
INSPECTION METHOD AND APPARATUS FOR DETERMINING INCIPIENT  MECHANICAL
FAILURE BACKGROUND OF THE INVENTION The present disclosure relates
generally to ultrasonic, non-destructive testing methods  and, more
particularly, to an ultrasonic inspection method and system for determining
incipient mechanical failure. Many mechanical failure modes include a
long-duration first step in which  microstructural damage and/or change
accumulates in a region, followed thereafter by  occurrence of observable
cracks and failure. Of the overall service lifetime of a part,  only a
small amount of life remains once cracks are observable. Cracks that are
above certain threshold sizes, and within certain specified regions,  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, fatigue 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  I
modulus and limited slip systems in titanium. Thus, if cyclic stresses
(near the yield  stress) are applied with hold times to a titanium body,
then grains elastically deform  to different degrees due to their
individual crystallographic orientation with respect to  the applied
stress. In addition, some grains may begin plastic yielding while others do
not. This process applied cyclically can lead to buildup of high stresses
at grain (or  colony) boundaries. An unfavorably oriented grain or colony
of grains can crack by  cleavage, wherein such a cleavage crack will lead
to premature failure of the part.  However, dwell-time fatigue cannot be
detected by current techniques until there is a  crack present. BRIEF
DESCRIPTION OF THE INVENTION The above discussed and other drawbacks and
deficiencies of the prior art are  overcome or alleviated by a method for
determining incipient mechanical failure of an  object. In an exemplary
embodiment, the method includes insonifying the object with  ultrasonic
energy at a selected fundamental frequency. Amplitude data may be  acquired
from the insonified object at the fundamental frequency and at the second
harmonic of the fundamental frequency, and a non-linear acoustic image may
be  generated from the amplitude data at the fundamental frequency and the
second  



harmonic frequency. According to a first aspect of the present invention,
there is provided a method for  determining incipient mechanical failure of
an object, the method comprising:  insonifying the object with ultrasonic
energy at a selected fundamental frequency;  acquiring amplitude data from
the insonified object 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, wherein said acquiring amplitude data is implemented
with a broadband transducer having a center frequency at about 1.5 times
said  fundamental frequency. According to a second aspect of the present
invention, there is provided 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  2
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, wherein said
broadband transducer has a center frequency of about 1.5  times said
fundamental frequency. According to a third aspect of the present
invention, there is provided 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; wherein said insonifying the object with
ultrasonic energy is implemented  with an excitation pulse having a pulse
length of at least 1 OX, wherein a, is the  wavelength of the excitation
pulse at said fundamental frequency. According to a fourth aspect of the
present invention, there is provided a system for  determining incipient
mechanical failure of an object, comprising: a broadband  transducer for
insonifying the object with ultrasonic energy at a selected fundamental
frequency through at least one of a backscatter scan and a surface wave
scan; said  broadband transducer focused so as 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, and
wherein said  2a 



broadband transducer has a center frequency of about 1.5 times said
fundamental  frequency. According to a fifth aspect of the present
invention, there is provided a system for  determining incipient mechanical
failure of an object, comprising: a broadband  transducer for insonifying
the object with ultrasonic energy at a selected fundamental  frequency
through at least one of a backscatter scan and a surface wave scan; said
broadband transducer focused so as 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, and wherein said
transducer emits an excitation pulse having a pulse length of at least I
OX, wherein X is  the wavelength of said excitation pulse at said
fundamental frequency. 2b BRIEF DESCRIPTION OF THE DRAWINGS Referring to
the exemplary drawings wherein like elements are numbered alike in the
several Figures: 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 2fo
to fo 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 a C-scan, but distinguished from
a conventional C-scan procedure by displaying the  intensity of the ratio
of the harmonics to the input frequencies and/or the spatial  derivative of
that intensity, rather than just the overall intensity of all sound
reflected  or transmitted. Referring initially to Figure 1, there is shown
a block diagram illustrating a method  100 for determining incipient
mechanical failure of an object, in accordance with an  embodiment of the
invention. The method 100 begins at block 102, in which a test  frequency,
fo, is selected, as well as the particular type of scan (e.g., surface
wave,  backscatter). The type of scan will, in turn, be determined based on
the location of  



the area of interest with respect to the surface of the object. Then, at
block 104, a  suitable transducer is selected such that both the
fundamental test frequency, fo, and  the second harmonic of the fundamental
frequency, 2fo, are detectable. For example,  a broadband transducer having
at least a -3dB bandwidth of fo, and a center frequency  of about 1.5fo
should be able to transmit a focused beam at fo, and receive  backscattered
signals at both fo and 2fo. 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 2fo,
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: 4 sin[(N)r/f X fo -
f7)} 



[(N~/fo Xfo -f A Accordingly, the above expression shows that a suitable
number of wavelengths (X)  for the input pulse at the fundamental frequency
is 10X. Proceeding now to block 106 of Figure 1, method 100 continues by
designing the  parameters of the scan itself, including for example, the
layout area and volume of the  object, the beam geometry, and the
line-to-line and pulse-to-pulse increments. For a  backscatter image, the
transducer should be located at a position such that the focal  length
thereof corresponds to a depth in the object that is at least twice the
length of  the excitation pulse length. Thus, for example, using a 10%
input pulse, the area of  interest should be at least 20% below the surface
of the object in order to isolate the  desired first and second harmonic
signals from the area of interest from reflected  signals at the surface of
the object. The -6dB beam diameter at frequency 2fo is  approximately equal
to 1.03% F/d: wherein the wavelength k refers to the wavelength  at 2fo,
and is thus also expressed by 1.03 (c/2fo)(F/d); wherein c 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 4% (F/d)2, or  4(c/2fo)(F/d)2. The volume
from which the second harmonic echoes are received by the transducer is
defined by the second harmonic wavelength, and 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 3  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. 5 For generating/detecting a surface
wave image, the transducer is focused at a  sufficient numerical aperture
so as to include the surface wave (or Rayleigh wave)  incident angle. The
position of the transducer focal point is placed at a sufficient  depth
beneath the entry surface to resolve the surface wave from the direct
reflection  of the input excitation such that a gated surface wave pulse is
isolated in time from the  direct reflection pulse. Regardless of the type
of scan implemented, the resulting ultrasonic images of the  object are
acquired in a manner that captures amplitude data. at both fo and 2fo, as
illustrated in block 108 of Figure 1. As is discussed in further detail
hereinafter, the fo  and 2fo signals may be obtained in a number of ways.
In one embodiment, separate  bandpass filters are used to detect the fo and
2fo signals before the signals are digitized  and stored in a data
acquisition computer. For each image taken, 8 bits (or more) per  pixel may
be used to represent the amplitude data at each of the two frequencies.
Alternatively, the output 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
Ho (or more) for the entire gated signal to be  recorded. Thus, for IOa,
pulses, about 80 bytes are needed for full waveform  



acquisition and processing in software. Once the amplitude data at fo and
2fo 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: 2 (ak2)(AI a4ft2foc A2/A12 wherein A2 is the amplitude of the
second harmonic frequency (2fo) component, A] is  the amplitude of the
fundamental frequency (fo) component, k = 22cfo/c, c is the  velocity of
the acoustic signals in the material of the object, and a is a scanning  6
parameter representing the focal depth (of a backscatter scan) or the entry
circle (of a  surface wave scan). In addition to generating a beta image, a
spatial derivative image  of the beta intensities may also be produced.
Finally, as shown in block 112, the processed amplitude data is used to
identify  regions of highest 2fo to fo amplitude ratio for assessing
remaining life of the object.  The assessment may include, for example, a
graphic display on a color or gray scale  to highlight the regions of
highest 2fo to fo amplitude ratio, or may also include a
presentation/analysis of the spatial derivative of the non-linear amplitude
ratios of the  second harmonic and fundamental frequencies. Figure 2 is a
schematic diagram illustrating an exemplary system 200 that may be  used to
implement the incipient mechanical failure inspection method 100, in  



accordance with a further aspect of the present 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
transducer 204 are received by a pulser  receiver 206 and amplified by
amplifier 208. As stated previously, separation of the fo and 2fo signals
may be carried out through  the use of a first bandpass filter 210 centered
at to and a second bandpass filter 212  centered at 2fo. An additional
amplifier 214 may be used to amplify the signals  passed through the 2fo
bandpass filter 212. A pair of peak detectors 216, 218 receive  the
filtered signals from to bandpass filter 210 and 2fo bandpass filter 212,
respectively. Then, the to and 2fo 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 fo and 2fo
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  7 the input energy is focused on
"undamaged" areas of the object 300, there is a  negligible amount of
second harmonic distortion on the output signal. On the other  hand, when
the input energy is focused on damaged region 302, the resulting output
signal will have a significant second harmonic component associated
therewith.  



Thus, when scanned, those locations in the object corresponding to a
relatively high  amplitude of second harmonic signals are candidates for
incipient mechanical failure  locations. In Figure 4, there is shown an
object disk 400 that contains a region 402 of  mechanical damage. Through
the scanning and non-linear image generation of fo and  2fo amplitude data
as discussed above, regions of highest 2fo to fo amplitude ratio may  be
identified and displayed, such as shown in the exemplary amplitude
intensity plot  of Figure 5. As will be appreciated, the above described
method and system embodiments should  not be construed so as to limit the
generation of the amplitude data in a specific  manner. For example, it is
contemplated that other combinations of 2fo and fo  amplitudes (linear 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 8 r the particular embodiment
disclosed as the best mode contemplated for carrying out  this invention,
but that the invention will include all embodiments falling within the
scope of the appended claims. 9 CLAIMS  1. A method for determining
incipient mechanical failure of an object, the  method comprising:
insonifying the object with ultrasonic energy at a selected fundamental
frequency;  acquiring amplitude data from the insonified object 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, wherein said
acquiring amplitude data is implemented with a broadband transducer  having
a center frequency at about 1.5 times said fundamental frequency. 2. The
method of claim 1, wherein said non-linear acoustic 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. 3. The
method of claim 2, wherein said non-linear acoustic image is a beta image  



constructed in accordance with the expression: fl(8 AZ 1 8c2A2  -IaVIIA1J
4,r2af2A12 wherein A2 is the amplitude of said second harmonic frequency
(2fo), Ai is the  amplitude of the fundamental frequency (fo), k = 2irfo/c,
wherein c is the velocity of  the acoustic signals in the material of the
object, and a is a scanning parameter. 4. The method of claim 1, wherein
said transducer is also used for said  insonifying the object with
ultrasonic energy. 5. The method of claim 1, further comprising
implementing at least one of a  backscatter scan and a surface wave scan.
10 6. The method of claim 5, wherein said insonifying the object with
ultrasonic  energy is implemented with an excitation pulse having a pulse
length of at least 1 OX,  wherein ?, is the wavelength of the excitation
pulse at said fundamental  10a frequency.  7. The method of claim 6,
wherein for a backscatter scan, said transducer is  focused to a depth
within the object of at least about 202, with respect to an outer  surface
of the object. 8. The method of claim 5, wherein for a surface scan, said
transducer is focused  so as to include the Rayleigh wave critical angle of
the insonified material. 9. The method of claim 8, wherein for a surface
scan, said transducer is also  focused so as to isolate a surface wave from
a direct reflection wave. 



10. 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, 11 wherein said broadband transducer has a
center frequency of about 1.5 times said  fundamental frequency. 11. The
method of claim 10, wherein said non-linear acoustic image is determined
by using a ratio of said amplitude data at said second harmonic frequency
and the  square of said amplitude data at said fundamental frequency. 12.
The method of claim 11, wherein said non-linear acoustic image is a beta
image constructed in accordance with the expression: z  =(ak2)(A?) 49
af~A12 wherein A2 is the amplitude of said second harmonic frequency (2fo),
AI is the  amplitude of the fundamental frequency (fo), k=27rfo/c, wherein
c is the velocity of the  



acoustic signals in the material of the object, and a is a scanning
parameter. 13. The method of claim 10, wherein said transducer is also used
for said  insonifying the object with ultrasonic energy. 14. The method of
claim 10, wherein for a surface scan, said transducer is focused  so as to
include the Rayleigh wave critical angle of the insonified material. 15.
The method of claim 14, wherein for a surface scan, said transducer is also
focused so as to isolate a surface wave from a direct reflection wave. 16.
The method of claim 10, 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. lla 17.
The method of claim 10, wherein said digitizing and storing said amplitude
data at said fundamental frequency and a second harmonic of said
fundamental  frequency is implemented using waveform-analysis software. 18.
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; wherein said insonifying the
object with ultrasonic energy is implemented with an  excitation pulse
having a pulse length of at least 10A,, wherein 7v is the wavelength of
the excitation pulse at said fundamental frequency. 19. The method of claim
18, wherein for a backscatter scan, said transducer is  focused to a depth
within the object of at least about 20X, with respect to an outer  surface
of the object. 20. A system for determining incipient mechanical failure of
an object,  comprising: a broadband transducer for insonifying the object
with ultrasonic energy at a selected  fundamental frequency through at
least one of a backscatter scan and a surface wave  scan; 12 said broadband
transducer focused so as 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, and
wherein said  broadband transducer has a center frequency of about 1.5
times said fundamental  frequency. 21. The system of claim 20, wherein said
non-linear acoustic image is determined  by using a ratio of said amplitude
data at said second harmonic frequency and the  square of said amplitude
data at said fundamental frequency. 22. The system of claim 21, wherein
said non-linear acoustic image is a beta  image constructed in accordance
with the expression: 8 )(_A2 2 A2  lake-) 4Z af2A2 wherein A2 is the
amplitude of said second harmonic frequency (2fo), Al is the  amplitude of
the fundamental frequency (fo), k=27ro/c, wherein c is the velocity of the
acoustic signals in the material of the object, and a is a scanning
parameter. 23. The system of claim 20, wherein for a surface scan, said
transducer is focused  so as to include the Rayleigh wave critical angle of
the insonified material. 24. The system of claim 23, wherein for a surface
scan, said transducer is also  focused so as to isolate a surface wave from
a direct reflection wave. 25. The system of claim 20, further comprising:
12a 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. 26. The system of claim 20, further comprising
waveform-analysis software for  receiving detected signals from said pulser
receiver said waveform-analysis software  further outputting digitized
amplitude data at said fundamental frequency and said  second harmonic of
said fundamental frequency for storage in said data acquisition  computer.
27. A system for determining incipient mechanical failure of an object,
comprising: a broadband transducer for insonifying the object with
ultrasonic energy at a selected  fundamental frequency through at least one
of a backscatter scan and a surface wave  scan; said broadband transducer
focused so as 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, and 12b wherein said transducer emits
an excitation pulse having a pulse length of at least 1 OX,,  



wherein ? is the wavelength of said excitation pulse at said fundamental
frequency.  28. The system of claim 27, wherein for a backscatter scan,
said transducer is  focused to a depth within the object of at least about
20X, with respect to an outer  surface of the object. 12c INSPECTION METHOD
AND APPARATUS FOR DETERMINING INCIPIENT  MECHANICAL FAILURE ABSTRACT OF THE
DISCLOSURE A method (100) for determining incipient mechanical failure of
an object includes  insonifying the object with ultrasonic energy at a
selected fundamental frequency.  Amplitude data is acquired (108) from the
insonified object at the fundamental  frequency and at a second harmonic of
the fundamental frequency, and a non-linear  acoustic image is generated
(110) from the amplitude data at the fundamental  frequency and the second
harmonic frequency. Fig. 1 13 


