| NFRARED DEFECT DETECTI ON VI A BROAD- BAND ACOUSTI CS BACKGROUND OF THE

| NVENTION (1) Field of the Invention The present invention relates to a
nmet hod, and apparatus for perform ng such nmethod, for detecting defects
in structures via broad-band acoustic excitation. Mre specifically, the
present invention relates to a nethod of inparting nechanical energy into
a structure via the en1SS|on of broad band acoustlc energy and optically
recording the subsEqhert BHYE aPcHREARr BANY (ALRUSTA CSt r uct ur e
arising fromsuch excitation. (2) Descrlptlon of F@Iated Art It is known

in the art of defect detection to induce nechanical nature in a structure
via the enission of a singl EACGKGRUNRCYF JBHSENVENTII@Nal - 1t is then

possible t@Q)i FRIE;0Lf Eﬁéﬁ%ﬁ@éﬁ% ;8hudy the structure to detect infrared
em ssions —arrsrmg T the—stroucttre as the result of such excitation.
unfortunately,Thhepneaemﬁ rsEmgloa’ rélequennyasmhﬂﬂmmmlahﬂyapparaﬂus t he
ability tQ Lns ReeL t he entlre P What_.i s EG%refore needed i s an
appar at us, anfl-a et hod Bt @W% 8? gofrEPEﬁﬁﬁﬁ%% LeEGSi thr BV &S
det ect i onwiaabirbad -Bamd sd@ugfics lelSt@h.Eaii@ﬂUeWea@@é&hEQcﬁDPT,g)tHdWat
overcones the drawbacks of the related art. SUMVARY OF THE | NVENTI_ON
Accor di ngPFESERt| {MEFtoiTR cie 1t ephEop? dieiiod RfeAfPEAting BrhAEalhe

met hod of ed@irget i Ato 0 AGhfodureS Wi HCELHE eSmMY i %Qm&bsa%am a?écﬁib%l%f
i nduci ng nechani cal energy in a structure via the em ssion of

br oad- ban@§n&E8YseNe Wil lanhaecapding nghe cﬁ}é?fﬁeﬂutemﬁeefﬂh?é%%lofa plurality
of images 19ffr596d3éﬁéﬁ?§}”tercﬁrﬂ%ﬁﬁe gt rhbfuRl Waalding ehrohBEeR SAMRYALSeH . of a

plurality of pixels

(2) Description of Related Art

It is known in the art of defect detection to induce
mechanical nature in a structure via the emission of a single
frequency acoustic signal. It is then possible to image or
otherwige gstudy the structure to detect infrared emissions
arising in the structure as the result of such excitation.
Unfortunately, the uge of a gingle frequency substantially
limits the ability to ingpect the entire structure.

What is therefore needed is an apparatus, and a method of
employing the apparatus, to improve defect detection via the
emission of single frequency acoustic energy that overcomes the

drawbacks of the related art.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention te
provide the method of detecting defects in structures which
comprises the steps of inducing mechanical energy in a structure
via the emission of a broad-band acoustic signal and capturing
over a time interval a plurality of imagee of the structure each
of the plurality of images comprised of a plurality of pixels
arranged in a plurality of rows and c¢olumns each indicative of
an intensity of infrared energy emitted by a portion of the

structure.



arranged in a plurality of rows and colums each indicative of an
intensity of infrared energy emtted by a portion of the structure. 1 In
accordance with the present invention, an apparatus for detecting defects
in structures conprises an acoustic frequency generator adapted to
generate a broad-band acoustic energy signal, an acoustic energy source
adapt ed to transmdecirienbeoadehbans meousic GneBRE §¥n S| gmalpParalthe for
structure, an optical device for detecting and recording as a plurality
of i mgesieEHdthdeisEtpni papEENEHEIGy EIFPEE 885 byt Ae STt it ilesugncy

pluralitysaferdaatiaps eadnd b PRAE PHACRISPENHOLBLOCAS i oine | mages.
BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 A diagram of the defecCt detection

syst em of SigRal prags @FOUSHYENENBRIF| WUITEA ddapkgrlobndt F aegeitofthe Sreadture
as recor Q?(Pyaééif‘s igekﬁgkggegf%ﬁé?rkéyé{ee@t%cm?ePr§§e ti'c@iegltegqgé FI G
0 va e y

3 A graph recorded pixe es for an exenplary’ pi xel® recor t he
def ect defexrtdareadiseandf reherdpresenta inlweaillidy. oF| Gradke Ararexewphar y
i quut%g in realttgnglb t.he d%fect

derivativ gl (%ég: 3 %&%ucg%gg 83 by AIRMIRER L uralicy o .
detecti on System  of the present i nvention. Fra' s Ah 2x@nplary YdeFi vati ve

i mage of hosatimdalr erdl ancanpyteprotessat fAdmprbyetbéndefloctindeieact i on
system of the present invention. FIG 6A A diagramof a preferred
enbodi ment of the acoustic source of the present invention FIG 6B A
di agram of an al ternati verggbodisent pofoN e ae@UORRRINGS

FIG. 1 A diagram of the defect detection system of the
present. invention.

FIG. 2 A background image of a structure as recorded by the
defect detection system of the present invention.

FIG. 3 A graph of recorded pixel values for an exemplary
pixel recorded by the defect detection system of the
present invention.

FIG. 4 An exemplary derivative image of a structure as
computed in real time by the defect detection system
of the present invention.

FIG, 5 An exemplary derivative image of a structure as
computed in real time by the defect detection system
of the present invention.

FIG. 6A A diagram of a preferred embodiment of the accustic
source of the present invention.

FIG. €B A diagram of an alternative embodiment of the acoustic
source of the present invention.

FIG. 7A A graph of a preferred acoustic signal of the present
invention in the frequency domain.

FIG. 7B A graph of a preferred acoustic signal of the present
invention in the time domain.

FIG. 8A A graph of two frequency compoenents ¢f a preferred
acoustic signal of the present invention in the

frequency domain.



source of the present invention. FIG 7A A graph of a preferred acoustic
signal of the present invention in the frequency domain. FIG 7B A graph
of a preferred acoustic signal of the present invention in the tine
domain PIG SA A graph of two frequency conmponents of a preferred
acoustic signal of the present invention in the frequency domain. 2 FIG

8B A graph®f gswo fa RCY £ COWR OFRdhferly @ Rbeheht 8dof AL QUStAL,3iggnal  of
t he present inventio%ﬂ?% the tine donaig: DE?AILED DESCRI'PTI ON OF THE

PREFERRED EMBODI MENTFCSPLEE Fégnatepf ridle presese onveneier eigertthe mimat i on
to provide an appasus _ and nmeans for using the apparatus to detect
defects in parts, in particular machined parts, using infrared detection
of nmechani cal energy induced via broad-band acoustic excitation. 1In a

preferred enbodi o h Lhvent i ' plied to
t he detection of eIé@?g5Fﬁﬁﬁgﬁggﬁgd§§53§£§§$§§§8Eﬁ %&%éézgéégﬁgﬁgas

turbi nes, partittuleard genbesd pabposatet HHeompregeakel ntréttaitnimo $ireelideand
titanium alloys. The infrared getectjon i.s faci i nt roduci ng

apparatus a o] g th litated b
br oad- band" atoUsTd ¢ Sr §93PRt 6°F & P (EherREPPARFBALLR Fehfsty\eta658s an

i ncrease innpisEnperial waetiduadad asenitkd RRSRYr a8inl ShFHOidH alerdekechs
whi ch may pe vi.sual | y detected usiqg I nfrared i magi ng equi pnent.

Subsequen?’ i Fage ERER I e 1PHRGRT prist d3S8d -PANFeafOt F F 19 ididS3PRY an

out put i magea JgherSRed bibsd@heROW ¢k mAHRC LIEORhE Spras&AR dvihed ohs

described in greater detail below. Wth reference to Figure 1, there is

i|lustrat 28 IPRLIRG && the detection of defects in fan blades, compressor
blades, and gas turbines, particularly those fabricated from
nickel titanium, steel, and titanium alloys. The infrared
detection is facilitated by introducing broad-band acoustic
energy into the part. The introduced energy causes an increase
in temperature in and around the source of structural defects
which may be visually detected using infrared imaging equipment.
Subsequent images may then be image processed in real time to
display an output image. The specifics of how this detection is
accomplished is described in greater detail below.

With reference to Figure 1, there is illustrated the defect
detection system 10 of the present invention. Broad-band
mechanical energy ig induced in a structure 11 {composite,
metal, etc.) with a broad-band acoustic energy source 13 for a
short period of time, preferably between .l seconds and 2
geconds, most preferably approximately 1.5 seconds. In a
preferred embodiment. the acoustic energy is generated by a
acougtic frequency generatoy 1% in the form of an acouatice
energy sidgnal and emitted from a source 13 over a broad spectrum
between 1Khz and 1Mhz. Ag used herein, "broad-band" refers to a
signal comprised of a plurality of frequencies spread out across
a spectrum. Preferably, such a spectrum spans a distance of
about 1 ¥KHzZ to about 1 MdZ.

With reference to Figs. 7A and 7B, there are illustrated

frequency and time plots of preferred input acoustic energy
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detection system 10 of the present invention. Broad-band nechani cal
energy is induced in a structure 11 (conposite, netal, etc.) with a

br oad- band acoustic energy source 13 for a short period of tineg,
preferably between .1 seconds and 2 seconds, nost preferably
approximately 1.5 seconds. In a preferred enbodi nent. the acoustic energy

i's generapestiles aeOvsblve LhEAUSNEYn FOREHALOE 4Pghil t&end B, ofi 2Rne
acoustic _energy signal and emtted froma source 33 over a broad spectrum
bet ween | KFSTUREY Miomaing géed Felativelwreddopandisteilisiam of  signal

conpri sede fdge iWRldek eBh fbRAYCAGH a5 @Y €ad) OULLAEL 0580 DR
out 1 0 1

Preferably, such a spectrum spans a distance of a XH to a
MH2. Wt HeREatais May Pirgyidg pammbmxinia¢ed vacent Lhusts ssp-trfumequency

and tine ; r [ [ er, rofiles.. As_shown in
Fig. 7A tﬁg&it%p% tg{rg)ﬁfg?] ggﬁs???“s‘u?ﬁ)\%é& %r ecl]uéhlgflgdt Efﬁt,n@fgeg
rel ativel gowndd or ikt sticirbatednbafdwididguanches betiveenmdp Kha g a0Khz.

Al ternate ustic ener generators ma rQvi de an, r oxi mat el
cont i nuou%‘?%ge%ﬁera%rﬁr gﬁgfgﬁite *FRY btgh ‘ﬁ%abg‘tlilxﬁl S?Pﬁﬁg‘g h ‘iorﬂﬂileg‘e type
trigger geomerrichle dompoaasedsbancvhrdh fcht BisSgaBUEGELITRY HIdddsdanan

even greactier defect detection capability considering conplex geonetrical
conmponent £#5%ct ures such as gas turbine blades and disks. The acoustic

ener gy produceshereahanitGal ovbbgat hbBoGuMY Glacnaxeche debesding heglur es of
the structure 11 such as cracks and delam nations. Relative nmotion of the

def ect i veS¥etturdteghiggudeakuaes calisiin tHecEnresidnsesh |y sk senergy,
which is qdeaeniadioMd h aR1aptieahottMmt & theaRdrabpi6d ASadu Ry i es of

produce heat causing the emission of infrared energy, which is
detected with an optical device 17 and stored as a series of
images capable of being stored and processed by image processor
3. In a preferred embodiment, the optical device 17 is an
infrared camera and/or fiber optic camera. Preferably, the
optical device makes use of a CCD (capacitive-coupled discharge)
device. Such devices are particularly sensitive in the infrared
range. Excitation of the defective features is dependent upon
the location of the defect, the geometry of the structure and
the intensity and spectrum of the acoustic energy. Transfer of
mechanical energy through the structure has a frequency
dependence. To ensure a thorough evaluation for defects, a
broad-band energy source is required. Use of a single frequency
energy source will limit the inspectability of the whole
structure. In addition to the use of broad-band acoustic
energy, it is possible to make use of a source 13 which emitsg at
least two non-harmonically related frequencies. As used herein,
*non-harmonically related” refers to at least two frequencies
which are not integer multiples of the other.

With reference to Figs. BA and 8B, there are illustrated
frequency and time plots of preferred non-harmonically related
frequency input acoustic enerqgy profiles. As shown in Fig. 8B,

the input signal consists, in the frequency domain, of a two
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i mges capabl e of being stored and processed by inage processor 3. In a
preferred enbodi nent, the optical device 17 is an infrared canera and/or
fiber optic camera. Preferably, the optical device nakes use of a CCD
(capacitive-coupl ed discharge) device. Such devices are particularly
sensitive in the infrared range- Excitation of the defective features is

dependent fpprendihespikeat bad eént&eedleitecioknznanaeenBt 6¥hdf ddifR eSehuGtUr €
and the intensity and spectrum of the acoustic energy. Transfer of

mechani cat 8Mer gyt MAGiGHOPhea Y riiethre Hfador-hregaeheyl luepdimdedce. To

ensure a thanough AV lgakikocf 95 def ects, a Dbroad-band energy source is
required. Use of a single frequency energy source wll Iimt the

i nspect abi | i t yaldfen Hatgeduetionr pEt three. adausaddi ehengyo téwl usieneof
br oad- ban t Vi bt ossible to,make_use.of a urce 13
whi ch emi %gggwlée%sﬁe%{é%g yis 1&%%839 9575°& 2t & ?P%ﬁh%%c‘i%:t%

non- har noni‘ca '®As used
herein, imbrathet nowigealdayar ghahedéd rigf ens ilcalatielyéast 1t wo Fimegyeaci es

whi ch ar integer multiples of the other. Wth referepnce to Pigs. 8A
and 8B, ?‘ﬁ%&eg%@%nl IESEr toea% FPR et s i A8 BF%P%"%‘? Hrid¥etPed

non- har noihcaddyc il atted mebhagieat yerhdiit a2CQUSLEE renes oy 1 fdde8%nc8s
shown in Fi t he _i nput signal consists, in the frequency domain, of

atwo 4 fF%gEje%%P shi kdS' GnBTEERTEFRFHOVIRRS - ahfct ABAGE e} Ientered at
30Khz. | ncagigitisad ofany pluraeh t9f onoprhardmonicabky (8! 2bed 1. redugnel es
can be utilized. After_ introduction of the acoustic energy, real-tine
i magi ng ploeeRF R i iifage BPotesybrlipeds tapgremeyet But face | armditadn mage
data gat heé?ﬂa@ﬂor@é)tj@&@ub@%}ﬁhﬁﬁt1Zma<_!;:é§ sfs RscRapkaraypd fW b%QOglf. the
structure 11 is acquired prior to
Subsequent images are captured by the optical device 17
coincident with and capable of being correlated to each other
and with the background image. In a preferred embodiment, a
plurality of images is captured at known time intervals. As a
result of this imaging method, each corresponding pixel value in
each of the series of recorded images represents the intensgity
of infrared light emitted from a portion of the surface of the
structure 11 captured over time.

With reference to Figure 3, there isg illustrated a graph 20
of the recorded values for a single exemplary pixel. In the
present example, the y-axis intensity value of the pixel hag
been converted to a temperature reading. In a preferred
embodiment, a smooth curve 31 is fitted to the pixel data. By
examining such a curve 31, it is possible to compute the maximum
heat rate change for each pixel in the image. This process
allows for a reduction in input energy and improves the signal
to noise ratio. In a preferred embodiment, the pixel values
derived from background image 20 are subtracted from each
subsequent value so that only changes from the pre-exited
structure 11 state are recorded. Once the curve 31 is computed
for each pixel subsequent images can be computed from each
pixels curve 31. For example, with reference to Fig. 4, there

ig iliustrated an image 40 wherein £3gh pixgl 12 assigned the
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i ntroduci ng the nechanical energy as illustrated with reference to Figure
2. In a preferred enbodinent, the image 20 is conprised of a plurality of
pi xel s arranged in rows in colums. The background inage 20 is utilized
to renmove surface condition variations in subsequent imges as described
nore fully below. Subsequent inmages are captured by the optical device 17

coincidenbamhéhqﬂﬂﬂu&&ﬁﬁh&&t@%ebgkngeﬁﬁ%féﬂd%éﬂEHdﬁg%aEHoQ%Heﬁt dwth
the background image, In a preferred enbodiment, a~ plurality of inmages is
capt ured ZPPKABHHALS rfeliehterials expstat ionsulIimgflariys wivblyi nef evsrived,
each corresppngi ng, pindle ua U8 14,8 +§AG ! o hegonded i nages
represents thegi nt ensi tye of i n%lr zri:rred (Ili'i g tlr%%etsﬁgd%?l?g%l% %%?t%ipoweg? t he
surface ofSt Agsigredicthe evalliec afit theddewverattivee ofWtehpe e enencendreyd i gur e

3, there [.go5LLuUstrate raph 30. of _the recarded values for single
exenpl ary p?xe+.§§r§¥ré§ﬁ%§%§§§ﬁﬁ gi%ﬁp %Eeﬁf$ G- F?nih?ang??ﬁﬁikﬂ ue of
t he pi xel Hagsngbeempwonl etheedutrocast efipereddt @ineddiorgr tima, pfeferred

enbodinen%ulg. oth.curve 31 is fitted to(ihe pi.xel data. By exam ning
such a curve %ﬁ? 1o} SHEEE 5P8 P5 SoRpIA'ed e i fPAEnPTASRTSP At alange

tor each gixplayedtde dumged.Thirsel fBge sobd ML frofrwarfedustd Qo 1 jidpput
energy and iEHroves the signal to noise ratio. In a preferred enbodi nent,
the pixel °faFi8sPLRY | 0 AT ABRYE 0UFE T ety 120 ShPE aLbdpuciide om

each subseguedhe viddgiei amd hat iarkyrefanges fdiBdilke agee%ﬁt sl rygcture
11 state are recorded. once the curve 31 in conputed or each pi xel

subsequenfREGERY 2l (P aSEii@Segufhohmegith ifi ¥& posaibie 3t mcumeanyl e,
wi th refetBBCBepOh Rl wifhct RRbBSurkack! hdsdddl addimRye 4. Wagrgidl each
pi xel is assigned the 5

beneath the surface a defect rests, the longer it will take for

the mechanical energy arising acoustic excitation of the defect

to appear ag an infrared emission.

An additional means for the reduction of the input energy
requirements is to provide a better coupling mechanism.
Specifically, the physical manner in which the source 13
contacts the structure 11 has an effect on the efficiency
whereby the acoustic energy is transmitted from the source 13 to
the structure 11. The mechanical energy transfer into the
structure is guite dependent on the coupling conditions. With
structures, other than flat surfaces, the design of the coupling
mechanism is therefore important. 1In a preferred embodiment,
custom rigid (i.e., compogite, metal) couplere match the
structure geometry to the input source. In addition, energy
transfer is further optimized when the same or similar material
is utilized for the source 13 ag for the structure 11. In such
an ingtance, the acoustic impedance of both the source 13 and
structure 11 are nearly identical.

Another implementation for introducing energy into the
structure, ig through a fleoating tip coupling wechanism. This
allows for an off-normal positioning of the acoustic gsource. No
additional coupling will be needed in this case. With reference

te Fig., 6A, there 1s illustrated an embodiment of a source 13.
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val ue of the derivative of tenperature change chosen at an appropriate
time during excitation. simlarly, with reference to Fig. 5 there is
illustrated an i nage 50 wherein each pixel is assigned the value of the
derivative of tenperature change chosen at an appropriate tine after
excitation has ceased. Having conputed the curve 31 for each pixel over

time, a sgidpmal utderrafer BAIEScERPeHEaPNRIAIIALE WidnbTRELRT AGRRRA; 3 and
di spl ayed_or queried. The nost straight forward representation of the

pi xel dat BEFEINCY AFIETGEREr AP etnd of SHEWIERS aify tOh63ENS3 t i mephytes amdgni t ude
of i nfraregntiahtiGih SslpR13baeaehy PEXe! -5P%14cRRULRRY. A0% Phgerving such
I cn supsur

images, it is possible to measure the depth at ace defects
resi de. THeNEIRE Herth Femeauntube Slrfhve araetdct sigsed, it herdremgerteit

Wl take fofet ¢haniqal [ Si oustic excitation of .the
def ect t% app%a%keralfs&an |% rar ggg%?ﬁy%?{%e:ﬂ n%gdglgt I ona f%e%%tsa tfe
reduct i ontbistérbidimentenehgye erisis ement res poaiploni tiearn eetindlizes

coupl i ng hanism_Speci fi.cal|l t he physical nmann in i ch the source
13 cont ac § %‘rqreéqscter t?l.értet?r é)flfoﬂgéc'én%%&%eﬁ Ctg‘r? tHe g%f?’&‘?\gﬂ& SEGEEEG t he
acousti c @her ginis ducfieamett eabbdomeihe Sairdee 133 cbAiprifes S4 ridaiagll.
The mechapical e .erﬁ% t_ransfer,l'into the structure is quite dependent on

the coupl Fig COAUY OMWAEHh L SEPEER U V1 FELerRARS T FAtF Qir féBbes INt he

desi gn ot at hrogoimy itip cEhaarapios, thes afigr &3 ARORbANIn JHY & Jnef erred
enbodi nment customrigid (i.e., conposite, metal) couplers match the

st ruct ur eSGRBABYE Y b diemalnsarTistroh. IAF AddEstdh, BRRrGY 1% (fuesiEp is
further opti®tzed mhend r&%o%@”ﬁi?ﬁaﬂ tBfodmeheri 8heoni 8 HihiAfd QL the

source 13 as for the structure 11. in ouch an instance, the acoustic
i npedance®btoBdtIFIHE K dleEabidipydin positioning the source 13 in

contact with the structure 11 as the tip 63 can pivot to provide
a maximum area of contact between the tip 63 and the structure
11.

In addition, alternate acoustic generatorsg, guch ag an air
coupled ultrasonic device or an inductively coupled device, can
be employed as the source 13 thus obviating the necegsity of
establishing physical contact between the source 13 and the
structure 11,

It is apparent that there has been provided in accordance
with the present invention a method, and apparatus for
performing such method, for detecting defects in structures via
broad-band acougtic excitation which fully satisfies the
objects, means, and advantages set forth previously herein.
Specifically, it is contemplated that one could combine any
number of techniques disclosed herein, such as parallel beam
reception, to further satisfy the object of the present
invention. While the present invention has been described in
the context of gpecific embodiments thereof, other alternatives,
meodifications, and variations will become apparent to thaose
skilled in the art having read the foregoing description,

Accordingly, it 15 inbtended to embrace those alternatives,



structure 11 are nearly identical Another inplenmentation for introducing
energy into the structure, is through a floating tip coupling nechani sm
This allows for an off-normal positioning of the acoustic source. No

addi tional coupling will be needed in this case. with reference to Pig.
6A, therc 13 illustrated an enbodi nent of a source 13. el Signal carrier
61 recei vesdafiasolsis C SiRalr ibtoBhacaystill Ji@aWeRey BEHSE QS el%gi”d
transmts [t to ti 3 in physical contact with signal carrier 61, Yy

pl aci ng tﬁbet?Bp% ¢h Sl@Mact with a structure 11, the acoustic signal is
transmtted to the structure 11. Because the tip 63 is rigidly attached
in this enbodinent, there exists only one position that maxi mzes the
surface area of contact between the tip 63 and the structure 11. in a
preferred enbodi nent, source 13 conprises a floating tip configuration as
illustrated with reference to Fig. 6B. In a floating tip configuration,
the tip 63 is not in physical contact with signal carrier 61. As a
result, tip 63 is free to pivot or rotate about signal carrier 61. Such a
configuration allows greater flexibility in positioning the source 13 in
contact with the structure 11 as the tip 63 can pivot to provide a
maxi mum area of contact between the tip 63 and the structure 11. In
addition, alternate acoustic generators, such as an air coupled
ultrasonic device or an inductively coupled device, can be enployed as

t he source 13 thus obviating the necessity of establishing physical
contact between the source 13 and the structure 11. It is apparent that

t here has been provided in accordance



with the present invention a nethod, and apparatus for perform ng such
net hod, for detecting defects in structures via broad-band acoustic
excitation which fully satisfies the objects, neans, and advantages set
forth previously herein. Specifically, it is contenplated that one could
conbi ne any nunber of techniques disclosed herein, such as parallel beam
recept i orwHAT Msurcthemesatssfy the object of the present invention. while
the present invention has been described in the context of specific
enbodi nents thereof, other alternatives, nodifications, and variations

Wl becone apperesthb@ $N0seresiddd @ felrkhenakt rHAvi g r ead o thg
foregoing description, Accordingly, -it is intended to enbraﬁce tﬂ%se
al t er nat i & StEPPo@Eti cati ons, and variations as fall within the broad

scope of the ;3ppReRdgdclal iB-aP8 MHAL $,,CLA ' T t hod. of
det ecti ng defébts ﬁnss?ructur%%, co igpﬁ% Egggééﬁgiinﬁ#?%Fn ﬂ%?ﬁbon
mechani cal energy i a breadtbard d@ustd cesiigsadn of a broad- band

acoustic sign%bgggﬁgggrgpgroveéﬁg ti eQJ& ﬁéégiug%g%%#?%%éxgggaig?ges of

said structure sard %Iura |I§ of i urality

of pixel s arrangedskahdastphotalé teaddf afowaidnglaphlims adkagkssai d pi xel s
i ndi cative of an intenslt¥ﬂof infrare ,energy eniited by a portion of

said structure. 2. “PRETHETR0AL o RYUAhIEYwREr BiFELRi AF53H85E A8 2ai d
nmechani cal  ener gy ptapLi 6¢Sof heowd epfd @olumns each of said pixels

indicative of an intensity of infrared energy emitted

by a portion of said structure.

2. The method of c¢laim 1 wherein said inducing said mechanical
energy comprises the steps of:

generating said broad-band acoustic signal; and

introducing said generated acoustic signal to said

structure via an acoustic source.

3. The method of claim 2 wherein said introducing said
acoustic signal comprises the steps of:
placing said acoustic signal in physical contact with said

gstructure.

4. The method of claim 2 wherein said generating said broad-
band acoustic signal comprises the step of generating an

acoustic signal having frequencies in the spectrum between 1 KHz

and 1 MHz.

5. The method of claim 4 wherein said generating said broad-
band acoustic signal comprises the step of generating an

acoustic signal comprising a frequency spectrum between 10 KHz
and 50 KHz.



generating said broad-band acoustic signal; and introducing said
generated acoustic signal to said structure via an acoustic source. 3.
The nethod of claim2 wherein said introducing said acoustic signal
conprises the steps of: placing said acoustic signal in physical contact
with said structure. 4. The nmethod of claim2 wherein said generating
sai d broa€l:- bdritk aecelsid efscanh 2ompdtses daid gkapraf i geneiid ivigaan
acousti cTﬁil_C@:I havioig f,reg;.ﬂenci es. in the spectrumbetween 1 KHz and 1
Miz. 5. The netfotF o Graim 4QRRT %7 SN IGEABLatPngCeys it hrd@dalpand

acousti c sofal siGRRIY 3essthewst 86n Ofa GRABIRAN17D raac 8§ O e r3iighal
conprising a frequency spectrum between 10 KHz" and 50 KHz_ "4 G The
met hod of claim 2 wherein said generating said broad- band acoustic signal

conpri sesygenefial inih 1R d¢ouskif &1 @NAlei LYW § i { WO
non-harnonically related frequenci es. 7651 The rre?lﬁggr%#lljégfeg%ﬁ% wherein
sai d genefFafPFHEFER genegaiprosass yamel st iy fMrsitgfiakgatnay faarste ferdequency

et or 22, 10 & AnG A Bnd Lol LI SRR Lo e S8 B 0 ot o st o

met hod of claim2 wherein sai ng sai r8ad=" band acoustic signal
conprises generating said acoustic signal for a period of tine. 9. The

met hod of _cl aijn 8 rein_said.periad of, tinme is between .1 and 2
seconds. 10. Th& rr“\'el\%%g? &f ghgf‘ﬁé '(%ﬁ%’?eé‘irh 584i% SFBFFRLLY 13k bread-
appr oxi mabehd dcdusseicordgnal comprises generating said acoustic signal

for a period of time.

9. The method of claim 8 wherein gsaid period of time is

between .1 and 2 seconds.

10. The method of claim 9 wherein gaid period of time is

approximately 1.5 seconds.

11. The method of claim 1 wherein said capturing said plurality
of images comprises the steps of:
capturing a background image of said structure prior to
said inducing said mechanical energy; and
capturing at least one additional image each coincident
with said background image such that each
corresponding pixel in said background image and in
¢ach of gaid at least one additional image possess a
value equal to said intensity of infrared light

emitted bBY & portion of said structure at a different

time.

12. The method of claim 11 compriging the additional step of
computing a curve for each of said plurality of pixels forming
said plurality of images whereby each curve is computed from
cach of gaid intencitiep rocowded at a gingle pinel position in

said plurality of images at each of said different times.
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11. The method of claim 1l wherein said capturing said plurality of inmages
conprises the steps of: capturing a background i mage of said structure
prior to said inducing said nmechanical energy; and capturing at |east one
addi tional inage each coincident wth said background i nage such that
each corresponding pixel in said background i mage and in each of said at
| east one additional imge possess a value equal to said intensity of

infrared |jght , emtted by a_ portjon of said structure at a different
tinme 12. metth ttESJP cP iﬁ%%mcjo%rmhesﬁw thedalbF¥ToMR it sFigrted

conput i NGEFore Whe drafupeathsbt 834 o Pl A AlH 1M1, ebeﬁgésé&r BiiesSaklg
plurality of imges whereby each curve is conputed from each of said

i nt ensi t | 3% r'dBdded CAMPEENAGH e pi xel position in said plurality of

i mges at each of said different times 10 13. The nmethod of claim 12
wherein said structure is selected fromthe group consisting of fan

bl ades, cbhpré8¥or bPaasstuand fqgas detbrhengongefents. 1in Therapparasus
for detecééﬁgkfgg ts in structures conprising: an acoustic frequency
generator adapte 0 generate a broad-band acoustic energy signal; an
acousti c ener gan sounek izddptgdehoy tgansmttorsaddpbedade dpaiacowust i C
energy signal to s%hda%%kggtuggé n. optical devic$.for detecting and
recording as a pl 0rafrtyof PRAGES At tsinfiP3 atrared energy emitted
by said structar ea@bust it ueatidy sbuleO€ahii@ised to transmit said broad-

band acoustic energy signal to said structure:

an optical device for detecting and recording as a
plurality of images an amount of infrared energy
emitted by said structure at a plurality of locations;
and

an image processor for processing said images.

15. The apparatus of claim 14 wherein said acoustic energy
source comprises:
a signal carrier for transmitting said broad-band acoustic
energy signal; and
a tip for receiving said transmitted broad-band acoustic
energy signal and transmitting said broad-band

acoustic energy signal to said structure.

le. The apparatus of c¢laim 15 wherein said tip is in contact

with said =ignal carrier.

17. The apparatus of claim 15 wherein said tip is adapted to

pivot about said signal carrier.
18. The apparatus of claim 15 wherein said tip is comprised of

a [irst material substantially similar to a second material from

which said structure is formed.

11



and an i mage processor for processing said inmages. 15. The apparatus of
claim 14 wherein said acoustic energy source conprises:. a signal carrier
for transmitting said broad-band acoustic energy signal; and a tip for
receiving said transmtted broad-band acoustic energy signal and
transmtting said broad-band acoustic energy signal to said structure.
16. The appar aths appakatos 1m>fwher£im $ai dherpihs ddidccopiagsd aniit Rkiesaing
signal carrjer. 17. The a ara&us of claim 15 wherein said tip is adapted
to pivot™ E%ﬁ%a afHI%iﬁﬁz “Eaflr i Br°M 8 ENeheIEPRr AW 1S 1BRai of 1 idkedei n
said tip hscrROUPE1BSEE Oft itanfiukSt sBBEES | Ald TUBSHARK ghlyysimlar to a
second material from which said structure is forned. 11 19. The apparatus
of claim 1B wherein said first and second material are selected fromthe

group congpstifge Mfpgli8ls ofNicikeh 2! QYSve it ts%qgug}fggg%‘génd and, fdcyani um

al l oys. 20. The apparatus of claim 14 wherein sai and acoustic
ener gy SofBRBETIY sSefeticd HolewieHe fypnuphe asivgst icogsost anpont aowiract and

a |i Mt edeganlact 30Ul Ofmi2la TAR-ABPALALYS, Of ¢l al m 20 wherein sai d

br oad- band acoustic energy source IS selected fromthe group consisting
of an air coupled ultrasonic device and an inductively coupl ed device.

22. The appar claiml ereipn_ said optical, device is. selected
fromthe ggéug%g%ﬁgg%ﬁ%%ﬂf%ﬂé%ac mdgeia%?%ﬁﬁf‘faﬁpbgfoang??@cﬁﬁﬁqﬁilc
energy source is selected from the group consisting of an air

coupled ultrasonic device and an inductively coupled device.

22. The apparatus of claim 14 wherein said optical device is
selected from the group consisting of a CCD device and a fiber

optic device.

23. The apparatus of claim 14 wherein said broad-band acoustic

energy signal spans a spectrum between 1 KHz and 1 MHz.

24. The apparatus of claim 23 wherein said broad-band acoustic

energy signal spans a spectrum between 10 KHz and 50 KHz.

25. The apparatus of claim 14 wherein said broad-band acoustic
energy signal comprises at least two non-harmonically related

frequencies.
26. The apparatus of claim 25 wherein gaid broad-band acocustic
snaryy aidgnal ¢omprises a first frequency cenktered at 20 RHz and

a second frequency centered at 30 KHz.

27. The apparatus of claim 14 wherein said broad-band acoustic

signal has a duration approximating one and a half seconds.

12



23. The apparatus of claim 14 wherein said broad-band acoustic energy
signal spans a spectrum between 1 KHz and 1 MHz. 24. The apparat us of

cl ai m 23 wherein said broad-band acoustic energy signal spans a spectrum
between 10 KHz and 50 KHz. 25. The apparatus of claim 14 wherein said
broad- band acoustic energy signal conprises at |east two non-harnonically
related f£8equemeifpar2busThbe appahaldswifrdhis®iddvhesee sad d

br oad- band fcoustlc energy signal conprises a first frequency centered at
20 KHz anB® &Ct@t IfPT toGueneyPcentereding g0 firmz blades Theownssaserus of
claim14 Mb@ﬂ@g[]jﬁﬁ J4 egpband acoustic signal has a duration
approxi mati ng one and a half seconds. 12 28. The apparatus of claim 14
wherein said structure is selected fromthe group consisting of fan

bl ades, conpressor bl ades, and gas turbines. 13
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