. METHODS AND APPARATUS FOR MEASURI NG FLOW OPENI NG AREAS BACKGROUND OF THE

| N\VENTI ON This invention relates generally to optical systens and nore
particularly, to nmethods and apparatus for neasuring an opening area
defined within a flow nozzle. At |east sonme known gas turbine engines

i nclude 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 heEDHIOWIN AND ARPARHNTISFORIMEASURINGI xed with fuel and
ignited within the conbustor tQ generate conbustion gases which are
channel ed to the turbine. The HI&%HQ%EMW G A¥BARnergy from the conbustion
gases to power the conpressor, as well as to produce useful work to propel

an aircrafga cRGEOGURN OPFrHR RO PRFrI@N 0ad, such as an el ectrical generator.
A nozzle throat area ? the engine 1s a crltlcal parameter affecting engine

efficiency. Accordingly, the nozzle throat area is neasured during
peri odi ¢ iHépuwentomsr @ewgmefqﬂy tolopéical reystemi randmmremgxtwldrlyutcdmpdmﬂs New

nozzl e throat s are carefull deS| ned to r ecific area val ue.
Accur at el Y Bg‘rﬂ?"iuﬁ IR ﬁ?fﬁlﬁ fffg‘f/ W2 be relevant in

determ ning at manufacturing t| rre of the nozzl e, as wel | as subsequent

mai Nt enancet las sbxﬁaadnbwﬁ?s Juditt éfpinediihdlRfo a COMYLREDOAAonibaLst, Qnd hat oat
i nspection nethods inclu usi ng a nechani cal gauge. At |east one known

mechani calleahifge fUine crosplede e etialewvialiley Tela@nslgp c o ket eympressar o
mul tipli e%o% Y\@sﬁéshalﬁfwlﬁéﬁ id ﬁ{eﬂaéhaRXelé’d @oeh% conbi: S e‘i‘hgtcoﬁl%¥(%%et@d;zélzq§ cified

| ocati ons nown area gauge uses nic linear ‘vo
di f f er ent inailked with rfeélmndégxﬁ(eﬂ\ﬁmbm slensmitaistod tagardte coibuitivhgateswidelh and

heijght val ue d,t C ter calculates the area. However, obtaining
accurat e ﬁéeaéllﬁ“%%l@ﬁl\f%ﬁ"ﬁmfm’é ¢ fusbige sxiragts srsray rom theromiiision 248t oat may
be a diffig ;Ibl)%velt akeontptedsBe ra@q{!ﬁl aDEF Bibace Q%ﬁﬁlr@oﬁﬁof&t %[}anﬁpﬁr&léms' ons

of the nozz hroat, "usi ng such gauges cost t1 me- consum ng
process. {flight or to power a load, such as an electncal generator

A nozzle throat area of the engine is a critical parameter affecting engine efficiency.
Accordingly, the nozzle throat area is measured during periodic inspections to verify
clearances in the engine fluid path. New nozzle throats are carefully designed to
provide a specific area value. Accurately measuring an opening area of the nozzle
may also be relevant in determining at manufacturing time of the nozzle, as well as

subsequent maintenance and repair costs and activities.

Conventional nozzle throat inspection methods include using a mechanical gauge. At
least one known mechanical gauge includes a complex mechanical analog computer
that multiplies a width of the throat by a height measured at several specified
locations. Another known area gauge uses electronic linear voltage differential
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.



-1 BRI EF DESCRI PTI ON OF THE | NVENTI ON One aspect of the present invention
provi des a nethod for neasuring an opening defined within an object using
an optical sensor system said method conprising: positioning an
illum nation source adjacent the opening; illumnating a perineter

Ci r CUNBCH b WpTek I image of an illumnated line forned
at the Pﬁ%ﬁ?&%ﬁ?@ﬁ%ﬁwvﬁ&met and the object opening
perimeter; and calculating an area within the received boundary fromthe

sanpl ed image. An alternate aspect praqvides an openi ng nmeasurenent system
for meas@RFighesh ofr by reesenhAnvapfiap tPreyides Agnetbad o yaasERngo A IPENIAG: ~ a body -
conpri si 14t ] [ te b4 : i @’1“5 rdly
from sai g&‘bl%gy‘%{e{ynﬁlt %I?%Bfegﬂggﬁg %Pgﬂ?éag%gﬁg Sy%)ﬂrg ?lg%{aledgﬁieg{bﬁl {}811 naet(% a first
si de of péstti@bingeh, ilBatitdatidngbdured wdmeenr i eapdnings; aillinmisiting he gferineter| i ght
intersected by a first portion of the. openi rimeter, said ]ight source
r oj ect | HEEbigdhS reBHngr SRR P etesct Sullbyiaied g JopR Foeor t he
openi ng RELdABH BEiwedn lal 1991k sk 864 Ble SHjdRBbEMANS PUBMEtesaind daldiiihpahed
portions of the opening Tperineter and'receiving a portion of sard sheet of
light i naree saidirethebgeeived bobjdary fropethe sgnplediinagt. er and refl ected t oward
said light detector; and an inmage processor comrunicatively coupled to
said light detector, said inmage processor progranmmed to sanple an inmage
f r om sai 4ndéemateorspedt providey amopEdinganessmienent hgsten fenseosngng fin ates ofobj ect

opening fromsaid sanpl.ed i mage. BRI EF CRI PT.LON OF THE DRAW NGS Figure 1
is a sch%l?rgwfaﬁt ‘?HGP{?&HF% iS%WIB%oan&?gn% :Bg%{/ “yasryne Wﬁ@%’ﬁéieﬁg\;’ang%ur e2is
a side Vvigiin@int dhgexX eRRhdiny JBReMIETRA sSdVbsd bmffing @niEasie Bufezzl e

t hr oat ope_nlgg area of a turbine nozzle; Figure 3 is an enlarged view 300

of trailprentediigellnmanateadirstisifleraf the phieel. saidhgbhsovrcs proiestingie ifiny sheet

Cr T 4 B W PR S fan AR s B o2
projecting a second sheet of light intersected by a second portion of the opening
perimeter; a light detector oriented toward said illuminated portions of the opening
perimeter and receiving a portion of said sheet of light intersected by the object opening
perimeter and reflected toward said light detector; and an image processor
communicatively coupled to said light detector, said image processor programmed to
sample an image from said detector and programmed determine the dimensions of the

object opening from said sampled image.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic illustration of an exemplary gas turbine engine;

Figure 2 is a side view of an exemplary measurement device used to measure a nozzle

throat opening area of a turbine nozzle;
Figure 3 is an enlarged view 300 of trailing edge 208; and

Figure 4 is a flow chart illustrating an exemplary method for measuring an opening of

an object using an optical sensor system that includes a measurement device.



2 DETAI LED DESCRI PTI ON 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 fiRENdD DERNAPTICAHPIHEANVENTIGN shaft 26 coupl es | ow pressure
conpressor 12 and | ow pressure turbine 20, and a second shaft 28 coupl es
hi gh- pressure conpressor 14 and high-pressure turbine 18. Engine 10 has an
axi s of tr. i f aft to
2 Gounst PR ¢itde i RIN R oh BT By (BB AR o OS2 7
plurali t)combre@.@czrzlze athlrghqir&sﬁmaionsﬂieswlr i1n, mdurembustofil6CHAEIAE €k Algd | y
arranged . about engi ne 10 between conbustor 16 and hi gh pressure t ur bi ne
18. I n omeeleds @dﬁ@@ﬁtﬁsmga@rb@@ﬂﬁn% logngyesaire tprpie 20 roexhensi e dhmer ci al | v
avai l abl e from General Electric Conpany, C ncinnati, OChio. In operation,

air 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 conbustor 16 propel turbines 18 and
20. .High pressure turbine 18 rotates second shaft 28 and hi gh pressure
-conpressor 14, while |low pressure turbine 20 rotates first shaft 26 and

| ow pressure conpressor 12 about axis 32. Figure 2 is a side view of an
exenpl ary nmeasurenent device 200 used to neasure a nozzle throat opening
area 202 of turbine nozzle 38. Opening 202 defines a portion of a flow
passage through turbine engine 10. Opening 202 is fornmed froman arcuate
first wall 204, an arcuate second wall 206 and two substantially parall el
sidewal I s (not shown) that extend between walls 204 and 206, to define a
substantially rectangul ar opening 202. Specifically, opening 202 is
bounded by a trailing edge 208 of wall 204 and a portion of wall 206
identified by a transverse line 210 projected on an interior
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» face 212 of wall 206 fromtrailing edge 208, such that a di stanc'e of

separation 214 is mnimzed within throat opening 202. An area 213 bounds
trailing edge 208. In the exenplary enbodi ment, neasurenent device 200 uses
an illumnation source, such as a |laser 216, and a conbi nation of |enses
and mrrors 218 to generate planar sheets of light. A beam emtted from

| aser 216 may be directed toward the conbination of Ienses and mrrors to
refocus thmdbeamsingt2d. onefinst shwk @cptouires Ww-plds@itt .coffprésk@t2 Shgelos~ The
conmbi nation of lenses _and mrrors are oriented to project a first |ight
sheet 220 HIFSSHre fubpge %@b%ldaﬂﬁfica’ﬂ(l yhaft 2B squplss hightisessite eqmepressay 1édgd 208
and a se | t1e222. 1 I t] el t I ght
heet 220 B5P{SARE (ORR 1 Endfe S0l AR SUC SRkt 22 PRGRDE S

openi ng 20@sterrh sidecd of gigine Hhafetto A2 vinstremt efles3d ofedding1@dgetuBdef or m ng
an illumnated |ine crcgs trail é{)& e%ge ég& The orientation of |ight
sheet 222 1087F; ¥y 1%, helydss; & Plyighfy; of (noggleethroaty (st shewatin Kisvee dnd

i1l um nat Qﬂ-c{ljn&r@-eﬁtgmgegmﬁ ' t1l f o |1 206
substantial |y coincides wk?%gﬁug%%grégg l%ﬁgﬁlﬁ&&)%{é%ﬁ%&lﬁ%ﬁg%?u&ﬂan

ori ent at i dwbgie 18.j lyrome sbedinkdp, gas twtijnesnghe 16ris a1 GRS angme comrserbmtlant i al |y

i1l um nat ransyerse || 210. . Light sheet 222 also illumnates a |line on
each side§%%@£¥§§'“E@?Eﬂﬂzﬂ%%?%€8ﬁm ’ﬁénmﬁﬂﬁhiﬁHQZOG. The illum nated
lines at trailing edge 208, transverse line 210 and across the sidewalls
define a Howpdestipnf Biatfloves He@IgBSBRLBldsyfe Qomprdiehdl aad EowiptsiePhir i9PENI NY
202. Althougq_openln 202 is substantlalé¥ rectangul arl y-shaped, each

i 11 um nat E8PRldetoRIEhHEGIS TS FURPReES08 sl 4d u dligblyd edropresseil edir iin delivéred g edge

208, tra likne | ar re.optigal sors
224 are p%é:;ﬁ;ﬁ P%ﬁléoll B't océlljﬂgblv&{bﬂeéa\lfg\n&d Oﬂ'g\r%gh‘rll?glstaﬁi%oqmperoigtg%l % %fndl "t he
exenpl ar y High poéssemnt turtdtie | @asthtconecayd stufl 28 ané digh?gidsiuse dombetssor LRNET a.

In an alternate enbodi man]% %b | east _one ofEticaI sensor 224 1s a digital
canera. AVGEISIOW BESFHERRIng 2Qmatates st shaft 26 gpd dow gressurs rommsAISORAYi ce 200
to positiphutarid £al sensors 224 in alignnent with respect to opening
datuns to facilitate :

Figure 2 is a side view of an exemplary measurement device 200 used to measure a
nozzle throat opening area 202 of turbine nozzle 38. Opening 202 defines a portion of
a flow passage through turbine engine 10. Opening 202 is formed from an arcuate
first wall 204, an arcuate second wall 206 and two substantially parallel sidewalls {not
shown) that extend between walls 204 and 206, to define a substantially rectangular
opening 202. Specifically, opening 202 is bounded by a trailing edge 208 of wall 204
and a portion of wall 206 identified by a transverse line 210 projected on an interior
face 212 of wall 206 from trailing edge 208, such that a distance of separation 214 is
minimized within throat opening 202. An area 213 bounds trailing edge 208.

In the exemplary embodiment, measurement device 200 uses an illumination source,
such as a laser 216, and a combination of lenses and mirrors 218 to generate planar
sheets of light. A beam, emitted from laser 216 may be directed toward the
combination of lenses and mirrors to refocus the beam into one or more planes of
light, or light sheets. The combination of lenses and mirrors are oriented to project a
first light sheet 220 in a plane substantially orthogonally toward trailing edge 208 and
a second light sheet 222 in a plane substanﬁally parallel to light sheet 220.
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measuri ng opening area 202 accurately. Specifically, optical sensors 224
are positioned at known angles relative to |light sheets 220 and 222 to
sense the illumnated Iines and neasure their location relative to an

i mage pl ane of optical sensors 224. Each sensor 224 is comrunicatively
coupled to an image processor 226 through conduit 228. A digital
representation of the illumnated |lines circunscribing the boundary of
openi ng 20¥edsgrenreandenite 200 isopdsitmed i aligasatt vilbopdning 12 aichrthhtight
enbodi rrenth %zltz'{)l.ter cog;rpl ed to thg | i ght receivi ng end of each optical
sensor 22474 22P dErsgeiy frajlingipdse 208 Sarnfige ap plyminated) ling asrasy &atling|adge
non-i | I umopgt qle lokiBftati i At 089901 natly; B e
recei ving end of ggﬁatégltl Hglel%?osgleggﬂ%zilgﬁgﬁqﬁliegjrugg% Yx%lgﬁf%%g% | onElfl ltjﬁnaclf;t i ons
are executiggcoml Puodested ling Fermeal axthe anterseétionnsd lhgtalshead2di andtweall 206 t he

| ocation bl lum nated. |l jnes detinin erinmeter. of opening 202. In
one gnbogf"?r%%ﬁajl%’ FRISIIP petheransyert §2ﬂ§u!‘aM‘gﬁﬁb9§F‘a £alkt 2 ogltepf&fl_gﬁp? |

i |1 umi nat eight étees222 i8 adfusted) ]%I%ﬁ"tatds;yﬁo QERGHARY {HurhidSicRRIE B Elind S100ef | ned
by curved or wavy |lines due to design conplexity and/or part distortion
during us@&ightrshe¢te222xalsmilluminated edineeon sachssigevodbtinbexteads betwker walls
digitizer r i . | from Jdcal, s or. 224 and verts the
recei ved iZEES%di%{Gg gﬁ%ilxe ?r{zgg }Ilﬁ%sg%t, gglhagaeﬁg%;pﬁa%?%sr"e’fsﬁ nedgf(g nes an

area W t hiacros$ithelsidenddls idefinob bonedaa xiedt i fghrdsemaBve B #ReipRPinPRRIH s P! ays
an image framthe field of view of optical sensors 224 and may out put the

i mage to SPCHRE Ve . Adtheugh psning 202 ds aybeantpdly reejangnledyshepeddicaget |y t o
a net wor K @i b0 S, | t . .SY.SI.8I5. r

al ijgnment 11 xtare it I’?@?g‘ﬁépldggﬂ?io%as 8@%&82@8"‘%@%@ YRR g€ TR 200
Body 230 itnandverbeding 2R Andl ¢heX3@evialls, manual | y positioni ng neasurenent device
200 with respective to opening 202. Body 230 includes an emtting end 234

ext ends. £ 3 ol BHEE EEhAZa e HAPTURHbI HPRJEr 000 FHEAGEES o
Z; E 2?12?32“‘5%‘??% bon 2%31@? fg?%;g‘?ﬁg?}*hg*ﬁg@“s AR Tonk opEEd s€RBr 94 ROMY;4Z30. an

camera. In an alternate embodiment, at least 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,

-4



| ength of alignment finger 236, and an engagenent portion 244 for engaging
a portion of the perineter defining opening 202, such as, for exanple,
trailing edge 208. A second end 246 of body emtting end 234 includes a
shoul der 248 that extends outwardly from body 230 t owards engagenent
portion 244 and is substantially perpendicular with respect to alignnent
finger 236. Shoul der 248 includes an attachnment end 250 for coupling
shoul der ABCSEWrFSfynctuies adigitizer that reseivemeh Bbaze fromtoptinal ssdes 224 hindsed

support a 4. . .t he exenpl.ar nbodi ment, support senbly 254 is
a bal | be}?’?ﬂ%“%t&%g%‘ﬂ“eﬁs}%né%% |1€7°{$%H‘e‘¥%?§l IS 23] B XUSET it (eI

out war dl y ant aregasithipaiid batdarieedrbe Pixcdidb®imast. f PesedRf B géiﬁﬁ 248.
Opti cal sensor ZZ%recei ve a large nunber of discrete points fromthe

i | 1 uni nat 4Bra8F 0Ek thesle ok yiew of ppticatsensoro 224 pahimy @0ut Benmogs t@24 use

this data 0 Ndl; r ' L the illumnated |ines. In
one enbodilﬁrr%nt, an g?lgag‘?’o*n%ﬁgé}gfgég o‘é‘kegﬁg%ﬁ%ﬁﬁpyzﬁf HFQVOEE%%I&E%“ y using
measur enenmagevdandgpag@tattogeidneystemth a known fixture (not shown) to
nmeasure the area of two half throat openings adjacent to a principal

throat of he nezzle. @f)nbi ﬂg the results yields the area of a conpl ex
shape or &°PEYAERPEY yytuze g# S¢quPledoie yBedbAlq af measwpmant deyice 200.
oper at i on BJA9IB02BOuiEs HAhAKAL! inkd sk | h that
engagenent _ggrr@tior] ]2144 engages%tzpig?In?drlllggggEgglg%[{gk%eagﬁ%ﬁ{egﬁg&%%gggct end
256 -5 cdfitbesrecaye @apsningr202u iy 38Gnclodesvaml dmi g entire 3 fer pogrgag

i tion, ] t 220,01 | uni traili 208, i ght_ sheet
025 11 unt e B RenBica0h il 54 ighment et dSoaitts cterdnfings 98N g
202. Opti enlittiagnadr 2224 Alfndldng TRiBeBH HESHECE taﬁaclﬂ?&ﬂigﬁl%t{%&%ﬁgﬁp t hat

I n ., an

the lines illumnpating trailing eoge 208, transverse t he
si dewal | s caling; alignment Fingar @36fto\body 230, apexteasions posion 24226 adiastingopt i cal

sensor 2 i1 Il Ly nated | ine imge. and .transmts the.inmage to
processor 52{3 ‘\Q/ﬁal_ Cgﬁ{'@@%%ﬁ@] %r%o{ﬁe?%ge%pg&'@@%‘ﬂf@%e@?@m&rwrﬁ%nded by
the i || uniofidieepkrimciesddfadeg opaiing 162 i ek efocR@ApRN Ohifihg 2lipgNORNtA Of
|'i ght sheets 220 a%i 2%% engagenent end .
second end 246 of body eémitting 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. Tn 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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" 244, and optical sensors 224. Processor 226 displays the results of the
calculations in a formcommanded by a user. Figure 3 is an enl arged view
300 of trailing edge 208. Trailing edge 208 includes an interior surface
302 that defines opening 202 and is opposite side 206. Engagenent portion
244 engages interior surface 302, and when manual pressure is exerted

t hrough handl e 232, portion 244 maintains body 230 in alignment with

openi ng 20Pntacts; grexterisstraod¢hefewsid 206. n thieldngageddueitidslighh shect@rber i or

f 3 il d 208.. A di st 306 t t ed
i st ance  chuftnads il B69%0s, 3nF right, hetl B Msinasr hrwersa dioa 298 o ng
202 is calthelsiicedls defifiel Uiehing, 2090 € Uphgal2@8sdrS2Roungdet o4 ivfiﬁp?éspeé?%o

interior surface 302, and neasurenent device 200 neasures the area defined
by the il IWFREZI4 sisinibabibadiass ilkuninating teailisgiedzedi0s) ammee3Otine 21@aadunt ed

chart 11| oo Papy e S AP AR T b AR Eh 222 Rach RPtEHomG of an

chart illustrating an exenplary me
obj ect usi23g receivgtihe dlumiented ling)ifhgsnad Bhndniied e SHage EHSELSHEIYG vigeVi ce,

such as dev{ece ggcoﬁg)shom in Figure 2). The nethod includes positioning 402
an i |l uni FaPiedA EEssqF 4t datermings Wperrahgundad tyhibe dheniphted finesrbasdd ment ,
the il ugniat bRAeCaH] [ I ne laser .,diode. The | aser |ight
beam from t he bI ag.er é’?géﬁ‘gﬁé@g | E ! ﬁ?ggﬁtv%legt%azgé a{lﬂg?&affn@a%‘?r?%teg to a
cyl i ndri ca@f4) mwsopticalt sensats 224t Brockiver 226 dispheait® fealle Jdfile tAGRAHdsGRt

sheet s thaatf exit the i(“)um’ nati on source substantially parallel wth

respect t & O AMBIAded DA USET gnnent finger coupled to the illunination
source engages a surface defining the opening to be neasured such that the

i 1 Vuni nat iFigure 8Us e ehlsrgalividie d0tvot Hadin reaggmrﬂﬂ ngl%ﬁgé.‘i‘@eﬁl% gLy, such
as, but not limted to, a trailing edge a nozzle~“opeéning and a
pr edet er niHed Bridee A0 that gefinesaonepinte? (fearslisanpposinr @ds pe6.i Engaddment t he

i Il um nat i,9RQ: S0 ' ¥ such that, .when the alignment, finger
engages t gﬂlsozlr ggeggen h?%% ]Inlgééﬁg S%‘ﬁ%ﬁ? 53}6?1 gt ‘ﬁg"t“e maﬁ‘f“%‘d@?“é?‘ﬁ? né X884 i ons of
the openi tigotgh handie232pedion 240ptairtaihé Bedy 290 HsilBMenPlvith 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 é nozzle opening and a predetermined reference
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“the illum nation source. Furthernore, the alignment is adjustable to
conpensate for neasuring different size objects and objects with different
shapes. The illum nation source illum nates 404 the boundary that
circunscri bes and defines the opening using the light sheets. In the
exenpl ary enbodi nent, the boundary of the opening is defined by two | aser
| ight sheets. In an alternative enbodi nent, depending on the conplexity of
t he openi ragsa tockli micamvatd. | Myine spdotlidaliynthy ibemiraeuh seakct @ AligrddisteH gat he
openi ng bqg@daéﬁ. ach Iigﬁt sheet int&gsects a surface of the object near
the object”8p ?ré}@%ﬂﬁﬂ BECTt FREIETE eiiSe StTens, c Featlight ashepts| Ukiminated | i ne

on the obiedctéiaied pfttioRbbP e (RAMNENG be el ARl il Fned

substantially parallel wth the operiing oundary, suc e object
boundary rth§ benisatioresares Forthdrmopnshe alignnednt dmalijustableusiconipeskatd fie. O her

boundar i . ' tm.arly illum db
1 om nat QR E  ARFR WPt ol By cgfereatahiisan Hy amistPRea by

lines ill uouratienina@40Dehd bounlaRAthhORrSRIEGE: oB8iihy Bsi
enbodi ment portions of the boundary not iIIur?iAr?gt(% nggyﬁjl%iog%ﬁlhg?%%% are

inferred dje piebt shestshg Ingthe tamsemplary anthedimene thr boeskoy of she lopthiag it he
entire perg t i | s;.defined. by a.conbination,of Iight |ines
and infer rdggﬁ%)%g%ggﬁlg%rqw isg%ttg'dg% ‘éu_&ta!)tfr,naBYJSB’tng’fi‘Fenﬁ ’_i}‘@flg i dhe _

posi ti onedoinplexitysifaht opening,i gidivial Wilithshehs mdy b Fwea do liliRinkRUALAT | es
in the receiver field of VIﬁW such that the optical receiver sanples 406
the il umi°RERiBY bBB‘EAﬂ‘i}%r yach Hebhdeghptsasentsra surtace o dhe phiget| reas thei abiech  t he
optical reeehiMeud ; L Lt er toypstantkal Ly removes

non-il | um%%at Ba T [mngiay?ﬁg@ﬁer%%c{n%gr? r%a?%m ﬁlteau 3p%{%%iﬂneroélc@ﬁ?ée%f’%%,th§ uch as,
for exanplobjectopsnirg Theglinimmgpatediint saliph@hubstahlisley haglld Matomt opading ecei ver
I nput may.facilitat t'h%cthea l n(l; t he contrast of the opening perineter,

t her eby f oTdarY, UG HEF Objryt bREndary sy be Aegelatedtodthe invsition adcearver . | n
the exenplifining®h aBiceOher h38n@Rick ¢3! A i iSO FRNBLAq by an

al ternative enbodi r_ngnt_, teﬁe_ opt i cal%rt%{:e %%I\r(g’e?l}sayzb‘%ﬁl\élhgg]l?’ lg@{r;rl?\;l%ag?d i;f‘jﬁe

recei ved ioRgEMOse fitumigatedtlings motihthdi egtiteaperimetge op tircamanlg i kiefinéd by udes a
Doondeq: plinkh Hufited £% 'RE HIGSTANES WuiE® 'IER atematve cnbodimant, o 0

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-illuminated 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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“illumnated lines in the digital image is calcul ated 408 by the inmage
processor. In the 7 exenplary enbodi nent, the inmage processor cal cul ates
408 a mninumarea within the received boundary. The image processor
extracts two-di nensional coordinate information fromthe digitized inage,
and using alignnment and calibration information accessible to the inage
processor, determ nes the coordinates that are wthin the received
boundary. eéRemplareambedinesenthe dmiye pheeesdt ahicaReisH08ad @fninfum a@lacritghed 408

and out put,from:t i e processor in a predetermned format selected by
the user. Vhi'F&" eHgb(Iﬂr;‘gg]@'nt rf?‘ﬁ\}BWBF drosessTegdractsclvonflimensiondr eavsdingto an
engi ne nozzfoemhtiém AromORRE HiGitple8a; E%H'e S L ARt Cald CDFHALE
contenpl ated. For exanple, 1T is ggn émﬁﬁwat%sgﬁ?h{gf&%ﬁégkp%dse 1bfa\t|'\93ntion
ma3d/ bﬁ apr}Pfoﬁaaﬁl@l awssg_bbttQMhmhmagb rpéo?nsmﬂ ldgtegﬁ'{ﬂemebﬁ?rﬁmﬁteblqhﬁl J,ugm' nat ed
and the ilJ. ed per ters viewed froma ermi nabl e angl e an

di st ance, dél% qgé,rg%%Yednggurf At eﬁhff GO BRI CSERIEA oy dhes totola poardinateg nig

cool i ng paakabesl 409 andbovpud st ithedmape r@&sgg?%uﬁeﬁ%@%eﬁﬁﬁéf "Botnat
cost-effectjve and highly reliable for“determ ning the dinensions of an
openi ng i r‘?ﬁlﬁﬁteébﬂé@ﬁuseﬁ/me specifically, the nethods and systens descri bed
herein facilitate determ ning the boundaries of the opening, and the. area
bounded bm@@ﬂp,oggg Is 10 .addithon, fhe above-described t hods and
syst ens facill_i tat g@%ﬁ“ﬁléﬁalg%g%‘%ﬂ&%gt%‘lﬂéﬁ%*%’Feélﬁ%é? 8B B EHE L5 Aof  the
openi ng qupekihg aned, mumerowsnbtire tapplicdtion® ¢ BRRIAIAEI.! 'RirNk:BehpldSitds " esul t,
the nmethods gﬁ%%m% described herein facilitate reduci ng outage

durati on &HYCmEREs 8 RIGE 1nYenglop oAy dier applisge taadly reyisienb vdhensmner .
Exenpl ary opehing he®mtRroha® BE ME; ns..are describhed above in
detail . Thg sy:%iPems are %gt Irﬂ;h?nﬂltng%ﬁtsa%at eﬁisu;@%?t%ﬁ?ge%%%ﬁ ‘ﬁ%‘ﬁ?@ 385%ri bed
herein, bdetennigablerangteomdodistanee, shcteas busyatlanitebis, Beatlkthdnged, valves,
independeg}uljxoo nd sesoarately from other conponents described herein. Each
syst em cofponent e@an 2&rso be used in

The above-described opening measurement system is cost-effective and highly
reliable for determining the dimensions of an opening in an object. More specifically,
the methods and systems described herein facilitate determining the boundaries of the
opening, and the area bounded by the boundaries. In addition, the above-described
methods and systems facilitate providing an accurate and repeatable measurement of
the opening quickly with minimal set-up time or operator training. As a result, the
methods and systems described herein facilitate reducing outage duration and

maintenance costs in a cost-effective and reliable manner.

Exemplary embodiments of opening measurement systems are described above in
detail. The systems are not limited to the specific embodiments described herein, but
rather, components of each system may be utilized independently and separately from
other components described herein. Each system component can also be used in

combination with other system components.

While the invention has been described in terms of various specific embodiments,

- those skilled in the art will recognize that the invention can be practiced with

modification within the spirit and scope of the claims.
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conbi nation with other system conponents. Wile the invention has been
described in terns of various specific enbodinents, those skilled in the
art will recognize that the invention can be practiced with nodification
within the spirit and scope of the clains. 8 Wiat is clained is: 1. A

met hod for neasuring an opening defined within an object using an opti cal
sensor system said nethod conprising: positioning an illum nation source
adj acent t gheReRhiM@dis:i |l um nating a perinmeter circunscribing the opening;
sanpling an image of an illumnated |ine formed at the intersection between
a |ight sheet and the object opening perinmeter; and cal culating an area

wi t hi n t hetr aceétied fdvosedaning 48 8P LING sSR! Gl [Bge. 2. . A nethod in
accordance Wit h C|.($li m. 1 V\helﬁrge,i‘n o’ﬁ?fjom ng\’%g‘r'{{ 1 ﬁ@ﬁ?trﬁﬂ']gow glglfab%ensor
conpri ses POSTPTHIT MGNOAComPrisiAgnat i on source such that an alignment finger

coupl ed to thpréiﬂimgﬁiifmnﬁw&ﬁr@mtﬁie%'ﬂthfwiﬁ € bounding the opening.
3. Anmethod in gccordance with claim1 whereini I nating a perineter

that circunscrl BREPR BEURAPKECIEHmscrikiag the edepimonat ing a first portion of
the opening per samepley arinidyeaoffdn BliminaGh | : iy l.pat bog a second
portion Oflig{pﬂ?@hé’&%ﬂh erineter wwth a S%E%n e(? ?g © !é%%c&%beﬂ;eﬁ%ﬁod I n
accor dance ‘W th clal ﬂ?(%él{}ﬁépg?mnq PEIRstREEPAg the first portion of the

openi ng per i et ealcutatingransaesa within Meveteingd bé\thdbiy fidm fHérsfaHbﬂadQRaPQe openi ng
with a light source that projects a sheet of I'ight that 'Is orfented in a
pl ane that is substantially parallel to the first portion of the opening

peri met er .2-53 methed tio dccordammowilarataime i akiverdinWakihing SH M ihteR ddmge of
an il um nheflisbé %Sﬂisrﬁlﬁ%ﬁ% itk QL ersecti &n between a |1 ght sheet and
the obj ect. opening peri neter cong?'\ 2Qice such thatgn @ligiment fingeheausied tone
with an oﬁt“? Hlgminadien sqwee engages a surface bounding the opening.

3. A method in accordance with claim 1 wherein iluminating a perimeter that
circumscribes the opening comprises: ilfuminating a first portion of the opening perimeter

with a first light sheet; and fHluminating a second portion of the opening perimeter with a
second light sheet.

4. A method in accordance with claim 3 wherein iluminating the first portion of the
opening perimeter comprises iluminating 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 claim 1 wherein sampling an image of an illuminated line
fqnned at the intersection between a light sheet and the object opening perimeter
comprises receiving each illuminated line with an optical receiver.

6. A method in accordance with claim 5 wherein receiving each illuminated line with an

loptucal receiver comprises receiving each illuminated line with at least one of a video
. camera and a digital camera.

7. A method in accordance claim 1 wherein sampling an image of an illuminated line
formed at the intersection between a light sheet and the object opening perimeter



6. A nethod in accordance with claim5 wherein receiving each illum nated

line wwth an optical receiver conprises receiving each illumnated |ine
with at | east one of a video canera and a digital camera. 7. A nethod in
accordance claim 1 wherein sanpling an inmage of an illumnated line forned

at the intersection between a |light sheet and the object opening perineter
-9 conprises filtering each line 9 to facilitate preventing receipt of

substanti a = illyumnated l.ine illunmnation. 8. A nmethod in

accor dance_bd\)/\r/l'x?ﬁéég I g%?nn% é\ﬁﬁlle{m'ejﬁﬁtoc%c@ [QATENERY Spceipt\aft wbptantiadlyr dlb aprred
perineter tempataddinedhmindtiani ng a ni ni num area defined within the received
perinmeter. 9. A nethod in accordance with claim8 further conpri sing:
extracting_two-di nensional coordinate information fromthe digitized

i mage: and®damathedhinmgceranceonittuclai &svheirdihicalculbiiey sreseh veRinBE irdgtwg  10.
A met hod i perdester emsBeNEARISNR I TGS | culating an area within the
recei ved perineter conprises "giﬁ"h'm nga?%%%&ﬁl'sgg‘i“s{@&h EaRYeT Retyreter 1. An
openi ng neasurenent system for measuring an area of an object opening, said

syst em confirA sieliged i AREMaRI W Si i Lting.end and ap ali gnment
finger extc%radi.n% O'ﬁ't vvar,dI% from_%‘s_agﬁfaﬁgﬁgg 'Ié&rh{'é}%fn ge’étFﬁfg"gaRYCi‘a‘ n$Qlflce
oriented tETIIARIMQMAtGN fopsthe digiizegtimege: ans defermisiag thel coprdinatesi ithin

pr oj ect i ngharédehvet] pehimeterof |ight intersected by a first portion of the
opening perineter, said |ight source projecting a second sheet of |ight

I ntersected by a second portion of the opening perinmeter; a |ight detector

ori ented tiéwArrdetsad th adcbrdaneaditiel claRE b iviieveil RPN i . _and
receivi ngepgrip]%rt'éricgﬁl R.I; S i'F .sh@e? of i h?l .F:?ll%grgtslect ed@gﬁﬁﬁetn%t?eég&eg
openi ng perinmeter  and reetang g re deqimagpght detector, and

11. An opening measurement system for measuring an area of an object opening, said
system comprising:

a body comprising an emitting end and an alignment finger extending outwardly
from said body emitting end;

a light source oriented to illuminate a first side of the object, said light source
| projecting a first sheet of light intersected by a first portion of the opening perimeter, said
light source projecting a second sheet of light intersected by a second portion of the
opening perimeter; |

a light detector oriented toward said illuminated portions of the opening perimeter
and receiving a portion of said sheet of light intersected by the object opening perimeter
and reflected toward said light detector: and

an image processor communicatively coupled to said light detector, said image
processor programmed to sample an image from said detector and programmed
determine the dimensions of the object opening from said sampled image.

12. An opening measurement system in accordance with claim 11 wherein said light

source comprises a laser diode and an optical lens, said optical lens focusing light from
said laser diode into said sheet of light.

13. An opening measurement system in accordance with claim 12 wherein said light

_10_



an i mage processor conmunicatively coupled to said |ight detector, said

i mage processor programred to sanple an inmage from said detector and
programmed determ ne the di mensions of the object opening fromsaid
sanpl ed i mage. 12. An openi ng neasurenent systemin accordance with claim
11 wherein said light source conprises a |aser diode and an optical |ens,
said optical lens focusing light from said | aser diode into said sheet of

light. 13. sbiirc@PR@Ai R3S NS em i n accordance with claim12
wherein saig |ight Fm-g‘faLO soﬁe e con% LR SFAER st lieht ayree Ugminatiag @each
said |ight d Boyndaphi nating a  di ffer ent boundary. 14. An opening

measur enent systemin accordance with claim 1l wherein said |ight source
conpri ses: % gog’é conprising a handle for manually positioning said |ight
source intd 8% Fgfﬁgﬁaq%asgrqanmmtew inradchelaoty edth ;clamd! awhemsrt saidgigend f or

proj ecti ngsburghtomhpidista bb oY asur e tem in
accor dance; ?I ai nﬂi I\/\Q I’el(?}ﬁ%d;fﬂtj g:{gl Héngh@rﬁ%%%ﬂr}%% ?'Pgéggr}ght chrent
portion fol €8 a| 8 'QP'E?QT‘HWH@PEPSJ%hlaGdlachymttlagnendzfctrmetﬂingmghtttbwardf or
adj usting thelabjegt.h of said finger; and an engagenent portion for engaging
a surface defining said object opening. 16. An opening neasurenent system
in accordance with claim 11 wherein said body conprises a shoul der

extending 14.dn spéningotbpstromantlsysaind i bbasiasSAN | Ahbiin 096 L
W th respeﬁ{g F(boﬁ,ﬁ:’lnge§| Jgg\ﬂﬁer}g‘ 9‘% 17. An openi n(}g measur temin
accordance wth clraim1 ¢ ’QP”SR?SUFQ}@F"Q &8ifp ﬂ%stoaﬂaléthcmchmant end
for attachPheNsiu epriomn fdrdefusting adenhthof ¥aidaiided 4HAMHPAETgagERE P&g{i&'l # ng a

i ased su I twardly at |east partial eyon
bi d p@@gbms% y gﬁ%ngrg ({1%“%# dl I P d
outer surface of sald sha Het §PEEDY cont act end. 18. An openi ng
nmeasurenent systemin accordance with claim1l wherein said conputer
Conpri S€s:16. An opening measurement system in accordance with claim 11 wherein said body

comprises a shoulder extending from said body toward said object substantially
perpendicularly with respect to said alignment finger.

17. An opening measurement system in accordance with claim 16 wherein said shoulder
compnises an attachment end for attaching said shoulder to said body, and a contact

end comprising a biased support assenib!y extending outwardly at least partially beyond
an outer surface of said shoulder toward said contact end.

18. An opening measurement system in accordance with claim 11 wherein said
computer comprises:

a digitizer configured to receive an image from said light detector and convert
said received image into a pixelized image; and

an extractor configured to determine an opening area within said pixelized image.
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a digitizer configured to receive an image fromsaid |ight detector and
convert said received image into a pixelized inmage; and an extractor
configured to determ ne an opening area within said pixelized i mage. -11
METHODS AND APPARATUS FOR MEASURI NG FLOW OPENI NG AREAS ABSTRACT A net hod
400 and apparatus for neasuring an openi ng 202 defined wi thin object 38

using an optical sensor system 200 is provided. The nethod includes
positioning 402 an ili’ll;la{] QAP AP SHRRARATLE BARABASURI (bpeni ng,

illumnating 404 a perineter 1 (MY openi ng, sanpling 406 an
LOW RN ARER

i mge of the illum nated boundary, Ing 408 an area 213 within

the received boundary. The systemincludes a |ight source 216 oriented to
project a first sheet 220 of light intersected by a first portion 208 of
t he opening perinmeter, the light source projecting a second sheet of [|ight

222 intersected by a second pprtioqAﬁégRéﬁgéhe openi ng perineter, a |ight
detector 224 receiving a portion of t of light intersected by the
obj ecfopening perineter and reflected toward the |ight detector 224, and

an i mage phoosbsbd0Rak aararunistahtaatiig R WBkAe 002 WiEnbd WihidEhRGi . the
i mage processor 226ﬁfrogramred to sanple an inmage fromthe det e]ct or and

pr ogr ammed* St W] ssasqrpustemikisgnavided. Themethiod dnclogespasgichimgddhe

sanpl e.d | I AlunfihGtior? sédrce 216 adjacent the opening, illﬁminating 404 a perimeter
circumscribing the opening, %ampling 406 an image of the illuminated boundary, and
calculating 408 an area 2.13 within the received boundary. The system includes a
light source 216 oriented to project a first sheet 220 of light intersected by a first
portion 208 of the opening perimeter, the light source projecting a second sheet of
light 222 intersected by a second portion 210 of the opening perimeter, a light
detector 224 receiving a portion of the sheet of light intersected by the object opening
perimeter and reflected toward the light detector 224, and an image processor 226
communicatively coupled to the light detector, the image processor 226 programmed
to sample an image from the detector and programmed to determine the dimensions of

the object opening from the sampled image.

Fig. 2
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