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~METHODS AND SYSTEM FOR | NSPECTI ON OF FABRI CATED
COVPONENTS BACKGROUND OF THE | NVENTI ON Thi s i nvention
rel ates generally to non-destructive inspection and,
nore particularly, to dinensional inspection of
fabricated conmponents. D nensional inspection
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techni ques include a visual or manual inspection to
facilitate determning a service condition of a
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profile of the conponent, and a controller
BRIESIDESCREATION QF AHIHINVENGIONe profil eoneter, the
controller configured to conpare the traced profile to

a curve. defini a predet.erm ned nodel shape t
Tn ofig EERAITRE G ERUI AL EReR RS A cOEPGReTt s Provided. - The method
includes receiving a plurality of data points that define a shape of the component,
fitting the received data points to a curve that defines a predetermined model shape,

and comparing the received data points to the curve defining the predetermined model

- shape to determine a break radius of the component.

In another embodiment, a dimensional inspection system is provided. The inspection
system includes a fixture configured to maintain a component in a predetermined
fixed position during a scan of the component, a profileometer configured to trace a
profile of the component, and a controller communicatively coupled to the
plfoﬁleometer, the controller configured to compare the traced profile to a curve

defining a predetermined model shape to determine whether a break radius of the




traced profile substantially equals a predeterm ned
al | owabl e break radius of the conponent. In yet
anot her enbodi nent, a conputer program enbodi ed on a
conmput er readable nediumis provided. The conputer
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enerated by the profile neasuring gauge
the §9ﬁ§?@}ﬁng 1S Fubstaial wqylai tcr @@@?@@Wﬁ@é&%@@ .Sﬁ@ﬁ&catmn

| and rlshnlit¥ an' ﬁigi gﬁ‘érp bf d4xU@ke Hﬁleto lﬁaﬁ%ng)ﬁ?@hlgéﬁ{%r and a

screen shot an out put th Be gener at ed
conputst ir¢aglableddsur i ng gauge system shovvn in figure 1 in
response to nmeasuring a conponent contour; and Figure
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- measuting ghegedeybtém shownt ini Rigre 1 in response to measuring a quality

indicator gauge;

Figure 3 is an exemplary screen shot of an output that may be generated by the profile
measuring gauge system shown in figure 1 in response to measuring a component

contour; and

Figure 4 is a flow chart illustrating an exemplary method of evaluating a radius of the

component shown in Figure 1.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “component” may include any component configured to be
coupled within a gas turbine engine, wherein the component may include dimensional
characteristics indicative of component wear and/or failure. The turbine blade

dovetail illustrated is intended as exemplary only, and thus is not intended to limit in
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any way the definition and/or neaning of the term

"conponent”. Furthernore, although the invention is

descri bed herein in association with a gas turbine

engine, and nore specifically for use with a rotor

for a gas turbine engine, it should be understood

that the present jnvention is applicable to other
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stylﬁ§ ﬁ’élﬁ‘dﬁl@{a@é 9fig conponent 29 also may be transmitted
to data 0ggi'ng and processing equi pnent 32 to
provide data indicative of a nmeasurenent of a surface
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posi\{i?){llo%q{peﬂ of stylus 26 along component 29 also may be transmitted to data

logging and processing equipment 32 to provide data indicative of a measurement of a
surface profile or form of component 29. Either Stylus 26, surface 28, or both may be
moved with respect to the other member so as to allow the generation of a two- or
‘three-dimensional surface map which can then be displayed on a visual display unit
36 or printed as a hard copy. In the exemplary embodiment, a linear variable
differential transducer (LVDT) is used in combination with stylus 26 to detect the
position of tip 27 as it traces surface 28 of component 29. '




differential transducer (LVDT) is used in conbination
Wth stylus 26 to detect the position of tip 27 as it
traces surface 28 of conponent 29. 3 A turntable 38
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a cofd O%m%e)ru Erafddeck of profile neasuring gauge
system I'n the exenplary

Figure 2 is an exemplary screen shot 200 of an output that may be generated by
- profile measuring gauge system 10 in response to measuring a quality indicator gauge

(not shown). A quality indicator gauge may be used as a standard for a calibration

and/or performance check of profile measuring gauge system 10. In the exemplary
. embodiment, the quality indicator gauge includes four lobes that each have a different
radius with respéct to each other lobe. Screen shot 200 includes a display area 202
and a control panel 204. Control panel 204 may be used to control a display of data in
~ display area 202.




enbodi nent, the quality indicator gauge includes four
| obes that each have a different radius with respect
to each other | obe. Screen shot 200 includes a display
area 202 and a control panel 204. Control panel 204
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gas turbine engine blade. In an alternative
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gauga epstenofl.| elnmeasousi ergb@hmgms the curve-fitting algorithm may be
executed by another machine using data accessible from profile measuring gauge
system 10 through a network, communication media, data storage media or other data
communications device. A first CAD curve 304 defines a specification profile for a
shape of component 29 traced by profile measuring gauge system 10. Cad curve 304
may be stored in a database containing data associated with component 29, such as
the specification for the profile measured by profile measuring gauge system 10. A
limit curve 306 defines a limit for the maximum radius for a contour of component 29
' traced by profile measuring gauge system 10. In the exemplary embodiment, the

maximum radius is selected to be about .015 inches.




system 10 t hrough a network, communication nedia, data
storage nedia or other data comunications device. A
first CAD curve 304 defines a specification profile
for a shape of component 29 traced by profile
measur i ng gauge system 10. Cad curve 304 may be

dat a associ at ed ,w

st org&e tabase nt ai 2 % (}h,
ﬂ’lSP 2@5 d[a ﬁceé‘ée Yh%m SRFULIE; GIHES systemyd U during a
scal Bpééﬂiﬁoﬂéﬁﬁw r egdrvBB0BRides a']ﬁfﬁ%}ify' d'fgilél?éfg 8atd pointRatdbled

limt curve 306 defines a’lim¢t for the nmaxi num
by praﬂlmeefsunng gaugetsysfemdfo asdrpplﬂwteaues 2@fact 28 of dompponent 29. In

rofile ur ng u stem 10. | n the exenpl ar

the Bxemplatiesiibodment sy Geretive ing: algorihIm Selfcty g bpgtion of the
pluﬁhﬁwa St Qﬁﬁeﬁomﬁk @uéﬂJ Y FordP Sotlits Phayeh didé of a selected

rece| ved by profile neasuri ngogreﬁge system 10 during a

dpeint *@f“@%’é‘c’iﬁ@rﬁAﬁwmﬁ% cadigeboreaph of g9 sefected
midBbir i ger% %Jpﬁ‘ttﬁeﬁ&l”ﬁht%ﬁ m oﬁqgé%‘;éaggraﬁﬁg%{deg Snay

auge s traceds
there bmnombhtedZﬂ;r elxampleh by exepingry setedisble Aember éMthe calculated
tergtlve curv? fitting al gorlthm sel ects a portion of
midppt agivs Yalyss, (@igsperatcan Pitnoi nt s, such as forty
poi nts on each side of a selected m dpoi nt, " best

Flglflﬂettl i @ o chAtk b8 aBOkenmPldy @ﬁéﬁh&@QU@ of fle'étlu@t‘fi’x‘fé1 a‘}fadﬁlp of a

selected midpoints may be cal cul ated and t
compmhent] stgd ama@pmoncntbl%dﬂlmd inugigwe ubs Ma}hoct Héh ibeludes

combi n f.or by aver agi a sel ectabl e
dort B0 afifipefdRTRRS rorthe RoREBRHT hsthesboeclilobfed at teast
partillyUs, at fard afuedtat eofaeom?éxw 2901 gume iI{JsPe&ma bla@Wfor each
chart of an exenpl ar hod 400 of eva

uatin
configeiatien of canp@@nb% e&wsedég @qn@r@tectbqpmsrr@m@g gEl‘m)wﬁn
ma)F bl tgi )con t Rgtgméllqptﬁ & nerage scan% d oglre rHr rr]monr locgf) %% across a

| NSpectron pran tor t conponen I’'ng N

leadi)ﬁ?g edbeadidd 6Btk dopéail, Rt kyardple fatnBifde 16¢4tBAS, sﬁéh as, one at the
nponent 29, An inspection plan for each

Cenf@b ﬁlﬁd Bitf each sKleat Cé%tﬁ*p@'h thetleaing sdgesdayetad) sifien chher determéned
scaﬂ?ﬂaﬁ%%ﬂﬁtrol-r terit Herafga%aﬂse aygr?ed of 91 é)ntsd'aﬁt)ns on a

system to generate S ans at one or ocat
trailigy @tps davethid aidenfyr extoepls, tHeedbcdtioas dﬁMﬁ‘mﬁbhe atf the center and

e, .at three | ocations, such as, one at the
one%‘ﬁ{@# ¢ Jading sdge € %I%fotgF de¥sieitr on the | eading edge
dovetail side. The determned scan plan may control

DySISLEh I, Ly RERIEIS GRS 50 i) (A e
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check of system 10. The gauge master may be positioned in fixture 37 such that a
dovetail surface of the gauge master is oriented generally horizontally such that
fixture 37 grips the gauge master on opposing sides that are substantially
perpendicular to the dovetail. In the exemplary embodiment, the scan X-zero is
started at approximately 0.030 inches from a dovetail valley of the gauge master. The
scan Z-zero is started at approximately the depth of the dovetail valley. The X-scan
increment may be selected to be a predetermined value, for example, fifteen micro-
inches. After the gauge master is scanned, an evaluation macro is processed by

system 10 or another processor. In the exemplary embodiment, for an acceptable
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one each side of the trailing edge side of the

dovetail. Dependi ng on the conponent being inspected,

a setup 404 of system 10 nmay include a check scan

using a quality indicator gauge or gauge nmaster to

conduct a calibration check of system 10. The gauge
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Eval uation O 1s used'to generate the edge ra
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cordpoherit POOR scan data is fitted to the CAD data by iterating, for example, ten
times. The CAD data is then deleted. An arc is fitted to the scan data between the
start and end of the maximum edge radius. The fitted arc is dimensioned and the
maximum edge radius value is reported. In the exemplary embodiment, six
measurements (three on each side of the blade) are made and the average
measurement is reported 412 as the blade value. A passing criteria for each
component 29 may include, for example, the average of the six edge radii may exceed
a predetermined value, the average radius may not exceed 100% of a drawing
specification, and/or none of the. reported values may exceed 200% of a drawing

maximum edge break.




sel ectable length of scan data. The scan data is

i ncludes the area of the maxi num edge radius. The
scan data is acquired from approxi mately 0.010" before
t he maxi num edge radius to approxi mately 0.100"
beyond the radius along the traced | ength. Eval uation
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. ' . [ ' c i s dinmensioned
fac%%et Eé C%ngl%l? %%%%@%%%@%%ﬁ%eg{ S eported. In the
exenpl ary enbodi nent, six neasurenents (three on each
Thesatdee-dfsaribed nicticels aad eppastes arecdcosteffatiee angd highly reliable for
nmeasurenent is reported 412 as the bl ade value. A
detoS AU & GFPEPR oIl 2SR SRR RGN T DY Pl PREODER, The
meth8dls SXPAPHRatul R @R RPGtsHle UG St uﬁﬁged ﬁ‘)‘i‘i‘léaqn{@éi', fitting
exceed a predeterm ned value, the avefage radius nay
collaegied ssepaleth 10 @OPeCficatiotreuniengnd desenmifingavliether tenshamed data
one t he., reparted val ues exceed 200% of a .
mely HydRismiE RERPEHTD tRelR TReAmRlERn ol sroppot, despribed
aboté €aciitaieOfbriedtad bembEy, hd tri@uchys HRMamithah®) BRAS time of
described herein include at |east one of the accurate
comppEeits fentasbriedive andielisblegnansier.conponent  di mensi ons
and conparison of those dinensions to a predeterm ned

An SRE LY AR RRp R of SELbbAELE LRSS o 80 0Bt by

detaiblt mbﬁ lsyﬁf]tc‘mi ihmgatedt igsoa rlimitedgt_b-thé fspetifiey embgdirﬂtingﬂ"ldiascribed
rrel.l a or eterm ni a di mgnsiqn, Su as

hergiR T Er @%@&P?l&&ﬁ@t] D a3 Bl IndoRendeRgF e Searalely

froABRRF BdHSorRAS Wt el BRRA abl e data sets using a
n)profilégé%ter,e??tfgng coll ected scan data to a

specification curve, and determ ni ng whether the
‘While ghenimgyentinnahasnessnsdeseritebdt iar teime df ypeaist speeificosmbodiments,

oot 80 3y 1 SRS BREBTS 5 S I v

- modiBitdioRRANGLIRYHIR ahdl BRpRlof teQIAARENtS IN a

cost-effective and reliable nmanner. An exenpl ary
enbodi mrent of a conponent inspection systemis
descri bed above in




detail. The systemillustrated is not limted to the
speci fic enbodi nents descri bed herein, but rather,
conmponents of each may be utilized i ndependently and
separately from other conponents described herein.
VWil e the invention has been described in terns of
Céﬁﬁ&§#s speci fic enbodi nents, those skilled in the
ill recognize that the invention can be practiced
- with nodification within the spirit and scope of the
1. ¢l aiAnReth&d 6LinbPdating b compPoriRt, RO éthdSREGHS 2
conponent, said nethod conprising: receiving a
plurality of data points that define a shape of the
receiypgcntality ofidatappinty ghat defina acthapaebthp epmpenan a curve
that defines a predeterm ned nodel shape; and

B g e e B8 (T Rl B ke Fpodel sape:

andr eak radi us of the conponent. 2. A nethod in
accordance with Claim1 wherein receiving a plurality

of dat oL nt.s.conprises receivi .a plurality .of
co gptgP ﬁ?csm eﬁa‘ia%bl ggﬁnffetoawepw d‘%%@% %'éed@_@detF Pf& mygpdel
shab@ & EAFRINEbreal radthsBIHROpbnagcor dance with Caim1
wherein receiving a plurality of data points

conprises_receiving a_PI urality of data points froma
2. scafy Bethedén aenopdmentvithClaing lawhereitaraceiyings ¢ phisality «f data
pify o BEAMH S REAARC e 6 B UM bolchEblel bl O

radskapthecomponars: sel ecting the predeterm ned nodel
shape havi ng specification data points that define a

desired ofile of the.c onent; and fitting,the
3. cur én%re% b ACq9¥Can6e W&@%& WAEKI FRoRlV g %%%Uﬁglty of data

poiftd ¥Biphiat icefivAgt ApREIHY S dRta PiIAFEHRAY al L2 6F Ml Sonent
with aim4 wherein fitting the recelved data points

usingy epntace desfideamieterd nodel shape further conpri ses:
determ ning a maxi num edge radi us of the received data

4. PO! Rtrﬁéth(?cpl% accordance with Claim 1 wherein fitting the received data points

to a predetermined model shape comprises:

selecting the predetermined model shape having specification data points that define a

desired profile of the component; and
fitting the curve defined by the received data points to the specification data points.

5. A method in accordance with Claim 4 wherein fitting the received data points

- to a predetermined model shape further comprises:
determining a maximum edge radius of the received data points; and

fitting an arc to the received data points between a start of the maximum edge radius

and an end of the maximum edge radius.




fitting an arc to the received data points between a
start of the maxi num edge radius "and an end of the
maxi mum edge radius. 9 6. A nmethod in accordance with
Caimb5 wherein determning a break radius of the
conmponent conprises determ ning a break radi us of the
fitted arc.. 7. met hod in accordance with daim1 .

6. tur f*ht@F%egﬁ%ﬁ?@r c%mtgﬁl?%a Wiggelp detekminingin heeak gadips of

the'c%ﬁ%hnéﬁ'ﬂ RoMibrifes YeRRhRinABredk FRTRWISKe fikddpbl e file.
8. di mensi onal inspection systemconprising: a
fixture configured to maintain a conponent in a

7. pr et endthed meapcondgrens widhs Claimnl futhiengomprisiegoutpitting éhe break

TP ot R SRR 2 °

comruni catively coupled to said profil eoneter, said

-8. com dimhdmeionalanépegisred)steirncaiapriviige t he traced profile
to a curve defining a predeterm ned nodel shape to

det er mi ne ether a break radius of the traced profile
a ST PRI TERHIARS G mgREtah & RRsdrisaminer Gugo Peb iR v
a sdafdrdfe @ngohentconponent . 9. A di mensi onal inspection

systemin accordance with Claim8 wherein said

profil eometer conprises a contact pin configured to
a profileemsiter conhgued todrasa @ paofileof theeconfpontis; awhponent ;| a
traci ng. shaft conprising a distal end coupled to said

> . . . ¢
e SR s T O L SR s
to emiara theeaseed eprofile tond tuvetdefiabigya poedetettlired medall shape to

i vot axis, said neasure t unit. configured to
det a’t'aléeﬂ% 63{1’ r%‘flﬂfn 2 theafrees) veolde hstaptinlig egyals 2
pre&&érﬁ}ih&f‘algfv{aﬁﬁ Weakt thditk Hﬁthégzéfg&:oneﬁﬁ“ d measurenent unit

configure o translate sal vof axis in a
direction in a plane of rotation of said tracing
9. shahtdimeasional dispestinosyateni irs pemidance syigt Ehaimnd wherein said
ance with Claim8 wherein said a controller

@fcorp
PO SHBFI S &M B P ocessor programmed to control

translation of said pivot axis during a scan. 10
a contact pin configured to maintain contact along a surface of the component ;

a tracing shaft comprising a distal end coupled to said contact pin, and a pivot end,

said tracing shaft configured to pivot about a pivot axis in said pivot end;

a measurement unit rotatably coupled to said pivot axis, said measurement unit
configured to generate an output signal indicative of an amount of rotation of said
‘tracing shaft, said measurement unit configured to translate said pivot axis in a

direction in a plane of rotation of said tracing shaft.

10. A dimensional inspection system in accordance with Claim 8 wherein said a
controller comprises a processor programmed to control translation of said pivot axis

during a scan,
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