, BCe3eK$H, BX6T$/ 2METHODS AND APPARATUS FOR MEASURI NG FLOW OPENI NG AREAS
BACKGROUND OF THE I NVENTI ON This invention relates generally to optical
systens and nore particularly, to nethods and apparatus for neasuring an
opening area defined within a flow nozzle. At |east sone known gas turbine
engi nes include a conpressor, a conbustor, and at |east one turbine coupled
in a serial axial-flow relationship. The conpressor conpresses air which is
t hen channel ed to t h&IETHOUSt AND APPARAMISEORMEASURINGG xed with fuel and
ignited within the conbustor to generate conbustion gases which are

channel ed to the turbine. TheFLOMORENRNG ABEAS®nergy from the combustion
gases to power the conpressor, as well as to produce useful work to propel
an ai rCfafl%}AélQGfl{'dlﬂbf)(?lfT ReENTRON0ad, such as an electrical generator.
A nozzle throat area of the engine 1s a critical paraneter affecting engine
efficiency. Accordingly, the nozzle throat area is neasured during periodic
i nspect i orfdhis wmverdianf iglatdsegenanaliy $o opti¢ah eystergs amd frows partienlarly,Newnetbads| e
throats are,caref ul designed to provid ecifig area value. Accurately
measur i ng 20 2L é.‘?eé"ﬁ"“g?g PHPRPEAE %ﬁ‘e‘iﬁ’étg‘“b%ﬁ%’ln@%}ﬁt in determ ning
at manufacturing tinme of the nozzle, as well as subsequent maintenance and

repair cogitdesheorae khiwh ipgd$ turbie \epBined RhudRQZ edifipreltonad coriRest! fhatet hods
i ncl ude using a nechani cal gauge. t | east one known nechani cal gauge

i ncl udes &¢asbPpr ekrhine IraHPledl inapasesigl cxighdlosy relaienshin. t i Phd sompressalt h of
the throa el; . SELL ver al ifie 0 | Anot her

known ar etgo}ééﬂeg%égu%ggl hé(fﬁggst éﬁgﬁi%(l:lg{u}e?@a@ @lg I ‘tsoglgjgfsg)f'f ﬁaﬂree nﬁé{?&? ? dhsPor mer
(LVDT) semsiredwith foetand ignitet evithin thetcomibditbr fongbnbatdvimbiatioiegaseeitlichhen a

conput er cal cul ates the area. However, obtaining accurate neasurenents at
the var i odE QRPBRIEAI] BRGNS B ISANG CXCkEREY, T the GPTPYIGRIEtss k.
Furt her nokg ,oRECANSS O [ [ + hroat,
usi ng such gguges mﬁ%&g&?ggyly%a%ﬁ??un%-%ﬁglﬁﬁég F%gg{g%ﬁaagﬁ%EF
DESCRI PTI dightier THowdEDdAd, OhtH a3 anredecisqad generatonet hod for neasuring an
openi ng defined within an object using an optical sensor systemis

provi ded. ,The hod inclydes positionjing an illumnation.source adjacent
the openi ﬁb?%z%eﬁlﬁ?aggﬁanc’;{ge 6%5511‘?7?35[ EéP“(&‘fﬁ?86?%??%&?@“%8“%%%%&“@'@ei vi ng
an i mage Qfcchbidngly, thérhoa € thrH lak Bk Hieas@ed d&AhE pbdédid hspBetnedo Vedfyi N the
recei ved boundary. | n another aspect, an opening neasurenent system for

measur i ng CaraReesainothe sugEls Buid RadeniNgy inezgle dbdiog’édﬁ!fe Taeldlis desigiedcioudes a

| i ght sou - OF | a i i . ject t | i source
pr of ect | g gy b Pl bRl Abhiel) Enplinh 0 RE ared BF ROV
openi ng peiayratécebe relevdint reddteptihingot meaufcnjritgt img ofl tisct®ntt, aheetl 8f | i ght

i ntersect edb bé a second portjon of the opening perineter, a light detector
recei vi ng SBPSEEYF BIRUBENANEG BRIT 6psty aghactiviiiedr sect ed by the obj ect openi ng
perimeter and reflected toward the |ight detector, and an i nmage processor
conmuni caidonféitictRURIzeR thidaf MEpdctih nclRId8 HhPhde Usit: 4 MROBIRLPEARIOAL
programmed to sanple an inmage fromthe detector and progranmed determ ne

t he di mensdashencofnommemethasital gpegsi inglufiesoancomples anprheicilnaglng @RIEFR:

DESCRI PTI O L DRAW NGS Fi gur e i S sghenmatic jl]ustration,of an
exenpl ar ygg‘aésm?légg?sng ‘3#5{? noé.!: ghgi %‘ﬁ?ﬁi by iaghea\gcrgi ﬁ‘gaweéimak)fse%\eﬁa eSREAftedr v
neasur enemdcatdens. CAnbHRS kRWIEafdl BaiiteN@%E | @edtidhRAlinOR eVlRAGe afifareffiald

turbine nozzle; Figure 3 is an enlarged view 300 of trailing edge 208; and
transformer (LVDT) sensors to measure the throat width and height values, and then a

computer calculates the area. However, obtaining accurate measurements at the
various orientations of the nozzle throat may be a difficult task. Furthermore, because
of the contours and dimensions of the nozzle throat, using such gauges may be a

costly and time-consuming process.



Figure 4 is a flow chart illustrating an exenplary nmethod for neasuring an
openi ng of an object using an optical sensor systemthat includes a

measur enent devi ce. DETAI LED DESCRI PTION OF THE I NVENTION Figure 1 is a
schematic illustration of a gas turbine engine 10 including a | ow pressure
conpressor 12, a high-pressure conpressor 14, and a conbustor 16. Engine 10
al so includes a high-pressure turbine 18, a | ow pressure turbine 20, an
exhaust f BRIEFIZESCRIPTAON @F 0485 IYVEMTIANS i rst shaft 26 coupl es

| ow pressure conpressor 12 and | owpressure turbine 20, and a second shaft

28 coupl es hi gh- pressur npressar 14 and hi gh-pressure turbine 18. Engine
10 has ani%d?fl ag?“%)?ﬁﬂ@ﬁP@?@'Zn@?PEﬂ%ﬁaﬁé‘PF%&dﬁ Gpwithiaan Qe usinggm engi ne

10 aft toygii8awasdy i f j je: 38
i ncl udes é’ﬁtﬁfgﬁr al i 1?3 0 Iﬁr%g gcﬁgdétahr’g%??@ gé?ﬂ(éﬁ%&ﬁ%ﬁ@%ﬁ%@ﬁﬁh% oo

ci r cunf er eorcaladjacentr tha gpenialgp iitunengfine a Rrinetaredreuosotibiag dhe bHermng, hi gh
pressure turbi.ne 18. In e enbodi npnt, gas turbjne engine 10.iS GE90
engi ne cofFRENRE A Jinags,of H Dupngieasimeer snd cpleplatns dpaiga ati,
Chio. In egeiatibelnday.r flows through | ow pressure conpressor 12 and
conpressed air is supplied to high-pressure conpressor 14. Highly
conpressed air_is delivered to conbustor 16. Conbustion gases from

conbust or In engihesspect. AnmInsakg reeaswE@nEot systeghfosmesasuring anuarbh aban gbjedt at es
second sh 28. e] r 14, while | o ssure. turbine
201 ot at o ePpiifE TRk DR S RHE fRRER A Yt ol Tl R sBEN & 57
Figure 2 itise ebjadtdbe lighvioafceanojesthigd firsy shvepsiUightiiérsetad 9ea 200 puiel t o
measure a nozzl e throat, openi ng area 202 of turbine nozzle_ 38. yeni ng 202
defi nes aogéﬁ? OBFRIBE PEIIME @‘&g ERthFBRFhPIoIGHNE & 8¢rgnHhsheds. or‘%ghﬁ ng 202

is forned; I e I : 1: 206 and
two subst élﬁélgéaqtfd;bggﬁgﬁlg J dgflﬁga\?\gﬁesop?%ég pgﬂgl\%%u?h%ts%ﬁ%g%&@%é%ﬁégn wal | s
204 and 2@6stionefdid sheet of kglisatarsected by thedhjertgpkaing peamictey aRd 2eflected

Speci fical |l eni 02 is hounded by a trailing .edge, 208 of, wall 204 and
a porti ont%‘?(dfs\ﬁﬁ? ?‘@E'gd?%ﬁéﬂ ialngeaﬂ‘ R %P%ﬁ%‘{fe‘?oggn&‘?lﬁaég’f%c g?deff’tg’& on an
interior fiigaedefdeforOthedake plRedsbPPlobfalhéd '@ APk %pﬁaaf@ﬂ%?n ettt} Stance
of separation 214 is minimzed within throat opening 202. An area 213
bounds tr &hd prgradged ZeRrming thp diasnsianis axfythe phisdi opaning fremsthe spmpteddevi ce
200 uses gﬂﬁéel | um nation source, such as a | aser 216, and a conbi nati on of
| enses an frors 218 to generate planar sheets of light. A beam emtted
fromlaser 216 may be directed toward the conbination of |enses and mrrors
t o r ef ocuBRIBE DESCRIPTIONGDE THE DBASVIN@Res of |ight, or light sheets. The
conmbi nation of lenses and mrrors are oriented to project a first |ight
sheet 220_in a plane substantially. orthogonally toward trailing edge 208
and a sec&%‘fﬂgﬁﬁ@ﬁ'@%c Qg‘ﬁtr?twnagfﬁpa?ﬁgn l3psgasipbia sngisi al el to Iight
sheet 220. -3 Measur enent device 200 is positioned in alignment with
openi ng 2@ZusaIe s 4 §aé vidwibfansdxefiplaty heb Mroh &R Ueict 1edd foMea2E8R 2diel Or Ni ng
an illumnated Iine across trailing edge 208. The orientation of [ight

sheet 222 threatfopgeiag iarearodladetbine nogzlel ght sheet 220 such that a second
illumnated line fornmed at the intersection of |ight sheet 222 and wall 206
subst anti I nci I, el ) . More specifically, an
orientati gi %‘?%gﬁ“@ﬁ& 1%%23%{0?)2%%5@]{11 sefiéé?gsﬁfa%lgr to use, to substantially
illumnate transverse |ine 210. Light sheet 222 also illumnates a |line on
each si deWigure 4 et flewtohmd $lhisettirggem wednhidary Odethodifo? Ofeasdive: dd dpeningaifed | i nes
at trai Iigﬁ g_d e 208, tr_anlsverse li ne, 210 a(Pd across the sidewalls define a
boundary ERAPIFISMEANLRLIGRIFERIAL Syttery thatimplydes aanessurement dgyfireni ng 202.

Al t hough opening 202 is substantially rectangul arly-shaped, each

i I'1um nat egkiAINeDBYESORYETERN OFTiHE ¢S Vviuerby deformities in trailing edge
208, transverse line 210 and the sidewalls. One or nore optical sensors 224
are positioned to view the width and hei ght of opening 202: In the

exenpl ar y FigipoHistesshematic lmaksationrd a(ﬂﬁﬁiﬂugine%mmloimiutﬂisgalwmsmmar a. In

an altern odi,ment . at | east one optical sensor i.s.a djigital

caner a. A@éslg%%gér% rg:zi %ﬁ?‘%ﬁre SHG TFePTSHst ﬁ)‘% %@u%?%ﬁngqséorﬁs%?%ﬂ%%% 8vi ce 200
to positi arlulRt aGAgh-pRIARE SurBid 13) adblvgienite Whiile RoSACEkhAuet SRARING dat uns
to facilitate measuring opening area 202 accurately. Specifically, optical

sensors 224 are positioned at known an’gl es relative to light sheets 220 and
222 to sense the illum nated lines and neasure their |ocation relative to
an i mage plane of optical sensors 224. Each sensor 224 is comrunicatively
coupled to an i mage processor 226 through conduit 228. A digital
representation of the illum nated |lines circunscribing the boundary of

ogeni ng 202 is transnmtted to image grocessor 226. I n the exewl ar¥




processor 226 includes a digitizer that receives an inmage from opti cal
sensor 224 and converts the received inage into a pixelized i mage, and an
extractor that determ nes an area within the boundaries of the pixelized

i mage. Processor 226 displays an image fromthe field of view of optical
sensors 224 and may output the inmage to a printer. Additionally, processor
224 may interface directly to a network to transmt imges and part data to
ot her systapdmsa cBingsd4. ali fipstreimdft 26 xdouples 28w -pressaneuphiprebsor d 2basly 1330 of

nmeasur enent device, 20 Body 230, i.n¢l udes handl e 232 for manual |

posi ti oni rPgeSﬁléfasfﬂf?’@Wefﬂ’ apd 7 seEomsomal; %%cwiﬁéeshwsw Sp@RTSsEPr 22 %Body 230
el ud asiy 3 X : ) i 5 q

I nclu esngxrﬁﬁlﬁ?i:eﬁstw@&rﬁﬂ@ 183%rcte T RisCht éﬂgggls efne%r?%r&tér%@ﬁ‘%%&niﬁ% an

an align nger 236 that extends from mtting e I gnnment
finger 236pstesinusids 34rvfangmeHPeatt topodovosire40sifleo 36 edepkined Oal Agmbaret f i nger

236 to bod 30 t i ti 242 f dj usti | th

al i gn?ren'? r’%?ﬁae%reaggé?%%ﬁ@%%%n@ﬁg@&gﬁg%m%? ?%%tgzﬁrls?t:‘%’%wgnb‘ggﬁﬁﬂeg)porti on

of the perirg@hffrerminfly ahfaﬂ%éamhﬂ_&@&e?m bR SombRSto XEHRA Bight frédshicng edge
0

208. A second end 246 ody emtting end 234 includes a shoul der 248 that
ext ends odhined 8y In paerrpbedimerl sevhehioe erginm YR iserGEDQ engion carmernmlyi s

subst anti : I tth respect to al lgnment finger 236. Shoul der
248 i ncl u%gélyag%e%@ﬁ%%%g[egﬁ%(g(gﬁp?‘lﬁ'r 6&%Hmaﬁhgﬁ'§’houl der 248 to body 230,
and a contact end 252 that includes a biased support assenbly 254. In the
exenpl ar y Iempedtionndir flowpphrdughdewrirtysubdorhpressobal| arlle adrhi@ssed ROt

assenbl y thatl. i.ncl udes an end 256 that extends outwardly at |east partially
beyond an SBRRA © PEesIEe COMMESOY ddr  Highly ogmpesssed eisisr delivored, cei ve a

| arge nuntabiod 6T CLEbRALA Ssds’ R Bnbistd™ i i 5g_the
perimeter of op%ni ng 202. Sensgcs??ss 224 use tshdlils 632%@@% lg)ﬁrggl%n%ﬁf%e%g@'ar ea

ci r cunscr iHiglhi ptagsurh dutbideul retttes] sédond shafk 28cand leigh gaésseret congnesoe #4,0f

nozzl e thrqgat .opening 202.. i5,conput in asurenent devi ce 200

t oget her 00{%(‘818 9 Mﬁﬁ/ﬁrefﬁuﬁjr“ﬂﬁ 20 (?Fg{%séﬁgvﬁ%%ﬂ;% ‘?‘P%a]gﬁ’rgre?%e SPERIESIOTtido hal f

t hroat opebmit@sis®d acent to a principal throat of the nozzle. Conbining the
results yields the area of a conplex shape or a total area of a plurality

of noncontj guous openings. In operation, body 230 is nmanual |y positioned
pr oxi nat e FEPEn2Ag astle Wawpianaxewnliayarasrepent dayice 200 used g exeasuraial i ng

edge 208 [+ : - C rigr suyrface
304 of vai T 04Oy oDFng 82k 36 oFRByiEe Aozt 3o OBLARE 2028y BrgRioniilos
trailing edipv p88agathdodghghtbishedin®2@. iOpenifign20es forraed ViRhs &n latdaete210 and
t he sidewal |l s defining opening 202. tical sensor 224 is aligned with
respect t r%b‘@ﬂ'izr?& %%"E‘%ﬁﬁectoggtwaﬁk?@gl)ainﬁé%’oiSPh’SS@ﬁtWHYPH’@IIFIrS&ﬁqu% (eige 208,
transvers i I iR i f oMl f
opti cal sg}rlldsd(,)@ghgt%%tergg% ﬁ‘;vg%t ?glgsf@e%?ogégZtEA‘fMd%g{(lzg?\%géétfﬁﬁfeénglrfé&%rﬁ% ed |ine
i mage andoperang i sSpesdicalimgweniog 302 debaunde? B avtradlingpdilge 202 28 waRrXddessor

226 deternines the e nded.by. the il um nat | i nes based. on.the

pr edet er malﬁ‘gg POHE OZ[?W%} ?gﬁfﬂ%ﬁﬁﬁ@by A JFRS YRR line gﬁbpré’i}ﬁ?%eﬂﬁ e ent end
244, and weizgalofmuwssfr&ﬁﬁaﬂ&rg%%é@08, i8R 1t SRt idfSeel (TR epRatidd 510 the
calculations in a formconmanded by a user. Figure 3 is an enlarged view

300 of tr &ipiHZedHigEn 2iygat opeaingi2Ag. ddgaepdE hovadstreidingiedgn2@.i or surf ace
302 that defines opening 202 and is opposite side 206. Engagenent portion

244 engag i i . | pressure |.s exerted
Chrough nandlearSRiy Shbb &t s et B DR o Ml it
openi ng 28h dsi ghisershicein® 2 Gombiraties of Serfseahnd AgrredoE $208:catratsplaxdrer i or
surface 304 of érghl ing edge 208. A distance 306 represents a corrected
di stance PSS PE Iight ouft R osmitigd pireme losery 200 anphds dinected dewesd geni ng

202 s cabeHbiah@sh of enSG! MR hiors A0 GDf | ! Yogl Nterior
surface 302, and mgasalr enent e?/rigcg gfgg‘gsnea%%érag?sﬁﬁﬁgﬂgg)éa&ggﬁ{l%% qt:l)dy t he

i | 1'um nat &ghti bnkglichedar Ths conbidatam sfiehsediand anieers336 orisntad ¢copjet af or
during th | cul at i,ons execut ed by, processor 226. Figure 4 is a flow chart
i |lustrat ﬁﬁsﬁﬁﬁt Sé‘f@r?%ﬁd?ﬁﬂf%ﬁ& stargishly ort arallyitayaiiaiehedes 298 @A obj ect
using an gpidcedd 1HBASAErSYSE SN 4 NAhnd RELYLREN r iC8yq such as
devi ce 200 (shown%;ﬁn Fi%ure 2). tr]l?]‘en netho%ﬁlﬁngl Eﬁggapgd;?%g%ﬁﬁg g%oz an
illum nation source adjacent the opening. In the exenplary enbodi nent, the

i |l uni nati on source includes at |east™~one |aser diode. The |aser |i ght beam
fromthe laser diode is split into two beans that are directed to a
cylindrical lens that redirects the | aser beans into two | aser |light sheets

that exit the illum nation source substantially parallel with respect to
one another. An alignnent finger coupled to the illum nation source engages

a surface defini ng t he ogeni ng to be neasured such that the illum nation




A |'i ght detector, or optical receiver is positioned in substanti al

alignment with the illumnated |ine boundaries in the receiver field of

vi ew such that the optical receiver sanples 406 the illum nated boundary.
In one enbodi ment, a receiving lens within the optical receiver includes a
filter that substantially renoves non-illumnated line illum nation from

the optical receiver view, such as, for exanple, anbient |ighting and

sunl i ght. Ni¢dstu@riengdédies 20U isqsitio@ed inv &l vivithespehidgi A0DtALR tHab GiERES| NY
the contrast of the opening perineter, thereby facilitating enhancing the
ef f ect i veridess 20 antegsects Hpiling cdpg 208 farming,en dliaripated line atsess tailing edgee

optical r i L -\ L al . | hpent, ..t he

opti cal 1 a5 B ofin@idf SRR 320 ' HALERATIY I SHRRS TR Tea o
a digital aisscegsl pluodissedbiing Iﬂaineﬂrmlthﬁiﬁﬁeréeoﬁbgidfilighg s}géegmﬂﬁgd 'fv\{alllemﬁt he .
recei ved video | e, .The area of the opening bounde y the illum nate
lines in ﬁﬂl§?ﬁt‘§ﬂ?gPlnP}ﬁi§§éVl%tf%ﬁY%fﬁﬁ ﬁ’cl“ézmlo Q55 sperefiGalygen prgHeionet | n t he

CLAI M5: | § £ QR; | ' iy 4.1 0 .ol gct using
light MRLi9 if Qﬂjugi%@,%ddr?rg Fﬁcg é@ %gﬁfaﬂﬂalﬁeﬂl'uﬂgﬂat%m&rsg 'i'lgg b6

an optical sensor system sai nprisi‘ng: posi tioni ng
i || umi nat iLaght sbeet 22 zaljcatdkminathea dine rinnepch isidewnil rthati exgerals fhetwevatvealls

i inRi i.ng; . L, i he il | um,nat i meter;
andcat cur e g 4. BB itninaRrat nes s e Her oo rosveie 1e 0 Red
i mge. 2. adrobeihRaetdwalls @efidlaBendiry thatisPlePredent iR T hRGR ahll WG AN

illum nation source conprises positioning the illumnation source such that
an al i gnmeReNipg P93y Adthersl apsninge203 lissitbpanitioly stectangulenhygsipped,acatr f ace

boundi ng t e net,h i.n_accordance with. Caim1 or wher ei n
i || um nat ?lﬂgn@lg%grllﬁ%e & ﬁ%‘é dgfi%?'?hhr%c Théd ({[éﬁo 0 eén}%ér_al:l%f?‘?%seépg’ _
i Il um nat tragsversiling21pand thesiddwdllee opening perimeter with a first |ight

sheet;
One or more optical sensors 224 are positioned to view the width and height of
opening 202, In the exemplary embodiment, at least one optical sensor 224 is a video
camera. In an alternate embodiment, at Ieast one optical sensor 224 is a digital
camera. A sensor alignment fixture 225 is coupled to measurement device 200 to
position optical sensors 224 in alignment with respect to opening datums to facilitate
measuring opening area 202 accurately. Specifically, optical sensors 224 are
positioned at known angles relative to light sheets 220 and 222 to sense the
illuminated lines and measure their location relative to an image plane of optical
sensors 224. Each sensor 224 is communicatively coupled to an image processor 226
through conduit 228. A digital representation of the illuminated lines circumscribing
the boundary of opening 202 is transmitted to image processor 226. In the exemplary
embodiment, a filter coupled to the light receiving end of each optical sensor 224
filters each light stripe to substantially prevent all non-illuminated line illumination.
In an alternative embodiment, the receiving end of optical sensor 224 is unfiltered.
Calibration functions are executed in processor 226 to extract dimensional coordinates
of the location of the illuminated lines defining a perimeter of opening 202. In one
embodiment, the perimeter includes four substantially straight illuminated lines. In an
alternative embodiment, the perimeter is defined by curved or wavy lines due to

design complexity and/or part distortion during use. In the exemplary embodiment,
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and il'lunminating a second portion of the opening perimeter with a second
light sheet. 4. A method in accordance with Claim3, wherein illuninating
the first portion of the opening perineter conprises illumnating the first
portion of the opening with a |light source that projects a sheet of I|ight
that is oriented in a plane that is substantially parallel to the first
portion of the opening perineter. 5. A nethod in accordance wth any one of
t he pr ecedgiroggssir 22 includes aadigitisamthht receitdsean inlageiffon ephdag sénget 224 ﬁmgplr i's ﬁs
sanpling an illumnated line forned at the intersection between eac i ght
sheet and cpﬂ‘écr%ﬁ?wcesﬁé AmAge BUe At ared gnage, A6d R EXITACIGR B8t GEENG ¢ h
caims, Wiekel WifiTd Bouddified bt W PAERSd e OPRILSER 266 GlilpA gy each

I 7. et hod 1

illumnated line wth an optical receiver. - ccordance

with d ai nmBgofros thetfealdiofi viesnpf optipab aetsorsl 224namiamey outpue thxoimpgese a
filtering each ljng.to. facilitat revent i .ecei pt of substantially all
non-il | umpﬁlgfeé‘d 4$€ﬁ%0qaflyupﬁ0ﬁg§§?roﬁz40§@ythﬁgg%oéjrqc vde @o?e(ﬁ‘ﬁﬂlg‘etovﬁ?ﬁmé%y one
of the premagdsnmdpastida to WIRE §yderf@l cul ating an area within the received
perimeter conprises calculating a mninum area defined within the received

perimeter. 9. A method in accordance with any one of the precedi ng cl ai s,
wherei n  Sensor alignment fixture 225 is coupled to a body 230 of measurement device 200.

Body 230 includes a handle 232 for manually positioning measurement device 200
with respective to opening 202. Body 230 includes an emitting end 234 for projecting
light toward opening 202, and an alignment finger 236 that extends from body
emitting end 234. Alignment finger 236 includes an attachment portion 240 for
coupling alignment finger 236 to body 230, an extension portion 242 for adjusting a
length of alignment finger 236, and an engagement portion 244 for engaging a portion
of the perimeter defining opening 202, such as, for example, trailing edge 208. A
second end 246 of body emitting end 234 includes a shoulder 248 that extends
outwardly from body 230 towards engagement portion 244 and is substantially
perpendicular with respect to alignment finger 236. Shoulder 248 includes an
attachment end 250 for coupling shoulder 248 to body 230, and a contact end 252
that includes a biased support assembly 254. In the exemplary embodiment, support
assembly 254 is a ball bearing support assembly that includes an end 256 that extends
outwardly at least partially beyond an outer surface 257 of shoulder 248.

Optical sensors 224 receive a large number of discrete points from the illuminated
lines defining the perimeter of opening 202. Sensors 224 use this data to compute the
area circumscribed by the illuminated lines. In one embodiment, an area of nozzle
throat opening 202, is computed by using measurement device 200 together with a
known fixture (not shown) to measure the area of two half throat openings adjacent to
a principal throat of the nozzle. Combining the results yields the area of a complex

shape or a total area of a plurality of noncontiguous openings.

In operation, body 230 is manually positioned proximate opening 202 such that

engagement portion 244 engages trailing edge 208 and such that contact end 256
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cal culating an area within the received perineter conprises digitizing the
recei ved video inmage. 10. A method in accordance with Caim9, further
conprising: extracting two-dinmensional coordinate information fromthe
digitized image: and determ ning the coordinates within the received
perimeter. -10 .A3 . A A A A A3. A3X. A% A7S

- 3x$6(i p=i %p¥®' +". p... 1588} xsni d_Z] ca] ca] ca] ca]ca] ca] ca] ca]ca] ca]ca]ca]ca]c

a] ca] ca] cabs@bis ahelesiol satre30alf alatiad06a]16 M e gd Spdsuadrs ALBEuhBABHEB
C1C CCCDDE~EEEF$FF) GaGE HHH | GIsJJK| wr mhc”Y] ca] ca} caJ ca] ca a] caj calca]calc

a] ca] ca] callwningiep dgjling] @gpéﬁﬁcmdclégbé shesi 223 fikuivg e@’ﬂ@p@@p@ inead 10aAnda! KKYKKK
cal ca) ca) C COrear ooy BATb U Eapear e Abyenpt 3 EH FRFA PR FERFELFEL Sl
109R2& () - op&URL20D suchihARRE lines3luthBMSE (rhilidy EASELZOS| ):raEsw.@Zsl:QﬁfB&l(),)m}i

the sidewalls are within a field of view of optical sensors 224. Each optical sensor

224 receives the illuminated line image and transmits the image to processor 226 via

cables 228. Processor 226 determines the area bounded by the illuminated lines based

on the predetermined angular alignment of light sheets 220 and 220, engagement end

244, and optical sensors 224. Processor 226 displays the results of the calculations in

a form commanded by a user.

Figure 3 is an enlarged view 300 of trailing edge 208. Trailing edge 208 includes an
interior surface 302 that defines opening 202 and is opposite side 206. Engagement
portion 244 engages interior surface 302, and when manual pressure is exerted
through handle 232, portion 244 maintains body 230 in alignment with opening 202.
Light sheet 220 intersects trailing edge 208 on an exterior surface 304 of trailing edge
208. A distance 306 represents a corrected distance that is accounted for in processor
226 when the area of opening 202 is calculated. In actuality, opening 202 is bounded
in part by interior surface 302, and measurement device 200 measures the area
defined by the illuminated line boundaries, and as such distance 306 is accounted for

during the calculations executed by processor 226.

Figure 4 is a flow chart illustrating an exemplary method 400 for measuring an
opening of an object using an optical sensor system that includes a measurement
device, such as device 200 (shown in Figure 2). The method includes positioning 402
an illumination source adjacent the opening. In the exemplary embodiment, the
illumination source includes at least one laser diode. The laser light beam from the
laser diode is split into two beams that are directed to a cylindrical lens that redirects
the laser beams into two laser light sheets that exit the illumination source
substantially parallel with respect to one another. An alignment finger coupled to the
illumination source engages a surface defining the opening to be measured such that
the illumination source is aligned with a predetermined opening boundary, such as,
but not limited to, a trailing edge of a nozzle opening and a predetermined reference
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when the alignment finger engages the surface, the light sheets illuminate
predetermined portions of the opening to be measured without further adjustment of
the illumination source. Furthermore, the alignment is adjustable to compensate for
measuring different size objects and objects with different shapes. The illumination
source illuminates 404 the boundary that circumscribes and defines the opening using
the light sheets. In the exemplary embodiment, the boundary of the opening is
defined by two laser light sheets. In an alternative embodiment, depending on the
complexity of the opening, additional light sheets may be required to illuminate the
opening boundary. Each light sheet intersects a surface of the object near the object
opening such that the intersection creates an illuminated line on the object near the
object opening. The illuminated line is aligned substantially parallel with the opening
boundary, such that the object boundary may be correlated to the position of each
illuminated line. Other boundaries of the opening may be similarly illuminated by
one or more illuminated lines until the entire perimeter of the opening is defined by
lines illuminated from the illumination source. In an alternative embodiment,
portions of the boundary not illuminated by light lines are inferred by processing
software in the image processor, such that the entire perimeter of the opening is

defined by a combination of light lines and inferred boundaries,

A light detector, or optical receiver is positioned in substantial alignment with the
illuminated line boundaries in the receiver field of view such that the optical receiver
samples 406 the illuminated boundary. In one embodiment, a receiving lens within
the optical receiver includes a filter that substantially removes non-iliuminated line
illumination from the optical receiver view, such as, for example, ambient lighting
and sunlight. Filtering the optical receiver input may facilitate increasing the contrast
of the opening perimeter, thereby facilitating enhancing the effectiveness the optical
receiver. In the exemplary embodiment, the optical receiver is a video camera. In an

alternative embodiment, the optical receiver is a digital camera.

The received image is transmitted to a digital image processor that includes a digitizer
that digitizes the received video image. The area of the opening bounded by the
illuminated lines in the digital image is calculated 408 by the image processor. In the
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1. A method for measuring an opening defined within an object using an optical
sensor system, said method comprising;
positioning an illumination source adjacent the opening; ~
illuminating a perimeter circumscribing the opening;
sampling an image of the illuminated perimeter; and
calculating an area within the received boundary from the sampled image.

2. A method in accordance with Claim 1, wherein positioning an illumination
source comprises positioning the illumination source such that an alignment finger

coupled to the illumination source engages a surface bounding the opening,

3. A method in accordance with Claim 1 or 2, wherein illuminating a perimeter

that circumscribes the opening comprises:

illuminating a first portion of the opening perimeter with a first light sheet;

and

illuminating a second portion of the opening perimeter with a second light
sheet.
4. A method in accordance with Claim 3, wherein illuminating the first portion

of the opening perimeter comprises illuminating the first portion of the opening with a
light source that projects a sheet of light that is oriented in a plane that is substantially
parallel to the first portion of the opening perimeter.

5. A method in accordance with any one of the preceding claims, wherein
sampling the illuminated perimeter comprises sampling an illuminated line formed at

the intersection between each light sheet and the object opening perimeter.

6. A method in accordance with Claim 5, wherein sampling the illuminated line

comprises receiving each ifluminated line with an optical receiver.
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non-illuminated line illumination.

8. A method in accordance with any one of the preceding claims, wherein
calculating an area within the received perimeter comprises calculating a minimum

area defined within the received perimeter.

9. A method in accordance with any one of the preceding claims, wherein
calculating an area within the received perimeter comprises digitizing the received

video image.
10. A method in accordance with Claim 9, further comprising:

extracting two-dimensional coordinate information from the digitized image:

and

determining the coordinates within the received perimeter.
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