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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the detection
of defects in a material. More particularly, the present
invention relates to an apparatus and method for in-
specting the structural integrity of certain components,
materials and/or structures. The invention is useful in
the aviation industry, for example, for field inspections
of in-service aircraft fuselages and structural compo-
nents.

BACKGROUND OF THE INVENTION

[0002] Maintaining the structural integrity of certain
components and structures is very important in many
areas of industry, for example, the aviation and automo-
tive industries, due to safety concerns and the like. Loss
of structural integrity can be caused by material defects,
such as disbonds, delaminations, cracks, corrosion, in-
clusions, and/or voids that may exist in the structure or
component. For example, it is important in the aviation
industry that non-invasive, reliable inspection tech-
niques exist to examine the structural integrity of the air-
craft skin, fuselage and structural components of the air-
craft to prevent the likelihood that the aircraft does not
suffer from structural failure during operation. Therefore
a point by point inspection of airplanes is sometimes re-
quired. Similarly, by way of example, non-invasive in-
spection and analysis of the automobile frame compo-
nents and engine components is also often important.
Therefore, non-invasive and non-destructive inspection
techniques and methods have been developed and are
currently utilized in various industries to analyze and in-
spect the structural integrity of various materials and
components.
[0003] One current method for non-invasive analysis
of materials and/or components for defects includes
treating the material or component with a dye penetrant
such that the dye enters any crack or defect that may
exist. The component is then cleaned and then treated
with a powder that causes the dye remaining in the de-
fects to wick into powder. Next, ultraviolet light is applied
to the material or component causing the residual dye
remaining in any cracks or defects to fluoresce. This
technique has drawbacks however. The dye sometimes
is not suitable to identify cracks that located in areas
other than the surface of the component. In addition, this
technique is can be operator dependent in that the per-
son performing this technique should be adequately
trained and skilled.
[0004] Other methods currently utilized for the non-
invasive analysis and inspection of materials and com-
ponents include use of an electromagnetic current and
use of thermal imaging including ultrasonic excitation or
ultrasonic thermography.
[0005] The non-invasive analysis method of using an

electromagnetic current is carried out by employing an
electromagnetic coil to induce eddy currents in the test
material or component. The current pattern changes at
the location of a defect or crack. This technique requires
point by point inspection, which can be labor intensive
and is to some extent limited to only specific types of
defects. In addition, the evaluator must be properly
trained and skilled.
[0006] Ultrasonic thermography is a non-invasive
analysis method by which a part or portion of a compo-
nent, material and or structure is "excited" with a high
power ultrasonic pulse using an ultrasonic transducer.
The resulting vibration of the part under test causes, for
example, differential motion across a crack face, pro-
ducing friction and causing the crack to "heat-up" while
the undamaged part of the component is only minimally
heated by the ultrasonic waves. The increased heat that
diffuses to the surface from the crack causes a local
temperature increase that can be detected with an in-
frared camera. Similarly, the ultrasonic thermography
technique can be utilized to identify disbonds and dela-
minations where the surface temperature above such
defects increases due to acoustic damping and again,
these areas are located by using an infrared camera.
[0007] The ultrasonic thermography technique has
been successful for detecting defects in materials and/
or components, however current analysis systems em-
ploying ultrasonic thermography technique have draw-
backs. Some current ultrasonic thermography systems
are designed for laboratory use where only small spec-
imens can be analyzed. Therefore those systems are
not always well suited for field inspection of materials or
components or for inspection of materials that are large
in size, for example, fuselages and flight control struc-
tures of in-service airplanes. In addition, many of the
current ultrasonic thermography systems require man-
ual alignment and placement of the ultrasonic transduc-
er and may not provide a consistent pressure between
the traducer and the test surface or part, which can neg-
atively affect the repeatability and accuracy of the tech-
nique. Too much or too little pressure may inhibit repeat-
able detection. In addition, misalignment of the trans-
ducer can cause the part or surface being inspected to
be cut or burned.
[0008] Accordingly, it is desirable to provide a method
and apparatus for detecting multiple defect types in both
metal and composite structures. It is also desirable to
provide an apparatus and method for effectuating the
quick and efficient inspection and analysis of large com-
ponents and/or materials, such as airplane fuselages
and structures, in real-time. It is further desirable to pro-
vide a repeatable analysis method and apparatus utiliz-
ing ultrasonic thermography for effectuating inspection
of large components or areas to detect cracks, dis-
bonds, and/or corrosion.
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SUMMARY OF THE INVENTION

[0009] The foregoing needs are met, at least in part,
by the present invention where, in one aspect, a portable
thermal imaging analysis apparatus for analyzing a
specimen is provided having a frame that removably at-
taches to the specimen. The apparatus additionally in-
cludes a sound source mounted to the frame and a ther-
mal imaging camera for generating thermal images of
the specimen. The apparatus also has a controller that
is connected to the sound source and the thermal imag-
ing camera.
[0010] In accordance with another aspect of the
present invention, a portable thermal imaging analysis
apparatus for analyzing a specimen is provided having
an attaching means that removably attaches to the
specimen. The apparatus also includes a sound produc-
ing means mounted to the attaching means and a
means for generating thermal images of the specimen.
The apparatus additionally includes a means for con-
trolling the sound producing means and the means for
generating thermal images.
[0011] In accordance with yet another aspect of the
present invention, a method for analyzing a specimen
is provided comprising the steps of: attaching a frame
to the specimen that supports a sound source; emitting
a sound signal onto the specimen with the sound
source; and generating a thermal image of the speci-
men.
[0012] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be under-
stood that the invention is not limited in its application
to the details of construction and to the arrangements
of the components set forth in the following description
or illustrated in the drawings. The invention is capable
of other embodiments and of being practiced and car-
ried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein, as
well as the abstract, are for the purpose of description
and should not be regarded as limiting.
[0013] As such, those skilled in the art will appreciate
that the conception upon which this disclosure is based
may readily be utilized as a basis for the designing of
other structures, methods and systems for carrying out
the several purposes of the present invention. It is im-
portant, therefore, that the claims be regarded as includ-
ing such equivalent constructions insofar as they do not
depart from the spirit and scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is an illustration of an ultrasonic thermogra-
phy inspection apparatus in accordance with a pre-
ferred embodiment of the present invention, show-
ing a partially perspective view and a partially block
diagram view.

FIG. 2 is a schematic view of a pneumatic assembly
utilized in a preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention provides an ultrasonic
thermography apparatus and method for analyzing and
inspecting the structural integrity of metal and compos-
ite structures. The preferred embodiment is particularly
suitable for use in conjunction with airplanes and is suit-
able for inspecting in-service airplanes for defects such
as disbonds, delaminations, cracks and corrosion. It
should be understood, however, that the present inven-
tion is not limited in its use with airplane but, for example,
can be used for the inspection and analysis of automo-
biles or other structures.
[0016] Referring now to the figures, wherein like ref-
erence numerals indicate like elements, FIG. 1 shows
a partial perspective view of an ultrasonic thermography
inspection apparatus 10, in accordance with an embod-
iment of the present invention. The ultrasonic thermog-
raphy inspection apparatus 10 includes a frame 12 hav-
ing multiple frame members, a biasing element 13, a
sound source, preferably an ultrasonic transducer 14
connected to an actuator 15, a thermal imaging camera
16 and a system controller 17. The apparatus 10 further
includes a pneumatic actuator and vacuum attachment
assembly (See FIG. 2) that includes the actuator 15 and
four vacuum cups 18a, 18b, 18c and 18d that are at-
tached to the frame 12. The system controller 17 can
have an associated display 19.
[0017] As depicted in FIG. 1, the frame 12 preferably
includes four vertical frame members 20, 22, 24 and 26
to which the vacuum cups 18a, 18b, 18c 18d are at-
tached. The frame 12 additionally includes lower trans-
verse frame members 28, 30, 32, 34. Lower transverse
frame member 28 extends between and is attached to
vertical frame members 26 and 20. Lower transverse
frame member 30 extends between and is attached to
vertical frame members 20 and 22. Lower transverse
frame member 32 extends between and is attached to
vertical frame members 22 and 24. And lower trans-
verse frame member 34 extends between and is at-
tached to vertical frame members 24 and 26. The frame
12 also includes upper transverse frame members 36,
38, 40, 42 that are coupled to and extend between the
vertical frame members 20, 22, 24, 26. Upper trans-
verse frame member 36 extends between and is at-
tached to vertical frame members 20 and 26. Upper
transverse frame member 38 extends between and is
attached to vertical frame members 20 and 22. Upper
transverse frame member 40 extends between and is
attached to vertical frame members 22 and 24. Upper
transverse frame member 42 extends between and is
attached to vertical frame members 24 and 26.
[0018] The frame 12 of the apparatus 10 additionally
includes a first cross bar 44 that is attached to and ex-
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tends between vertical frame members 22 and 24 and
a second cross bar 46 that is attached to and extends
between vertical frame members 20 and 26. The frame
12 has a first slider bar 48 having a first end 50 slidably
coupled to the first cross bar 44 and a second end 52
slidably coupled to the second cross bar 46 such that it
can translate back and forth between vertical frame
members 20, 22 and members 24, 26. The frame 12
also has a second slider bar 54 having a first end 56
slidably coupled to the first cross bar 44 and a second
end 58 slidably coupled to the second cross bar 46 such
that it can translate back and forth between vertical
frame members 20, 22 and members 24, 26.
[0019] The slider bars 48, 54 are preferably coupled
to the cross bars 44, 46 via linear bearings 60 or other
suitable slidable coupling means known in the art that
can enable it to slide along cross bars 44 and 46.
[0020] The actuator 15 is attached to a vertical holder
bar 62 that is slidably coupled to the second slider bar
54. The vertical holder bar 62 is preferably rigidly at-
tached to the holder bar 62 via mechanical attachment
means such as bolt and/or clamp. Alternatively, the ver-
tical holder may be coupled to the slider bar 54 via linear
bearing or other suitable slidable coupling means known
in the art such that it can translate between cross bars
44 and 46. Similarly, as depicted in FIG. 1, the thermal
imaging camera 16 is adjustably mounted to the second
vertical holder bar 68. The vertical holder bar 68 is rigidly
attached to the holder bar 62 via mechanical attachment
such as a bolt and/or clamp first slider bar 48. Alterna-
tively, the vertical holder 68 may be coupled to the slider
bar 48 via linear bearing or other suitable slidable cou-
pling means known in the art such that it can translate
between cross bars 44 and 46.
[0021] Referring now to FIGS. 1 and 2, the sound
source 14 is preferably an ultrasonic transducer at-
tached to the actuator 15. The transducer 14 preferably
includes a piezoelectric element that generates ultra-
sonic energy within a desired ultrasonic or sonic fre-
quency band for a certain length of time. The transducer
14 can be any transducer capable of generating ultra-
sonic energy preferably at varying ultrasonic frequen-
cies, power levels and pulse durations. As depicted in
FIG. 1, the biasing element 13 is preferably a spring that
attaches to and extends between one of the upper frame
members 36, 38, 40, 42 and the ultrasonic transducer
14. The spring 13 biases the transducer 14 in the down-
ward direction or in the direction of the specimen to be
analyzed. The spring 13 provides adjustable pre-load
force between the ultrasonic transducer 14 and the
specimen during attachment of the apparatus to the
specimen. The pre-load force provided by the spring 13
is less than the suctioned force generated by the vacu-
um cups 18a, 18b, 18c, 18d allowing the transducer to
translate in the upward direction or direction away from
the specimen during attachment.
[0022] As depicted in FIG. 1, the ultrasonic energy
from the transducer 14 can be coupled to a specimen,

part or area to be tested through a coupler 66. The cou-
pler 66 is a mechanical contact that is in contact with
both the ultrasonic transducer 14 and the specimen. The
coupler 66 is preferably a thin piece of soft metal, such
as copper, that effectively couples the ultrasonic energy
to the specimen. Alternatively, other materials known in
the art other than copper may be used, for example, any
material that is soft and malleable that can be deformed
against the end of the transducer and prevent the trans-
ducer from bouncing and/or sliding along the specimen
during operation. Alternatively, various applications,
such as the analysis of composite materials, may not
require the use of a coupler 66.
[0023] The actuator 15 is preferably a linear stroke,
double action pneumatic actuator 15 that functions to
translate the ultrasonic transducer 14 in a generally up-
ward and downward direction with respect to the spec-
imen. The pneumatic actuator 15 can be powered by
compressed and/or pressured air and translates the ul-
trasonic transducer 14 such that the transducer 14 pref-
erably applies approximately 10 lbs. to approximately
25 lbs. of pressure on the test surface or test part. More
preferably, the actuator 15 exerts approximately 15 lbs.
to approximately 20 lbs. of pressure. Use of the actuator
15 enables the analysis method herein described to be
repeated and provides a consistent placement of the
transducer 14 against the specimen and/or coupler.
[0024] The actuator can be any actuator suitable for
the purposes described herein, for example, the actua-
tion need not be pneumatic and the actuator may pro-
vide more or less than the prescribed 10 to 25 lbs. of
pressure
[0025] Referring now to FIG. 2, a pneumatic assembly
100 employed in an embodiment of the present inven-
tion to power the pneumatic actuator 15 and vacuum
cups 18a, 18b, 18c, 18d is schematically depicted. The
assembly 100 is preferably a parallel system that in-
cludes the actuator system, generally designated 102,
and an attachment assembly, generally designated 104.
Each system, 102, 104 has a common compressed or
pressured air inlet 106 where the pressurized air enters
the pneumatic assembly 100.
[0026] As depicted in FIG. 2, the actuator system 102
has an air inlet conduit 108 for carrying pressurized air
from the inlet 106 to the actuator system 102. The ac-
tuator system 102 further includes air conduits 109 and
110 which function to carry pressurized air to and from
the actuator 15 during operation. The actuator system
102 also includes an air regulator 112, a controller 114,
a first air control valve 116 and second air control valve
118.
[0027] The controller 114 is preferably a two position,
four way spool valve that is toggle activated that controls
the up and down movements of the actuator 15. Alter-
native controllers may also be utilized. When the con-
troller 114 is in a first position, it pressurizes the air con-
duit 109 while it vents air conduit 110, causing the actu-
ator 15 to translate the transducer 14 in the direction
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towards the specimen and contact the specimen. In this
position, the first air control valve 116 functions to adjust
the air pressure provided to the actuator 15, controlling
the movement of the actuator 15 and transducer 14 to-
ward the specimen. It also senses the pressure being
exerted by the transducer 14 on the specimen and reg-
ulates the pressure being applied to specimen by the
ultrasonic transducer 14.
[0028] Alternatively, when the controller 114 is in a
second position, it pressurizes the air conduit 110 while
it vents air conduit 109, causing the actuator 15 to trans-
late the transducer 14 in the upward direction away from
the specimen. In this position, the second air control
valve 118 functions to adjust the air pressure provided
to the actuator, controlling the movement of the actuator
15 and transducer 14 away from the specimen.
[0029] The air regulator 112, controller 114, first con-
trol valve 116 and second control valve 118 combine to
control the amount of compressed air powering the ac-
tuator 15, in turn controlling the translation of the ultra-
sonic actuator 14, thereby controlling the distance at
which the ultrasonic transducer 14 is positioned with re-
spect to the specimen. In addition, the aforementioned
components also combine to control the amount of pres-
sure applied to the specimen by the transducer 14 via
the actuator 15. The apparatus 10 is generally prefera-
bly arranged so that the actuator 15 moves the trans-
ducer 14 vertically downwards toward the specimen.
However, other orientations are possible.
[0030] As illustrated in FIG. 2, the attachment assem-
bly 104 is a vacuum attachment assembly having a ven-
turi 120 coupled to the air inlet 106. The venturi 120 in-
cludes an exhaust muffler 122. The attachment assem-
bly 104 also includes a vacuum conduit 124, a vacuum
switch 126 and a two-way splitter 128 that splits the vac-
uum conduit 126 into two vacuum cup series, generally
designated 130 and 132. Each of the series 130, 132
include two of the vacuum cups 18a, 18b, 18c, 18d. Al-
ternative embodiments covered by the present inven-
tion may include more or less vacuum cups coupled to
one another in multiple series or in a single series.
[0031] Each vacuum cup series 130, 132 includes a
vacuum air conduit 134, a two-way splitter 136, a pair
of check valves 138 and a pair of air conduits 140. The
conduit 134 provides the vacuum suction to the two-way
splitter 136 which splits the conduit and provides suction
the assemblies' 130, 132 and their respective vacuum
cups via the conduits 140 and the check valves 138. The
check valves 138 allow vacuum air to be provided to in-
dividual vacuum cups 18a, 18b, 18c, 18d or removed
from individual vacuum cups 18a, 18b, 18c, 18d where-
as the switch 126 functions to turn the vacuum air "on"
or "off" in the entire attachment assembly 104.
[0032] During operation, compressed air from the in-
let 106 enters the venturi 120 and exits the exhaust 122,
creating a vacuum. When the vacuum switch 126 is in
the "on' position, vacuum air is provided to the vacuum
cups 18a, 18b, 18c, 18d via the above described con-

duits, splitters and check valve components, enabling
the apparatus 10 to be attached to the specimen, part
and/or component to be analyzed. Alternatively, when
the vacuum switch 126 is in the "off" position, vacuum
air is not provided to the vacuum cups 18a, 18b, 18c,
18d and the apparatus cannot be attached to the spec-
imen, etc..
[0033] As illustrated in FIG. 1, the thermal imaging
camera 16 is preferably an infrared camera that gener-
ates images of the specimen, part or area being tested
in association with ultrasonic excitations of the test
specimen, part or area. In addition, the infrared camera
16 can convert the heat energy detected to grayscale
information if desired. The images and grayscale infor-
mation are preferably displayed on the image display
19. The image information is captured preferably by us-
ing a digital storage unit 21, located within the apparatus
10 or located remotely and accessed electronically.
Preferably, digital storage unit 21 allows for the infrared
images to be recorded digitally and/or by standard vid-
eo, depending upon application and the size of the de-
fect.
[0034] Alternatively, the image data and grayscale da-
ta may stored in databases located within the ultrasonic
thermography inspection apparatus 10, located within
storage media or located remotely. The remotely locat-
ed databases can be accessible by corded and/or wire-
less communication including the Internet, Ethernet, or
other remote memory storage facility. The storage me-
dia upon which the image and grayscale information is
stored can include, but is not limited to, floppy disc (in-
cluding ZIP); tape drive cartridge (such as DAT); optical
media (such as CD-ROM, DVD-ROM, etc.); flash mem-
ory (such as smart media, compact flash, PC card mem-
ory, memory sticks, flash SIMMs and DIMMS, etc.);
magnetic based media, magneto optical; USB drives;
Nanotechnology memory or any other storage media
that an operator can store or retrieve information from
it. A person skilled in the art will recognize that any suit-
able storage media can be used.
[0035] As previously described, the infrared camera
16 is mounted to the vertical holder bar 64 that extends
from the slider bar 48. The infrared camera 16 is pref-
erably mounted to the vertical holder bar 64 via linear
bearing or other suitable coupling means known in the
art such that the camera 16, enabling it to be positioned
at varying distances from the specimen, test part or ar-
ea. The aforementioned positioning of the infrared cam-
era allows the camera 16 to move along a X, Y and Z
axis, allowing the camera to be positioned at multiple
locations with respect to the part or area being tested.
[0036] The system controller 17 may be disposed
within the frame 12 where it directly communicates with
the ultrasonic transducer 15 and thermal imaging cam-
era 16 via wires. The system controller 17 can be any
computer suitable for carrying out the analysis process
described herein. Alternatively, the controller 17, may
be remotely located away from the apparatus 10 and

7 8



EP 1 431 755 A2

6

5

10

15

20

25

30

35

40

45

50

55

communicate in either a corded or wireless fashion with
the camera 16 and ultrasonic transducer 15. Similarly,
the image and grayscale data may be stored locally on
the unit on a hard drive, compact disc, other storage me-
dia or may be stored remotely via corded or wireless
communication.
[0037] During operation, analysis and/or inspection is
initiated by first attaching the ultrasonic thermography
apparatus 10 to the specimen to be analyzed by switch-
ing the previously described vacuum switch 126 "on,"
activating the attachment apparatus 104. Next, a base-
line image of the test area is taken by the infrared cam-
era 16 and stored in the digital storage unit 21 or other
storage media previously described, providing a refer-
ence point for analysis. The ultrasonic transducer 14 is
then positioned and adjusted such that it is held in con-
tact with the test surface using the pneumatic actuator
15 and controller 114, providing proper pressure be-
tween the specimen and/or coupler 66 and the trans-
ducer 14.
[0038] Also during operation, the system controller 17
provides timing between the transducer 14 and the in-
frared camera 16. Once the analysis process is initiated,
the controller 17 causes the camera 16 to begin taking
sequential images of the specimen, test part or area at
a predetermined rate. Once the image sequence be-
gins, the controller 17 sends a signal to the transducer
14 to generate the ultrasonic signal. The ultrasonic en-
ergy is in the form of a pulse at a predetermined frequen-
cy. The pulse time periods and frequencies and input
power of the apparatus 10 can vary depending on the
apparatus being used and the composition of the area
or part being tested.
[0039] Upon application of the ultrasonic energy, the
specimen becomes "excited" and the areas of the test
area that contain defects vibrate with greater amplitude
and cause the surface to heat up, which is detected by
the camera 16 and can be viewed on the display and/or
stored. The camera 16 may also convert the heat energy
images is to grayscale information. The grayscale infor-
mation is then sent to the display and/or stored for later
review and analysis. If the grayscale level of the test ar-
ea during the application of ultrasonic energy exceeds
the baseline threshold level previously recorded, the
peak store image capture unit records and retains this
new level on the image display, immediately notifying
the operator of the existence of defects. The above-de-
scribed process may now be repeated on the same area
or the apparatus may be transferred to a new area to be
tested.
[0040] The many features and advantages of the in-
vention are apparent from the detailed specification, and
thus, it is intended by the appended claims to cover all
such features and advantages of the invention which fall
within the true spirit and scope of the invention. Further,
since numerous modifications and variations will readily
occur to those skilled in the art, it is not desired to limit
the invention to the exact construction and operation il-

lustrated and described, and accordingly, all suitable
modifications and equivalents may be resorted to, falling
within the scope of the invention.

Claims

1. A portable thermal imaging analysis apparatus for
analyzing a specimen, comprising:

attaching means removably attaching to the
specimen;
sound producing means mounted to the attach-
ing means;
means for generating thermal images of the
specimen; and
means for controlling the sound producing
means and the means for generating thermal
images.

2. A portable thermal imaging analysis apparatus ac-
cording to claim 1, wherein;

said actuating means comprise a frame;
said sound producing means comprise a

sound source;
said generating means comprise a thermal

imaging camera; and/or
said controlling means comprise a controller.

3. The portable thermal imaging analysis apparatus
according to claim 1 or 2, wherein said sound pro-
ducing means is mounted to said attaching means
via actuating means mounted to said frame that
moves said sound source towards and away from
the specimen.

4. The portable thermal imaging analysis apparatus
according to claim 1, 2 or 3 wherein said actuating
means moves said sound producing means into
contact with the specimen.

5. The portable thermal imaging analysis apparatus
according to any of claims 1-4, further comprising a
means for coupling said sound producing means
and the specimen, providing contact between said
sound producing means and the specimen.

6. The portable thermal imaging analysis apparatus
according to any of claims 3-5, wherein an actuator
of said actuating means is pneumatic.

7. The portable thermal imaging analysis apparatus
according to any of claims 3-6, wherein an actuator
of said actuating means moves said sound source
into contact with the specimen with approximately
15 pounds of pressure to approximately 20 pounds
of pressure.
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8. The portable thermal imaging analysis apparatus
according to any of claims 2-7, wherein said sound
source is an ultrasonic transducer.

9. The portable thermal imaging analysis apparatus
according to any of claims 1-8, wherein thermal im-
aging camera is pivotably mounted on said frame
for movement relative to the specimen.

10. The portable thermal imaging analysis apparatus
according to any of claims 1-9, wherein said attach-
ing system includes suction cups that attach to the
specimen by vacuum.

11. The portable thermal imaging analysis apparatus
according to any of claims 1-10, wherein said at-
taching system further comprises:

a supply of compressed air;
a venturi connected to said supply of com-
pressed air, said venturi having a vacuum out-
put port; and
at least one suction cup connected to the vac-
uum outlet port by a conduit.

12. A method for analyzing a specimen comprising the
steps of:

attaching a frame to the specimen that supports
a sound source;
emitting a sound signal onto the specimen with
the sound source; and
generating a thermal image of the specimen.

13. The method for analyzing a specmimen according
to claim 12, wherein the step of attaching the frame
uses vacuum.
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