| NSPECTI ON METHOD AND APPARATUS FOR DETERM NI NG | NCI PI ENT MECHANI CAL

FAI LURE BACKGROUND OF THE | NVENTI ON The present disclosure rel ates
generally to ultrasonic, non-destructive testing nethods and, nore _
particularly, to an ultrasonic inspection nethod and system for determ ning
I nci pi ent mechani cal failure. Many nechanical failure nodes include a

| ong-duration first step in which mcrostructural damage and/ or change
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be det ect RIACKGROBYNDNQFdIHE B§YBNAION eddy current techni ques. For exanple,

in conventional ultrasound harnonic imaging, ultrasound signals or pulses
I es,, and echo signals are received
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by the tine a crack can be detected through su ogi es, € part
has essentiheipiept fhea¢Hagigal fadureexanpl e, fatigue cracks in titani um objects
becone detectable when only about 10%of life is remaining. The presence

of an idenifie K skanifies t.h art .has .exhausted its .life.
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desirable to be able to detect i ncitpj ent damage vﬁ;i le the part is still
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I nci pi ent dﬁﬁp ' I ekl Aal VSl hed. The first relates to
detection o ?%@%ﬂg%g{ﬁfﬁﬁep?aﬁs %%%?rélugga@%bge??%rlﬁum alloy aircraft
engi ne conpressor forgings, and the second relates to detection of creep
damage i n Grackscthat ae abopé icerdiain cheslsald sizes, aid withitt cetaii specifivd tegivas,

may be detected by existing ultrasound or eddy current techniques. For example, in
conventional ultrasound harmonic imaging, ultrasound signals or pulses are
transmitted at fundamental frequencies, and echo signals are received by a transducer.
Discontinuities, such as cracks, can be detected when their echoes are greater than

that of the background noise.

Unfortunately, by the time a crack can be detected through such methodologies, the
part has essentially failed. For example, fatigne cracks in titanium objects become
detectable when only about 10% of life is remaining. The presence of an identified
crack signifies the part has exhausted its life. Additionally, the presence of cracks in a
particular part may prevent that part from being repaired and returned to service.
Thus, it would be desirable to be able to detect incipient damage while the part is still

repairable.

There are at least two noteworthy applications in which incipient mechanical failure
analysis can be applied. The first relates to detection of incipient dwell-time fatigue
in titanium alloy aircraft engine compressor forgings, and the second relates to
detection of creep damage in structural applications such as aircraft engine and land

gas turbine airfoils and disks. Dwell-time fatigue arises from the anisotropy of



gas turbine airfoils and disks. Dmnell-tinme fatigue arises fromthe

ani sotropy of 1 nodulus and [imted slip systens in titanium Thus, if
cyclic stresses (near the yield stress) are applied with hold tines to a
titani um body, then grains elastically deform to different degrees due to
their individual crystallographic orientation with respect to the applied
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generated from amen equency” a
second hardnmkjmes‘enequency I n anot her aspect, a nethod for determning
i nci pient mechanical failure of an object includes insonifying the object

one of & BILRSCFSCREREN BrTtE BYFPAEIBREVe scan. A broadband {r ansducer
is focused so as to detect anplitude data fromthe insonified object at
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ultrasonic energy at a selected fundamental frequency. Amplitude data is acquired

from the insonified object at the fundamental frequency and at the second harmonic of
the fundamental frequency, and a non-linear acoustic image is generated from the

amplitude data at the fundamental frequency and the second harmonic frequency.

In another aspect, a method for determining incipient mechanical failure of an object
includes insonifying the object with ultrasonic energy at a selected fundamental
frequency using at least one of a backscatter scan and a surface wave scan. A
broadband transducer is focused so as to detect amplitude data from the insonified
object at the fundamental frequency and the second harmonic of said fundamental
frequency. The amplitude data at the fundamental frequency and the second
harmonic of the fundamental frequency are digitized and stored, and a non-linear
acoustic image is generated from the amplitude data at the fundamental frequency and

the second harmonic frequency.

In still another aspect, a system for determining incipient mechanical failure of an
object includes a broadband fransducer for insonifying the object with ultrasonic

energy at a selected fundamental frequency through at least one of a backscatter scan



t he second harnonic frequency. In still another aspect, a systemfor

determ ning incipient mechanical failure of an object includes a broadband
transducer for insonifying the object with ultrasonic energy at a sel ected
fundamental frequency through at | east one of a backscatter scan 2 and a
surface wave scan. The broadband transducer is focused so as to detect
anplitude data fromthe insonified object at the fundanental frequency and

a second andravswifeceowavaisernf udhankraediand rteapgdunsy is Aopred e asetreidetsrt

receives d d; si gnal .fromthe.transduce a a data acqui sitd on
oot oy SRR B e lpbRTehBicot BBE YRfameARs a2nS@g 4 Adelirid,
second harhaBnosic Of sdif) uidaneani feghenicly e QUATIEY rebeifer Btiidsi deadiddasigmls The

stored anplitude data at the fundanental frequency and the second harnonic
f r equency from thecgansduces fada dats apmisition sampuebsietes dhe sraplitudgpatgmt the

DESCRI PTI f j N e r aw rein
i ke el erreqr}iktlésﬁlf;eﬁl%nu er"{y(ctlﬁl al 1 l?géclmr? ?ﬁ@%ngs%g%?%aél ﬂ%?%%fglggl ﬁ-ﬁ@%&%‘ﬁ‘ff%‘ s a
bl ock di aghigitizéd fousiat. aThagtaedratiptithde atatad et thenfundagertaicirgjuenty amd fiseni cal
failure of an ,Qbject, .in accordaace wi th an enbodi nent. of the invention;
Fi gure 2 iSeconddpmonit fiedvengy isiser o geierate p HGD-4HCR,ASAMIUSINAES St em t hat nay

be used to inplenent the incipient nmechanical failure inspection nethod

shown i n BEWFDASCRIPTIONOEdanc prM Wivasf urt her aspect of the present
invention; Figure 3 schematically depicts an exenplary object having a

region of latent mechanical damage therein; Figure 4 illustrates an object
di sk t hat Redertiag testhe axegiplary dfavipgshahsreial likgalerpents anedupibgradealikeiis then

exenpl ary Sé{,e(} ltng&gs-a”pl itude ratio intensity plot corresponding to the

object dis of gure 4. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Di scl osed

herein is a nmethod for non-destructive detection of those regions of an
Figure 1 is a block diagram illustrating a method for determining incipient mechanical

failure of an object, in accordance with an embodiment of the invention;

Figure 2 is a schematic diagram illustrating an exemplary system that may be used to
implement the incipient mechanical failure inspection method shown in Figure 1, in

accordance with a further aspect of the present invention;

Figure 3 schematically depicts an exemplary object having a region of latent

mechanical damage therein,;
Figure 4 illustrates an object disk that contains a region of mechanical damage; and

Figure 5 is an exemplary 2fy to fy amplitude ratio intensity plot corresponding to the
object disk of Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein is a method for non-destructive detection of those regions of an
object in which mechanical failure is incipient (i.e., prior to actual nucleation of a
micro-defect). Briefly stated, the method includes insonifying a subject part at an
input frequency or frequencies, and noting those regions of the part in which there is a
higher-than-background generation of harmonics of the input frequencies. This

information may be generated and displayed by scanning a part in a manner similar to
3



object in which nmechanical failure is incipient (i.e., prior to actual

nucl eation of a mcro-defect). Briefly stated, the nethod includes

i nsoni fying a subject part at an input frequency or frequencies, and
noting those regions of the part in which there is a

hi gher - t han- background generation of harnonics of the input frequencies.
This information may be generated and di spl ayed by scanning a part in a
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backscattered signals at both f; and 2f;.

The transducer may include a pair of confocal elements focused by the same
curvature to a common focal zone. A thinner of the two confocal elements may be
used to receive the signals at 2f;, and as a matching layer for the transmitting element.
By using confocal elements, the transmitting element can receive the fundamental

frequency in pulse-echo, and the receiving element can receive the second harmonic.

In one embodiment, the input insonifying excitation is implemented via a pulse radio
frequency (RF) driver, using a number (N) of wavelengths of the fundamental
frequency as the input burst. The pulse length should be selected long enough so that
the second harmonic component of the pulse power spectrum is sufficiently
attenuated (e.g., by about 20 dB or more with respect to the amplitude of the
fundamental frequency). On the other hand, the pulse length should also be selected
short enough so that the material region, producing the echoes containing both
fundamental and second harmonic components, is resolvable from the entry-surface
echoes by the transducer. An approximation of the power spectrum amplitude of the

RF input insonification pulse is given by the expression:
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frequency (RF) driver, using a nunber (N) of wavel engths of the fundanent al
frequency as the input burst. The pulse I ength should be sel ected |ong
enough so that the second harnoni ¢ conponent of the pul se power spectrum
is sufficiently attenuated (e.g., by about 20 dB or nore with respect to
the anplitude of the fundanmental frequency). On the other hand, the pulse
| ength should al so be selected short enough so that the material region,
produci ng sihfNeg g6 -<p)]t ai ning both fundanental and second har monic
conponent s, Vafile fromthe entry-surface echoes by the transducer.
An approxin&N§éﬁS§$ tﬁg power spectrum anplitude of the RF input

I nsonification pulse is given by the expression: 4 sin [(N/. fo X.fo - .f
L (N) 1/ . f oXf @ordindly e Ubeid ek pressidesiRRRUBatOX RIQS R ﬁﬁnl%?mév@%gﬁs gy table
nunber of wavel engths (X) for the input pulse at the fundanmental frequency
is 102, ,. prbedemit pylspalihe dunslemental Gequshcrisg®?e 1, met hod 100 continues by
designing the paraneters of the scan itself, including for exanple, the
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t he object, The -.6dB beam di ageter, at frequenc s approxi mately equal
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and i s t hugtefds ShoRIPbE aSREstDOL oefbdv (it fhrfké 6f e oag;m iRlofder th $soldt€ el ocity
of the acoustic signals in the material of the object; F is the focal

| engt h of depiged Fieshaidseeond barmonimeigaals dromn shel preaeafeintassst tfrom reflertaducer
lens. Fur tsE‘ rafgoétethetst}Ffacgeegf' Iflueogbj]éaf: U$nh& f—6dB beam diameter at frequency 2f; is

approximately equal to 1.03A F/d: wherein the wavelength A refers to the wavelength

at 21y, and is thus also expressed by 1.03 (c¢/2f;)(F/d); wherein ¢ is the velocity of the
acoustic signals in the material of the object; F is the focal length of the transducer
lens; and d is the diameter of the transducer lens. Furthermore, the depth of focus of

the transducer for a backscatter scan is approximately equal to 4A (F/dY’, or
4(c/2fp)(F/d)>.

The volume from which the second harmonic echoes are received by the transducer is
defined by the second harmonic wavelength, aﬁd is substantially smaller than the
region insonified by the input fundamental frequency. The difference in length of
depth of focus can be accommodated by setting the signal-gate (the time region over
which a signal is recorded from each pulse) to be that of the depth of focus of the
second harmonic, or shorter; the difference in cross sectional area of focus can be
accommodated by suitable amplification of the second harmonic signal, where the
value of that amplification will be selected after consideration of the nature of the

material microstructure and how that microstructure scatters sound.



the transducer for a backscatter scan is approximtely equal to 4X (F/d)2,
or 4(c/2f0)(F/d)2. The volune from which the second harnonic echoes are
received by the transducer is defined by the second harnoni c wavel engt h,
and is substantially smaller than the region insonified by the input
fundanmental frequency. The difference in length of depth of focus can be
accommodated by setting the signal-gate (the tine region over which a
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posi tion dfirecheflectiongaileer focal point is placed at a sufficient depth
beneath the entry surface to resolve the surface wave fromthe direct
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Aot ekt P Pt SRS Lo SRt e
gat ed wavedlesrmatively, @€ Butput of a pulser receiver in communication with the transducer
may be coupled to a waveform-digitizer such that the entire gated waveform for each
ultrasonic pulse is acquired and stored in a data acquisition file. In this embodiment,
the digitization rate should be at 8f; (or more) for the entire gated signal to be
recorded. Thus, for 10A pulses, about 80 bytes are needed for full waveform

acquisition and processing in software.

Once the amplitude data at fy and 2f; is acquired, it is processed in order to produce a
non-linear acoustic image, as shown in block 110. Generally, this non-linear acoustic
image is presented as ratio of the amplitude of the second harmonic signal and the
square of the amplitude of the fundamental frequency signal. In one specific

embodiment, a "beta” image is constructed in accordance with the expression:

()
“ak? \ 42 ) (adn 1 N4,/ 42)

wherein A; is the amplitude of the second harmonic frequency (2fy) component, A is
the amplitude of the fundamental frequency (fy) component, k = 2nfy/c, ¢ is the

velocity of the acoustic signals in the material of the object, and a is a scanning



ultrasonic pulse is acquired and stored in a data acquisition file. In this
enbodi nent, the digitization rate should be at 8fo (or nore) for the
entire gated signal to be recorded. Thus, for 10k pul ses, about 80 bytes
are needed for full waveform acquisition and processing in software. Once
the anplitude data at fo and 2fo is acquired, it is processed in order to
produce a non-linear acoustic imge, as shown in block 110. Generally,
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i nspection nmethod 100, in accordance with a further aspect of the present
i nvent i on.2cterdanggstifhg buther pypgefiqf shemrresent invention. The system 200 illustrates a

first broadband transducer 202 configured for a backscatter scan and a second
broadband transducer 204 configured for a surface wave scan. In either case, the
return signals detected by transducer 202 or tfransducer 204 are received by a pulser

recetver 206 and amplified by amplifier 208.

As stated previously, separation of the fy and 2f; signals may be carried out through
the use of a first bandpass filter 210 centered at f; and a second bandpass filter 212
centered at 2f;. An additional amplifier 214 may be used to amplify the signals
passed through the 2f; bandpass filter 212. A pair of peak detectors 216, 218 receive
the filtered signals from f; bandpass filter 210 and 2f; bandpass filter 212,
respectively. Then, the f; and 2f; signals are digitized by A/D converters 220, 222
and stored by data acquisition computer 224 for subsequent production of a non-linear
acoustic image based on the fy and 2f;, amplitude data. As indicated by the dashed
lines in Figure 2, the amplified signals from the pulser receiver 206 may alternatively
be inputted into a waveform digitizer 226 for Fourier analysis thereof, and the

digitized amplitude data directly stored into the data acquisition computer 224,

Figure 3 schematically depicts an exemplary object 300 having a region 302 of latent

mechanical damage therein. As shown by a first set of input and output signals, when



first broadband transducer 202 configured for a backscatter scan and a
second broadband transducer 204 configured for a surface wave scan. In
either case, the return signals detected by transducer 202 or transducer
204 are received by a pulser receiver 206 and anplified by anplifier 208.
As stated previously, separation of the fo and 2fo signals nmay be carried
out through the use of a first bandpass filter 210 centered at fo and a
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Fourier anal ysis reof , and. the digitized anplitude data direct store
into the %ﬁ_oa%q@%g%f%‘nﬂ%% %WM!PJ@@?%&{)@&@&F@%{W%affalqnﬂé?p?%ts an
exenpl ary ;b &6tal 3aMaBaViribugh &Mc&mﬁg gn@ﬁoﬁ-ﬁh@a’?timag@&}ﬁf%tﬁﬁlof@@me
therein. As shown by a first “set of I nput and output stgnals, when 7 the

i nput ene2gyamglithdedateds discisserbzhongeadtioas eflsighdst 2fydo GjraplitudOBtiommre is a

negligible a of ,second. haryponic distortion on the output signal. On
the other Perdrtiiedad e Frten an sty it Hegglefe amatinggaatordy B 200
the resul tofpgpeisput  signal will have a significant second harnonic
conponent associ ated therewith. Thus, when scanned, those locations in the
obj ect corresponding to a relatively high anplitude of second harnonic

si gnal s arss WHhes eppredated, the abeys deseribpdanethpd and sysfemy embodigrents dhauld | n

Fi gur e 4, NG GoliSrlonaat BRI He G0 BtRRA B3, 3y LGLAAO2 of
mechani cal danmage. Through the scanning and non-Ti‘near | nmagé generati on of
fo and 2ftknasp| iRondxatela iads dosienpbatet o weherr egnisingtionk d¢fi glyesid &f 0 to fo
anpl i tude ratl,io %( . . .

amp 1tudegn% inear or non-linear) may be used in the scanning method, so long as

regions in which the calibrated intensity of a harmonic strongly deviates from

background (or in which there is a strong spatial variability of harmonic intensity) are

identified as regions of mechanical damage (e.g., incipient dwell-time fatigue

damage). Accordingly, parts in which failure is incipient can be detected more

reliably and earlier than through conventional techniques. This will permit more

reliable operation of the part, as well as allow for longer inspection intervals for

certain applications. Moreover, parts may be inspected to determine suitability for

repair and return to service, in which a measure of assurance is provided that repaired

parts will not fail by premature nucleation of cracks from incipient damage present

(and heretofore undetectable).

While the invention has been described with reference to a preferred embodiment, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
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be identified and di spl ayed, such as shown in the exenplary anplitude
intensity plot of Figure 5. As will be appreciated, the above descri bed
met hod and system enbodi nents should not be construed so as to limt the
generation of the anplitude data in a specific nmanner. For exanple, it is
contenpl ated that other conbinations of 2f0 and fO anplitudes (linear or
non-Iinea%é may be used in the scanning nethod, so long as regions in

whi ch t he teabaticalee gmbodimest digclosedaastthe bestinpodst eanteyhplatdd omcarsyifg ont

background, {(Qr_in mh% tg re is.a stkron p ia% ariégf bit .of. harnoni c
htonst ty) i averfgtiends 4R el dh ol SRR Gibod R Tinte buffin WRECPCE O
dwel | -ti n&c@ﬁdfgh@appéaaag@ﬁimsmcor dingly, parts in which failure is

i nci pient can be detected nore reliably and earlier than through
conventional techniques. This will permt nore reliable operation of the
part, as well as allow for |longer inspection intervals for certain
applications. Mreover, parts may be inspected to determne suitability for
repair and return to service, in which a nmeasure of assurance is provided
that repaired parts will not fail by premature nucleation of cracks from

i nci pi ent damage present (and heretofore undetectable). Wiile the

i nvention has been described with reference to a preferred enbodi nent, it
wi |l be understood by those skilled in the art that various changes nay be
made and equivalents nay be substituted for elenents thereof wthout
departing fromthe scope of the invention. In addition, many nodifications
may be made to adapt a particular situation or nmaterial to the teachings
of the invention without departing fromthe essential scope thereof.
Therefore, it is intended that the invention not be limted to 8 the
particul ar enbodi nent di sclosed as the best node contenplated for carrying
out this invention, but that the invention wll include all enbodi nents
falling within the scope of the appended clainms. 9



CLAIM5 1. A nmethod for determ ning incipient nmechanical failure of an

obj ect, the nethod conprising: insonifying the object with ultrasonic
energy at a sel ected fundanmental frequency; acquiring anplitude data from
the insonified object at said fundanental frequency and a second harnonic
of said fundanental frequency; and generating a non-linear acoustic inage
fromsaid anplitude data at said fundanental frequency and said second
har moni ¢ f¢letyiMAcy. 2. The method of claim 1, wherein said non-linear
acoustic inmage is generated by wusing a ratio of said anplitude data at

sai d second har fmpifohrGAYRNGRANY LG ROl AfLA 8FRh dyds data at
sai d fundanent a requency, an erern said non- | tnear - coustic I'mage is
a beta i nagethedostprigdfigd i n accordance with the expression: _ 8 Az 8C2
ak2) AZ = a4rr2 2 AAZ1) _faz / 1 wherein A2 is the anplitude of said

second har.noni.¢c. frequency,. A . is the anplitugde f {he fundanent al
frequency,m“fé’"ifg’?ﬁt"gf)f’ J?c'yv‘\'ﬂg'f%]l{rﬁsq{“‘f e, at\?eﬁel%eteﬁ%%#mm@' CNECYc signals
in the material of the object, and a is a scanning paraneter. 3. The net hod
of clai m lkchhiridg atpeficMatadttdhn AHbdHifd R laf 48e ARALR AL ﬁé(gﬁh@)na{at ed with
a broadband ‘transducer having a center frequency at about 1. t’i mes said

f undanent & sepenstheemenic odseldipndagientad iequancmranducer is al so used for said
insonifying the object with ultrasonic energy. 4. The nethod of any one of
t he preced] ' B [ ] 1L itud i,S_ 1 Npl ement ed
with a brg%g%gﬁggkgéﬁglu%&%bﬁﬁgﬁh%gg%g%%%%E%Fl2%8%6%%1&5gﬁg§§ﬁ%nT? tinmes
sai d fundareneady dndegidescond haosic fregaentyl nsoni fyi ng the object with
ultrasonic energy is inplemented with an excitation pul se having a pul se

length of, at | east 107, erein X.is the wavel ength of the excitation
pul ge at <aid fﬁ-‘r‘?dﬁ?fé?f{ afc almﬁwrherem said non-linear acotistic image is generated by

using a ratio of said amplitude data at said second harmonic frequency and the square
of said amplitude data at said fundamental frequency, and wherein said non-linear

acoustic image is a beta image constructed in accordance with the expression:

SR
\ak? A m(a4”2fozxAz/A12)

wherein A; is the amplitude of said second harmonic frequency, A; is the amplitude
of the fundamental frequency, k = 2nfy/c, wherein c is the velocity of the acoustic

signals in the material of the object, and « is a scanning parameter.

3. The method of claim 1 or 2, wherein said acquiring amplitude data is
implemented with a broadband transducer having a center frequency at about 1.5
times said fundamental frequency, and wherein said transducer is also used for said

insonifying the object with ultrasonic energy.

4, The method of any one of the preceding claims, wherein said acquiring
amplitude data is implemented with a broadband transducer having a center frequency
at about 1.5 times said fundamental frequency, wherein said insonifying the object
with ultrasonic energy is implemented with an excitation pulse having a pulse length

of at least 10A, wherein A is the wavelength of the excitation pulse at said fundamental
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10 frequency, said nmethod further conprising inplementing at | east one of a
backscatter scan and a surface wave scan, wherein for a backscatter scan
said transducer is focused to a depth within the object of at |east about
20), with respect to an outer surface of the object. 5. The nethod of any
one of the preceding clains, further conprising inplenenting at |east one
of a backscatter scan and a surface wave scan, wherein said acquiring

anpl i t ude feguaneys saidpneshashfvsdeneaniprising iomd¢rnerdingrad headuener ofralvdcksrattec ent er
frequency at about 1.5 tinmes said.fundanental, freguency, .and erei.n for a
Crface”” ohn MG ghrte WlReGR! Inbhf SRR Buch B SRRY il EndiRECHD, 4
wave critifoshseanglacdepth whthén tHeSEHiedti Fcht N@dse bt 2BACwitls rédps& thosusaer SO as
to isolate a surface wave froma direct reflection wave. 6. A nethod for

det er mi ni rigtfeereiheabieplechani cal failure of an object, the nmethod
conprising: insonifying the object with ultrasonic energy at a sel ected

fundanment & fregje éfho&’.scifngnﬁtodee FL RN Grdbdifle PAGKRE Aklrfler S r?s[ﬁ% a
et'ect

surface wave scan; focusing a broadban ransdtdcer sé as to
anpl i t ude idgdeandntiomat lvastions ofi e bheldcatted sexmit andta safade tvanesmmwherefnrsagliency

and a second harnonic of. said fundanental ,frequency; digjti.zing and
storing sd@YEMEIAY e dflafays fnplegieqt %%ﬂwg&’ﬁr%ﬁwghﬁ‘ﬂ’&ﬁ 5%2@%nd
har noni ¢ (ﬁeq‘ﬁéﬁ% Stundaientiahes! §aﬁﬂﬂﬁ@%ént§ln§ecgéﬂ€{{,%ﬁr\ﬂheﬁ‘eiﬂ%f Lishagate

acoustic inmage fromsaid anplitude data at said Tundamental frequency and
sai d secorigahgeidominsdhges dquénsused $p. asTiednelpdh e Béiyleighiwave crifieelr migte shi d

digitizing,and st.oring said., anplitude, dat .at _sai d fundanent al freguency
and o secdha el HA sk bl & TRe s 51 e B AP O R e ke L g a
first bandpfesiohivdver centered at said fundanental frequency and a second
bandpass filter centered at said second harnonic of said fundanental

6. A method for determining incipient mechanical failure of an object, the

method comprising:

insonifying the object with ultrasonic energy at a selected fundamental frequency

using at least one of a backscatter scan and a surface wave scan;

focusing a broadband transducer so as to detect amplitude data from the insonified
object at said fundamental frequency and a second harmonic of said fundamental

frequency;

digitizing and storing said amplitude data at said fundamental frequency and a second

harmonic of said fundamental frequency; and

generating a non-linear acoustic image from said amplitude data at said fundamental

frequency and said second harmonic frequency.

7. The method of claim 6, wherein said digitizing and storing said amplitude data
at said fundamental frequency and a second harmonic of said fundamental frequency
is implemented using a first bandpass filter centered at said fundamental frequency
and a second bandpass filter centered at said second harmonic of said fundamental

frequency.
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frequency. 11 8. The nethod of claim6 or 7, wherein said digitizing and
storing said anplitude data at said fundanental frequency and a second
har moni ¢ of said fundanental frequency is inplenmented using

wavef orm anal ysis software. 9. A systemfor determ ning incipient

mechani cal failure of an object, conprising: a broadband transducer for

insonifying the object with ultrasonic energy at a selected fundanental
frequency & hr oulfte methpé aEelaisné osf/, whergtnssichdigitizingand sioringsagbarnplitedeay e
scan; sai n used, s S tect: anpl.i tude data from
the i nsonidqal%gﬁ(!%%j %@?@%ﬁgg?%a?%ﬁga%@n?aﬁ%c@}deégﬁoglﬁlc gr&;dgaérg)ggl(% m% r moni c
of said f uinctmereyt iaimpleneattdnging vavefdremal@iaioftward, or recei vi ng detected
signals fromsaid transducer; and a data acquisition conmputer for storing
said anplitude data at said fundanmental, frequency apnd a second harnonic of
sai d fundafrent &t F¥&dhe y%PWnama?agilpPlfbe&tfwm}caw@flaqen ofare 9Wssted

anpl i tude Mﬁsﬁ%:sai d fundanental frequency and said second harnonic
frequency is used to generate a non-linear acoustic imge. 10. The system
of claim9, further conprising: a first bandpass filter for receiving

det ect ed ¢ epradband tonsdugeuifop insoaifyingdhd olect with dltfasonde endsandpasdedted t er

t d ' tal f , dDb filt f
" ecei i ng g Bl EHAREY roush BUEY Ui AN bRREREERan B Rt M b andpass

filter cenied;ed at said second harnonic of said fundanmental frequency;
wherein outputs of said first and said second bandpass filter are converted

to said digjtized format for storage in said data acquisition conpputer. 12
said broadband transducer focused soas to detect amplitude data from the insonified

object at said fundamental frequency and a second harmonic of said fundamental

frequency;
a pulser receiver for receiving detected signals from said transducer; and

a data acquisition computer for storing said amplitude data at said fundamental

frequency and a second harmonic of said fundamental frequency in a digitized format;

wherein said stored amplitude data at said fundamental frequency and said second

harmonic frequency is used to generate a non-linear acoustic image.
10.  The system of claim 9, further comprising:

a first bandpass filter for receiving detected signals from said pulser receiver, said first

bandpass filter centered at said fundamental frequency; and

a second bandpass filter for receiving detected signals from said pulser receiver, said
second bandpass filter centered at said second harmonic of said fundamental

frequency;

wherein outputs of said first and said second bandpass filter are converted to said

digitized format for storage in said data acquisition computer.
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