METHODS AND SYSTEM FOR | NSPECTI ON OF FABRI CATED

COVPONENTS BACKGROUND OF THE | NVENTI ON Thi s

invention relates generally to non-destructive

i nspection and, nore particularly, to dinmensional

i nspection of fabricated conponents. Di nensiona

i nspection techni ques are used in many applications
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In one embodiment, a method of inspecting a component is 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 confroller communicatively coupled to the
profileometer, the controller configured to compare the traced profile to a curve

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



defining a predeterm ned nodel shape to determ ne
whet her a break radius of the | traced profile
substantially equals a predeterm ned all owabl e break
radi us of the conponent. BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a schematic view of an exenplary
enbodi nent of a profile nmeasuring gauge system
Figure 2 is an exenplary screen shot of an output
that may be generated by the profile nmeasuring gauge
system shown in Figure 1 in response to nmeasuring a
qgual it i ndi cat or gauge; Figure 3 is an exenplary
traged @&ﬁvlg iebstatialiy eavelsue rredetenmiped ellgwatde direak mydivhef the
coH@S&&ﬁ? measuri ng gauge system shown in figure 1 in
response to nmeasuring a conponent contour; and
Figure 4 is a flow chart illustrating an exenplary
nmet hod of evaluating a radius of the conponent shown
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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



ot her than gas turbine engines. Accordingly, practice

of the present inventionis not I|limted to gas

turbine engines. Figure 1 is a schematic view of an

exenpl ary enbodi nent of a profile neasuring gauge

system 10. System 10 i ncludes a base 12 that supports

a colum 14. A main housing 16 is coupled to colum
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variable differential transducer (LVDT) is used in
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tip 27 as it traces surface 28 of conponent 29:
30 and an output of the transducer may be transmitted to data logging and processing

equipment 32 (e.g. a personal computer) through a cable 34 or other communications
link, including optic and wireless communication devices. Data indicating a relative
position of tip 27 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,



A turntable 38 for supporting conponent 29 on a high
accuracy air bearing spindle, nay be coupled
directly to base 12, or maybe coupled to a conmmon
support, such as a work bench 40. Turntable 38 may
I ncorporate a clanping device or retaining nmenber
that nmay be used to secure conponent 29 in a fixed
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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,



radius with respect to each other |obe. Screen shot
200 includes a display area 202 and a control pane
204. Control panel 204 may be used to control a
di splay of data in display area 202. 4 In the
exenpl ary enbodi nent, display area 202 illustrates a
curve 206 of data points of the quality indicator
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ﬁﬁgonse to nmeasuring conponent 29. In the exenplary
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utilized by pr o measuri ng gauge system

. infoymaticus Sebo dhatedtilsincludes g displayf dred BOR) thalt glowplatyk infvemation
rega?&mg the operation of a curve fitting algorithm utilized by profile measuring
gauge system 10. In various embodiments, 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.



execut ed by anot her machi ne using data accessibl e

fromprofile nmeasuring gauge system 10 through a
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Depending on the component being inspected, a setup 404 of system 10 may include a
check scan using a quality indicator gauge or gauge master to conduct a calibration
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
6



center and one each side of center on the |eading
edge dovetail side. The determ ned scan plan nay
control system 10 to generate scans at one .or nore
| ocations on a trailing edge dovetail side, for
exanpl e, three |locations, such as, one at the center
and one each side of the trailing edge side of the
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. .a setup, 404 of system 10 may include a check scan
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conduct a calibration check of system 10. The gauge
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37. A locator (not shown), for_exanple, a notch may
datzpis exiyader]l fromf eoanndanent 20 podeur ofier{gAPriatadis\ieimandd tefgtinto a
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edgehddlsed for calibration, an inspection scan 408 may

be conducted. The scan plan is initiated such that
gt 45ta 3 BAAiEHT 508 Srorngiey 0 bedarn 6 U rlee
radiGO R AfptoinbfR1y58!T HRCEeydRd tHd¥adius along the traced length. Evaluation
410 reads in the CAD data and the scan data. For each of the scans performed on
component 29, the 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.



X and Z val ues of arm 22 are neasured and
preprocessed by system 10. An evaluation 410 of the
i nspection scan is conducted using a software
algorithm such as U traContour Software. Eval uation
410 is used to generate the edge radius of the
contour traced by tip 27 during inspection scan 408.
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determ ning a di nension, such as a maxi mum br eak
radi us of a conponent. The nethods and apparat us
descri be repeatable data sets using a profil eoneter,
fitting collected scan data to a specification
curve, and determ ning whether the scanned data
neets predeterm ned specification criteria. The
CldMBods and appar atus descri bed above facilitate
fabrication, assenbly, and reducing the maintenance

cycle ti f conponents in a,cost-effective and
1. 7oA Sisio it hene SRR ? BgRhchent 52 RiSha st
conmponent inspection systemis described above in
recélGha ieﬂfplurﬂii@ ofyiatagibinth tHas Héfddeatbhiape Gi0the bibb@at;t 0 t he
speci fic enbodi nents descri bed erein, but rather,
conponents._ of each may be utiljzed i ndependently and
fitting e reeaved datp iyt fop cEDRIBHelsigeyR PEdeiseningd magde! shape;
andWi I e the invention has been described in ternms of
various specific enbodiments, those skilled in the
art will recognize that the invention can be
compagiog ithe deogiver dagmoihisciat thercuniet défming) éhespiedétermzined model
scope, of .the cl.ai ns. CLAIMS: 1. A nethod of
sha O it o CoRihis A CCEmPRGEod conpr 1 si n:
receiving a plurality of data points that define a
2. shapen@hod bt acorp@oertith Claimhi Nghtken reeringed plailaty of data
points to a curve that. defines a predeterm ned npde

poi{p sp@pTisesTECHHRg & PiHElibhel dide Ppindythah definsoamputer brepk edge
13&%96Y§m§8&&8ﬁ%ﬁ.the predeterm ned nodel shape to
re

etermne a ak radius of the conmponent. 2. A
met hod in accordance with Claim1 wherein receiving a
3. pl vk ahéthgd of actardancporitit €lagonpwhsesn recking agluality of data
.plurality of .data Epi%ts ﬁgat defg an outerﬂ?reak
POty (AMPFSH; "TECIERS 4 BUE ) Sh St POt AT a5an jof, the component
usiBCLQMBRDBRMMdmiktéd ai m 1 wherein receiving a plurality
of data points conprises receiving a plurality of

data points froma scan of the conponent .
4. A method in 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.



using a contact profileoneter. 4. A nethod in
accordance with Claiml wherein fitting the received
data points to a predeterm ned nodel shape
conprises: selecting the predeterm ned nodel shape
havi ng specification data points that define a
desired profile of the conponent; and fitting the

6. curXenebdd nezbcbydahdrewith €daived vdaetran doienhmingda bivak radius of

specification dgta points. 5. nmet.hod_i n accordance
the SRS SO A AP ETRITHIE ek BB ACAR B ot o poi i s
to a predeterm ned nodel shape further conpri ses:

7. detehBitdg adcdBxicE WP ARem Mofirier @mpriehd A/FHMEE the break
data points; and fitting an are to the received data

radigs ihatdeastengeeirn dspenand peomptcrigadabladilsdge radi us

and an end of the maxi num edge radius. 9 6. A nethod

inAa ' ' ”;émg; .n determning a

8. br ézz\aﬁﬂ%lziﬂl ?ﬂ@q%weéﬁgygﬂg{%%n nt E%Onpri ses determ ning
a break radius of the fitted are. 7. A nethod in

a figooorcdidigured wh trair@hiaiarcoinpboertther poalefErmgied dixod ppsition dgring
t he g{eak radius to at |east one of a display and a

a scan, ohthedOmMPEAGkh e file. 8. A di mensional inspection

system conprising: a fixture configured to maintain a
a profilgaaiesticonzRedioatRt alpibMedf iHoehpdasait! an during a

scan of the conponent; a profileometer configured to

trace a profile of the conponent; and a controller

a copggpherropgruniertiyelyoypled to said arofilenmesten, suifrsemrtrolles genfigured
r i

o O e SRR B 2 ShSSRERFIECs PCERRE OB chipe 1o
detatetier whethenhettrerk aadineaif thedirasedoprdiile dubstemtiblly equals a

rofile bs tially. e s a redet erm ned
reititpia) Aloppbibrdrdinsf Benetuohitnent . o A

di mensi onal inspection systemin accordance wth

9. O oA BifeMdiRiaeiitkpsdion syRfcaf ih QeFREfice GHRPUISRSE wherein said

profileometer comprises
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.

10



a contact pin configured to maintain contact along a
surface of the conponent ; a tracing shaft conprising
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 neasurenent unit

rotatably coupled to Saidﬁﬁ%VOt axis, said

neas uM@n%IrQD% AND SEEHEN iR I P R HEA OF EABBICHLED
signal indicative of ar@ R iE®fsrotation of said
traci ng shaft, said neasurenment unit configured to
translate said pivot axis in a direction in a plane
AGFSTRAGT (AHIOE HACHASUERE ng shaft. 10. A di nensi onal
i nspection systemin accordance with Caim8 wherein

MRt o GPD0 B BB " BleBE PO o Bl method
iefids réfbiWhd HADS) ANPlupHiy Edf GelR hoRBEMREt GNAGE a shape of the
FABRI CATED ~COVPONENTS ABSTRACT OF THE DI SCLOSUR

cqBRRSES  Hittnsa (b athgs recsiverl ndgacpeing & cormyorrethat( defjnes a
DA e, S 1975, DERLABO A v e

caoapiefieimi, thé iprédetgmineiOmnotiéleshape @b \detbntlaicaa pedakt 2dive of the
a curve that defines a predeterm ned nodel shape,

CARPEBhpar i ng (412) the received data points to the
curve defining the predeterm ned nodel shape to

FRatepm ne a break radius of the conponent. Figure. 2
ARTS LI ST profile nmeasuring gauge system

11
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