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METHOD AND APPARATUS FOR SI NGLE- AXI'S CROSS- SECTI ONAL
SCANNI NG OF PARTS BACKGROUND Cr oss-sectional scanning
w@Roopas308y and the processing of the data genePEE/Es20091044095
the same, is described in US Patents 5,139, 338;
5, 261, 648; 5, 880, 961; 6,091, 099; and 6, 407, 735. Such
t echni ques, broadly speaking, involve the repeated
optical scanning of a part that has been encased in a
potting material so that, as successive |ayers of the
part/potting conmbi nati on are renoved, data regarding
the di NEASTHIODoANDA PRPAR ATYSFOR SINGDhE-A XIS ut er
processi\r)% t he scanned data of the i mage of each
successi VERQSS ECTI N ALNYCANNING OB RABIIg | ayer
is renoved. The optical contrast between the portions

of the surface due to th t IQI mat eri al and t hose
due to the material of F=dentifies the
di mensi ons of the part itself. Postacquisition data

Cross@E&ﬁﬁ§lS§c£}Qnﬁge6{m3hg}éﬁ§ tﬂerﬂ?{)&‘éﬁné Biethé‘ thch binerbd fhge %{eals
for various pur poses. One such techni que 1S describ

descrlbﬂi ipSJ$Ratems 563%638 B3I, @W@o P81 OP%| and GLOAi 758, r&wh

echni nd syste | osed in the
technifes; B0l SR By AT i eRegIog el g pekla bt ABGhE Pen
encasednfiofingHRRE0A ?‘? thaTBARDELsH Hyefl RO HouHHolbhation are

remoxadpﬂatmeghdmlgmh@dlmanamwf Ioiext ruetenme s@peentat ey scanmitargraasking the

eri [ eno tations. Tlsapllc i on di sc] oses .
Scannﬁﬁﬁqtfb th %%%ﬁ?lo?rﬁ ugtest %teéﬂ%f I%i‘ifﬁﬁ’r“&ﬁﬂ@ 15
remoxfegrTﬁ@%@al%%ﬁ&és?ﬂ&lveM@ ?hﬁg ﬁf)f tH@EJ ce Hﬁéd R PSHtiRe material

so- cal ZAXi s" approa ese enbodi nents enploy a
and thesadrei to heshattiiid of the pafiiddntifieethe domdnsiphaokthe part veelf. Post-

scanni ng apparatus, never noves jnh the vertical or Z
acquigignedaty FReesping techpigpesdmpErveitnt iy ofing Aatp (Y Vatigeeugposes. One

suchtE:(?i?l @'istcﬁe‘gfﬁﬁed &U@qiﬁ%n?éhb‘i’%imves The distinct steps

terial renpval and scanning alternate with an
internmedi ate step of noving the part/potting
conbination in the Z SUMMARY

Commercial embodiments of the techniques and systems disclosed in the patents listed above
generally involve what may be called an “X-Axis” approach, meaning that a stage or shuttle
carries the part/potting combination linerally back and forth along an axis between separate
scanning and material removal stations. This application discloses various embodiments of
improved methods and apparatus for cross-sectional scanning of parts, utilizing a so-called “Z-
Axis” approach. These embodiments employ a scanning station in which the focal plane of the
scanning apparatus never moves in the vertical or Z direction, i.e., the direction in which the
stage of the part/potting combination moves. The distinct steps of material removal and
scanning alternate with an intermediate step of moving the part/potting combination in the Z
direction after a surface layer has been removed, thus placing the newly-created surface back
into the focal plane for the next scanning step. To accomplish this, a removal station (not the
stage carrying the part/potting combination) repeatedly moves in the +/-X direction, i.e., into
and out of the field of view of the scanning station, between scanning steps. The material

removal station is specially configured to remove the desired surface layer of the part/potting
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direction after a surface |ayer has been renoved, thus

pl aci ng the newl y-created surface back into the foca
wW@k@na4300F t he next scanning step. To acconpl i BET/URKI089/044095

a renoval station (not the stage carrying the

N A N o s ML W
mandﬁt&?th% %@@&' Y XSA & ia oacﬁ’lelfl WSS herGs QP}%)I&QU% €PS. The

mat eri al renoval station is specially configured to
renove the desired surface |ayer of the

part/ potti ngB&HBF PASICRIP BN Ofel TdlE iAW INGDr i s,

wi t hout requiring the separate environnment that

revi.ousl dat.ed .t t he, X- AXi s r i.n
e ARRRUPRTUY = AR gt oHEnrag it e e o BRSTIgal ifor
chang%\éhﬁ}ﬁspr'B 8rtibh G¥eSand the URE @Bt éhtfé'él% ehd REpEHRLERBDure
and thus it shoul d be understood that m nor changes in
excepsiapesifipilypotediebayheie belowand the |i ke are not critical
to the scope of the disclosure except as specifically

. npted e .be ure
Figurd b SR Heairn oot paleE e o G B dersBeor e
bel ow. Figure 2 is a close-up upper perspective view
Flgur@i isa dissetuptipper fRidpectiveBidw of a froR@ypeieibo@imdnt Eitd gbrﬂien of Figure
Figure 3 is a close-up |ower perspective view o
. portion of Figure 2. DETAILED DESCRI PTION I n genera
terms, this application pertains to substantially
ed versio f..th hod ratus for
Figurg { BN ST R BB M TP RSB B2 ha ane o
5,139,338, 5, 261, 648; 5,880,961; and 6,091, 099. Each
of these docunent sDETAINEDMPESGRIPAION ref erence and
fam liarity with the basic operating principles taught
in each of these docunents is assuned in the foll ow ng

In gengyad teriasi this appticaldon pratalys|te subsigniallyimpryed versigng pf thg methods and
apparé‘l?sdi%E o2 g&‘!ctlé[%? Ecaﬁﬁm& o&at%ﬁ&ﬁﬁq% ?&tg\ﬂ% WIBQ 3%1 8 Tk r&gafg 880,961;

successi ve yers ‘condinati

and 6 QQHQ@Q&Eaﬂﬂoﬂlﬁeﬁaibanﬁ@gﬁfs (ﬂma@g)dr:ttai bly M&ioe asd ﬁ;frmhlﬁﬁy with the
part_ (including the conputer processing of the scanned
basic epery{ingfPrippigles taight ip fadueithesg deawadntsds aespmad & the Aelloving

dlscuséfoh efhl}s h&etzﬁ{ %%ngh nlgthe &b b% uhge%%&g, )SUChae[sqh(; sg Gssociated with the
postacqui sition

removal of successive layers of the part/potting combination, generation of data regarding the

dimensions of the part (including the computer processing of the scanned data of the image of
each successive surface remaining after the preceding layer is removed), and the post-

acquisition data processing techniques that improve the utility of the data for various purposes.

Referring to Figures 1-3, a prototype cross-sectional scanner system 10 comprises vertically
moving stage 11 and fixed-focal plane scanner 12. In the preferred embodiment, scanner 12 is
stationary with respect to system 10 and thus only the vertical motion motion of stage 11 need
be considered explicitly. However, although it is not preferred, it is possible for scanner 12 to
move relative to stage 11, but the remainder of this discussion assumes that only stage 11 moves

in the vertical direction with the understanding that the non-preferred approach is also included.
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data processing techni ques that inprove the utility of
the data for various purposes. Referring to Figures
wWQA2®9/14300F Ot ot ype cross-sectional scanner systROI/L82009/044095
conprises vertically novi ng stage 11 and fi xed-foca
ane scanner In the referred enmbodi ment anner
Stage ié SHRPOKp a%ﬂfaﬂt&rle CW@H thit yediak matorplsige 1 hadvances
comb@gdll’]éshl i rﬁ etl‘éee%éﬁfﬁgllr%ﬁ)%h Q(f_bvb% Is/éeagﬁerql ﬁ%&é‘% iad rlnoﬂsﬁ Ela?éas the upper
surfacpoet@niiagtioni 13 dt s ppﬁﬁrsn Sresspardirpaa mirdicigh? of @nerthEness of material
relative to stage 11, but the renalnder of this
to be gmopedahoys thedsig afl%F oh H]e)for‘satl a]grge qfiscapeed2, 'Jﬁlep ljgch a thickness
is rem\é%& frgrﬁ fthedﬁpré)glc (glrl:zgllﬁeﬁ’\fagllﬂgi 51'1 agg gf?cn ﬁfb%glglaﬁ g% %h %Eti &E gubsystem 14
descnsém@rﬁhéﬁbew tﬂhﬁlqﬂhde@ theGPRBY SDAhdOD ci:é%tte&i(bxh&tgi at viRrgosigiah of the
~ motion of stage 11 advances conbination 13 in the '
fixed fﬂérﬂtleIOf deansent§2omnd ssRIreR RiosrRde ﬁccrzdmgrwéonmmlpaal techniques. A
l.aces surfac

repeatng ser{e oP4E%TiSe Fn'?)f*‘ fon C?pgacfl cRITeSROM Héf% I (ﬁsqn;?clert]g Ehe(%%c%rkess of fRaterial

I oNn rrespon { ng {o one t ness
to be Iefmrr@d Qltérahted Fith Cerh @ADYRGICR RS al ﬂ@ﬁo&vbd(eﬁsdaﬁﬁag bPihe few upper
of the focal Elane of scanner 12. Then such a
surfacg lgiegted e Blys &nc ecrmmea sfep opsurhet thplesatiqngd dhmferedffeesl pighe. The

ace, of .conb tIln subsystem 14

partipiibe Pk eg fEer FulRO W R R b iiedlnThe Y oper surt ace

so created exactly at the position of the fixed foca
In genpla®REarbr ﬁﬁﬂﬁﬁffnuﬂtﬁ ixaNdaseARBMBE, Hf HGRadpiafeRasH Agture

to convention tec ni ques. A repeated series of
dev1cesat@bm 8 @Cr}a)arradnbne @a@ pareqyp.ras gppaeinragiern. g weadetiang(155,000

1 ckntesst EQFI to pe renvved% altgrﬁates w

pixe S\ﬂe¥ %q“P%3§89 Al e6¥ OIsSE%%er EPAF O T OWed by SERAnI RSP
equiphB@ iSRRG sSMEAEE If [18Ad88 -a plitbiFed, BACHbt HEAMY, Rickness of

step occurs at the location of the fixed focal plane.
each SHhrelsriérélrmpmmatrrg [aerthousandtio ).0(Hy erchg Alstdogination kesulks in data

i,rections. .l ener al canner

pointHigp Sy i Bafinints £ Fistergpre g oPBinct fmgaeh of e
three &@cBAif pABMLCErRHER. @5 @ CCD array, |ine scan canera,

or area scan canera. High resolution (155,000 pixels

per square centineter or greater) (negapixel per
Refergqgsaﬂoéhijch@hs mpasgre@g[n@rsjlouldﬁ)g endapbod a8 re@mirpgm mpeapgements taken

err for sc pner 12. I n_.thi ase

normd] Pt e o e VD ek Rt 45 AR BR8Pl sl R Srented
some AbEbRNBFOREISnER Qﬁthﬁrh@l@ ot ?'i‘na@e%a@grﬁ thh@@r%ncelme%sured in the

conbination results in data points neasured at a scale
principd &, Y,an@ B.plangs oap eetwe smpante of the par thdt fre @Ca@0 Hanion &is than

' ach of

J e tnhe .
the thlcEness as measureﬂ normal to the surface of the part at the location of measurement.

As shown, part/potting combination 13 is generally rectangular in cross-section in each of the
three principal directions. It is preferred, but not required, that combination 13 have maximum
dimensions on the order of 44.4 millimeters by 63.5 millimeters by 88.9 millimeters (1-3/4 inch

by 2-1/2 inch by 3-1/2 inch). This is only a preference.

Cutting subsystem 14 is, in general, any means for removing an amount of the upper surface of
the part/potting combination. In the embodiment illustrated, it specifically includes a rotating

single-end center-cutting end mill supplied by Niagara Cutter of Amherst, NY under their model
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three orthogonal primary directions. References to
t hi ckness nmeasurenents shoul d be understood as

w0 2foens3ony t o neasurenents taken normal to thePGUISHOB044095
of the part/potting conbination 13. The part itself

1y .is oriented at sone_non-ort onal. angle.
numbg. /?ﬁ&stdﬁ%g%%dﬁ?yrf AT He TS Qﬁﬂgelgq 3 Al th a right hand

orientTRASH b 81t fh r#l@@f PP LRCHRRsi&ns (Yluteacﬁﬁjmée Gk fi@Meter by cut
expose anmounts of the part that are gredter than or

lengthl Q&Wetaﬂi&mgtﬁbe)f Otfi mkiestsrsdy Measilimettrainr 388l milintetees by 82.6
millinie#%f / gﬁlﬁ{l by B 1flahl@y ?g@tblrﬁ%glts %C 3t llilg chgff:sé e"nﬁ%?dgh%g‘rsngty be ﬁrslcoated
or coa'Ee%Cats @LOQH\{bE dfl drﬁ] t}férrﬁz‘ftﬁlfa%ﬁﬁéﬂ 2 Brerﬂg'%e%%sgt J%f 1@%@\It'h{ee1§e of three

nci pa rections. erre
flutes nsemelﬁerredi fortci'eaﬁomm‘rﬁmmithem Buriﬁehml dqenﬁ:mb&uoﬁ ﬁlhtesan ﬁotd:rystself a
e order of 44.4 mllineters 63.5 m

Cﬂtlcaﬂ)yara@e@r rhhE uorer#%treélrrgtamn spead isn2Q0 wnlef/ Izghtﬁamfles@ﬂsntﬂ@
couplétﬂgﬂﬂ couﬂggﬁz:}dgﬁw%@ lré’ta@o {2}1?5? e%?g%oo \%&t 'tﬁa%gtl a&rrglﬁil% (t§ o(lf‘g 434

111ustrhth@ byl fheetned bfradan ngutehB snt (haotht iciging eddes Adtanofintd the
the enbodinent jllustrated, it specifically_includes a

Worknl%tsa@ thegame Aecsion g theady acing ioptlrig- dhePasitve Xsgisgstipat is
p0551 I?OQ%r %%@g%{lgmaégg?ﬁ%zl:dé (t]l{gg:nﬁ '?r%ﬁtras }r}g(ﬁdu Salg tv&ﬁthdrawn (in the
X dlebﬂlé?n) d@ﬁia@‘ thehgsdlyRpiaging |cuﬁt1ﬁ§ stitfacas §th@dth otkané surface of
orientation at a helix angle of 37 and di nensi ons
combipptien B3 @icasuse sicayacshegk di aneter by cut length by
overall length) of 9.5 millinmeters by 9.5 mllineters

The a%)‘ggq' ?en%#&élchtlil %@s?stcb 1§ %%o%lgl)!\l %Ilfg@;] tgl 1‘5(6%61%1"1' ortléhrt}r%ttmg

combififByorDES dRaQaE Bt G eﬁt(il@tvﬁdtha)‘f paN@bttial émbi@iidd T%is cut in a single
manufacturer; a preferred coating is Ti CN. The use of

pass. The pasition of ewsting subsestem A4 withoespeetdathiedacasipn af pardertties

r.of flutes is not by itself a
Comb%@??fj @Cﬂgﬂgﬁgﬁé W$ A&¥preferred rotation speed is
1200 rpm The rlght handed orientation, coupled with
Hood 48 eRdtds-coh RekivhA & adRinddyish 16 RRKES éﬁﬁ@fﬂl&&{ﬂyﬁ&n@{fe debfis 18
tip of the device, as illustrated by the curved arrow
from ¢hanféblglﬂ & spyh dabaings arbated bhentiingt gubspytest b wherty sameeves Hedayer of

R RN SRR e
is to th@enQﬁE tﬂﬁ%@ﬁﬁﬁ‘ hYd kdeP 05O WehIOf &;n'ta@ﬁédqfolﬂrﬁke 112 embodiment
hood 15 is wthdrawn (in the

111ustrated hood 15 substantially surrounds cutting subsystem 14 but for a relatively small open

throat facing the upper surface of the part/potting combination, through which debris will be

collected by the vacuum (see especially Figure 3).

As with the cutting length of cutting subsystem 14, the width of hood 15 (measured in the Y-
direction) is greater than the width of part/potting combination 13 to ensure that the entire width
is cut in a single pass. Hood 15 is mechanically attached or otherwise coordinated with the
position of cutting subsystem 14 so that both advance together (in the X-direction) across the

face of part/potting combination 13 to remove the surface layer of material (thus generating the

debris).
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- X direction) so that the rapidly spinning cutting
surfaces snooth out the surface of conbination 13 to
we@p®angsoeF eat er accuracy. The cutting | engt h OPCTYUS10091Q#4095
subsystem 14 shoul d be greater than the w dth of
part/potting conmbination 13 to ensure that the eptire .
Any dgpri § gonery tblyﬁggl ey veldhithaiargihreesh wacpyp hopd 15 which is
ttachSdl R RvARBRal vARRIP Qi kel P8 AQfinGdhld9 RV ORYREiR R LA sihd
e respé)ctV to 2tlhveg'ﬁjoc%?lleoni)@o 6arsﬁapottfng co I?nat?%gn 1@1
furthei sorg@tsedh nailang deededl Tgéhich opdonhbinahakdnesthat system 10 could be
. conventional vacuum system 16 to qui ckly and
incorpoFFtet3senupyy HeRel a lugsysem & sedspiicdhanber 17 as such
debris is created by cutting subsystem 14 when it
B B T
reduc@f cdaguackdkd piisr dobnraa@tiabahbati@eith e ovsaatntiizafdcK @eipe Fhremains

~ debris within a contained volune. In the enbodinent

fixed palljpgsatebly, 1THambthesP R tiRgequahingfios Jd) Bgrersonduitithgg direction
t 1 t f.or . | ativel I en thr.

ot DRGNS DYt b LR S TR kg OREE AV e

directioQEda: iOfhe Y bW DHigELVhN; Ghd Slahkd subWskdm D4 (i6 @ld efeaed by
t he vacuum (see especially Figure 3). As with the
embodgignens igstrasasly comptises arethig ediasifishavinglan axisad syingtehy dgcated such

. hood 15 r in.the Ydirection) i.S gre r .than
at iR R B i PRI B AR o 1] T gy emove
only thdWcedshi§ a8 UES R Whidliht dfndtdHal hdithae &XiNabeesPRESly QK dRection
is mechanically attached or otherw se coordinated with

and natiee Yos Ztdisetians. Thet usbigntadisdyeticarm the ageounhelf mgngsubassemblies

B T R
structlluébk,/) BleclthniddRbRA bRbtritdl Egﬁptﬂﬁ{geé’qﬁiﬁn%ttﬂ% Iﬁ@l@{s] '(tjlﬁ:‘) sy&8% 10 highly

debris 18 generated such removal is wthdrawn
suitabtehfooughwithagualinpandmutiiescomtiinations £3 autch ae these haying the non-limiting
. conventional vacuum system 16. As illustrated in this
dimensjon 8iVRRAROVEsyst em 10 further conprises a wor ki ng

chanber 17, which is optional in the sense that system

The te]sQniﬁﬁ’ééldéséi’ﬁ)eﬁ RSRE Ry R n@Rtcd 5 W BNRSBFO d?fthcapaltefi‘ﬁﬂ%rted above,
systemif so desired. Thus, the anmount of notion

whichrspeqficaly dpsclasértheviag ditngpara@niolivareidoatiosy®t Gmnieriad removal
stationS gnk()istilg Qctaim?ilnlg )s/tation, such stations being separated from each other along the so-
called X axis. The time required to shuttle the stage bearing the part/potting combination back
and forth between these physically separate stations reduces the cycle time of the entire process
compared to the approach disclosed above. By contrast, very low cycle times of approximately

8-10 seconds are believed possible in commercial production of the approach described above.

It is well known to use computers to control the operation and location of the system as well as
to process the data generated by the scaning subsystem. The preferred, but not required,
technique to convert the scanning data is disclosed in the patents incorporated by reference

above, as well as US Patent 6,407,735, which is also incorporated by reference.
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reduced conpared to prior commercial enbodi nents. To
sunmari ze, focal plane F remains fixed at all tines;
w0 20243005 (and thus part/potting conbi nation 1E¢nﬁﬁumymmm5
only in the Z direction and not at all inthe Xor Y
di recti ons; Ah0qd/vacu. A only in
the +/-X d| et VAR Y " gfrections;
and cutting subsysten114 (in the preferred embodi ment
The téchlhlkiﬁésr @Js@r@ed%@pé 2§ e 2yl iRY SRY-sBtlohal RAMHIRNTsyBRm of the
axis of symretry |located such that it is coordinated
followang pertelnd dZsigio IPdtaibrof glartichlar pabbdipehtsialgudosysiematarom th8 patents
. to %ﬂgre?y renpve only the necessary and desired
”moqﬁﬁﬁ TAGE 8P9¥Al as that axis noves in only the + -X
direction and not the Y or Z directions. The
The sy%%b%?bﬁﬁﬁ&é@leleﬁ:ﬁgrﬂg Hh@ @eﬂr&eﬁﬁﬁoﬁ@%ﬁbbj&t dP4ttBhe major components
subassenbl i es enabl es a substantial Teduction inthe
of theoyyetenl dres{laa ddta gatbelg@ummmwu@@ dorak plane,rthel po@gon of the focal
rical

plane B aer it B he e oty s B haieget BCLD vl g moves

into aﬁ&”o‘h@@f %osﬁ@(gn g8 o Lihraealdl th@%ﬁlttj RRL §3!) RG%a618 "HRb N Ak UMy vertical
3 such as those having the non-1i i ng di mensions

relatlvgl nevengno e theTpret toepitnthe wedacd e che bemitlraboﬁlélerfaglal lpdane. The data

gather%%g%%%%bm?gigﬂgfs Eigqq? :ng(%sg% r %g&fpgt%egeglﬁgh glgltégeo z{tg Elcqtljnsltlon device

for su§&@§?§e?§ Ge uﬂﬁ%l%ggsdot{ tHE gﬁﬂt RS £ @bVl e a'ﬁé(ﬁfehﬂlneﬂ %Hﬁ%ﬁrﬁl and (2)
station a e Scanni ng station, such stations bein
an elesteqnac dtvack dpecaivelyciascotabeelr wilh th&gmagfedam aaluhﬂtubn)ﬁearmesfor receiving
ime required to shuttle the stage bearing

and Stﬁlarg ﬁ’ﬁdfncag‘??g Thg mterid ForevBhsRughtyPicaly: tup 8%@@?&%3@@“868
\Vi f

(1) a ARl AFARAE (Il Ao dRIHRES biofkT i o the part

and (B hairee nRyehaonh casdructee nayd homigey o providaedatife movement between the

%g roxi mately 8-10 seconds are believed possible in
tool agy i 4he 5%3&19&45, B Pt abdh b PV chddesrsshpaigmaesaicted and

arrangleh t(l) O\Q/ﬁie 0 tf}n{?%mczﬁ Qo] iR hebemt Patid Ahl 91' méa%? to determine the
oper tron a ocation of the system as well

relativerioc€esss dfhke phat aaldgbm&k:altmmjontghbe seadl ﬂgecslubs y st e m
The preferred, but not required, technique to convert

the scanning data | s disclosed in the patent
The qpREEPHE ot SPIHY PRESIUINeOLBHIe? SYECRel| asq 0ligyss pEhe dmage data

acqulsqmﬁlo&vzgéssucm%&@l 'a% @Let%gniég%sgéfp%E ?%ﬁdaf@?/ I'eélcl: aval of a predetermined

erence. Applic t| n t1ona nni ng
contoly $hewdl is moved into and out of relative material removing engagement with the part.

The relative movement between the table and the tool along the path is such that the part and the
tool are moved in material removal alignment for removing a predetermined contour of material
from the part and in imaging alignment to the image data acquisition device after removal of a
predetermined contour. The position determining apparatus actuates the image data acquisition
device at predetermined positions of the part relative to the tool. For example, a linear encoder
with a scale, a sensor, and a computer may be arranged to send signals to the computer in
response to the relative movement between the sensor and the scale. The computer is
programmed to determine the position of the scale relative to the sensor in response to the

signals received from the sensor. Thus, because the scale and sensor are operatively associated



The techni ques descri bed above may be enployed in a
cross-sectional scanning system of the foll ow ng
w@emengooziesi gn. Details of particul ar enbodi NeCE/ES2HI/044095
such systens are in the patents incorporated by
erence above. Thg‘?1p sten1prodg§es electronlc dat a

with qag roéléﬂé’n tﬂoélﬁlgn(ﬂ‘f t r@l&?veofo tPol h 18 1ncrementally

deterrtRBPONER LSm! Pﬁwihe systemare: (1) a data gatherlng
station having a focal plane, the position of the

focal plane being fixed relative to the surface of the
Comnprawia], enflirmemuofeuciabystearsmugglloystisibledight (HA0- 7ﬁﬁmeswil\rdemgth) for

out of position o t he surface of art;
ittt SRR SO G YPGB P O gl pir g 550 o

Howe@ér Elﬁﬁ vRRES ark ‘ﬁopéﬁtlcﬁ oviEd @&Euficiddt EoRR it :pﬁﬂfld%ﬁ at 1€
focal plane. The gathering station typically, but
detectmntwavetcagtha:hodey, Sl(m]aﬁy,l wglg ke disedly mupmgmgéludamalon and scanning

i sition device for successiv iring ina
norma o AU havg besp 11}1@%&9%asacogﬂﬁ?%%@tce%@%aw&ﬁﬂ*%ﬁwawd
gemnéﬁgs&@hoﬁﬂ$§&ﬁ?&(ﬁﬁﬁﬁf§ev'Ce operatively associ at ed
W th e | nage d acqui sition device for receiving

and storing the imges. The material renoval station
Whiletthpatzak Idgscription refdrs weosysaedifiy detaibnfor ths eske of ]:)(planztt'mnl these

detaﬂ%%ml P t E}? gqu{}g a%{han?l?ed tl;l)i(’ggsg g?]\?/he(:ltg)f,l]&{: %e(} E% Fo@gwmg claims.

mechani sm constructed and arranged to provide relative
novenent between the tool and the part. The table

hol ds the part and is noved by a drive nmechani sm
constructed and arranged to provide only vertica

rel ati ve novenent of the table; and a nmeans to
determne the relative locations of the part and the
focal plane along the vertical direction. The
operation of a typical configuration of such a system
is as follows. The inage data acquisition device
successively acquires inmages of the part after renoval
of a predeterm ned contour. The tool is noved into and
out of relative nmaterial renoving engagenent with the
part. The relative novenent between the table and the
tool along the path is such that the part and the too
are noved in material renoval alignnent for renoving a
predeterm ned contour of material fromthe part and in
i magi ng alignment to the inmage data acquisition device
after renoval of a



10

15

predeterm ned contour. The position determ ning
apparatus actuates the inmage data acqui sition device

wa@eoopnexdes er mi ned positions of the part rel atiRET/US20091644095

tool. For exanple, a linear encoder with a scale, a
sensor, and a conputer nay be arranged to send signals

We claign’ e’ computer in response to the relative novenent

1.

bet ween the sensor and the scale. The conputer is
Pra0 Q?ﬁéﬁl‘i‘ﬂ)rt QalGher MsOBstdIaIP ARInk RN O%art havisg a:!u? outer surface,
relative to the sensor in response to the signals
r ecraplvmig far data ghthem@wsmtron Thuserid) eornosd stabien, smédl aetah]ndarowdmg

or are operati y associ at edwi t h each ot her,
S G eaRabmouthal freltanae rou ot Het eBBR Tl G Henk a vertical
ogﬁtlﬂ insw}'uQﬁ; fhﬁgﬁﬂt @éﬂc){SCQQﬁ @?Eﬂu’ﬂg G dedfial REFRATR YL R bly; the material
nmer ci al odi nents of systens enploy visible
| reyindval ¢@onA6Monime wapes]can the) asfembly td axpbstt aatuirfoce. and
scanners sensitive to |ight typically havi ng a

el engt h cent red Qa such.v
o BE NBReTE P EIRER Bt CeRAaIEOE Feliin Eoraies ASEay: gne of: an

PLAY, e(iﬁga a%hultsﬁ%n ‘Ei@&l@é:fo'r Qechanelyep ﬁ]ﬁnglﬂﬁ @del of the part after removal
Simiarly, while directly inpinging iTlumnation and

s ofnrpredptarmined| conur:hadsarr lacteonhavevitre eperativelysssadiated with the
as is comecially n, nore orrpll at.ed geonetries
aﬁféaﬁfcfé& BHESHGR dﬁY}fe F ErEvgan \?\WPP% HE&5ove

description refers to many specific details for the

Sgke sften® ﬁpélgiﬁﬁi '1ﬁ’ RhidhtS %a@ﬁﬁﬁ’ehévﬁ@%bg CBIQI)I‘IEQ@ at least one of:a
consttued as limtations unless explicitly included

t bl Cotdtrovied gne hapmged ¢ raheiena pikdetdngyet emtdugrof materlal from the

scanni n subst ant.i al | tra rent rt havj ng an .
bty s A Mechimii sofytuckd U GREHb R EEAElagRe hgrizontal
MR R Einaht eBIRY fle BLBMUQML pad @ table providing only
vertical novenent of the part relative to the data
gathering station along a vertical path; in which the

pdhe syseneof aked 1i m whj@btthd tablentetldsy thalpaitt @andl Gurtheanomprises a drive
asse atian renov

F;g‘hy%Fo‘i‘slthCtﬁé §8ﬂ’8fr§n& t8>P§%‘§é éie%?lfrﬁ%eme?g betjpgen the table
S¥§& 8dafa g%{h@hﬁg datidr tﬁQVérhé‘al%%a gat hering station
conprises at | east one an image data acquisition

device for succeSS|ver ach|r|ng i mges of the part

after renoval of a predeterm ned contour; and an

el ectroni c device operatively associated with the
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10.

11.

i mage data acquisition device for receiving and
storing the images. 3. The systemof claim1, in which

W@ b@edoes i al renoval station conprises at | eaBCT/U82909/044095

of : a tool constructed and arranged to renove a
predeterm ned contour of material fromthe part; and a
drive hani sm constructed and arr.anged to. provi de .

- & BEGL T T o BGRE SIS e IBE TBEAT Y an 8ISk B e irpdurality of
p%hhmeéthéﬂﬂ§h§w§df¥ﬁéﬁgﬁﬂ aiml, in which the table

hol ds the part and further conprises a drive nechani sm
constructed and arranged to provide vertical novenent
bensgsiog thehebjech withima gres¢lectethenragjng hatdriahtosfioan iao ienedsement, such

the vertical path. 3. method for producin lectropnic .
e PR AD: ol BY gD, che RRRFhG ARSI TGt Sncasing
Ofnafdifal REES tHahtheBRELRE GABRAI SbAGia8P AR IaNUnieN6r volumes of the
object within a presel ected encasing material to form

anbjeeicasenent, such encasi ng bei ng done so that al
surfaces of the object are coated with the encasing

terial d that .th ' 1 al .
Saiser A £ BT PR g SeREBRT G PUBTb L e phgateial cach ayer

obf Bfaterial RARVENBIMEFE&SEMBRS dileMibiieoreszas SNBMtand depth and a
plurality of |layers of material, each |ayer of

matedeterhined peovesdrid shape.gpops del ex@serim enkaski mant siuars, afd assigning a
| engt h, mﬁ th and depth and a prede er%jngg geonetric
ng‘%%,to D6 By PEPELEe ShieHEYLaRE RS OF PREES and

assigning a value to each |layer representative of its

eh&MAlingOih Webinic FdpRsohth@sil of REQUdxPEscknelsembAtONifaces after a
representation of Sel ected exposed encasenent surfaces

abtedetermipedgerdrapberadeimayesk alkhs been renoved; and
processing each electronic representation to create a
predet er m ned qlgctronic re%éese tatign of eggh taﬁl froni
e RS e 2 dl r Y48 CRRETREPR o JF°R af P BICtTINGE petronic
t Rpr&shieGd st catiett taiséméRph@sent ation is a solid

nodel of the object and in which the processing step

i ncl udes converting each electronic o '
The method of claim 5, in which the selected electronic representation is a solid model
of the object and in which the processing step includes converting each electronic

representation into a layered point cloud representative of the object.

The method of claim 5, in which the method further comprises lofting a surface onto

each layered point cloud.

The method of claim 5, in which the method further comprises importing each the layer

into CAD space and stacking the layers according to their assigned elevation value.
The method of claim 5, and further including creating a solid between adjacent layers.

The method of claim 5, in which the selected electronic representation is a solid model

of the object.

The method of claim 5, in which the selected electronic representation is a surface

model of the object.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

representation into a | ayered point cloud
representative of the object. 7. The nethod of claim

W@®20001n4308 ch the method further conprises | of t PEIUS2009/044095

surface onto each | ayered point cloud. 8. The nethod

of . claim j ch th met hod further conprises

i EFBB FIFF}W& ! giaﬂn?’h@ WIH% CICALGUCRD ¥ PPy nB%ftS&eRﬁOHrgof material

t Q@chl tﬂX@§1§cé§§1@§%@xE&seH %ultf!l},%'s of ﬂ?esélzﬁ&% Qreeéu%g@ﬁﬁ parallel to each

value. 9. The nethod of claim5 d further 1 ncludlng

c othat, ithigmethedfurthebimtwdimn: adj acent | ayers. 10. The

nethod of claim5, in mhich the selected electronic

entation is sal i del of the object. 11. The

B 1hgra %Ptéﬂerﬂfénteﬁeﬁt Wth c%o‘?cﬁ@ngel ected el ectronic

representation is a surface nodel of the object.12.

TBReMRNAL oBjbciChudh Mab thel X p¥brd Glrthdr8 o@ e (%f\féct ARG Ralle] to the

step renoves contour of material such

s trnoes oI wgkipstesopbsted lsast oac espwéd sivgace kqx@nﬂs ghreugh the feature of

substantlally parallel to each other, the nethod

f iRy including: identifying a feature of interest

in the object; and orienting the object such that the

e RO sRthRAWTRERS, ¢f whit® ROhREIR! R piIAAuBAr Bhlhg §2h h&@sement

feature of interest so that at | east one exposed

s swfaye @sieg teerisett thcoatghn scchimefl eangerd eafh ¢nghemest surfhs.

The nmethod of claimb5, in which the acquiring step

L Ak isRed SERRLD S, 37 ShuF RS FE R QFCdife sl i o surface

S WJddaICst- the dbject RBd TBWARH t1Rf pré¢eatifg Sep inRd1udBE &dhvEMBg each electronic
sel ected el ectronic representation is a surface node

ofeprésentatiyrenito arumeian dihwviply defigingrtbe pssmetgr sdgep of the internal and
|nclud S, CO ning each electronic representation into

aSFEHa %%e%l?%t% l@fg‘&efi ning the perineter edges of the
internal and external edges of the object. 15. The

mrhb aebtfd ¢Fl i 44 in WRicWIhCHrotdiginPkRp ESBHen thehideP stacking the line
further includes stacklng the |ine
art drawings and lofting a surface thereon.

The method of claim 14, in which the processing step further includes converting the

line art drawings into a vector data file.

The method of claim 16, in which the processing step further includes importing the

vector data file into 3D CAD space and lofting a surface thereon.

The method of claim 5, in which the layers have upper and lower surfaces and a
substantially uniform thickness, the upper and lower surfaces being substantially parallel

to each other.

The method of claim 5, in which the electronic representation is a raster planar image
and in which the processing step further includes importing the raster planar image into

3D CAD space and converting the imported images into a solid model of the object.

The method of claim 5, in which the layers have upper and lower surfaces being

substantially parallel to each other and in which the layers increase in thickness as

10



art drawings and lofting a surface thereon. 16. The
met hod of claim 14, in which the processing step
WO 0vh€3003 ncl udes converting the [ine art dr aw@mES1009/G4095
a vector data file. 17. The method of claim16, in
whi ch the roces ing step further includes
t Aiecgsbeolbtatl ﬁim Qerigs E‘fed’c?ﬁl%vﬁ%‘[c% i 6k g)r%ieteﬂmned
sugfigge thereon. 18. The nmethod of claimb5, in which
the layers have upper and | ower surfaces and a
substantially uni formthickness, the upper and | ower
21.  sih¢ avgbodef ripimuhsinawhical thy lpjaalrsalhhwl uppjtr eadhowtheurfaces being

19.. The t hod of cl ai i.ch th eIe tronic
- S EBa PRl e o aeg i aiC fisg B Eh Ao fickness as
5 t BGcRIsRECRFD DrSThE Pere e lRBI ateN flnitHRS tb RALLRE hOSredetermined

raster plahar 1 nmage 1nto 3D CAD space and converting
t hentburport ed i mages into a solid nodel of the object.
20. The nethod of claimb5, in mhich the | ayers have

2. e D At 8GR, etag.sutetantl ally, BRCaLLS), uniom

tﬁh85£§§s assuccessive | ayers of the encasenent are
renoved to formeach the predeterm ned contour. 21.
The method of claim5, in which the | ayers have upper
23.  argphwerfos proflageg ebelircvtg'c dabgepmsanttibys panrmpbbjett, the object being

e ch er and in c he Ia ers decrease in
10 ﬁi@&l%f cast e m@‘?fgt#%\f%oﬁ B B casenent are
rermved to formeach the predeterm ned contour. 22.

The et hogerRf rehAhtfiont N Whi ch the predeterm ned
contour has a substantially uniformthickness. 23.

Apparatus for producing el ectronic data
r epr es én@atERbREND$tatimm holyjngetfixedpesitpy fasel Paiengnd or med
fromat |east one material, the apparatus conpri sing:

a mat e%'s@a'ge rn?&%ﬁ%'in S()Elflyté Otical direction perpendicular to the fixed position

focal plane;
15 in which the material removal station comprises:
means for removing a predetermined layer of material from the object;
in which the data gathering station comprises:

means for successively imaging the object after removal of a predetermined

layer; and
20 means for storing data gathered by the means for imaging; and
in which the stage comprises:
a table for holding the object;

means for moving the table only in a single direction to maintain the object in

imaging alignment with the means for successively imaging the object before

11
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24,

25.

26.

27.

28.

29.

30.

a data gathering station having a fixed position focal
pl ane; and a stage novable in only a vertical

walreeasioeh perpendi cul ar to the fixed positi onPEDTSL009/044095

pl ane; in which the material renoval station

conprises: _neans for renoving a predeterm ned | ayer. of

mat er i 3 fﬂft%rnﬁit@ Heeagb f MV HiEyh P C?H@nafﬁaae@ a{ iy from. the
stati 0gpEATRETeS BRo afBARDT bOLitGHES ﬁéﬁdvy(g é’la%/réf%g bl Gnd

obj ect dfter renoval of a predeterm ned | ayer; and

means for storing data gathered by the neans for

i megnndgr soding nthehmathridl hemst slgsgatconpr asesondadiradtioe fubstantially
hol di n he object, .nmeans for ving the table only in .
A PP tp 0 761 (o da REGTHERHEE BBjoBat PR gy Hign ih which
aht!rgrﬂﬂ?é%taﬁ%—ﬁ&eﬁﬁlﬁe&‘ﬁ?&%f%ﬁ%erﬁ}!ccess' vely imaging the

obj ect beforeand after the neans for renoving a

predeterm ned | ayer of material fromthe object noves

| fho apprdatoudt dhinpdkiin mduchf the date rgothenige staticyf@rthgfcomprises means

terial;, and nmeans far ving the material renoval
sty AHPHIAtDE dyp &f}@ie@%rl@/c o Wﬁs@%&sia&fils&ore‘? in the data storage

PHBRNGIRSLRE o fifed ekl ArdIhQoPE 0Bl OF 1 el ative
mat erial renoving position in which it renpves a

pre-determ ned | ayer of material. 24. The apparatus of
cTae apRBatud of aliinc2®, ithehighttle gaedh erdnngped wathiroan éngatimgmaterial to

C ri ses neans for nj pul ati ng data gat hered by th )
TG PRCTRRSRnL ARt 1y BRSD T, Y HAY BE SRR SN N AT termined
PIREUSEhAercRieafndi Mensi onal drawi ng of the object. 25.

Thé apparatus of claim23, in which the object is

encased within an encasing material to form an '
edbasgpprsatts ahdlainn 2dhincwhichh éhel means foriempiving apadgermined layer of

r \ r rm ned | ayer h nf. . .
FiheeHar cén rls%g %%1 hd rmﬁdlncnglgg al Ieagt o%e%fu%ea} Sfﬁerrgn& mill being rotated
about an axis substantially perpendicular to the axis of motion of the stage and
substantially parallel to the common plane, such that a planar surface of the object is

exposed by the removal of material by at least one flute as the end mill is rotated.

The apparatus of claim 23, in which the removal of the predetermined layer exposes an
object surface and an encasing material surface and in which the object surface contrasts
with the encasing material surface so that a line of demarcation may be determined

between the surfaces.

The apparatus of claim 23, in which the predetermined layer is of substantially uniform

thickness.

The apparatus of claim 23, in which the data gathering station further comprises means
manipulating data gathered by the imaging and stored in the data storage means to

produce a three-dimensional drawing of the object.
A method of scanning a part, comprising:

(a) encasing the part into a potting material to form an assembly;

12



26. The apparatus of claim23, in which the neans for
renovi ng a predeterm ned | ayer of material conprises
wa@eooendgsons | | i ncl uding at | east one flute, theP@ntiS2009/044095
bei ng rotated about an axis substantially
rpendlcular to the axis of notion qQf the s

st amiiighaaspembly fsgiot ?B’Vt%Pr@ém%%ﬁeqb P%@n@agﬂnwg\% a portion
a p! anefth%lagsfeﬁﬁfytefex%&% QfiR&t TS exposed by the
renoval of material by at | east one flute as the end
mll is rotated. 27. The apparatus of claim23, in
wkd)ch nhﬂingdh@vmfacofsubdtmltipll}edelt_yeaerticn]éyjtol apexiti@xiposkssd position
an objg ﬁyrfac and an encasing material surface and
in whi &FAMNESBIEct surface contrasts with the
encasing material surface so that a |ine of
dggarcg&mﬁﬁ gMRYsubdcdet erm ned between the surfaces.
2 The apparatus of claim23, in which the
predeterm ned | ayer is of substantially uniform
t Ahe kigdod of 2Rim ‘J‘fé,efuabﬁpatpmmgin@ fepedtzngrtbp81d (chaftghidh t he
data gathering station further conprises neans
mani pul ati ng data gat hered by the inaging and stored
in the data storage neans to produce a
t hr ee- di nensi onal draw ng of the object. 30. A nethod
of scanning a part, conprising: (a) encasing the part
into a potting material to forman assenbly; (b) while
the assenbly is not noving, progressively horizontally
renoving a portion of the assenbly to expose a
surface; (c) noving the surface substantially only
vertically to a position in a fixed position foca
pl ane; and (d) scanning the surface. 3 1. The net hod
of claim 30, further conprising repeating (b) and (c)
after (d).
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