METHODS FOR DETERM NI NG THE DEPTH OF DEFECTS BACKGROUND OF THE | NVENTI ON
This application relates generally to the detection of fatigue cracks in
materials and, nore particularly, to nmethods for detecting fatigue cracks
in gas turbine conmponents. Vibratory, nmechanical, and thermal stresses

I nduced to an aircraft may cause fatigue cracks to develop in a variety of
conponents. More specifically, |ow cycle fatigue (LCF) cracks may devel op
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contam nants, within tﬁ?eI cracks or defects.. Additi opal Ii/,_ at | east _some
known NDE“FSKhBEPagAly thp feEppnerididefecting theeragks earhoin Wi maewh
roughness naRGaQlined redtdih@6GnFdteAPhiigRs Whi ch do not result in conponent
failure. In"particular, craze cracking of coatings may cause nultiple fal se
i ndi cations using at |east some known NDE nethods. To facilitate accurate
nore rel | 48] astesame knowint RerdesirpriiveasvalieptiBRSINBEL anethodsafor énspectingone
conponent ' ' ' t f.NDE. __Infrare DE
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P testing, and %uorescent penetrant inspection {(FPI). Generally, none of the known NDE

methods are considered to be singularly capable of detecting LCF cracks with
sufficient reliability, ease of application, and with reduced environmental, health, and
safety (EHS) concerns. More specifically, unique geometries of some components
may restrict the evaluation techniques that can be utilized, and at least some known
methods are susceptible to errors and false indications from contaminants on the
surface of the component being inspected, or contaminants within the cracks or
defects. Additionally, at least some known NDE methods may inaccurately indicate a
defect from surface roughness and other surface anomalies which do not result in
component failure. In particular, craze cracking of coatings may cause multiple false

indications using at least some known NDE methods.

To facilitate accurate more reliable results, without increasing EHS concerns, at least
some components are inspected using infrared methods of NDE. Infrared NDE
methods operate on the premise that all matter continuously absorbs and emits
electromagnetic radiation. The continual motion of the charged particles within a

material results in the emission of electromagnetic radiation. More specifically, the
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material results in the em ssion of electromagnetic radiation. Mre
specifically, the -1 notion of the charged particles will increase with an
increase in tenperature and cause a corresponding increase in the

conti nuous em ssion of radiation fromthe material. Cracks and defects
typically absorb nore radiation than other areas of the conponent, and as
a result, the cracks also have a higher em ssivity and radi ance relative
-to the ranationvef thef¢harged ppriieles il ringrgaseawish anciasreaser inotemtierajurehanddef ect .
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heating the conponent surface using electromagnetic ra I on to cause an
i ncrease iHpvexer, andeNDEr tochnaqute frsaytnop be sklatto distingusiciostyesredafedsiwhinhe, and

detecting erarure riati.o wi t hin the conponent. .surface using the at
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nmeasur ed @bndgekredet erm ned | ocations across the conponent surface. The

met hod further conprises detecting cracks in the conponent by anal yzing
radi ati on_transient response data received by the infrared radiation
detector, %F&}W‘(W THE %WTIQ}&W variations to the radiation

transient response data to determne a depth of the detected cracks. In
anot her asPeaE adhedEh AGhdPor MRtk B MkkledGRiidl o 8 c%h%%ﬁ?dt%u?fagé)ﬁponent
is provided. The nmethod conprises positioning a surface of the conponent
to be inppeededd Theametbpdiconiprises posifioning | = astfacenef thef campehentido diei on

detector, .suc hat th optd cal .path is.substant.i.ally normal to pl ane
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pr esent i%the conponent surface, such that the heat is applied .
om a defect present at the component surface, and detecting temperature variations

within the component surface using the at least one infrared radiation detector, such
that the surface irradiance is measured at predetermined locations across the
component surface. The method further comprises detecting cracks in the component
by analyzing radiation transient response data received by the infrared radiation
detector, and correlating the temperature variations to the radiation transient response

data to determine a depth of the detected cracks.

In another aspect a method for determining a depth of a crack in a component is
provided. The method comprises positioning a surface of the component to be
inspected in an optical path of at least one infrared radiation detector, such that the
optical path is substantially normal to a plane parallel to the component surface,
heating the component surface using electromagnetic radiation to cause an increase in
radiance from a defect present in the component surface, such that the heat is applied
to the component substantially normal to the component surface, and detecting
temperature variations within the component surface using the at least one infrared
radiation detector, such that the surface irradiance is measured at predetermined

locations across the component surface. The method further comprises detecting
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to the conponent substantially normal to the conmponent surface, and
detecting tenperature variations within the conponent surface using the at
| east one infrared radiation detector, such that the surface irradiance is
nmeasured at predetermined |ocations across the conmponent surface. The

met hod further conprises detecting -2 cracks in the conponent by anal yzi ng
radi ation transient response data received by the infrared radiation

det ect or, caass bthe epmppnent bl enalzzipg radiation teasical teepesse data meeeivadibsittheon

transient ; e t d LRe. h he d cied cracks. BRIEF
pescr i REFRES R b A bR HE R Bade orlBb BTl iR o
exenpl ar y theasidaigtspontd data avddteratinondepthspihetdertededcksn Figure 2 is an
exenplary illustration of an infrared video i nage of a portion of a
conmponent _se ' | ' he i nspection system shown in
Figure 1, Jéﬁﬁéﬁgiéﬁﬁghgiﬁﬁﬁ%ﬁﬁﬁyﬁﬁkﬁﬁg ration of a graph of radiance
emtted fromthe conponent portion displayed in the infrared video image
shown in Figeel 3s Anhdhatit iIRISBHESE O NeExbblafy Moh8LMALA I Qaludich Fi gure
4 is an exenplary illustration of a graph of the radiance emtted fromthe

conponent HPEEHABEYECEH| ayed in the infrared video i nage shown in Figure 2
and during scanning. DETAILED DESCRI PTION OF THE I NVENTION Figure 1 is a

schemati Cc ' : i luat j. t
ystom & (HECE " BRria B GERRL e ARES! LiBh HBeC D # BMER IIF o
dept h of sumiponart adkstedfordmdpection, using the asppaivarnystdf.shéwatn Bigdrd 5 an
exenplary illustration of an infrared video inage 12 of a portion of
conmponent _10 bej ng inspected..Fiqure 3.is an, exenplary illustration of a
raph 14 SIEHSG) dnc BRTEREY Isidhe ot e 61 TAUuHSoAEHISL BOM LA ayed i n
infrared \‘hbapendnipeRich2iisIANA ih theidiratdd Ad& BEeShbwAes Fighé O at a
tenperature. Figure 4 is an exenpl arc?/ illustration of a graph 16 of the

radi ance ®rgdetesited symifpra tevaparature; 88d conponent 10 displayed in infrared
vi deo i mage

Figure 4 is an exemplary illustration of a graph of the radiance emitted from the

component portion displayed in the infrared video image shown in Figure 2 and

during scanning.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a schematic illustration of an exemplary nondestructive evaluation test
system 8 that may be used to detect cracks or defects, and an associated depth of such
cracks or defects, in a component 10. Figure 2 is an exemplary illustration of an
infrared video image 12 of a portion of component 10 being inspected. Figure 3 is an
exemplary illustration of a graph 14 of radiance emitted from the portion of
component 10 displayed in infrared video image 12 shown in and at a predetermined
uniform temperature. Figure 4 is an exemplary illustration of a graph 16 of the
radiance emitted from the portion of component 10 displayed in infrared video image
12 and during scanning, as described in more detail below. In the exemplary
embodiment, component 10 is an aircraft component, such as, but not limited to a gas
turbine engine component. Component 10 is secured for inspection within a fixture
22 such that component 10 is positioned within an optical path 24, or within the field

of view of, at least one detector 26. In the exemplary embodiment, only one detector
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12 and during scanning, as described in nore detail below In the exenplary
enbodi nent, conponent 10 is an aircraft conponent, such as, but not limted
to a gas turbine engine conponent. Conponent 10 is secured for inspection
within a fixture 22 such that conponent 10 is positioned within an optical
path 24, or within the field of view of, at |east one detector 26. In the
exenpl ary enbodi nent, only one detector -3 26 is illustrated, but it should
be noted t24s illspitgd.diut ityshepldibefnodedsBatieplucality of dranaddetestors 26 Imaydw:  For
exanpl e, -ect o 26 _may, b t LS not limted to bei ei.t her, an
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beam 34 while maintaining a high output. Focusing optics 32 work in

conj unct i gnlagért3n dadresisingoptick 9 brRiddh aflferd s€dnmdddptader B8&h BAdvIEARRE OUut put
for |aser beam 34. In one enbodinent, focusw optics 32 cause | aser beam

n
34 to be fsrdidedhaah selgptiv: prgimswpl Icempensnt 3sprfage s3vaag amsrrstior cdfponent
surface 2 hay; | I | . ] aser .beam 34
o bo T ootQRaoh el 27 MoreRRARKIRE focrkiE 120 SDRBAEE uferfRUAE stolRCinal
expanded ‘iddusing| cfseamb¥hmhdé manmodng edigic vatpat. Fooapanestics B2fwok 8. I n a

further enbodi nent,. focusjn tics 32 cause | aser heam 34 to be focused
in a seri 881118?&@8%‘&%?6’?381(649 P&F%@% ang t¢ greate %aﬁi‘ﬁeg&ﬁ"ﬂ@ QiR et aget oss

conponent hgah BaCEn e erhbbdied, FREAAE b¥csSIMRAMLBHM befiABYTH B FRELLH, 32 Use
a hol ographic elenent to cause | aser beam 34 to be focused in a grid of
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wherein a radivs of the circle is expanded while laser beam 34 is scanned across

component surface 28. In a further embodiment, focusing optics 32 cause laser beam
34 to be focused in a series of concentric circles while laser beam 34 is scanned across
component surface 28. In an alternative embodiment, focusing optics 32 use a
holographic element to cause laser beam 34 to be focused in a grid of circles. In yet a
further embodiment, focusing optics 34 cause laser beam 34 to be spread at least

partially across component surface 28 in a line.

Scanning laser beam 34 is focused onto component surface 28 using a known two-
dimensional (2-D) scan mirror arrangement 36. In the exemplary embodiment, scan
mirror arrangement 36 includes a first mirror 38, a second mirror 40, and at least one
scanning device 42 which includes a plurality of known motion control devices (not
shown) for controlling relative movement of each mirror 36 and 40, and of scanning
laser beam 34 with respect to component 10 and fixture 22. In one embodiment, each
scanning device 42 includes, but is not limited to including, motion control devices

such as piezoelectric devices, and/or galvanometers. In the exemplary embodiment,



Scanni ng | aser beam 34 is focused onto conponent surface 28 using a known

two- dinensional (2-D) scan mrror arrangenent 36. In the exenplary

enbodi ment, scan mrror arrangenent 36 includes a first mrror 38, a

second mrror 40, and at |east one scanning device 42 which includes a

plurality of known notion control devices (not shown) for controlling

rel ati ve novenent of each mrror 36 and 40, and of scanning |aser beam 34
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44 that generates slgpal or. controllinng scanning device 42. In the

exenpl arygom%%gﬁeﬁtﬁﬁg?qt’&ﬁ Sa‘érﬁ‘ék%ﬁ n8¥%Her at es anal og signals for
controlling each scanning device 42. Mre specifically, in response to

signal s t Lagsm0tdn@cchn fiftrof AGigbMBntIRNSledotpled 4o a8doWnSEAGNEEndRYIrce 42
controls nmovenent of mrrors 3 8 and 40 in an X-Y coordi nate system such

that the $tibetagenestes signplsofor (patrolingcicannipsrdaving 451 Wothsomemplany f ace 28
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scanning device 42. More specifically, in response to signals transmitted from
function generator 44, each scanning device 42 controls movement of mirrors 38 and
40 in an X-Y coordinate system, such that the substantially all of the selected portion
of component surface 28 is scanned by laser beam 34 during inspection of component
10.

A radiometer control 50 is coupled to detector 26 for adjusting the focus and contrast
of detector 26. Radiometer control 50 is coupled to an image digitizer 52 which is
coupled to a video display 54. A processor 56 controls execution of system 8 and is
coupled to radiometer control 50, image digitizer 52, and video display 54. As used
herein, the term “processor” refers to microprocessors, central processing units (CPU),
application specific integrated circuits {(ASIC), logic circuits, and any other circuit or
processor capable of executing inspection system 8, as described herein. Processor
56 is also coupled to function generator function generator 44, laser 30, and focusing

optics 32.



10. A radioneter control 50 is coupled to detector 26 for adjusting the
focus and contrast of detector 26. Radioneter control 50 is coupled to an
i mage digitizer 52 which is coupled to a video display 54. A processor 56
controls execution of system8 and is coupled to radi oneter control 50,
inage digitizer 52, and video display 54. As used herein, the term
‘processor” refers to mcroprocessors, central processrn% units (CPU),
r
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Dat acube, 1nc. ssa tts, In the ex enbodi nent, an 1 nage
recor der &BMPETE rveﬁhliisﬁwsiepaiaa%heoﬁﬁ é\ﬂ?@iﬁeﬁ 50 and vi deo display 54
for recording the actual anal og video i mages 12 received by detector 26 as

| aser beam afe ard oAk PAN Bl geSebdrasee @ & cdled RRER Rdidnktgne
enbodi nent , e recorder 60 is a videocassette recorder. I n another

enbodi rrenicomrcria andyvidest @isplay o for dresirdiae thatastust enalge videpi teages Uh as a

received by detector 26 as laser beam 34 scans across component surface 28. For
example, in one embodiment, image recorder 60 is a videocassette recorder, In
another embodiment, images are stored on a digital data storage device, such as a
computer hard drive, after the video signal has been digitized by image digitizer 52.
More specifically, image recorder 60 facilitates enhanced analysis of video images 12
such that minor surface anomalies (indicated as 82) may be distinguished from defects

which could result in failure of component 10.

Processor 56 1s also coupled to function generator function generator 44, laser 30, and
focusing optics 32, such that inspection of component 10 may be preprogrammed
and/or controlled by an operator through an input/output (I/O) driver 64 coupled to
processor 56. More specifically, laser 30 is coupled to processor 56 through a laser
console 66 and an input/output (I/O) driver register A 68. The combination of console
66 and register A 68 enable the gating and power level of laser 30 to be
preprogrammed by an operator via terminal 62. Adjusting the laser power density
facilitates providing a distingnishing contrast between any defects and the material
surrounding the defects, without damaging component 10 when surface area 28 is

selectively heated by laser beam 34,



conputer hard drive, after the video signal has been digitized by inmage
digitizer 52. More specifically, inmage recorder 60 facilitates enhanced
anal ysis of video imges 12 such that mnor surface anonalies (indicated
as 82) may be distinguished fromdefects which could result in failure of
conponent 10. Processor 56 is also coupled to function generator function
generator 44, laser 30, and focusing optics 32, such that inspection of
conponent DWingAn ipgpestienpbepmapansat 1Q iritially, compertnt 6 ipgleanedgpdaciliiete t hr ough
an i nput/ iLver t SERTol! . e yfically,
| aser 30 ?g&@gﬁépfl’lgdoé?%glgr coetts‘)tgigr.1 EE&F%F‘C oc(ég'r?B égrﬁaser ce ?gng%{ﬁé 1%%’%%% an
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defects and the maltzyfi al Ibsulrrts)’l?;sndi nglst heldef ects, vmalt?(%out ?%anaéhlnﬁ
conponent compeient Kurs thee mpunted 8n i fixtursel? in jalighypentewith 2-By s¢aasmirrdream 34.

-6 During_an_ in |l on.aof .component .10, Jinitially, conmponent 10 is cl eaned
to facili tagr eﬁ%ﬁ%éﬂgd%ﬁ%oreﬁggﬁﬁcp *4%ke portion of conponent surface
28 being inspected. Moreover, cleaning surface 28 facilitates renoving
coati ngs dfas@arg0 isythen ppetioned sughaibat &seﬁbébh@l34tibQhﬁﬁhntﬁﬂ?/rih@iﬂeﬂolqidnngs t hat
may occlude a defect, such that the detectiogn ability of inspection system

8 is faci ICPERORA SHIHE Z8ivse do nogmabfo BirisnrAgs Porsdip SHamtimum fefeethen
mount ed '%efebﬁélﬂr%@z?ce'ﬁJQQ‘b% ot c%n&gt@gtg15ee£5%nsﬂrt5%&9 t 36 and

detector 26, as describe Laser 30 I's n positioned such that

| aser beawpe4ting teuperatng iollshyfaden2s debstantiplly unifompbn earbss tref patioR8ofas cl ose
to normal t su%é%ce 28 as, pos iQJ e for ogtei mum def.ecf  .det.ectign. dSurface
28 15 t hefUgiEnth SEmeLsatnth Rdiprethe o Blecumngnelior Beaing s canmloye

oper at i ng rithéfrRantdHdacEfe Sldohdsctive Beginpstoaiilize the/highérfaBEdbioRGhassist he
portion of _surface 28 being inspected. Radioactive or electronagnetic,

heating i $deAHIveydcan pmoner Of paSYEH It | dededr 7Q slatiet fov behwiiare great o

utilize tRe MG AP HRfRl [@Ang W¥afille! & temperature difference created by the
increased amount of energy absorption in the crack 70 produces an enhanced signal-
to-noise ratio (SNR) or contrast between the defect 70 and surrounding surface area
because the background dissipates most of the heat. More specifically, in non-cracked
areas of surface 28, or those areas of surface 28 that do not include defects, the heat is
dissipated outwardly across surface 28. A defect 70 will appear in video image 12
captured by detector 26.

Detector 26 and radiometer controls 50 can also be variably selected to generate graph
16 to illustrate the irradiance scanned along a variably selected line 71 extending at
least partially across surface 28. Thus the radiance received by detector 26 while
scanning across surface 28 can be measured at different locations across surface 28.

Any defects 70 along surface 28 will appear as a peak 74 as shown in graph 14.

As laser beam 34 is scanned across preheated surface 28, selective, localized heating
will occur as beam 34 passes. More specifically, laser beam 34 is scanned initially in
a first direction across surface 28, and then rescanned in a second direction that is not

the same as the first direction. The bi-directional scan facilitates distinguishing cracks
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I ndicative of an anmpbunt of em ssivity of a defect 70 relative to the
surface area surrounding the defect during heating. A tenperature
difference created by the increased anount of energy absorption in the
crack 70 produces an enhanced signal- to-noise ratio (SNR) or contrast

bet ween the defect 70 and surrounding surface area because the background
di ssipates nost of the heat. Mre specifically, in non-cracked areas of
surface 280 hevingtiozreatar depth Gpmanantprsperdirularaletasts Mot Radiancgdanitied foms, t he

heat is | | PAL; I f . fect.,70. W] ,appear in
vi deo inaggﬁi gggfﬁgég%ﬁﬁﬁﬁﬁﬁﬁgﬁéid%%5¢%§ %éﬁ%ﬁﬁég%éﬁﬁwﬁgﬁﬁﬁﬂ%Yé-
control s Boreaspeaificallfpeas dasenlbeymsPl ambed over odofedt at® Geapkdiand® peaks
illustrate_,the iggradian(;e scanned along_.a variably selected line 71

ext endi ng (hustratedas Sy ltigyre y redativsde exiphrlochecase of thshighta apspipligieand ecei ved
by det ect Qpyiéhcldk HerectSAARNRLDE %@ﬁ%@ﬁﬁo&d&ﬁﬁ%ﬁ%&fﬁl. Cﬁﬂ;fbﬁle%ﬁe%%r‘?ﬁ?iﬁ
8 efects a

different | ocations across surface 28. An 0 along sur e 28

wi || appeaf aadefert 78ak crllarmsd dlyosansiing githplaser headis34.addore rpecifidally, shescanned

across preheated. surface 28, .selective,, | ocaljzed heating .wlJ .occur as
beam 34" paSids St AECRReR n2afrgied BSupr 5EH 40%el B Tikeuth e’y T o
first direailygnantokeativh bage tR8sicAtdsgonsdad B8 ¢ANARY rbddivRdIIRARAefeE rection
that is not the sane as the first direction. The bi-directional scan

facilitatd8 dgraysifrryupeak $Y at thecrement laser gy 3¢ 15 agiuely eadiatingtdefact 3

non- per pendiicul rllfé@{ C : ' Jjtted from surface 28 is detected
by detect grgé]g%lgsno sa?git%bsﬁ?é%‘)lgrlgﬁ%i@gp ayed on video display 44. More
specifically, as |laser beam 34 passes over defect 70, the radi ance peaks

(i 11 ustr afld sages8d imagdsi IJLare cajverted &4 a geaphizalfomph sitlab &c graples bf aidder hi gher
absorption,and . em,ttance of defect 70 relative to the surroundi.n

mator | al . LERURCh CRUSHRERCIePRT T I aSItgR ok (EAISISEY ToRBORE Ginls Tedianes,

scanni ng ‘\iiohhdéfesern 4fRaMsedscalbing. NRBidraBR!d Yomplier-fis&T tddrifoni bveared

i mages 12 recorded and/or stored at each scan |location facilitate analysis

and obser Vagineratest baspd on impgasdd: 4 defrshdepthmapte thendgenaatedrhased o thef r om
defect 7 rqﬂ 4 ] ally
radi at i ngga%ﬁg@ﬁ%?g agggqegﬁ'}cta@,&wg?ﬁg{lﬁ%méﬁgﬁﬁfﬁﬁ%\?&e%e%ﬁr 8(?%§§ranni ng.
measuring the transient heat of cracks of varying depths cut into a sample piece of
material fabricated with substantially uniform properties. The measured values are
then compared to the actual values of the depth of the cracks, and the calibration curve

1s created using a “best-fit” exponential curve-fitting algorithm.

The amount or degree of decay between the peaks of successive images 12 over a
selected time period is analyzed to distinguish between a defect 70, which could result
in a failure of the component, and other minor imperfections 82 within the selected
surface 28 of the component 10. The decay time for the transient response of a defect
70 which could cause a failure of component 10 is typically about two to four times as
long as a minor surface anomaly 82, depending upon the size of defect or crack 70.
The transient response of the radiance from surface 28 is analyzed to facilitate
distinguishing between a minor surface anomaly 82 and defects 70 which could cause

a failure of component 10.

One reason for the enhanced contrast between the defect or crack 70 and areas of

component 10 surrounding defects 70 is due to the higher signal-to-noise ratio while
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The series of inmages 12 are converted to a graphical form simlar to
graphs 14 and/or 16 which collectively represent the transition or

transi ent response of the radiance fromdefect 70 after |aser scanning.
Additionally, a conmputer-fitted calibration curve is generated based on

| mages 12. A defect depth map is then generated based on the calibration
curve. Mre specifically, the depth determ nation curve is generated after

measur i ng defestsiH0zare undar lasentrradiationadie SOR valug rengaidebigh dmmediately ofter sanpl e

pi ece of I-al.fakri p th substantially uniformproperties. The
neasur ed \?%@ rlélsea}t eaelﬁa%%ﬁ%%\(’;egaysts%ac 1S Ui rﬁﬁse{/@\(faﬂg@gdg'{%eﬁg ARV of the
cracks, angleicbrespohdingad tlgnratisfdecay of dHetiateasitivEldofahe BRBAncE iffom the
exponential curve-fitting. al %ori thm The anount or degree of ~decay between
the peaks 9gfecs (Rt B the Hrrgaee 1y glrerbegised a3 davalietiverid pedistinguishingnal yzed
to distingufs ﬁﬁﬁ'\’iﬁleﬂac@ S%ifé&s \?Mlhﬁl?lége%? 8 Whdface! 38, 21 gﬁétﬂére of the
conponent, and other m nOr 1 nperfections WEhi T the Selected “surface 28
of the cowmbodment,Gf tlithwadkewralefdct mesubsurfachand peoxsinetetto setpe®ie acfress def ect

70 which could cause a failure o onponent, 10 i | cal Ly about two to
four timed® uc?cgﬁ‘b cq@pgnent ?ll(?r tog %ﬂpﬁb[ﬁ% é;ﬁ%c?&?ﬁgfuéé ,c{%ﬂgﬁe%dfhﬁgc%ﬁ‘e’?the si ze
of defect s@facer ack 70. The transient response of the radiance from surface
28 is analyzed to facilitate distinguishing between a mnor surface
anomaly 82 and _defects 70 which could cause a failure of conponent 10. One
reason f ofGenpallEnthe bats of i ingractipe syien i3 Hhat adetest oneragl 28 rviltGhangs ar eas
of  conpopeny, | f . ' '

si gnal -t o- nol %%H?ag? %ﬂgﬁ% @901%?1(@@%%{1%10%?%%gﬁgaﬁgéﬁﬁaﬁgﬁtfﬁ %e Fcatt?ioon. The
SNR val ue wilnaeats ani plulatiore doatddry sath ¢hiat the anost ndfibiynt pathrfobabenhadt, but

decays back to the pre:laser scanning val ue a I ye rate correspondi ng
Lo the r aPRSRatRElPvgh oo @eteRALR gR oy EVr dBreTE PR drisrBisg Gbete

def ect 70proHapstiont AR iaNFe HakdtRl Y Blparike thas BfttR phsioilalidthle Devdind 1 N

di stingui shing defects 70 from backgrfound artifacts wthin the conponent

surface 2the hestinggopeand Byh ot meshmeasurernend poinds kn dhe deshpertent suréaeb28r f ace
and proxi ggte : f LS. d to co nent 10 to
0o, P o IR Ao RSl plSLIGT by bl IR A P80 Bkt

Heat going under a defect 70 will increase the path length of the energy path by

approximately twice the depth of the crack, thereby slowing the heat transfer at the
defect boundary. As a result, an increase of heat occurs on one side of the defect, and

a lack of heat is induced on the opposite side of the defect.

The above-described defect inspection system is cost-effective and highly reliable.
The system enables a depth of defects to be determined by correlating temperature
variations detected in the surface of the component being inspected. As a result,
during an inspection of a component surface a depth of each defects is determined to
facilitate distinguishing defects that could cause a failure of the component from
minor surface anomalies in a cost effective and reliable manner. More specifically,
the sensitivity and accuracy of the defect inspection system also enables the detection

of other types of defects, such as porosity and/or voids in metals or composites.

Exemplary embodiments of inspection systems are described above in detail. The
inspection systems and associated methods of use are not limited to the specific

embodiments described herein, but rather, components of each assembly may be
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surface. Generally, the basis of the inspection systemis that a defect or
crack 70 will change the way heat propagates through a material. In the
si npl est case, a crack or defect 70 wll create an insulation boundary
such that the nost efficient path for the heat propagating through the
material is go around the defect 70. By determ ning the heat propagation
rate in the material, and conparing that to the physical distance between

the heati njilizehindgpradenily and separatehe frour ethemeonmwinants deseribhé hwmpoﬁmint

oer o oot sARPER S dne 18 RAN BRI hERBE NS RrBinalinl wIBCL (1o

pat h | englothepfinspb&ionngsigym daipondts. appr oxi matel y twice the depth of the
crack, thereby slowing the heat transfer at the defect boundary. As a

result an._jncrease of heat occurs, on one side of the defect, and a |ack
of heat isVigthemveniqm so‘ib"ﬁ’BsFil d8 igrmg Hg vadeuscipeciiseembpimertascr i bed
defect i nftﬁ\?s@télﬁ’l'l'ecﬁ)ﬁ?ttﬁénahsw?l?srtecc?ﬁz%cﬁl'ay%@nﬁveﬂh&tﬂlc)énrl?é 3&% ifed wifie System
enabl es a depth of defects to b termned by correlating tenperature
var|at|onsmugﬁ@mbedWﬂmnﬂh@psﬂmﬂ&a&m@bfﬂhsﬂmnmponent bei ng i nspected. As a
result, during an inspection of a conponent surface a depth of each
defects is determned to facilitate distinguishing defects that could
cause a failure of the conponent from mnor surface anonalies in a cost
effective and reliable manner. Mre specifically, the sensitivity and
accuracy of the defect inspection systemal so enables the detection of

ot her types of defects, such as porosity and/or voids in netals or
conposites. Exenplary enbodi mnents of inspection systens are descri bed above
in detail. The inspection systens and associ ated net hods of use are not
limted to the specific enbodi nents described herein, but rather,
conponents of each assenbly may be -9 utilized independently and separately
from ot her conponents descri bed herein. Each inspection system conponent
and nethod of use can also be used in conbination with other inspection
system conponents. Wiile the invention has been described in terns of
various specific enbodi nents,
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those skilled in the art will recognize that the invention can be practised
wth nodification within the spirit and scope of the clains. CLAIMS 1. A
nmet hod for detecting a crack extending into a conponent surface, said

met hod conprising: positioning a surface of the conmponent to be inspected
in an optical path of at |east one infrared radi ation detector; heating

t he conponent surface using el ectronagnetic radiation to cause an i ncrease
in radi andeLAIMS: a defect present at the conponent surface; detecting
tenperature variations within the conmponent surface using the at |east one
infrared rjadi aty§ c t -sur.f.ace lrradi 1S asured
at predetlérm ﬁ%gﬂ?tg@i? %géste%g%ogs& ee%%?r%%élfgg %S?@é@gé;n?gg&%%eﬁs% cracks
i n the conpahehtonmyrisingal yzi ng radi ation transient response data received
by the infrared radiation detector; and correlating the tenperature
variations to the radiation transient respopse data .to determ_.ne,a depth
of the detect cdOuHampg A sriise oEMR campanatl i PainReRtel inficanticl B PR hor

conpri si NGéasf@EhBhicl Fadlath dedsetqf Vvi deo inmmges of the heated surface using
the irradiance detected by the infrared radiation detector; and generating

a series of graphs plotting irradi ance_versus distance along the conponent
surface to facilepting theqearepanient pyface jising eleetrumagnetic irpdiatins foycauspedn, 3. A

oot bndBGERE SRR bl Rt briibnds ilIGhEIAAShARIL 9 eTer &0 U ©

variations wthin the conponen ace usl rared radiation
detector further conprises: deternmning an intensity |evel of the
i rradi ance; andetteting Minmargum detdkipns atithinfthe bemponcat sanfae usmgtisi 4ty | evel

after re vipgnth heda

t..-11 . .
east one infrared radiation detector, such that the surface irradiance is measured at

predetermined locations across the component surface;

detecting cracks in the component by analyzing radiation transient response

data received by the infrared radiation detector; and

correlating the temperature variations to the radiation transient response data

to determine a depth of the detected cracks.
2, A method in accordance with Claim 1, further comprising:

generating a series of video images of the heated surface using the irradiance

detected by the infrared radiation detector; and

generating a series of graphs plotting irradiance versus distance along the

component surface to facilitate determining a peak irradiance intensity level.

3. A method in accordance with Claim 1 or 2, wherein detecting temperature
variations within the component surface using the infrared radiation detector further

comprises:
determining an intensity level of the irradiance; and

determining a decay rate of the irradiance intensity level after removing the

heat,
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4. A nmethod in accordance with any one of the preceding clains, wherein
detecting cracks in the conponent by anal yzing radiation transient response
data received by the infrared radiation detector further conprises using a
bi-directional scan across the conponent surface. 5. A nethod in
accordance with any one of the preceding clainms, wherein heating the
conponent surface using el ectromagnetic radiation further conprises

focusi ng & | ademehedninracesrdanegnpysheany eug foddbe mecedingechius,i whercisor dance
with d ai . rein.f N . aser beam on.,.t.he .co nent surface
Further o ree ST 1t 6 RhD8o ot I hoat PATR Sfaifel, proRiRRGRprSe' ol

circul ar - sbwped pr tiecinfiated adidtian dSte&tmaﬂaﬂh@r@jngmsb@msin%ruib%hiemﬂoﬁalheat i ng
the conponent surface using el ectromagnetic radiation further conprises
mai nt ai ni AEANA5E0SS theseomneagih sUHRT X mat el y normal to the conmponent surface.
7. A nethod for determning a depth of a crack in a conponent, said nmethod
conpri Sing: pOsi iR adboftinbafsn dhy bhCorMEBRIER e LRIME WRTARELAf N an
optical path of at |east one infrared radiation %tector, such that the
opti cal pé&hecompangbiswfice alsing alestoriagnéts mdjakian duplar alongirise fachsing anponent

surface; heating the caonponent surface using electromagnetic radiation to
cause an T?Sﬁ%é%gg%nﬁ]ﬁcpﬁpﬁ?{%gu&?cgm a defect present in the conponent

surface, such that the heat 1is applied to the conponent substantially
normal toé6the Qompthodrii ssturiare;witeChirni 3)gviecedih €o@isiigea Madr bamofs thel t hi n
t he conponent surface using the at |east one infrared radiation detector,
such t hat SPREORSHE FyEacy T SPRENISES YA arlawer freamphadeg et Measleans 6E&t i ons
across the; e, egtd N 0

el yoi ng raaragienl e R0 ndldhe S haed pRAKioh v AAER, Relting e

r adi at i on compensnd surfzoedisingrel edtatriaggetichediat op éxrttten compesdsahaintagning tiehe

radi at i onlt ralglsi ent [esponse da}%thto determ ne a depth of the detected

cracks. - 135¢rbeam approximately norma € component surface.
7. A method for determining a depth of a crack in a component, said method
comprising:

positioning a surface of the component to be inspected in an optical path of at
least one infrared radiation detector, such that the optical path is substantially normal

to a plane parallel to the component surface;

heating the component surface using electromagnetic radiation to cause an
increase in radiance from a defect present in the component surface, such that the heat

is applied to the component substantially normal to the component surface;

detecting temperature variations within the component surface using the at
least one infrared radiation detector, such that the surface irradiance is measured at

predetermined locations across the component surface;

detecting cracks in the component by analyzing radiation transient response

data received by the infrared radiation detector; and

correlating the temperature variations to the radiation transient response data

to determine a depth of the detected cracks.
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8. A nethod in accordance wwth Claim?7, wherein detecting cracks in the
conponent further conprises using real-tine feedback to detect the cracks,
the method further conprising: generating a series of video i mages of the
heated surface using the irradiance detected by the infrared radiation
detector; and digitizing the series of video inmages to facilitate

di stinguishing cracks fornmed in the conponent surface from m nor surface
anomal i es 8pr eséntméthod Ha acspidameeniths Glgimcd, vhergin ndat¢rtivigi eracksciy tnce with
Caim?7 or r&hd | t [ t fgce; Us| el egt rgmagnetic
radi ati onc?ﬁp?%%? corr%}r]?@é@ﬂ%gcﬂsg?%gg&gqﬁgés]g?e%gékmqgnde.tl céqg?:oc cg(ﬁ’e “ surface
such t hat mdtieodofestirer @mdjrected with at | east one of an S shape and a
circular shape that is expandabl e, and wherein focusing a | aser beam on the
conponent surface further. conprises using.a. mask in a Fourier plane to
create a desi BEFPYYR S?J?ﬁrﬂr}g’l‘\&fﬁe‘.maﬁﬁs. oinhedichlsd spHeck s thisdEadizies any one
of cl ai ms détebred By thebtBRY reRARS &t&or; 8Pl Ying a stress to the conmponent to
facilitate detection of any subsurface defects which are proxinate to the
conponent surface, wherein apEIyi ng a stress to the conponent to
facilitate det digifiging #c wrgs sUpidar fmegesde faikitster distingmishingrqyadks dernagspl yi ng
a stress t 1.S: hel St t hreshol d

| B0 thd EoURAN Sibtack on irE <MW GIARARE Hrbstht f R R iBAe

e corrgonen .

stress in 0
surface.
9. A method in accordance with Claim 7 or 8, wherein heating the component

surface using electromagnetic radiation further comprises focusing a laser beam on the
component surface such that the beam is projected with at least one of an S- shape and
a circular shape that is expandable, and wherein focusing a laser beam on the
component surface further comprises using a mask in a Fourier plane to create a

desired laser beam shape.

10. A method in accordance with any one of claims 7 to 9, further comprising
applying a stress to the component to facilitate detection of any subsurface defects
which are proximate to the component surface, wherein applying a stress to the
component to facilitate detection of any subsurface defects further comprises applying
a stress to the component that is below a characteristic damage threshold stress

intensity factor of the component.
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