 82, 84) to the
desired vvor k| surface 20) The a arat us of any. of cI a| ms 21-

wherein sa sp.aoed B éfégd o f«zog' *’{j@‘@' w@ﬁgﬁ '&‘Ef?fza
B

sel ect el f ro ef'l’ﬂ?péﬂs @l%fyf'?fﬁ' TP’%‘I’T“P%\?F 184" radi ation, i nf rar ed

d I , 42. Th
appar at us. 5 10 Bl Y or ok b B o B8 B o BRI o 1
ul travi ol ejg, Fd| h@&bﬁ& o6t o 1SfB4frin Qhia Btlelr/ i cffind BB s QbIfE S 1tk 1631 Rk !

r aefi ati gq. 35:06%!a -'-‘! 50 ﬁhi&fis Hihg 4 SUbSEntidlly Tifed 168
for striking T 300 400 55) at a speed from about

g :
12.7 to abthhQEBthdSHBflaﬁﬁn feeaamas@%bmwsmem'é sleps 0 i nches per second). 40
Pat ent anspr UdeRctihg alsiifacd/@udl 0] 80 of #HéNiquide ErRIGidjubting GoaiBiatisd SurfedeNevel (70, 80) to the
dr ei di mensi oriasires wekingdurfade42). Schi cht” um Schi cht zu bil den, das fol gende
Schrittesunfaet: a) eine Schicht (34) polynerisierbarer Flassigkeit wird
auf ei ne Fig\dhe metdd ot anyedf c@imscic1Z whegein said twing méBia is radiatiop Isglpctexti iom shef graipne
vor angehende cSesistinghef uitiavigjestradiaiien jinfialpd dadiaticBe Misiblh tiight. Jalectrerobeame.ni-reyse arisegagma
FI | ssi gkeit awk- der Flache (15) wird durch Abstreifen Uber- schUssiger
palyneri si erbarer Fl Ussigkeit von der auf get ragenen Schicht (34) auf eine
gewUnsc it e19iThg éefed &f pavesfrclaimend 8 whareipthe liapid risnransfenabla veol ?’iﬂ°§“f? 'el‘f'f@f’f?'et
“bestimmt en M5fapn ?5'61“'?1?‘5'"91["9‘3? is ulrpyidlet edigtiony, ¢ (34) auf gebracht

A A o il i
ragt. Gocur AR Y S S s @;T? 5 éngapafesr?a‘aﬁ ot
unt aBt : )éf Cﬁneap;ga Jtl}éme!reeoﬁtp@gﬁagwf || ?{g hfee AQI b 6 t '|a2§%g§é§gue§on(pjné=)

ber ei t gest as 1 n elrnem

- a2) die FlAc hea)(:ikei)\s A8511084, %)tf&rfaﬁﬂﬁﬁ fa&&'(ﬁ) Sf]p%k,mgﬁkaue ﬂ1uﬁi OHR PRSI 6f an
Schicht wrd bbﬁec;ghpgémgangag)eo,glpm s% die unterhal b der Qberfl ache
des Badgs (11) p) 8k .26123 30 to 33; 300; 400; 505) for leveling the layer (34) of polymerizable liquid by
striking off any excess polymerizable liquid (302) from the applied layer (34).
c) means (24) for applying a preselected pattern of curing media onto said level layer (34) to
sufficiently cure the layer so that it supporis one or more subsequent layers (38, 40) of poly-
merizable liquid to be cured, characterized in that
45 said application means (10, 11, 13, 14) comprises:
al) a container (10) including a bath (11) of said polymerizable liquid;
a2) means (13, 14) for submerging said surface (15) of said object support means (12) or a previous
~layer to a position below the surface of said bath (11).

s0 22. The apparatus of claim 21, wherein said means (26, 27, 30 to 33; 300; 400; 505) for leveling comprises
a smoothing member (26; 300; 400; 505).

23. The apparatus of claim 22, further comprising means (25) for startmg the application of said curing
media in step c) after a short delay.

24. The apparatus of claim 22, wherein said means for leveling comprises means (27, 30 - 33) for
sweeping said smoothing member (26; 300; 400; 505) in a horizontal plane, and means (25) for
delaying the application of said curing media after the horizontal sweeping of said smoothing member
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EP O 361 847 Bi 1 111i | —H—T72. Verfahren nach
Anspruch 1, in demder Schritt b) ung ei 26 300
400; 505) zum Abstreifen der DberFsPdJ?ls?E@'}g%ﬁ Fl asst gﬂ\ m&“

Verfahren nach Anspruch 2, in dem des Aufbringen d hAr t Bnmedi ums gemaB
Schritt c) pBaGH.Abd86s @com |ete&<UfZS” Ver zdgerung der Vol | endung des
Schrittes nach Anspruch 2, in dem der

dattglieg: ﬁ*&ssphgﬁatasssmmcléﬁ@az-ﬁpéhd ABber BRE300£400; 3065 ipike demasEortetighi eds
(26; 300; 46osite ARdction cofipaled toltRs diketoh al Suikingloe B proviud skrokeak b isdbotitigTRember
Ver z6ger ungeeso;A0d: Bosyngens des Aushartenedi uns unfaBt, sobal d das

hori zontal e Wschen des dattglieds (26; 300; 10 400 505) vol | endet

i st. 5. \ger Mahapparatnsniafhang ioh elaimel @2-28\nepritiod) medhs lor saltetnating thel airectien of Striing with b)
unf aet: ei nsutlestivesswbens. des d attglieds (26; 300; 400; 505) in einer
Richtung, die imVergleich zu der Abstreifrichtung eines frlheren Striches
des G ot t23{ Thecappgrates of 3000f cla; 2229 Hhereim saibmenny 5 {26,127, 3pdo 83; 30 AG05 FISk
nach ei nem Mpf'ﬁﬁs'pﬁﬁsd%wﬂs!“@%'&ﬁ‘wr Ge 3% 1490 BYS) ehrigegitico-das

d attgl d (26; 300; 400; 505) st ft dest Ub

cobi | det st s a%?ffcams@a-szaéﬁ%ew&&eéﬁwé%%nﬁp“‘é@%%s& %%ﬁ?d- 0 B
nfaet: 20 ' €] tt d 6 300: .40 t |
mit el e e ox aes % o et o) s%w@é’%@%v%r tprevecw oo W (e

dattglied
gl ges sﬂ N ’@ ﬁy@"%ﬁg@%@e% (BB Sl £ "
I st, Uber dh..gm \éagc'tgé@)tje E#'%?t Verfa ren nach Anspruch 6 oder

7~ n gem der hrltt das Afttglied (26; 300; 400; 505)

strei f t 039N TRY sphp&itud Bl anfBrlaintd! 2—2@ WH&BIn S8Dbahe Fo? 1ewsiiRg 6127130t to 83;13001460; 5058 N
Spi el " (303; cdifiseszWM schen ei ner unteren Fl Ache des d attglieds (26; 300;
400; 505) undarki (6} for (ARIKE Said$RedoMing Giemberv2e; 3002 1200; des) @nle&it biceoiver thenptevitmoly
Gittglied fodhed |8ﬁ9wm'9'6i'£_533&}-ces(eo$ u64) betiveon azlovesr Sartacd\bt theGliothity enemberd(26;
gebi | dat e Sadu; 400t 505) and @h DpEpet Ridace of tha pevitusly fdBpedtlbyef;303, 404) zw schen der
unt eren Fl Aeleansdes) féd strtking |thecshsoothd ;megdEr,; (26} ROY: @m@SMdbaaeef segbndr time ®enthpe
der zuvor geteiibuytiamediayer with 2 seroigcleardnes (0Ac40)bemyeprethe |awerisydace pithe gmogthing s
erste Spi el me@ber\(@f $09h408:F0R)-ant the juppersufiae oi\the previeysly fgmpgd layer, | n dem der
Séhritt b) memnsd?s) foreaysicy e segpndcipaaas,;to wesstbm@efﬁbgya@m eift Qoer die
zuvor &ebildete Schicht mt einem Spiel 303 404 zvm schen e| ner

unt er en Fi% dheangaratusefjapy I°|%§§§§Bh°'%’0??‘d

der zuvor %Fﬂsdﬁ)&ﬁs‘f’ﬁ?ﬁ 9 paid s '"El"l?ﬁ'b?fdﬂaﬁr g%éh (ﬂﬁ gg&%?’e et

10. Verfahr é’ﬁh ﬁé’ﬁf @'ﬁ%‘? ; 'ﬂ

Ne attgl | ed UBRSTS Brovistshyformpd layey wiigh i3 ers ber e zuvor

gebi | d&t e S 4. zwi schen ei ner
unt er pn ) %é gp Lra %&%E]m&gz % é?%ﬁ% %&éﬁ'hﬂﬁ lovétt nﬁwﬁs@(:he
der zuvor g Hnl ?e‘?% G Rtsf Qbarankd) 051%64) @Béngj o) s br (26;
streift eing 1Oy Bach Lof Qe u|sl G abrRedldybrC Mbard (§5) Qbrr@{mnéVéﬁlHt en

Spi el (303; sﬂ\gé}l)mgzl’ﬂétﬁlfeh@@ rmursos)raeéa aﬁiaesvd% grvichiéng ot SayeWith a368Bond400;
505) und derjeaiaRe 503 H04Clbtvede the JowsOsurigmluf khd amedthifpchéntiot (261800;6100;C505) aad thee
und das zweiupger Spia&d of teploviouslydormet ielaand 46 11. Ver f ahren nach ei nem der
Anspr Uche 2 nivass (25),fori causihg rthecliest abit sacorid cldajancasT(3031 404iodbe Giflemhivand dnegéfdhe firgte s
d att gl i eds af®@secorid@P¢leaidnOgs & BebJifferant fiony the jayer thicknassn di e
d at t gkd edgeschwi ndi gkeit auf die Geonetrie des dreidinensional en (bjekts
(40) ausr$z Hhe appanatuk 6fame af claims 22-31 wherein said smoothing member (26; 300; 400; 505) is striking at
least once over the previously formed layer (34) with a first member velocity, and further comprising:
means for varying the speed of the smoothing member (26; 300; 400; 505) to be able to tailor the blade
member speed to the geometry of the three-dimensional object (40).
60 .
33. The apparatus of any of claims 22-32 wherein the means for leveling (26, 27, 30 to 33; 300; 400; 505)
comprises:
means (13, 14) for relatively displacing the previously formed layer (40) so that said layer (34), when
applied, is displaced above a working surface (20); and
&5 means (27, 30 to 33) for striking said smoothing member (26; 300; 400; 505) above the previously
formed layer when said layer (34) is displaced above said working surface (20).
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50 12. Verfahren nach einemder Ansprfche 2 bis 11, ﬂﬁm‘mlm lmjto
unfaBt: des bjekttragermttel (12? qa? um d”“l

di e obere Oberflache (20) des Bade \(“Il% ﬁ%erschl ebet, und d&nn® strelft
das d attgl i ed (26; 300; 400; 505). 13. Verfahren nach ei nem der AnsprUche

2 bis 11, } pQE{usﬁqm]biIc‘i ntpazm&nth@%eansforq?ﬁﬁ%ﬁﬁ Qés'- ed (26; 300;

400: 505 A+ o6 fin SpIRRY dosRNEddHdache
(20). 104 n?daé 1%0%3)“‘ nsﬁn‘a%’g;%l nen'{hger Ans%rUche 12 bz":/v E)13 in denl1 di e

|n
zuvor gebi | det e gChI cht nach dem Abstreifen relativ verschoben wird, so daB
i hre obey esd|The Bspatafits 6f dig ofdhsC22t3d iwBbiein tis inwlnstarleviiing @brystisesober f | ache (20)
| i egt, wor aufafjusiméit Sciews (dogdtiachblli 3d edid ¥aobttingn@enbes (265 GOD2 MO0AISOE)Cfomapjusting its
auf gebr acht wedtichl pdsitiorit and Ver f ahren nach ei nem der AnsprUche 1 bis 14, in .
dem di e pol ymeediesi(4 bidRkatiBéhbd i thgk sndothing meRhert (6 800y 4005,805) fos edjustirg.a gdp béteane n
nach ei nem dexrlowensysiaeecd the smbitiingirigmbien(28$A0; 4ee; S0l enddhe wisking/ydaek {40k emedi uns
auf gebraght wird, wahrend die nivellierte Schicht an einer
Ar bei t sobe88: | The pRparae pf Qlaim 25 whereinihe aeedigs @01, 192 7rg gatrpatable,f 10 ei nemim
wesentlichen konstanten Niveau gehalten wird. 17. Verfahren nach Anspruch

16, das zu§7dtTi'P PRt of pry) 9 claimsr?2-38 mhereie the smoatfiipg member (35:390) 490 308N &\ Aosier
(70, 80) der bigdeys i gkeit wird festgestel It; und das festgestellte

ch
oot 1 schegpien (L3 a%g o 5 A R 4 A

Aushi rt enedi ur'ﬂ°%th'" 'ung’ | st bé)opa er Gruppe ultravioletter
St rahl ung, 3*25;"& o 0%{ 13%'a93ﬂﬁcﬂ§lﬁl prisihgpt S, El ektronenstrahl en,

Ot gen-, str F‘ﬁ dénssah'ﬁﬂ?dl” bihg the tworkid surfbe su¥Shrtalyr£12 que'tCh
e| nem der Ans@lefoc 8, | n demdie Fl Ossi gkeit durch Belichtung mt

ultravioletter St rahl ung transform erbar ist, und in dem des Aushirtenedi um
ul tr avi ol e, ernSlappafiludBgan 9t claikd21-ddeadidnslg Rompig:ei nem der Anspr Uche 2 bi s
19, in dem daneahd @1,123) 136,d44)2d detdding 4 Bidlacei&la) (701180, 82, 84p0f tHadiqudi\ahddi gkei t von
etwa 12,24 bi smeahs\a7,2(8023785)[0rGadGeting! thel eletstied:sukface(level)e, 8D, 82, “81) Fo e desikdl waking
pro 25 Sedudard¢20). 21. Vorrichtung, um stereolithographisch ein

dr ei di nensi onal es (bj ekt (40) Schicht um Schicht zu bilden, die unfalt: a)
Mttel (1041.1The ap@ratusif apyih claihs Pagfomherdimenid Bedns 24 fof 3mplyingod preesribesi Refese clr
Flassi gksit aaufingghedia capprises: Fl uche (15) eines ChjekttrAgermttels (12
oder aufs?ei ned §RYFcA It Evring dredighick produqsy radjafiomgelegiad frm dhe grqup eppsigiing ofsultravigigh).
400; 505) zurfpdigtion infrared @H'a'éférv'sﬁ',elﬂgﬁ%?'e‘%’gh'}eaﬁéI")fﬂ’érq"g PEPPRE Fl Ossi gkei t

B S i S VR e i e e

best i mt en 7 Ereeg °r'l'5'§ ’Nﬁ’éﬁﬂ' ?ﬁé‘ ?‘{ﬁ% "di e 35 nivellierte

Schi cht § 4&%{ s y% lalm & ﬁn ,auszuharten so daB sie eine oder .
h f

gf‘a;;r gkgf‘tc trﬂil%aﬁl F%a%%{t gi ﬁﬁmﬁﬁ% 2o 368 édﬁ%édg?ét%rsia@d?%meﬁbl{i?g’ﬂiofafb&wé% |

13, 14) unf aft el nen Beha ter (10) der ein Bad (11) der
pol yrmerigi %Qa{aggb,ﬂh@m gkeit enthalt; a2) ein Mttel (13, 14) zum
Ei ntauchen der Flache (15) des bj ekt trl germttels (12) oder der 40
vor angehendeneibvbiaiieh, uli stereblitheyjraphischleigdeidiméraiohadsiObibet (40)iSehidht urs Sehidiear HBdwle S
(11). 22. VorddstdigendecSchatelumfBspr uch 21, in der das Mttel zum N vellieren
(28, 27, 30 bi =) &g SR (34 PAymdsiSibrparer Filssigkeit wird auf eine Fldche (15) eines Objekttrigermittels
45 (12) oder auf sine vorangehende Schicht aufgetragen;
b) die Schicht (34) polymerisierbarer Fllissigkeit auf der Fl&che (15) wird durch Abstreifen Uber-
schlissiger polymerisierbarer Fllissigkeit von der aufgetragenen Schicht (34) auf eine gewlnschte
Dicke nivelliert (302);
¢) ein Aushértemedium wird in einem bestimmten Muster auf die nivellierte Schicht (34) aufgebracht,
50 um die Schicht hinreichend auszuhérten, so da8 sie eine oder mehrere nachfolgende Schichten (38)
polymerisierbarer, auszuhértender Fllissigkeit trigt,
dadurch gekennzeichnet, daB der Schritt a) die folgenden Schritte umfast:
al) die polymerisierbare Fllissigkeit wird in Form eines Bades (11) bereitgestelit, das in einem
Beh3lter (10) enthalten ist; und
55 a2) die Fliche (15) des Objekttragermittels (12) oder die vorangehende Schicht wird bis zu einer
Lage eingetaucht, die unterhalb der Oberfliche des Bades (11) liegt.
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Gattglied (26, 300, 400, 505) unfalt. 45 23. Vorri ' ch
22, die ferner ein Mttel (25) unfaet. U as Aufbri ﬂmmﬁmelmslmmﬂﬁe
di uns gemaB c) nach einer kurzen B5.9 3¢ Lﬁ‘g zZu starten. ©24%+ Vbrrichtung
nach Anspruch 22, in der das Mttel zum N vellieren Mttel (27, 30 bis 33)
zum W schen, mt _d e : ind | O%doZ ot SJsEN
Ebene urri2 af f‘m it if ﬁs@&% l'g:ggi;‘ fﬁg ﬁg&zé’%&bﬁ%ﬁngﬁﬁ%&%é%oﬁdg i zont gl en
W schens des attg |egs 26, 300, 400, 505) das Aufbringen des

AushAr t e e dydidiren fick REEBFUEN 2, AP denY@s AufblrigeR Bos USHE6heiRITs GBrhas’SLRIRt dYak othdr Di S
24, ingder gsn Gradgelihd @ VOIRRIunPES Schides b)3ét) zumi ndest einmal in einer

Ri chtung abstreift, die imVergleich zu der Abstreifrichtung eines frl heren
St ri ches 4deverfafiven nach Ghdphich) ) ie dsm (dBOGIATRITEH-AbéBschbi BB; 300:t 490;FOB)CRire Wisetien ides .

26. Vorri chaEmedsa@é 3v0N400 &a5) ind\sisgrmdiveta@® Ebére Uh8, zushitalictheine VerzGgerung des

auf ei nander Autringand elas Nishirtemedigmsnenefast,\dobaid: Haszharizovtale [Yechen drsrGltiglieds (26; 300;
Abst r efof r i C4I0UG0F) voliehddtist. 105 27. Vorrichtung nach ei nem der AnsprUche 22
bis 26, in der das N vellierungsmttel (26, 27, 30 bis 33; 300; 40Q 505)
Mttel (25)Veriehressach eipein dar Agwpdickebis fyl gag depSehri @hymieltat gl j ed l%,26, 300,
400, 505) a®jofbstraifert dps Giittolinds (255 3P dé%?;‘u@) 8ﬂ°'e\"(g'§ e imy ¥pyp 'F%ﬁlé %5 bis
27, in der HNsteitiphiungeings fihgrenStighes dqs Siatialions (26;500;;400; ) entgrgenagpeizt isk )5

unf af t? gtté% 25 f .Ernﬁedr?ggc t glﬁ&'\?d?"m ‘E%gfhtﬂ R u'gaig'ﬁmil mt einer ersten

dlttgliedg KEL L () % | %’g lj ei fen;

Mttel (25)%“15%@?85 ‘%?@%‘P 1303 A %%W?%B,‘g 55 f zu##e?ﬁ 8@?&"@% zwei t es

Nl it e NGLpuehd £Chal b 0 e SGRgb/ kel t Zu streifen; und 10

M\et el o ?5) a&: Wi 56; ?&@4653 05§ Wit ﬁin@j&% Sthrh St e tbrr b eEsRitdigkeit Uber die

unt er schi edgV -He,é%m&gund? . Vorrichtung nach einern der Ansprfiche 22

bis 28, in gdalaikidhed\be’ 800 s6df stBPHHeitinfhdeéisrd einzweitod Mabinib eire? zweh) GesdRiindighélD)

unfaBt: M t kighor depdrstet Gasdivindigksi viebHicden isi? fber 610 Quvorigdbildete @ollichti ndest ens

ei nmal fber die zuvor gebildete Schicht is zu streifen, mt einem

er st engsSpE. € Verfa@® nach AdspruchVe 54 2)in Genésr Sctittey emfadtl ache des d attgli eds (26,

300, 400, 50&)GiEmtledci26c300;0400 506) $tieiftodireerstes Malutiber digeliot gabildate Skhichichit sindvh t t el

(25), urn dastefisaiblt (303; 4k) RiScheidBider usBEN FBORS) desi Glitigliade (R6; 300N 400605} vrd ¢inpr

fber di e zuvisrengitiohd dbe wordmhildetar Schichsendei fen, mit ei nem zweiten Spiel (303,

4Q4) zw schdes. Qlétigliedne; 309 m:&@ﬁéﬁ%si"wtﬁ%m' dbey dieyayvor gekildets Sehichtit pingrp g

der ob®r en Pweiteh SpieleB03; 404 wigehen Iderewnigrencitighe (es Gliiglieds (2§ @PW“%%:‘“%?% das

zwei t e Spi ePberandiidehe des puyorpebildaten Behichiy welei dag zyeife Faip! Kleingr iskaly 4as & §- nach

ei nem derz%Ar\}g r%‘k;eecgéﬁ@tﬁids 2§éa(§iq$éﬁ.er id ﬁ§fgg‘iﬂve&{!ﬁib§rg(li‘t:;ldg,sm'tteI unf aet :

Mttel (29), ! Eh o 1 t 409?;9@;;{@6':{ lj,e

zuvor gebi | 42 Blatgliod ﬁ'tsoo'g% it dpor dfie Fugy gebilgetg Sctient T ol Rets 1t éren
g% S e b é%ﬁ%gn&%a%tm s dez;"ﬁf

FI ~che®des &" %%Fg:;ﬁ oren, S d % rner oberen Fl ache
der zuvor g@?ﬁgﬂ o 57 2 Vol ‘?{esr?Ql dr:f\i a?r,% e%' von der Schichtdi cke

abwei cht . 3%, -Wartl Ghi, gqﬁffdfh S himagspr fi che 22 bis 28, wobei das

. .10, Verfa , © i miaBt: )
Nivellier ung&é‘fbﬁ d @ﬁ%%? 400} ;aﬁaﬁﬁsﬁmy Mafgser Go 3o Gbtsalbtd 86hichBRR eindRO,
505) e er glsRy oWl 3b9)Qba) GvRcroh WiRr GHidken! FlicRe S8 distiblieds (265 B0S udop B0S) ihd eifdrner N
ersten Spi elopdr chgf@éi)zu@y\gesm@nsaﬁdngunwnt eren Fliche des Jattglieds (26,
300, 400, 3Qas Giktiduodb 6:300; £00,5065) QBT eizweliesCN® Utk diezvad [gelgliedtb ISchadhe mit Smbinc ht ;
Mttel (25) zwsieh Gp@l GbR 404 2widchen 2er urddieh FIAB ,deb Ciliigliedsn (28118001 ¢00; BB) uihder di e
zuvor gebi | dbdren MRiché dédrizuvptigeblidetdh Sehicht, woltei deiseesta unddast zepiteSipiek sich @BRscheidn.)
zwi schen der unteren Flache des dattglieds (26, 300, 400, 505) und der
ober en Fl £ Verfaien nacheinemgiehinsptiche & bBAR it lem den Sehriti(b) wrafRBty 25)  um das erste
und zweite $Sjsi QeschivdOiBkeit4igsl Fldtiglipdsc(pf: 30% 400G GO wirgh ugeiiert, um die Gl tigliedgeschwindigkeit

auf die Geometrie des drsidimensionalen Objekts (40) ausrichten zu kdnnen.

s0 12. Verfahren nach einem der Anspriiche 2 bis 11, in dem der Schritt b) umfaBt: _
das Objekttrigermittel (12) wird bewegt, um die Schicht (34) Uber die obere Oberfléche (20) des Bades
(11) zu verschieben, und dann streift das Gl&ttglied (26; 300; 400; 505).

18. Verfahren nach einem der Anspriiche 2 bis 11, in dem der Schritt b) umfaBt:

55 das Glitiglied (26; 300; 400; 505) streift in einer Ebene oberhalb einer Ebene der Arbeitsoberfléiche
(20).
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unterscheidet. 35 32. Vorrichtung nach einern der Ans
der das Gattglied (26, 300, 400, 5B%)361#APldest einma
gebi | dete Schi cht (34) st rel ft mt einer ersten G attgl | edgeschvvl nd| gkel t,

d dief
I o o S f it et

auf di e Ceonigllhden (é&) || ufﬁfﬁrh%é h@%ﬁ%wnbﬁ b eBrhchtIitd.
Vorrichtung nach einem er Ansprfche 22 bIS 32, in

Ni vel | i g ufgS/gdnteh! nadh’dinemider ARBribieS1 E$14, #085m didPoly n@&érbdﬂé’fﬁﬂéstgkeltl\élﬁ Prdtopdiyt-3,
14) zur Rel atpeyiser schi ebung der zuvor gebil deten Schicht (40), so daB die
Schicht (34), wenn 45 sie aufgetragen ist, fber eine Arbeitsoberflilche
(20) ver scieb@nahvdnndch aiiveh déde Mhephiicke?¥ bis 36) iDden &%)Musunmeéammmédgh\b @afgdbRioht
300, 400, 505rdolktrdnaldls riletierauSobichtgs (rined Atbeitsolisdkiche (20) pehatiér wird dia ihrevesits aufdi e
Schi cht 1t 34) elnbmiim @esnificher kanstariterrNiveaw gebalie@ ®¥d.ver schoben i st. 34.
Vorrichtung nach einemder Ansprfiche 22 bis 32, in der das

Ni vel | i er utifyMetfahren|naghrfingtruch 16las zusiitgich E"éIfO'q;qE" SomittpprgfaBs)  um das
Gattglied (2 Omgécheagau @59 derFlissigkait wis ieslgestalits pridkriep fegiperialite bpiirbemivery

Ar bei t sober f |<§bﬁ‘awgr%)f dflﬂe‘gqnﬁ@Fef‘é?P'ts@Sﬂ'ﬁ%FzPUlﬁ‘I?’hng nach e| nem der

Anspr f cie 22 bis 34, |n der das N vel lier tr Islchrauben
(409), die %r}{e £ "q,m g%? :g@gg\e :ﬁb’o” %ﬁ%@%ﬁ? r%b:gfl %é§$%gen_

wobei das erste Spiel oder das zweite Spiel sich von iﬂ]! "g mj

verti kal e La

Gwl/ttgl ied ( “%dﬂdaﬂb'ﬁ PUERY cht sind, urn ei nen Zwi schenr aum

h

'f‘r bZ |C t gg g?é_‘%g%%fﬂ trlﬁﬁt:ﬁ &eqﬁt}@ aﬁsgi &riiue ﬁégségt, &lmg‘b%muﬁ%h ultNbietE
I orric tung nach Anspruch 35, 1n der die Nadel n (401, 402)

zur Uckzi ehb@rvegnidh: nad eindfR'dbd AdsbH& 216 Ro,0h U6M i€ GIsgRE (26 BE 408; 405)SmiBliner N
der das G at tgsérhdigidft vors 8a 149 bis Misoethrﬂ%rossélﬁhd'éMr&KQﬁngbfsﬁr 0,538s 10 Inch pro
Vorri chixsing rsekindg nem der Ansprache 22 bzw. 23, die ferner Mttel (27, 30

bis 33) unfaft, umdas dittglied (26, 300, 400, 505) in einer horizontal en
Ebene zu bewa@eriohtur%%m \émrevlitidgtapiiigsh phcdreidimersionalbs rObjakis(de) (Schieht Bd Sshight 38 bildén.e
zusdt zl i ch Mddwhfadt17, 18, 21, 22, 23, 130, 100, 95, 10 140) unfaBt,

ugy di e Arbei t spMittelf 01@\c1he13( ae) zuguuttesigereeiner 1Schieht é34) bolymerisierkaseroilssighsit ang aineau
zu hal tem. 40. Fiicher(1 kinesr@piaktirégerraitteietiPlchder apfpingrveiargshends Behichzg  di e

zusi t zl i ch unf &kein Miftef (28] 27 30 bis 3%; 309;3190; 505)cpm Nivplliaiep, dﬂﬁé’f“f:'?tl('\’,“hé?lm‘if'é'afaa'?’?o

80, 82, 84) defFlUssigkeitd reifens fbersshlissiges olyrigrigierprer %‘iss'ekf'? (303)8“" gy autggliage,
das festgestel I"?'bs‘@S@r( 4P| chennl veau 70 » 30, 82 84

Ar bei ts%gerf I a(?@eél s|e ;}ﬂgmehr‘e’:
Anspr Uc 21 bi

bestimrten M dsggri};lgz Gmh n uh§ der’%%fl ?It tredFﬂ

Aushar t enedi u ggr eﬁ‘rgag der glel% @srﬂggt best ehend aus
20 ul travi )e )Uﬂﬂv falidh |a Iar( o‘éé‘%bjeﬁrlr Frﬁe?ef E‘z)l-bdéhtder

El ekt rongnstra hen

Eéﬁﬁfs rz@ é:”ﬂSbeL!H Bdhb WoOBALSEAW
42. Vorr| chtung nach Anspruch 41, in der d| e FI USSI gkeit durch Belichtung

mt ultravisl WichlingHatRRhspiith 21, el ds it Bak Nivaikeren|28] 27, 130 BR330300; 4Quesob)eindes
Aushi rtemedi UgEBigidd (2618000 koDt $05) il ung erzeugt. 25

45 23. Vorrichtung nach Anspruch 22, die ferner ein Mittel (25) umfaft, um das Aufbringen des Aushidrteme-
diums gemas8 ¢) nach einer kurzen VerzGgerung zu starten.

24. Vorrichtung nach Anspruch 22, in der das Mittel zum Nivellisren Mittel (27, 30 bis 33) zum Wischen mit
dem Gilttglied (26, 300, 400, 505) in einer horizontalen Ebene umfaBt, und
50 Mittel (25), die nach Vollendung des horizontalen Wischens des Glittglieds (26, 300, 400, 505) das
Aufbringen des Aush#rtemediums verztgern.

25. Vorrichtung nach einem der Ansprliche 22 bis 24, in der das Gléttglied (26, 300, 400, 505) zumindest
einmal in einer Richtung abstreift, die im Vergleich zu der Abstreifrichtung eines friiheren Striches des
55 Glittglieds (26, 300, 400, 505) entgegengesetzt ist.

26. Vorrichtung nach einem der Anspriiche 22 bis 25, die bei aufeinanderfolgenden Wischvorgingen Mittel
zum Wechseln der Abstreifrichtung umfaBt.
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43. Vorrichtung nach ei nem der Ansprl che 21 bis 42
das G attglied (26, 300, 400, 505) mt einer Gesch 'Wﬁ%ﬁn etvva
12,7 und etwa 250 nm pro Sekunde BR.O 361 47 R, (ungefa r ch pro

Sekunde). 30 Revendl catl ons 1. Un procede pour forner couche par couche un

Obj et tri " iho ivellier
obret L1l ?ﬁw ﬁ’ﬁ%k oiatfbe nq‘%grr H&%bi %arga@m{ B &.&gm&eﬁrb%é%ég%%@% esd%ﬁe

une surface un yen support ou une couc

pr ~odent e; m se & niveau de | a couche (34) de I|qU| de pol ymdri sabl e sur
cette gurgaG&ridtung ndéh Yinn M%?&Hé 25614157 inl daPd R NivaNiehGriaBrhitidl Gaaf 27, Bubié S5 300;

pol ynrri sabhg. {08#as@n excbs de | a couche appliqude (34); c) application
sel on un okl (25),-6Hlldey Gkitified minBestde Bimal Enitisifie? ieBRHA AMYlicdguscwdigkditaiver did Se A
ni veau ( 34) zpwerugebiftiste CSchictit Lt fstraifanmmaitidl (455 umodas Metsitigiied {267 8002 MO0 585) 2proindest eime ou
pl usi eur s Consitésgal mriitielten 2wveites Siddbliedgeschwinfiigkd)t zd streifenguidde pol ym~ri sabl e a
durcirie car itid2d)36 dimersie unl rweltec@itigliedgesgipandigkeituntepscliertiic wanaghenpe s

consistant a: al) disposer le liquide polynrrisable en un bain (11) contenu
dans un @8nVarighiyng pach pinem der Apsnriiche B2rbis @8 rin fes@lpg E'V%'lﬁf"ﬂ%@' (28537, 3L bigresy &9
support d' oage@f’ uoiBtoy de | a couche rchdente us 'a_une p05|t|on 5| t ube

au- dessous Mitel @5)sym fas @atglied 28, ,qo 0545“@9“1_'@ H %2‘1"%[ 995‘19' ‘ﬁ i on
1, dan® | oqEPb?"’elf"“SF‘&ﬁ@e’bf’sE?B -P'e(ﬁ 421%1 "eff W ?fgfzf\ 'F‘ES‘FI d 3°°
d' dgal i sat i B""‘de Bfcpberen pche dS’ or

Egr_:? Rﬂg Izwelt 0302)

rob

05
3. Le prOCdﬁ?&? F‘g‘o sg% a'z%%l:ﬁ ?%aﬂéﬁ GEC ds 26

dﬁ/dur ci sse vor (i) de 1 ) ap bs
ulk~bre ddI | dans Io ueI I 6t ape

d ar as%ge de t)ga ; satm:egarllg(%%g'%{1 %%E)éuq{hﬁﬁa : 505) cgrrpr end | ep

bal ayage a(lorﬁéﬁun&ﬁﬂ:ﬁ@ﬁenq d&%gdrlﬁﬁ& bHis é@ﬁn der &g@lwelﬁé?@\gsmlﬁépﬁl}ﬁaﬁans un plan |
hori zont a g@ WRschén MR Abm Ctgba (88, f3b6 406, 538) dbor8i6 Rhvofl Getslikts bafidRiTENt
aprbs ac th A0 YA Swigehen einer Mrémahesdﬂﬂﬂghd% (28)890,0100] $08) iuAddined N

(26 ; 800 ; oﬁb@eﬂ Flc Zuvbr gobiftietoh SéhicHbirdn Wektng, dbe Sonl dek/ Suhidhitiokel abméich? a 4,
dans lequel |'6tape b) conprend: |'arasage par |'organe d' dgalisation (26 ;
300 ; 40081, vatiéhlungl adeh einem saBspiiché 22bis 28, sobebdas Nivelliaurgsritiet uthfast: EP 0 361
847 Bl Mittel (25), um das Gidtidlipd [2B) 3op4 A}OOJ $05] ¢in jpisles Mal Ubjet ¢lie zuv@ gefdrmte Sghicht B4
diwn ar asagetrgifere oBaimem echien [Spiek (308n404)i2visghen| einat ingaren(Fitighe des Gitiglind(26. 390390, 6.
Le prowede &%) mdainer cheron Fiiherddr zuerigebildeton chisht; Mitlel $25). gy des Gﬁ“@?‘h 6 399, 4°°
conprend: | SeA) aivzpyeitep Mal Yibendig aywer gebiidst §obighti b sirgifors mit eTEE zwe!!ﬁ')(?P'e' e

moi ns deux #Wsehem derHatoen Flighe rigp @ftiglisds (26, 300 SO0, 508)cHad Ak pReren Jildche. de’?‘”"q_e
proced6 de BebiifelancSaichtoynd fjttel (25h 4 Lag @ é'l‘d T”eﬁ? Spig! %@ fse'rm’e" P Bpchege
par | organé’°‘EP' gayerstesSpigl Eﬂ?’ ?326"‘*"‘"33@8' sic 4’8‘0 or Bidohe fois

au des%sus d couche nt,..f.0 ” 10
“ar asage b g kg LR pisfezﬁim ot Sl X SRl e
d@ ~Cél

in tl
seconde f0| err%ﬁﬁ couc omTen econd

vitesse dif l,naew RinGigkélt (d8S Tk gitzswo%d qml ¥ Rt ige-
ren’, d n I 0, di &
revendigat | diey %d.ecm"?f* b sl i
organe d' egal | sat i on une prem bre fois au-dessus’

de | @ cougd)&orrichtung nach einem der Ansprtlche 22 bls 32 in der das Nivellierungsmittel (26, 27, 30 bis 33, 300,

400, 505) umfaBt:

Mittel (13, 14) zur Relativverschiebung der zuvor gebildeten Schicht (40), so daB die Schicht (34), wenn

45 sie aufgetragen ist, Uiber eine Arbeitsoberfléiche (20) verschoben wird; und
Mittel (27, 30 bis 33), um das Glittglied (26, 300, 400, 505) oberhalb der zuvor gebildeten Schicht zu
streifen, wenn die Schicht (34) Uber die Arbeitsoberfliche (20) verschoben ist.

34. Vorrichtung nach einem der Ansprliche 22 bis 32, in der das Nivellisrungsmitiel umfagt:
50 Mittel (27, 30 bis 33), um das Gléttglied (26, 300, 400, 505) in einer Ebene oberhalb einer gewlinschten
Arbeitsoberfléiche (20) zu streifen.

86. Vorrichtung nach einem der Ansprliche 22 bis 34, in der das Nivellierungsmitte! umfast:
Stellschrauben (409), die am Glitiglied (26, 300, 400, 505) angebracht sind, um dessen vertikale Lage
55 zu justieren; und Nadsin (401, 402), die am GRittglied (26, 300, 400, 505) angebracht sind, um einen
Zwischenraum zwischen siner unteren Fléiche des Glattglleds (26, 300, 400, 505) und der Arbeitsober-
fiiche (20) zu justieren.
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15 preécedemrent fornee, avec un premer jeu (SOSUWMH"”M
surface inferieure de |'organe d' egal | satlon (26 ; ”Mt une
surface superieure de |la couche f oFM9S61847 B arasage par or Jané *

d' egalisation (26 ; 300 ; 400 ; 505) une seconde foi s au- dessus de |l a

couche pregSqpas %n@&@?&uch%ﬁggéﬂ?iegﬁﬁ%ggoi 6£§&§ﬂeh§9@n¢e””e la surface

i nfdrioure de ane egal 505) et la surface
'SUper i eur egfl&ohidnigUt oibri o RRSERIBAs S20BIERS, in! dér AL BRAYILE (262800, 400, %bgrgme

i nf6rieur au SeigiFKer ist] OU- 9. Le proc-~ ~d6 de |1'une des revendications

dans |l eqguel |'6tape b) -conprend: |'arasage par |'organe d' egalisation (26 ;

300 ; 400 38 5Rhithtang-rAGS Sikkin B& Angpriichel @2 6zv) 128, Ol RIS Mittolf (27, 136 ©is 33)/@mtasiiun) @as

(303, 404) -ergumliedrzs, 300 4000505) i bifdr harizbraaldhcEbenecdu@awagenl’ 4gal i sation (26 ; 300

; 400; 25 505) ot une surface superieure de | a couche precedemment

f ornee, | 068.diofrieidurgmiachcaineim dep Anspicher21 dbis 3B aiecaysiiiiich Mittd) (171 8. pt. 828,130, 00, 85,

revendi oat i ort40),umkdt emdedksitsobertiich@0)spt einompimanasentiichon kerstarjen Njvaau Pu taltefane

d' 6galisation (26 ; 300 ; 400 ; 505) une prem bre fois au- dessus de |l a

couche 30 40. Vo P@Wd@?hm?mqebﬁmc@ﬁé@'séﬁ%@?ﬁ@?h ‘f"!ﬁl’t 303 : entre une

surface i nf er\itiqhf2d. 22e130: 9Pl ain Poerfiichenaiveau 470, 80, 82, 84) 4y '”ss' a%ﬂz

surface superfitRl (. 48 P90 Aes frtarsisiia Rperfiden 'HW?ﬁye‘-’o sg,tszl. raélfs "HQFChte

' or gané® d' eg“&'?ﬁ'@“&?’f'%?ﬁe 29)62“’“33’75?5‘ 400 ; 505) une seconde fois au-dessus de

'sﬁrfc Sﬁéhfnﬁﬁ ”"e”t e B ohedéaég’soélsfs"‘&"’) o e ares

u ersel sh
surface superém u& n s A ﬁ)a s. Gis eqlégg n@e@ch s B4rSaHigpt vaktoHeRd dus
séednd j,eu etlﬁyt 'mfr h| g htUélékt Astafidig! brgﬁ%étﬁﬁ!t?ngz a
10, dans | oqug Gi; gmtesp a variation de la vitesse organe
d' egalisation (26 ; ; 505) afin de pouvoir ajuster la vitesse de

| " or gane d4gOdkichiaig ﬁH&h (I@&)ruch 30in; det Qfd Flusaigdit dirdhoBeIEHNG triit GitrdllckterOtfaitling
tridi mensi onnghsiériidibar $untidh dek-gie UGS GBLALSRErometEns(aBvisietocstaimgloizons 2 a 1
1, dans soquel |'etape b) conprend: |e deplacenent du noyen support d' objet
( 12) pour d&ploaizkiing racic einani dor (Aéprlichel 2t bis 92, HialMittblaingast, Lmcdas Slépglied (261 300/ 400,
du bain (11) g06) sitleirar Sesceingigheit |zwischgm ebvadi 25t and stere 256 nfr@ @ro 86}@nde L0 Elreifen
505). 45 1& (ueefinrdickiG10dach|praPeburde)s revendi cations 2 & 1 1, dans | equel

| \et ape b) conprend: |'arasage par |'organe d'egalisation (26; 300 ; 400 ;
505) darse Bﬂvﬁnﬂﬁﬂ“@ﬁt ue au-dessus d'un plan de la surface de travail (20).
14. Le procede de | 'une des revendications 12 et 13 dans ueI

apres
| ' arasage, 1 &Vt Bie4dE P’e@E‘EPérFP“‘B?) par °°“ﬁ'?5’n't'" P@?‘n‘ﬁ@m%‘?P“’HLb"lob U St 'E?qr?f’@'ﬁent
de mani bre qd‘i?"'??“@ﬁ'fa &@s§ i t e 6pai ssouf,_de couc "
au- dessous de (342 qung §° %\ 'V;S%F?H'pgur i ﬁ‘?ég)c‘f‘f"tmdg" suppo

fé{,g‘;gf‘fg? In Oﬁgrgipge |ve uche g de s%f%l R\erséfg gur qgtte sgfa%eggf :elligﬁ épalsseur

“phot opol y- -55 unTn B ling Booh vedS:

dans lequel le (%ngb ir uf@grﬁmsnt &H%%lﬁ QLp 3§J urﬂﬁﬂ piugb\ﬁs LOUERE SRsribdtes
couche myse & é{@@ﬁhuﬁgbolmn%ﬁmrﬁ araliB QhE:e eune surface de travail
(20) qui est 1QRite étafdt) Binfrond 108 étdPesitonshiit 3o at i quenent fixe. 17. La proodd4
de | a revendi cat af)@isgdeer 16 RilI6 POIFNEris@Ib ehlih Ibéin (18ScoRtbrHARs Whibomadle30) ; d-t ect i on
d' un niveau de suz)fsanferder Gaditdd Syrfacbli(15)i dinal@n suppbrt @'objet (12) ou dajlaiséueieprécédents
ni veau de surf ac psqlBi e peasition SituéBalydeSsobsdeslal sirfacadudeint{tiavai | souhaitee (20).

45
2. Le procédé de la revendication 1, dans lequel I'étape b) comprend I'étape d'utilisation d'un organe
d'égalisation (26 ; 300 ; 400 ; 505) pour araser le liquide en exoés (302).

3. Le procédé de la revendication 2, dans lequel I'application de I'agent de durcissement & I'étape c) suit
50 {'achévement de I'étape b) aprés un bref délai.

4. Le procédé de la revendication 2, dans lequel I'étape d'arasage de l'organe d'égalisation (26 ; 300 ;
400 ; 505) comprend le balayage par cet organe d'égalisation (26 ; 300; 400 ; 505) dans un plan
horizontal et, en outre, I'application différée de I'agent de durcissement aprés achévement du balayage

55 horizontal de I'organe d'égalisation (26 ; 300 ; 400 ; 505).

5. Le procédé de I'une des revendications 2 2 4, dans lequel I'étape b) comprend :
l'arasage par I'organe d'égalisation (26 ; 300 ; 400 ; 505) dans un sens contraire au sens d'arasage
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18. Le procede de |'une des revendications 1 A 17, dans Toquel T agent de
durci ssenent est un rayonnenent choisi.dans |e groupe f

rayonnenent ultraviolet, le rayorﬁropréﬁlq fids arouge ﬂm !ﬂm "HI IHIIII es
fai sceaux d' el ectrons, Ies rayons X et |es rayons pr oe~dd
de |"une deg,fgyendhE@hdnPasro fPaﬁé st o' %&r% l&{'q“' de p°”t 8”e
transforne par exposition & onnonent” ultravi o agent de

dur ci SSORgEeNLe &5dsdd B FuRY QNESRIationts b BBVaAS Bhuel tipe b)ecomb.eﬁ@de de |'une des
revendi cat i ONYardsafe p&h roRBRS bR (26 9 BEANLOC 0BPA Maks i (P ai-des6R de 1800;
505) 1% coubRRécSdeinniMbin@sse conprise entre environ 12,7 et environ 250
nm par seconde (environ 0,5 & 10 pouces par seconde). 21. Un dispositif
pour f or rer Legrocsbédgia revarmication 6Ldansibgual I'étape blicomprendannol (40) par

stereol i t hogr aprasage par Worpane Wpdlisatidr(26 ; 300 ; 4Q0); 50%)su Moinews f¢id Qi-desss dd B codchy

d' appl i cat i pricéderoment fpoudsheurePiemittevilessguede pol yndri sabl e sur une surface
(15) dtoun noy d'erasage pasi'orgatiesksigelisation (25 ; 80P ;AR ; BO5Lamoinsrude sktenvledois aidegsug do
moyens (26, lazvuchegréﬁdgment BOTSe; 2 UpGecondsdipssel diffgrpriedela premidea NiteRse.| a couche
(34) de liquide polynbrisable sur cette surface (15) & une epai sseur

souhai t edd ok BfP‘é%FR"“E“E)G‘tS revopigatins 81‘ rPé’t‘ﬁ 'S‘&'B'I' £tal %'@2 '“'B?Fdex bs de | a couche
appl i quee (3r2 l'araspge parlorgar@ égﬂlgatl pr H%FL cpuche

pr edet &r ni n ee'" "°HT° rge59)

d

pour durci r r%ign an 'é ansa%olr‘!geélg\ s(iﬁgrlggog W&s&g dQ E%bc‘la‘lgr S
couches ul t &é%g,ﬁ%pt,g;&ig rfébr@de i@ lisH

ce que les dipi I &@&Hérﬂﬂéﬁ?% (513. jou
cbn‘ten ur ( g@ % p‘er}w abal n _yLl du |qU| 7 pol ynbri sa

a2) des noyens r?éi G pour subnerger ladite surface (15) du m)yen support
d' obj et (gl2)e pHcadEBo Funb GEGeURRAIGEEGHS B RS, idAs BeueRIdEDE bPkfpieh®N Si t ude

au- dessous de ra@say iph ra%aﬁ&u &bausauoh 1da) ;- 308 2 40016508} dai¥essid #d la@Buché précédemment
revendi cat i @rnéd]lavet af foul (503 L404) S uRBDSAAS ifféRure 46 I'orgdhe &I'égalisatiors (28 ; 3001 04D0;;

505) paur | 8o5yeBhe Surfticy Supdricufager 1€ e prétédenismnferntbe S difidart de Népaidéeur, de380 ;
400 ; 505). cahe23. Le dispositif de Ia revendi cation 22, conpronant on
outre des noyens (25) pour demarrer |'application de |'agent durcissant a

| ' et ape c10- &pprossdé de larevbndibetionis, dazﬂlequ_eél'é@Psp)cmmP'Ieﬁd de la revendication 22,
dans | oquel | d'grasagy errd'orgenerdiégalisgion (26 ¢ 309 :48%rpI0B)1me ntem&eesfo-aal-dessusmyeqeschw?
30 & 3®) poarécidamment ermde @veccwt Piemishiry @03y a04) ate uie uzfece intérigyre d%ma"%os)
dans un pl aﬁ Sppiipation A8 &30 & 400 535) ghypa gt 928%2'[95"&"9&1@?“@? pifoddeny F°6'8‘§Eﬁ Sh de
| " agent de dur‘é‘i@éﬁ%’ﬁ?’gﬂyr"ég”ﬁﬂﬁ@@ﬁﬁ qoudhie yane

d’ | B vement % ég@ infgri ahsa-
reﬁgﬁdl ati B %?23"5@%%’ S8 % Bfrea s e oo G amsgiﬂ"r% "6%'“‘(’5%"’

300:; 4% i NS une f0|s dans un sons contralre au sons

d* ar asage,d’ 836 Ahe BLSG R &E.O.Q% 0248 8Guef s 9L)'o%m 9&1 (26 ; 300 ; 400
. 505). 28 LEE”%*’ e it % ousaar%fanant
des noyens it e%rgsneaj ‘é’gafon 26 §®“%o@, 5%5)%2%% 606 Se ttaa, mﬁa&

succesgj fs. | Spositif une des revendi cations 22

| equel | efe. MBYRESS d6 kb 365 ravena.waais z(aZﬁ daRd lequdirétapsB) compefl ; 400 ; 505)
conprennent das dapcement (ddSmoyB® WiippbiidoBie(12Ssur béplicgrald @oithe ¢3l) inG-adsbusnde( B6 ;
300; 400 ; SlHape supérivre20) cebain (fi 1)ipais I'assagbtoar toggats G¢palisatianf(260E00 ; 400 ¢ 505 S
revendi cations 22 a 27, dans |l oquel |es noyens de m se & niveau (26, 27, 30
a 33 ; +3B06. Le #CEdE d5 0P deepndicationst2:2 1dedansrioquohiétapd B)copprand f ai re ar aser

| ' or gane d' egadlarasageipeni'o@a® d'ég@igdion (P60 300 ; 30%:;) 508X danfeuncnlay sitis augessus dimneplan de

pr c~der nmenta fugacede travail (28k ns une fois avec une preniere

dans

14. Lo procédé de I'une des revendications 12 et 13 dans lequel, aprés l'arasage, la couche précédem-
50 ment formée est déplacée relativement de maniére que sa surface supérieure se situe une épaisseur
de couche au-dessous de la surface de tfravail (20), puis le motlf prescrit de stimulation synergique est

appliqué.

15. Le procédé de I'une des revendications 1 & 14, dans lequel le liquide polymérisable est un photopoly-
56 mére.

16. Lo procédé de I'une des revendications 1 & 15, dans lequel le motif de I'agent de durcissement est
appliqué lorsque la couche mise 3 niveau est maintenue & I'endroit d'une surface de travail (20) qui est
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109 EP 0 361 847 Bi 11! 11111) 11 11 rtesse
d' organe; des noyens (25) pour faire araser

| ' organe d'dgali | 6 ;
300; 400 ; 505) au noins une seconBB 0361 848B2c une St m u lﬂg “‘ﬂorgane
d' dgalisation (26 ; 300; 400 ; 505) ; et 5 dxu ) pour
rendre differ I -em seconde vitesse dé€ | '"organe '
d' egal i sati o#%?%ﬁuﬁm%wgﬁﬁ!&%Q Le dispositif de |’ uge des
revendi cat {005 padsdd dé B reidhdicalicidd SdombreRan BV &S 168l Btagls SGivafted| VEAU (26, 27, 30
& 33 ; 300 ; 408stection Wuh niveddRie S0HAES 70, 88fhu liquide ; et €S MDYyens (25) pour faire
araser lg or ganeygicfidatdu HRbdu@d siridbe déte%@Q‘?O,g(ﬁ@ I3 suffSta )de &evallBduR&itséI(20). pr emi er e
fois au-dessus de | a couche precedenment fornde, avec un premer jou (303,
404) entre1gine govsiace liund des eaveriiiceiions 108 OB @lact’ Baudl i'agehi o d(2iSsemed08st ;un400
; 505) et uneaydhHemant@hdisil s ileegroupe demé pardotagdneerfient uleaviolet] BIaywoneeest ifflabyigepaur
faire araser lmi@e gsible, e’ fdgradux ddtectons, (62 Gaypns30@ Jes tdyons gamma. 400 ; 505) au
noi ns ume seconde fois au-dessus de |a couche pr6cedemment fornde, avec un
second j eu1g 383rocdd¥ie durer des| ravendicationse! 2 rifBe dingieaseldie linvids peuh Stre) transiormés g on
(26 ; 300 ; se@sitionz0®)rayepnementyiitayieletest Sageet dp dyfeigsepant jegf up sayemamert dr@dplatment
fornde; des nmoyens (25) pour rendre le second jou inferieur au grem’ er_|.eu.
20 30. Le2WiLepessdside e des [?M%‘dﬁagnsf%%/é%&?@éw%hgm%z dégi'setw'agﬁ‘ 905 3P0 50P)e 5
moyens de mi SEAS8 G MRTSS-SATRFReANLR eovirgn: 12,4, 84 Aton 25 ynm, pay; Seqon eré"“ﬁ%ﬂ a0
I'gr ggne d' ePRPEB¥SRRYL6 : 300; 400 ; 505) au-dessus de |la couche
pr dcedenme ornee, avec une valeur de jeu ( .40,
i g]}; eri eur e% %I:ilnd@g{gn%’uﬁ %Hﬁeélﬁ"%ci? ipSrnC‘iug'g’; “%B'é&é?‘ﬁ‘ﬂ’aﬁ‘?'éﬁﬁgﬁ%’;?a’ %oﬁtﬁﬁ%@g
S er! eyre de , Y h RA rH‘ung 8 4. Yi QBJ n%'ﬂ&abgesur une
e S el oyar (L4118 S EHRIE Yond SR 0]l bRl oo,
a 28, dans | 0qyphes! moyedt¥e 39, 30 59 5002 400 VE0BHde MIPE AREHA Yo Ta Eb2She/(BY A6 Siguidé>)
pour faire ar a%;ﬂfmériséﬁe@k’%nébﬂd sitded H5HALUn Bpdisébur souRsi@s enddlasant tout liquid® Bolyméridble
une prenere f @Hod) onléxdd6 a8 ldTosthe dppliqube i@ precedement fornde avec un
pren er s eu (3@Pdes mbPehs (& Epplidatich FuATMBEREISRIING @ui ot @e durcisymant sur la couche
d' 6gal i sation miH;a 3Réu; (34Gdur, db@Suffidémrdent I touttac gfinsquetes isenpots de bdaplogdavcshe
prdcdemment f Ok6ghes;ultdriourse@38)de Yiquids poRfdrispidald ddrcii, cazackérisicanrcelquer gane
d' dgal i sat i ones(radyens dpiicatibd (10; 115056 )4 eomprewednde foi s au- dessus de | a couche
pkdcgdemment f ehgecmenew (10hcapesnant up bain 39 du liquideQmérisgly ; entre | a surface
infdriewe de R2)cleymareng (Bgtd) peusisikmergepladite sudrge (154 dpmoyen guppord d'obigt (12 Py e
supdri eure de Iceuchorrédfdents ivsard gnmpositionfsiydepu-desseus dadpsuriace dubain By rendre
diffgrents le premer et |e second jou (303, 404) et rendre |un de rem er
?%’ BPEY 2 g
orgd

et second Pdbe difpesitpe 4 revepdication Pl dans legyel lgem 739 3333 : 3R ; 405
| ' une des reVERRA W 1‘8?{@"’2‘2‘_’"5“’3‘1',3?‘83 ggﬁ:ﬂ?{h@‘feg%% 'ﬁg‘;)'d' egal i safison (28 ;

300 : 4069:; i ) ' -
e P e B 4o S i
e re:

400 ; 505), 3%°r?pren At 2 RS esfrmy'ens pour faire varier |la vitesse

de | or gangf_ldl_qu olifi o' 12 Teverdication 2% ans_4I9 b 169 thaven be mibke 2 RVEMP EdmpRinkisht @6s | @
Vi tesse ge R&E 87, 0@9@; b i@ BalkyoPcet oryais d'éfaidation (F80:800 &400%; DGR Gl Sarlle
| " obj et horizontal et des moyens (25) pour différer I'application de I'agent de durcissement aprés ach&vement

du balayage horizontal de I'organe d'égalisation (26 ; 300 ; 400 ; 505).

25. Le dispositif de I'une des revendications 22 & 24, ol I'on fait araser I'organe d'égalisation (26 ; 300 ;
45 400 ; 505) au moins une fois dans un sens contraire au sens d'arasage d'un arasage précédent de
l'organe d'égalisation (26 ; 300 ; 400 ; 505).

26. Le dispositif de I'une des revendications 22 & 25, comprenant des moyens pour faire alterner le sens
d'arasage lors des balayages successifs. '
50 ' .
27. Le dispositif de I'une des revendications 22 & 26, dans lequel les moyens de mise & niveau (26, 27, 30
4 33 ; 300 ; 400 ; 505) comprennent des moyens (25) pour faire araser |'organe d'égalisation (26 ; 300 ;
400 ; 505) au moins deux fois.

55 28. Le dispositif de I'une des revendications 22 & 27, dans lequel les moyens de mise 2 niveau (26, 27, 30
a 33 ; 300 ; 400 ; 505) comprennent :
des moyens (25) pour faire araser |'organe d'égalisation (26 ; 300 ;
400 ; 505) au-dessus de la couche précédemment formée au moins une fois avec une premiére
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45 tridi mensionnel (40). 33. Le dispositif de Iune
& 32, dans |oquel |les noyens de m se & niveau (26, ; 400
; 505) conprennent: des noyens (1'??0395 ‘Hcﬁu‘r depl acer M‘Jm ﬂ@

couche prdcddenment fornde (40) de mani bre 50 gue- | e

| orsqu’ el | e 8t a% Jud qu~e, soit dgpl acde au-dessus d'une surface de travall

(20); et des ppya g)pmﬁ i arser 16} dféedhéa‘ﬂorf?é@%b | ' organe d' egalisation
(26 ; 300 ; 4350 §&Ul§ie%?s GriekobtRdd it W@'é&a@aﬁnqzd oo gue
cette couchgf( ast gpl acge au-dessus de la surface de travail (20). 55
34. Legdi sposighd oﬁﬁs (25 RutBidrd @ifrantd 18 plemRRSet Ta’seCondel viteSEd 1B I'briidhe @légalisation
moyens de 28 €308 ; A00/;8d8). conpr ennent . des noyens (27, 30 & 33) pour faire
araser |'organe d' 4galisation (26 ; 300 ; 400 ; 505) dans un 110 EP O
361 847 B#. Le dispositif de I'une des revendications 22628 qahsllequel baimoyRDs dbomiseld nigdau 128, 8189 ace
de travail 56x300t 400 ;608) rom@B&nertte di spositif de |'une des revendications 22
a 34, dans | egeeinojess(2sipperiare daseri'ggang didgalisetion @&nPPennent : des vi s de
r6gl age (409) 490 x &5} awmbing prpapremidre dejtpu-dagsus ol I cugheJpéedenment forprys)
r egl er sa poeinel ion (Pdr40ficaire une %ﬁaose'yéravrgap I"prgane cgalisatiom 26 ;309 ; 405 5) °"
organe d' Wﬂﬂ@aﬁqpéﬁﬁ"(%'a%@efﬁm v 505) our regl er un intervalle entre
une surface i fpHMPYEnT @5)(!’8“’If"'8raqaﬂé°'8’"é§$9 "§33 'l

505) ot la
surfact de tr 0% Fo"‘gi'(’) oing gnosgpcornda %%0{%? SQ:‘%??;;‘? gw @f%%?btd@ans

| oquel |es jP‘f ﬁlf"t’°4 "‘F
| "une des r nedeallsation 26 ;
300; 400: 505)"?? f’y"ﬂ% Pg‘éﬁ"’e Teg’%%g ﬁijﬁ%@{r {de une des (

r Svendj ¢ 3 our
dep| acie i a%o B4 |t|?tdg ‘Une sﬁ%%?%‘on@ B2 %u%; edfg%%qﬂggﬁgsl)ﬂ'ﬁlggeﬁg daﬁ't@hgf‘ aénﬁv)eaﬁ’
hori zontal . Jneyeqé u%%%hrtféufe balByer I'oigiRe BPBGuIidaBIADEL 00t | Ons 21 a 38,
conprenant on 4@6“ §08) auddéssus de la coucH® PrécBayfment folnfse, dv8c undlvalout ¥p j6233031408) enk6O,
95, 140) POuke $ihdBlIMEHelre!de I'6rigéine AEgalidion (28 300 ; 4003 1505) GEiNdISuriate Bupétisurecdella
fixe. #0. Leolﬂhesﬁ?éb%ﬂdmﬁenﬁerniéeuaﬂinfﬂfsatdee'éﬁaisdtmaéla@ﬁubhe?l & 39, conprenant on
outre: des noyens (21, 22, 130, 140) pour detecter un niveau de surface
(70, 80, #A2Le Fkposilit db i Iuynie Gles yevaridicAtions 22 & 28, dhes legpae) ders mpdens deSmis@ 3 niGBY
pour aj ust ecorhppenényeau de surface ddtect4 (70, 80, 82, 84) a la surface de
tkavai |l souhaideemoyfen®§25) pdar, falt@@raéeré'prcmetd'ébalﬁéloﬂ (2Be3Wes revendi cat | ons 21 &
40, da#s | equetoo ; 685) mméren?é Urrigerus 49 qoqmemréaéﬂewmemffor fRaes PR PIIMISK IRt de

dur ci ssemen{308 oAY# entiaine surfagp inférieure de ligrganecdigalisation (285  H9 : O &t W8 ui

produit un FWWW&%‘P“E’W(W@F“&‘HH%’ fore r%u f par |e rayonnenent |

ul traviol et d@sma ﬁf?@rﬂ?ﬂ'tfa'ferﬂ"}s%f 8’19 ?r??g 00yi si bl e, les faisceaux
précédemment form 26 ave Un 'socond j6a

de' | ect rons go
303 4) e re a surface | rleure organ galisation (26 ; 300 ; 400 ; 505) et la surface

supérieure de la couche précédemment formée ;
des moyens (25) pour rendre différents le premier et le second jeu (303, 404) et rendre I'un des
premier et second jeux différents de I'épaisseur de couche.

40 32. Le dispositif de I'une des revendications 22 & 31, dans lequel I'organe d'égalisation (26 ; 300 ; 400 ;
505) arase au moins une fois au-dessus de la couche précédemment formée (34) avec une premiére
vitesse d'organe d'égalisation (26 ; 300 ; 400 ; 505), et comprenant en outre :

des moyens pour faire varier la vitesse de I'organe d'égalisation (26 ; 300 ; 400 ; 505) afin de
pouvoir ajuster la vitesse de I'organe d'égalisation (26 ; 300 ; 400 ; 505) & la géométrie de ['objet

45 tridimensionne! (40).

33. Lo dispositif de I'une des revendications 22 & 32, dans lequel les moyens de mise & niveau (26, 27, 30
4 33 ; 300 ; 400 ; 505) compronnent :
des moyens (13, 14) pour déplacer relativement la couche précédemment formée (40) de maniére
50 que ladite couche (34), lorsqu'elle est appliquée, soit déplacée au-dessus d'une surface de travail (20) ;
ot
des moyens (27, 30 & 33) pour faire araser I'organe d'égalisation (26 ; 300 ; 400 ; 505) au-dessus
de la couche précédemment formée lorsque cette couche (34) est déplacée au-dessus de la surface de
travail (20).

34. Le dispositif de I'une des revendications 22 3 32, dans lequel les moyens de mise a niveau

comprennent :
des moyens (27, 30 & 33) pour falre araser l'organe d'égalisation (26 ; 300 ; 400 ; 505) dans un
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42. Le dispositif de la revendi cation 41, dans quum
transfornmabl e par exposition A un gg r nnenent ul tr “\L “
source d' agent de durcissenment pro iotssar?“?égonnement , m Le
di spositif de |'une des revendications 21 & 42, corrpr es*noyens pour
faire araser o gfdanfesdietltb biabd @iralal Gounaif20). 400 505) a une vitesse
allant d' enV| ron 12,7 a environ 250 mm par seconde (enV| ron 0,5 a 10 pouces
par secondgs .Le Aflspfismit 3 MiAe des revendications 22 4 34, dans lequel les moyens de mise 3 niveau
comprennent :
5 des vis de réglage (409) fixées & Forgane d'égalisation (26 ; 300 ;
400 ; 505) pour régler sa position verticale ; ot
des aiguilles (401, 402) reliées 2 I'organe d'égalisation (26 ; 300 ;
400 ; 505) pour régler un intervalle entre une surface inférieure de I'organe d'égalisation (26 ; 300 ;
400 ; 505) et la surface de travail (20).
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86. Le dispositif de la revendication 35, dans lequel les aiguilles (401, 402) sont rétractables.

87. Le dispositif de I'une des revendications 22 & 36, dans lequel I'organe d'égalisation (26 ; 300 ; 400 ;
505) est une raclette.
15
38. Lo dispositif de I'une des revendications 22 et 23, comprenant en outre des moyens (27, 30 & 33) pour
déplacer I'organe d'égalisation (26 ; 300 ; 400 ; 505) dans un plan horizontal.

39, Le dispositif de I'une des revendications 21 & 38, comprenant en outre :

N~ 20 des moyens (17, 18, 21, 22, 23, 130, 100, 95, 140) pour maintenir la surface de travail
pratiquement 3 un niveau fixe.
40. Le dispositif de I'une des revendications 21 & 39, comprenant en outre :
des moyens (21, 22, 130, 140) pour détecter un niveau de surface (70, 80, 82, 84) du liquide ; et
25 des moyens (17, 18, 23, 85) pour ajuster le niveau de surface détecté (70, 80, 82, 84) a la surface
de travail souhaitée (20).
41. Le dispositif de I'une des revendications 21 & 40, dans quuel les moyens (24) pour appliquer un motif
'\J prescrit d'agent de durcissement comprennent :

30 une source d'agent de durcissement qui produit un rayonnement choisi dans le groupe formé par
le rayonnement ultraviolet, le rayonnement infrarouge, la lumigre visible, les faisceaux d'électrons, les
rayons X et les rayons gamma.

42. Le dispositif de la revendication 41, dans lequel le liquide est transformable par exposition a un
35 rayonnement ultraviolet et la source d'agent de durcissement produit un rayonnement uliraviolet.

43. Le dispositif de I'une des revendications 21 & 42, comprenant :
des moyens pour faire araser I'organe d'égalisation (26 ; 300 ; 400 ; 505) & une vitesse allant
d'environ 12,7 & environ 250 mm par seconde (environ 0,5 & 10 pouces par seconde).
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