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(7) ABSTRACT

An apparatus examines the internal structure of an object
disposed substantially in a medium such as air, which
essentially totally reflects acoustic signals in the 1-200 MHz
frequency range. The apparatus has an acoustic transducer
that emits and receives acoustic signals in the 1-200 MHz
frequency range and an acoustic coupler that acoustically
couples the acoustic transducer to the object. The acoustic
coupler has a first end adapted to couple to the acoustic
transducer and a second end adapted to make contact with a
section of a surface of the object. The acoustic coupler
carries acoustic signals in the 1-200 MHz frequency range
between the acoustic transducer and the contacted section of
the surface of the object. In operation, the apparatus exam-
ines the internal structure of the object using reflection mode
acoustic microscopy, wherein emitted and reflected signals
are carried between the acoustic transducer and the object by
acoustic coupler.
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NON-FLUID ACOUSTIC COUPLING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to co-pending U.S.
provisional applications entitled: “Scanning Acoustic
Microscopy,” having ser. No. 60/355,201, filed Feb. 8, 2002;
“Acoustic Coupling,” having ser. No. 60/355,649, filed Feb.
8, 2002; and “Apparatus For Reflection Mode Acoustic
Microscopy Scanning Of An Object,” having ser. No.
60/378,540, filed May 7, 2002, all of which are entirely
incorporated herein by reference. This application is one of
five co-pending, commonly assigned U.S. Patent Applica-
tions entitled “Flowing Fluid Acoustic Coupling,” Ser. No.
, “Scanning Acoustic Microscopy,” Ser. No. ;
“Acoustic Coupling With A Fluid Retainer,” and Ser. No.
; “Acoustic Coupling With A Fluid Bath,” Ser. No.
and all five co-pending application have the same
filing date of May 31, 2002 and are hereby incorporated into
this document by reference.

TECHNICAL FIELD

[0002] The present invention is generally related to the
examining of the internal structure of materials and, more
particularly, is related to a system and method for the
non-destructive internal examination of a material.

BACKGROUND OF THE INVENTION

[0003] If a structure, such as a machine or a part of a
product, has a defect, such as a crack, a void, or a recess,
there is a risk that the machine or part will become inoper-
able due to the defect. Thus, it is desired that the part having
such a defect is eliminated or replaced by detecting the
presence of such a defect in advance of the machine or part
becoming inoperable. For example, aircraft skins and other
manufactured components are frequently made from lami-
nates, which are layers of material adhered together by
layers of adhesive, such as, but not limited to, sealant, epoxy,
and glue, interposing the layers of material. Laminates can
delaminate when the adhesive layers can no longer adhere
the layers of material together. Typically, delamination does
not occur spontaneously, but rather, it occurs after voids
have formed in the adhesive layers. In addition to concerns
about delamination due to voids, laminates can also fail due
to cracks. Thus, it is desirable to examine by non-destructive
means the internal structure of a laminate to search for voids,
cracks, and other internal defects before the laminate fails.

[0004] Tt is desirable that the examination of an object
occurs in situ. In situ examination of a component can
typically be done more rapidly and inexpensively than
non-in situ because there it requires less disassembly and
reassembly of the system. It is also desirable that the
apparatus used for examining the component be readily
transportable.

[0005] Thus, a heretofore-unaddressed need exists in the
industry to address the aforementioned deficiencies and
inadequacies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Many aspects of the invention can be better under-
stood with reference to the following drawings. The com-
ponents in the drawings are not necessarily to scale, empha-
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sis instead being placed upon clearly illustrating the
principles of the present invention. Moreover, in the draw-
ings, like reference numerals designate corresponding parts
throughout the several views.

[0007] FIG. 1 is a perspective view of a moveable acous-
tic scanning system scanning a section of an aircraft.

[0008] FIG. 2A is a perspective view of an acoustic
scanning apparatus attached to a section of an aircraft.

[0009] FIG. 2B is a perspective view of an acoustic
transducer pivoting assembly.

[0010] FIG. 3 is top view of an acoustic scanning appa-
ratus attached to a section of an aircraft.

[0011] FIG. 4 is diagram of an acoustic transducer assem-
bly emitting an acoustic signal onto a laminate and the
reflected acoustic signals.

[0012] FIG. 5 is a graph of reflected acoustic signals
received by an acoustic transducer versus time.

[0013] FIG. 6 is a two dimensional image of the internal
structure of a layer of an object.

[0014]
[0015] FIG. 8 is a block diagram of a controller.

[0016] FIG. 9is a is a flow chart of one example method
for scanning a surface.

FIG. 7 is block diagram of a computer.

[0017] FIG. 10 is a side view of an acoustic transducer
pivoting assembly and an acoustic transducer assembly-
solid acoustic coupler.

[0018] FIG. 11 is perspective view of an acoustical acous-
tic transducer assembly sprayer.

[0019] FIG. 12 is a side view of an acoustic transducer
assembly-fluid retainer.

[0020]
coupler.

FIG. 13 is cut away view of a fluid bath acoustic

DETAILED DESCRIPTION

[0021] Referring to FIG. 1, a moveable acoustic scanning
system (MASS) 10 is used to scan the skin 6 of an aircraft
8. The MASS 10 includes an acoustic scanning assembly
(ASA) 14 attached to a positioning apparatus 12. The
positioning apparatus 12 includes a base 20 and an extend-
able arm 18 that extends from base 20. The positioning
apparatus includes a control system 16, which is typically a
computer, or the like, that is used for, among other things,
controlling arm 18. In one preferred embodiment, the base
20 is moveable so that the arm 18 can be readily moved
around the aircraft 8 and positioned near subsequent aircraft.
Non-limiting examples of a moveable base include but are
not limited to trucks, trolleys, carts, scissor-jack, sky-jacks,
and hand cars. With the arm 18 positioned proximal to the
aircraft 8, the arm 18 is used to position the ASA 14
proximal to selected portions of the aircraft 8. In one
preferred embodiment, the arm 18 is adapted to move in
three-dimensions so that the ASA 14 can be positioned
against the aircraft 8 in orientations ranging from horizontal
to vertical. In one preferred embodiment, the arm 18
includes a mechanism such as, but not limited to, hydrau-
lically actuated jaws or clamps (not shown) that grip the
ASA 14. After the ASA 14 is attached to the skin 6 of the
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aircraft 8, the control system 16 releases the ASA 14 so that
they are not rigidly coupled together during a scan. The arm
18 releases the ASA 14 so that vibrations are not transmitted
from the arm 18 to the ASA 14. In another embodiment, the
ASA 14 is manually positioned against selected portions of
the aircraft 8.

[0022] In one preferred embodiment, the ASA 14 is used
to scan a section of the aircraft 8, and when the scan of that
section is completed, the controller 16 repositions the ASA
14 to a new section of the aircraft 8. In this manner, the entire
skin 6 of the aircraft 8 may be scanned, or selected sections
of the aircraft are scanned. The ASA 14 is adapted to scan
sections of the aircraft 8 that range in size of up to approxi-
mately one meter in length and up to approximately one
meter in width. The ASA 14 can be used to scan a portion
of the aircraft 8 that is larger than one meter in length by
simply scanning that portion of the aircraft 8 in segments. In
other embodiments, the ASA 14 is adapted to scan sections
that are either longer or wider or both than one meter.

[0023] Typically, the ASA 14 is positioned on the aircraft
8 by the controller 16 manipulating the arm 18. However, in
one embodiment, the operator manually controls the arm 18
using controls (not shown) for positioning the ASA 14
against the aircraft 8. Typically, the ASA 14 is positioned
against the aircraft 8 within a tolerance of a couple of inches
from the desired location, and the ASA 14 can resolve
features in the 1 to 200 micron range. A relatively precise
determination of the location of the ASA 14 is determined by
comparing the scanned structural features such as rivets with
their known locations. Thus, although it is preferable to
position the ASA 14 as close as possible to a desired location
so0 as to reduce the amount of unnecessary scanning, it is not
necessary to place it in an exact location because a precise
position of the ASA 14 is determined from the scanning
results. Therefore, it is not necessary for the operator to
spend an inordinate amount of time positioning the ASA 14
to an exact location.

[0024] Acoustic Scanning Assembly

[0025] Referring now to FIG. 2, the ASA 14 includes a
base-frame 22, a moveable platform 24, and an acoustic
transducer pivoting assembly 28. The base-frame 22
includes a pair of aligned support platforms 30 and 32 and
a pair of cross-members 34. The support platforms 30 and 32
each have opposed front and rear ends 36 and 38, respec-
tively. The cross-member 34A is coupled to the front end 36
of the support platform 30 and extends to the front end of the
support platform 32 and is coupled thereto. Similarly, the
cross-member 34B is coupled to the rear end 38 of each
support platform 30 and 32 and extends therebetween.

[0026] In one preferred embodiment, the ASA 14 is sus-
pended from arm 18 by support cables 17, which are coupled
to the cross members 34. The controller 16 positions the
ASA 14 above a desired section of the aircraft, and then
lowers the ASA 14 onto the desired sections. The ASA 14
can be raised or lowered by either moving the arm 18
upward or downward or by reeling the support cables 17 in
or out. Either way, with the ASA 14 positioned on the skin
6, slack is introduced into the cables 17, so that vibrations
are transferred between the arm 18 and ASA 14.

[0027] In one preferred embodiment, the support platform
30 and 32 and the cross members 34 define a rigid structure
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having a closed perimeter and an open interior. The open
interior extends between the support platforms 30 and 32
from the cross member 34A to the cross member 34B. A
projection of the open interior onto the skin 6 represents a
maximum scan area, i.e., the area of the skin 6 that is
scanned when the base-frame 22 is attached to the skin 6. In
some situations, the desired scan area is less than the scan
area defined by the base-frame 22.

[0028] The base-frame 22 further includes legs 40 that
extend from the base frame 22 outward. Each of the legs 40
includes a suction cup 42 that is pressed onto the skin 6 of
aircraft 8 to hold the base frame 22 in place during a scan.
In one preferred embodiment, when the suction cups 42 are
pressed against the skin 6, the footprint of each suction cup
42 does not extend into the scanned area. In the preferred
embodiment, the suction cup 42 is adapted for remote
actuation so that when the suction cup 42 contacts the skin
6, the suction cup is activated by a vacuum or a piezoelectric
motor to adhere to the skin 6.

[0029] Extending between the support platforms 30 and 32
is the moveable platform 24, which is coupled to the support
platforms 30 and 32 such that the moveable platform 24 can
slide between the front end 36 and rear end 38 of each
support platform 30 and 32 respectively.

[0030] In one preferred embodiment, each of the support
platforms 30 and 32 and the moveable platform 24 include
a linear motor 44 and a table 46. Linear motors are well
known to those skilled in the art and will not be discussed
in detail. However, a linear motor 44 includes a magnetic
strip 48 and a forcer 50 that slides along the magnetic strip
48 responsive to generated electromagnetic fields. Electro-
magnetic fields are used to both move the forcer 50 and to
hold the forcer 50 stationary. Each one of the tables 46 is
attached to a single forcer 50. The table 46 moves in
conjunction with the forcer 50. In one preferred embodi-
ment, each table 46 defines a generally flat surface having a
plurality of mounting holes (not shown), which can be
threaded, formed therein. For each table 46, the mounting
holes of are adapted to receive fasteners such as, but not
limited to screws, bolts and other fasteners known to those
skilled in the art so that objects can be attached thereto. In
one preferred embodiment, each table 46 and forcer 50 of a
linear motor 44 is integrated into a single unit.

[0031] The controller 16 is in communication with each of
the linear motors 44 via cables 52, which are typically
electrical wires or bundles of electrical wires. The cables 52
are used for providing electrical power to the linear motors
44 and for providing a communication link between the
controller 16 and the linear motors 44 for, among other
thing, communicating positioning information.

[0032] Those skilled in the art will recognize that linear
motors 44 are merely one mechanism for slidably coupling
the elements of the jig together and that other mechanisms
including but not limited to jackscrews, worm gears, rack
and pinion assemblies, and piezoelectric motion control can
be used and are intended to be within the scope of the
invention. Typically such mechanisms includes a table or a
mounting element that controllably slides along the mecha-
nism by some sort of driving force, such as for example, the
rotation of a jackscrew. Thus, the use of linear motors 44 in
the ASA 14 is a matter of design choice and is a non-limiting
example.
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[0033] In one preferred embodiment, the moveable plat-
form 24 is removably attached to the tables 46 A and 46B by
fasteners such as screws or bolts (not shown). However, in
an alternative embodiment, the moveable platform 24 is
affixed to the tables 46A and 46B by welding or bonding.
Those skilled in the art will recognize that welding or
bonding are only two methods of affixing and are used here
as non-limiting examples methods to affix two or more
objects.

[0034] In one preferred embodiment, the magnetic strips
48 A and 48B of the linear motors 44A and 44B, respectively,
extend between the front end 36 and rear end 38 of the
support platforms 30 and 32, respectively. Thus, the forcers
48A and 48B with tables 46A and 46B attached thereto,
respectively, can traverse between the front end 36 and rear
end 38 in a longitudinal direction that is defined by the
support platform 30.

[0035] The moveable platform 24 extends between the
aligned support platforms 30 and 32 and is attached to the
tables 46A and 46B of each support platform 30 and 32.
Thus, the moveable platform 24 can be longitudinally posi-
tioned anywhere along the magnetic strips 48A and 48B, and
its position is governed by the controller 16. Initially, the
forcers 50A and 50B of the linear motors 44A and 44B are
positioned proximal to the front end 36 of the support
platforms 30 and 32. The controller 16 provides positioning
signals to the linear motors 44A and 44B of the support
platforms 30 and 32, respectively, such that the forcers S0A
and 50B with tables 46A and 46B attached thereto essen-
tially move in unison and essentially maintain a relative
fixed position.

[0036] In one preferred embodiment, the moveable plat-
form 24 defines a transverse direction, and the magnetic strip
48C of the moveable platform 24 is of sufficient length such
that it extends along the moveable platform 24 between the
support platforms 30 and 32. Thus, the transverse position of
the forcer 50C with table 46C attached thereto can be
positioned by the controller 16 anywhere between the sup-
port platforms 30 and 32 along the moveable platform 24.

[0037] The acoustic transducer pivoting assembly 28 is
attached to the table 46C of the moveable platform 24 by a
generally L-shaped mounting platform 80. The mounting
platform 80 includes a first arm 82 that is mounted to the
table 46C and a second arm 84 that extends approximately
perpendicularly from the first arm 82. The first arm 82 is
mounted to the table 46C such that the second arm 84 is
aligned approximately parallel to the transverse direction
defined by the moveable platform 24.

[0038] In one preferred embodiment, the first arm 82 is of
sufficient length that the second arm 84 overhangs a side of
the moveable platform 24. However, in an alternative pre-
ferred embodiment, the second arm 84 extends generally
upward from the first arm 82, and the first arm 82 is of
sufficient length such that the acoustic transducer pivoting
assembly 28 can couple to the second arm 84 without
touching the moveable platform 24.

[0039] In one preferred embodiment, each of the arms 82
and 84 define a plurality of mounting holes (not shown) for
receiving fasteners such as, but not limited to, screws and
bolts. The mounting platform 80 is removably attached to
the table 46C by fasteners (not shown), which extend though
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the mounting holes in the first arm 82 and couple with the
mounting holes defined table 46C. In one preferred embodi-
ment, the first arm 82 is fixedly attached to the table 46C.
The mounting holes defined by the second arm 84 are
adapted to receive fasteners (not shown) for coupling with
the acoustic transducer positioning assembly 28.

[0040] Referring to FIG. 2A, the acoustic transducer
positioning assembly 28 includes a moveable arm 26, an
acoustic transducer assembly 54, and rotary devices 56 and
58. The rotary devices 56 and 58 operate independently so
that the acoustic transducer assembly 54 can be rotated
about two axes, and the moveable arm is aligned approxi-
mately vertically. The moveable arm 26, the rotary devices
56 and 58 are configured to provide a total of 5 degrees of
freedom, longitude, transverse, vertical, and two rotational
degrees of freedom, pitch and yaw, for the acoustic trans-
ducer assembly 54.

[0041] Inone preferred embodiment, the moveable arm 26
includes a linear motor 44D having a magnetic strip 48D and
a forcer 50D with a table 48D attached thereto. The linear
motor 44D is merely one mechanism for providing the
acoustic transducer assembly 54 with a vertical degree of
freedom and that the other mechanisms including but not
limited to jackscrews, worm gears, rack and pinion assem-
blies, and piezoelectric motion control can be used and are
intended to be within the scope of the invention.

[0042] The moveable arm 26, the rotary devices 56 and
58, and the acoustic transducer assembly 54 are in commu-
nication with the controller 16 via cables 52. Commands
from the controller 16 and electrical power are supplied to
the moveable arm 26 and the rotary devices 56 and 58
through cables 52. The acoustic transducer assembly 54
receives signals from the controller 16, which causes the
acoustic transducer assembly 54 to ping the skin surface of
the aircraft 8, i.e., to emit an acoustic signal that impinges
upon the skin 6. The acoustic transducer assembly 54 sends
an echo identical signal to the controller 16. The echo signal
corresponds to acoustical signals received by the acoustic
transducer assembly 54 that are reflections of the ping.

[0043] Rotary devices are well known in the art and shall
not be discussed in detail. A non-limiting example of a rotary
device is a direct drive rotary table by Parker model no.
DM1004.

[0044] In one embodiment, the moveable arm 26 is
attached to the second arm 82 of the mounting platform 80
by fasteners (not shown) and is aligned such that the
moveable arm 26 defines an axis that is approximately
perpendicular to both the longitudinal direction and the
transverse direction. The magnetic strip 48D extends in the
direction of the axis along the moveable arm 26. Thus, the
forcer SOD with table 46D attached thereto is positionable
by the controller 16 in the direction of the axis along the
moveable arm 26.

[0045] In one preferred embodiment, the rotary device 56
includes opposed mount 60 and table 62. The mount 60
defines a generally flat surface, which is mounted to the table
46D by fasteners such as screws or bolts. The table 62
defines a generally flat mounting surface, which is approxi-
mately parallel to the mount 60. The mount 60 and table 62
are pivotally coupled together such that the generally flat
mounting surface defined by the table 62 is approximately
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perpendicular to the axis of rotation, which is called the
pitch axis. The table 62 includes a plurality of mounting
holes (not shown), which can be threaded and which are
adapted to receive fasteners such as, but not limited to,
screws or bolts for affixing objects thereto.

[0046] An L-shaped mounting plate 64 is mounted to the
table 62 by fasteners such as screws or bolts. The L-shaped
mounting plate 64 includes a first arm 66, which is attached
to the table 62, and a second arm 68, which is aligned
approximately perpendicular to the first arm 66. The second
arm 68 includes a plurality of mounting holes (not shown)
for receiving fasteners such as screws and bolts for affixing
objects thereto. The rotary device 58 is attached to the
second arm by fasteners and is substantially similar to the
rotary device 56.

[0047] The rotary device 58 includes a mount 70, which
defines a first flat surface, and a table 72, which defines a
second flat surface that is substantially parallel to the first flat
surface. The mount 70 is attached to the second arm 68 by
fasteners and the table 72 is pivotally coupled to the mount
70.

[0048] The table 72 includes a plurality of mounting holes
(not shown) which can be threaded for receiving fasteners.
The table 72 is pivotable amount a yaw axis that is approxi-
mately perpendicular to the generally flat surface defined by
the table 72.

[0049] Inone embodiment, the acoustic transducer assem-
bly 54 is cylindrical and has a threaded end 74 and an
opposed end 76, where acoustic signals are emitted and
received. The threaded end 74 is removably attached to a
mounting block 78 by screwing the threaded end 74 into a
threaded hole (not shown) formed in mounting block 78.
The mounting block 78 is removably attached to table 72 by
fasteners such as screws or bolts.

[0050] Acoustic signals emitted from the acoustic trans-
ducer assembly 54 have a predetermined focal length and by
adjusting the position of table 46(d) along moveable arm 26
and adjusting the alignment of the acoustic transducer
assembly 54 using rotatable devices 56 and 58 the emitted
acoustic signals can be focused above, on, or below the
surface of the skin 6 such that the propagation direction of
the emitted acoustic signal is normal to the surface or
non-normal to the surface.

[0051] The controller 16 can move the acoustic transducer
pivoting assembly 28 in two dimensions: along the longi-
tudinal direction by moving the forcers S0A and 50B; along
the transverse direction by moving the forcer S0C. Further-
more, the controller 16 can move the acoustic transducer
assembly 54 along the axis defined by moveable arm 26 by
moving the forcer 50D of linear motor 44D and rotate the
acoustic transducer assembly about two axes the pitch and
yaw axes, using rotatable devices 56 and 58. Because the
acoustic transducer assembly 54 has five degrees of free-
dom, the controller 16 can position the acoustic transducer
assembly 54 so as to compensate for the contour of the
scanned skin 6 during a scan of the skin 6 of the aircraft 8.
In other words, the vertical distance between the acoustic
transducer assembly 54 and the skin 6 can be held constant
or changed during a scan, regardless of whether the scanned
skin 6 is flat or curved or irregular, and the acoustic
transducer assembly 54 aligned perpendicular or non-per-
pendicularly to the skin 6.
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[0052] In an alternative embodiment, the elements of the
acoustic transducer pivoting assembly 28 is configured in
the manner illustrated in FIG. 10. The rotary device 56 is
coupled to the mounting platform 80 (not shown), which is
coupled to the table 46C (not shown) of the moveable
platform 24. The rotary device 56 is aligned approximately
vertically, and the L-shaped mounting plate 64 is attached to
the table 62 of the rotary device 56. The rotary device 58 is
mounted to the second arm 68 of the L-shaped mounting
platform 64 in the manner previously described. Attached to
the table 72 of the rotary device 58 is the moveable arm 26.
Thus, the moveable arm 26 has two degrees of freedom and
can be rotated about the pitch axis by rotation of table 56 and
about the yaw axis by rotation of table 72. The acoustic
transducer assembly 54 is coupled to the table 46D, which
is coupled to the forcer 50D, and can be moved along the
axis defined by the moveable arm 26. Thus, in this configu-
ration, the acoustic transducer assembly 54 still has five
degrees of freedom.

[0053] Referring to FIG. 3, in an alternative, the ASA 14
includes a housing 304 that is attached to the cross member
34B. Typically, the housing 304 is water resistant so as to
protect internal components and includes an amplifier (not
shown): The amplifier is in communication with the con-
troller 16 via cable 52B and with the acoustic transducer
assembly 54 via cable 52A. The amplifier receives the echo
electrical signal from the acoustic transducer assembly 54
and amplifies it, and transmits the amplified signal to the
controller 16 via cable 52B. Amplifying the signal from the
acoustic transducer assembly 54 enables the operator to
increase the distance between the acoustic transducer assem-
bly 54 and the controller 16 or devices that receive and store
or analyze the signal.

[0054] In another preferred embodiment, the housing
includes a storage device (not shown), the storage device
stores the received echo electrical signals from the acoustic
transducer assembly 54. The stored echo signals can be
download during a scan or at the end of the scan.

[0055] Conceptually a scan is performed on the a scan
segment 300 of the skin 6 by associating sub-areas 302 of
the scan segment 300 with scan points. The dashed lines 304
and the base-frame 22 define each of the sub-areas 302. At
the beginning of a scan, the acoustic transducer pivoting
assembly 28 is positioned by the controller 16 so that the
acoustic transducer assembly 54 is approximately centered
on the first scan point labeled (x;, y;). The acoustic trans-
ducer assembly 54 emits an acoustic signal that pings or
impinges on the sub-area 302 associated with the scan point
(x5, ¥,)- The acoustic transducer assembly 54 then receives
acoustic signals that the are reflections of the emitted
acoustic signal. The acoustic transducer assembly 54 con-
verts the reflected acoustic signals into electrical signals, and
transmits the electrical signals to the amplifier, which in turn
amplifies and transmits the signal to the controller 16.

[0056] In response to commands from the controller 16,
the acoustic transducer pivoting assembly 28 is moved by an
amount of delta x in the transverse direction, and then the
acoustic transducer assembly 54 repeats the process of
emitting an acoustic signal and receiving reflected acoustic
signals. Typically, a transverse scan segment is completed
after all of the scan points that have the same longitudinal
value, i.e., the same y value, between x; and x_,, inclusive,
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have been scanned. However, in some situations, the opera-
tor may choose to have a transverse scan that is merely a
portion of the scan points having the same longitudinal value
between the support platforms 30 and 32. In that case, the
controller 16 scans the acoustic transducer over the selected
scan points.

[0057] Once a transverse scan has been completed, the
controller 16 translates the forcer 50C with acoustic trans-
ducer pivoting assembly 28 coupled thereto such that the
acoustic transducer pivoting assembly 28 is repositioned
above the first scan point of that transverse run. Next, the
controller 16 translates the moveable support platform 24 by
an amount delta y by repositioning the forcers S0A and 50B
by the amount delta y. The controller 16 then commences
with another transverse scan. In this manner, all of the scan
points from (X4, y;) to (X, ¥.), inclusive, or a sub-portion
of the thereof, are scanned. The transverse distance, delta x,
and longitudinal distance, delta y, are predetermined by the
operator. Typical, delta x and delta y are in the 20-50 micron
range. Acoustic Scan

[0058] Referring to FIG. 4, at time t,; the acoustic trans-
ducer assembly 54 emits an acoustic signal 402A. The
acoustic signal 402B acoustically impinges the surface of
sub-area 302 of the skin 6 at time t,. Typically, the signals
402A and 402B are the same, however, in some situations
the magnitude of signal 402B is less than the magnitude of
signal 402A because a portion of signal 402A is reflected,
scattered, or absorbed before it impinges upon the surface of
the sub-area 302. The acoustic signals 402B, 402C, 402D,
and 402E are all at least a portion of the emitted acoustic
signal 402A. They are designated differently to denote
changes in their magnitudes due to reflections and absorp-
tion.

[0059] The skin 6 is a laminate 404 made up of multiple
layers of at least one material 406 and adhesive layers 408.
Acoustic signals are partially reflected at the interface of any
discontinuity in the acoustic impedance of the medium
through which the acoustic signal is traveling. Discontinui-
ties can be caused by, among other things, stresses within the
material or by changes in density, which typically occur at
the interface of the adhesive layer 408 and the material layer
406 and at the surface of the skin 6. Thus, at time t, a portion
of the acoustic signal 402B penetrates the surface of the
sub-area 302 and propagates into the laminate 408 and a
portion of the signal is reflected backwards towards the
acoustic transducer assembly 54, the reflected portion of the
signal is the acoustic signal 412.

[0060] At time t;, the acoustic signal 402C is incident
upon the interface of the adhesive layer 408 A and material
406A, where another portion of the emitted signal 402 is
reflected. Similarly, at time t, some of the acoustic signal
402D is reflected at the interface of the adhesive layer 408A
and material 406B.

[0061] The magnitude of the reflected acoustic signal 412
is related to both the size of the discontinuity and to the
magnitude of the change in the acoustic impedance. A void
in a material will generally produce such a large change in
the acoustic impedance of the material that an acoustic
signal will be totally reflected. Thus, at time ts, the acoustic
signal 402E is essentially totally reflected by the void 410 in
adhesive layer 408B.

[0062] 1t should be remembered that any change in the
acoustic impedance of a medium reflects acoustic signal
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propagating in that medium. Consequently, the acoustic
signal 402 will normally be reflected at both the interfaces
of different layers of material and within one or more layers
of a material. The reflections shown in FIG. 4 are merely
illustrative and are not intended to signify all of the reflec-
tions that occur within the laminate 404.

[0063] Typically, the acoustic transducer assembly 54
emits a single acoustic signal 402 that is incident on the
sub-area 302 and receives a series of reflected acoustic
signals 412, where each of the reflected acoustic signals 412
corresponds to a change in the acoustic impedance encoun-
tered by the emitted acoustic signal 402. FIG. 5 is a digitized
representation of the acoustic signals received by the acous-
tic transducer assembly 54 versus time and is known as an
A-Scan. The digitized acoustic signal 502 is made up of a
series of pulses that include pulse 504, pulse 506 and pulse
508.

[0064] The pulse 504 is the first pulse received by the
acoustic transducer assembly 54 and corresponds to the
portion of the emitted acoustic signal that was reflected from
the surface of the sub-area 302, i.c., the first discontinuity in
the acoustic impedance encountered by the acoustic signal
402. The pulses 506 and 508 occurred later in time than
pulse 504, and therefore, they correspond to discontinuities
in the acoustic impedance of the laminate 404. Typically, the
pulse 504 is used as a reference pulse, and the time lag
between the when the acoustic signal 402A was emitted and
when the pulse 504 is received is used for, among other
things, determining the distance between surface of the
sub-area 302 and the acoustic transducer assembly 54. The
relative magnitude of the reflected pulse 504 with respect to
the emitted signal 402A can also be used for, among other
things, determining whether the acoustic transducer assem-
bly 54 is properly aligned with the surface of the sub-area
302.

[0065] In one preferred embodiment, the acoustic signal
502 is divided into multiple time slices such as the time
slices shown by gates 510A and 510B. In one preferred
embodiment, the acoustic signal 502 is divided into approxi-
mately thirty time slices, which can overlap, or abut adjacent
time slices, or be distinct, and the time slices can also have
different widths. Each time slice that occurs after pulse 504
measures acoustic reflections from a layer within the lami-
nate 408. In one preferred embodiment, the time slices are
measured relative to pulse 504 rather than from when the
acoustic signal 402A was emitted from the acoustic trans-
ducer assembly 54. By using the pulse 504 as a reference
point, a time slice corresponds to a layer of material at a
given depth from the surface of the material. Whereas, when
the time slice is measured from the time the signal was
emitted from the acoustic transducer, a time slice corre-
sponds to a layer at a given distance from the acoustic
transducer. Therefore, using the pulse 504 as the reference
point, one can scan the acoustic transducer assembly 54
across the surface of the skin 6 at different heights from the
surface and still measure the acoustic characteristics for a
layer at constant depth from the surface.

[0066] 1InFIG. 6 animage of a layer of a scanned laminate
is shown, and the image is known as a C-Scan. In this image
the scan points are approximately 20-50 microns apart, and
each point of the image corresponds to a digitized repre-
sentation of the amplitude of a reflected acoustic signal 502
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within a predetermined time slice 510. The dark regions
represent regions where the amplitude of the reflected signal
was low and the light regions represent larger amplitudes of
the reflected signal. The points labeled 602 are rivets that
extend through the laminate. The points labeled 604 are
voids in the adhesive layer.

[0067] Controller

[0068] Referring to FIG. 7, in one preferred embodiment,
the controller 16 is a general purpose digital computer, such
as a personal computer (PC; IBM-compatible, Apple-com-
patible, or otherwise), workstation, minicomputer, or main-
frame computer. Generally, in terms of hardware architec-
ture, as shown in FIG. 8, the computer 16 includes a
processor 702, memory 704, one or more input and/or output
(1/0) devices 706 (or peripherals) that are communicatively
coupled via a local interface 708, and a signal analyzer 718
that receives the reflected acoustic signals 502 from the
acoustic transducer assembly 54 for each scan point. The
local interface 708 can be, for example but not limited to,
one or more buses or other wired or wireless connections, as
is known in the art. The local interface 708 may have
additional elements, which are omitted for simplicity, such
as controllers, buffers (caches), drivers, repeaters, and
receivers, to enable communications. Further, the local
interface may include address, control, and/or data connec-
tions to enable appropriate communications among the
aforementioned components.

[0069] The processor 702 is a hardware device for execut-
ing software, particularly that stored in memory 704. The
processor 702 can be any custom made or commercially
available processor, a central processing unit (CPU), an
auxiliary processor among several processors associated
with the computer 16, a semiconductor based microproces-
sor (in the form of a microchip or chip set), a macroproces-
sor, or generally any device for executing software instruc-
tions. Examples of suitable commercially available
microprocessors are as follows: a PA-RISC series micro-
processor from Hewlett-Packard Company, an 80x86 or
Pentium series microprocessor from Intel Corporation, a
PowerPC microprocessor from IBM, a Sparc microproces-
sor from Sun Microsystems, Inc, or a 68xxx series micro-
processor from Motorola Corporation.

[0070] The memory 704 can include any one or combi-
nation of volatile memory elements (e.g., random access
memory (RAM, such as DRAM, SRAM, SDRAM, ctc.))
and nonvolatile memory elements (e.g., ROM, hard drive,
tape, CDROM, etc.). Moreover, the memory 704 may incor-
porate electronic, magnetic, optical, and/or other types of
storage media such as R-CD and R-DVD. Note that the
memory 704 can have a distributed architecture, where
various components are situated remote from one another,
but can be accessed by the processor 702.

[0071] Information relating to the reflected acoustic signal
412 is stored in memory 704. The related information
includes reflected acoustic signal 412 such as the digitized
acoustic signal 502 and a position indicator that associates
the acoustic signal 502 with a scan point. Frequently, the
digitized acoustic signal 502 is stored for only selected scan
points instead of for every scan point. The related informa-
tion also includes digitized times slices that are associated
with scan points, which are used for, among other things,
generating images of layers such as the image of FIG. 6. The
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related information can also include transforms of temporal
or spatial data associated with acoustic signals 502. For
example, the acoustic signal 502 is temporal function that
can be transformed into a frequency spectrum by a Fourier-
Transform, and in that case, the frequency spectrum is stored
in memory 704.

[0072] The software in memory 704 may include one or
more separate programs, each of which comprises an
ordered listing of executable instructions for implementing
logical functions. In the example of FIG. 7, the software in
the memory 704 includes the Application logic 710 in
accordance with the present invention and a suitable oper-
ating system (O/S) 712. A non-exhaustive list of examples of
suitable commercially available operating systems 712 is as
follows: (a) a Windows operating system available from
Microsoft Corporation; (b) a Netware operating system
available from Novell, Inc.; (¢) a Macintosh operating
system available from Apple Computer, Inc.; (d) a UNIX
operating system, which is available for purchase from
many vendors, such as the Hewlett-Packard Company, Sun
Microsystems, Inc., and AT&T Corporation; (¢) a LINUX
operating system, which is freeware that is readily available
on the Internet; (f) a run time Vxworks operating system
from WindRiver Systems, Inc.; or (g) an appliance-based
operating system, such as that implemented in handheld
computers or personal data assistants (PDAs) (e.g., PalmOS
available from Palm Computing, Inc., and Windows CE
available from Microsoft Corporation). The operating sys-
tem 712 essentially controls the execution of other computer
programs, such as the Application logic 710, and provides
scheduling, input-output control, file and data management,
memory management, and communication control and
related services.

[0073] The Application logic 710 includes one or more
source programs, executable programs (object codes),
scripts, or any other entities comprising a set of instructions
to be performed. A source program is translated via a
compiler, assembler, interpreter, or the like, which may or
may not be included within the memory 704, so as to operate
properly in connection with the O/S 712. Furthermore, the
Application logic 710 can be written as: (a) an object
oriented programming language, which has classes of data
and methods, or (b) a procedure programming language,
which has routines, subroutines, and/or functions, for
example but not limited to, C, C++, Pascal, Basic, Fortran,
Cobol, Perl, Java, and Ada. In one preferred embodiment,
the Application logic 710 includes positioning logic 714 and
scan logic 716.

[0074] The processor 702 uses the positioning logic 714 to
control the position and alignment of the acoustic transducer
assembly 54. Specifically, the processor 702 sends position-
ing/alignment commands to the linear motors 44 of the
support platforms 30 and 32, moveable platform 24, move-
able arm 26, and the rotational devices 56 and 58. The
processor 702 also implements the scan logic 716 to send the
acoustic transducer assembly 54 signal commands that cause
the acoustic transducer assembly 54 to emit acoustic signals.
In one embodiment, the scan logic also include logic for
generating a digitized image of a scan area, such as the
image shown in FIG. 6, and logic for analyzing data such as,
but not limited to, Fourier-Transform logic.

[0075] The I/O devices 706 may include input devices, for
example but not limited to, a keyboard, mouse, scanner,
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microphone, etc. Furthermore, the I/O devices 706 may also
include output devices, for example but not limited to, a
printer, display, etc. Finally, the I/O devices 706 may further
include devices that communicate both inputs and outputs,
for instance but not limited to, a modulator/demodulator
(modem; for accessing another device, system, or network),
a radio frequency (RF) or other transceiver, a telephonic
interface, a bridge, a router, etc. The I/O devices 706 include
devices that are coupled to the linear motors 44A-44D, the
rotational devices 56 and 58, and the acoustic transducer
assembly 54 via communication cables 52.

[0076] 1If the computer 16 is a PC, workstation, or the like,
the software in the memory 704 may further include a basic
input output system (BIOS) (omitted for simplicity). The
BIOS is a set of essential software routines that initialize and
test hardware at startup, start the O/S 712, and support the
transfer of data among the hardware devices. The BIOS is
stored in ROM so that the BIOS can be executed when the
computer 16 is activated.

[0077] When the computer 16 is in operation, the proces-
sor 702 is configured to execute software stored within the
memory 704, to communicate data to and from the memory
704, and to generally control operations of the computer 16
pursuant to the software. It should be noted that the Appli-
cation logic 710 can be stored on any computer readable
medium for use by or in connection with any computer
related system or method. In the context of this document,
a computer readable medium is an electronic, magnetic,
optical, or other physical device or means that can contain
or store a computer program for use by or in connection with
a computer related system or method. The Application logic
710 can be embodied in any computer-readable medium for
use by or in connection with an instruction execution
system, apparatus, or device, such as a computer-based
system, processor-containing system, or other system that
can fetch the instructions from the instruction execution
system, apparatus, or device and execute the instructions. In
the context of this document, a “computer-readable
medium” can be any means that can store, communicate,
propagate, or transport the program for use by or in con-
nection with the instruction execution system, apparatus, or
device. The computer readable medium can be, for example
but not limited to, an electronic, magnetic, optical, electro-
magnetic, infrared, or semiconductor system, apparatus,
device, or propagation medium. More specific examples (a
non-exhaustive list) of the computer-readable medium
would include the following: an electrical connection (elec-
tronic) having one or more wires, a portable computer
diskette (magnetic), a random access memory (RAM) (elec-
tronic), a read-only memory (ROM) (electronic), an erasable
programmable read-only memory (EPROM, EEPROM, or
Flash memory) (electronic), an optical fiber (optical), and a
portable compact disc read-only memory (CDROM) (opti-
cal). Note, the computer-readable medium could even be
paper or another suitable medium upon which the program
is printed. As the program can be electronically captured, via
for instance optical scanning of the paper or other medium,
then compiled, interpreted or otherwise processed in a
suitable manner if necessary, and then stored in a computer
memory.

[0078] In an alternative embodiment, where the Applica-
tion logic 710 is implemented in hardware, the Application
logic 710 can implemented with any or a combination of the
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following technologies, which are each well known in the
art: a discrete logic circuit(s) having logic gates for imple-
menting logic functions upon data signals, an application
specific integrated circuit (ASIC) having appropriate com-
binational logic gates, a programmable gate array(s) (PGA),
a field programmable gate array (FPGA), etc. In addition,
the scope of the present invention includes embodying the
functionality of the preferred embodiments of the present
invention in logic embodied in hardware or software-con-
figured mediums.

[0079] Inone embodiment, the positioning logic 714 uses
a portion of the acoustic signal 502 for determining the
current position and alignment or subsequent positions and
alignments of the acoustic transducer assembly 54. For
example, using reflected signals 502 from previous scan
points, the positioning logic 714 can determine the desired
vertical and rotational position of the acoustic transducer
assembly 54 at its current scan point. By calculating the rate
of change of the vertical position and rotational alignment of
the acoustic transducer assembly 54 from previous scan
points and predicting the vertical position and rotational
alignment of the acoustic transducer assembly 54 at its
current position. In another embodiment, the desired vertical
and rotational position of the acoustic transducer assembly
54 are determined by using feedback. In this embodiment,
the acoustic transducer assembly 54 emits a first acoustic
signal and based upon the reflected acoustic signal 502 and
the positioning logic 714, the processor 702 determines
whether the current vertical position and current rotational
position of the acoustic transducer assembly 54 are correct.
If the acoustic transducer assembly 54 is not correctly
positioned and aligned, the processor 702 sends new posi-
tioning/alignment commands and rescans the current point.
The processor 702 continues to correct the position and
alignment of the acoustic transducer assembly 54 until some
or all of the received reflected signal 502 falls within some
predetermined parameter range, at which point, the received
signal 502 is used for analysis.

[0080] In one embodiment, the signal analyzer 718 is
hardware configured to analyze signals from the acoustic
transducer assembly 54, which are received at the computer
via I/O device 706. The signal analyzer 718 is typically an
analog-to-digital converter (ADC) that is adapted to have a
sample rate that may be in the giga-Hertz range.

[0081] In one preferred embodiment, the time slices,
which were shown in FIG. 6, are wide enough for the signal
analyzer 718 to sample 20 to 30 points within each time
slice. The output from the signal analyzer 718 for each time
slice is then the magnitude of the largest sample point. In one
embodiment, the output also includes the phase of the largest
sampled point. The output from each time slice is then stored
in memory 704 and is associated with the current longitu-
dinal and transverse position of the acoustic transducer
assembly 54.

[0082] In one embodiment, the computer 16 also includes
a signal processor 820 that is used for, among other things,
Fourier-Transforms of the received reflected signal 502.
Thus, the received acoustic signal 502 is transformed from
a temporal quantity to a frequency spectrum. The frequency
spectrum 1is associated with the current longitudinal and
transverse location of the acoustic transducer assembly 54
and stored in memory 704. The signal processor 720 is
typically hardware such as an ASIC, FPGA, or DSP.
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[0083] Those skilled in the art will recognize that imple-
menting the signal analyzer 718 and the signal processor 720
in hardware is a design choice. In alternative embodiments,
either the signal analyzer 718 or the signal processor 720 or
both of them are implemented in either software or firm-
ware.

[0084] In one preferred embodiment, the digitized
reflected signals of each time slice and the frequency spec-
trums of the reflected signals 502 are recorded on a media
such as a CD or DVD. The recorded scan becomes a snap
shot in time of the internal structure of the scanned area. In
the future, another scan can be compared with the current
scan to determine how, or whether, the internal structure has
changed.

[0085] Referring to FIG. 8, in an alternative embodiment,
the controller 16 includes a computer 802, a motor control
unit (MCU) 804 and a pulser/receiver unit 806. In this
embodiment, the computer 802 receives, processes, and
stores data, and among other things, synchronizes the move-
ment of the acoustic transducer assembly 54 with the
emission of acoustic signals 402. The motor control unit 804
is in communication with the computer 802 via the com-
munication link 808 and with the linear motors 44 of ASA
14 via the cables 52. Motor control units are well known in
the art and shall not be described in detail. An example of a
motor control unit is a Parker Automation Model GEM6K
drive/controller.

[0086] In one preferred embodiment, the motor control
unit 804 is adapted to receive instructions from the computer
802 and control the position and alignment of the acoustic
transducer assembly 54 responsive to the instructions from
the computer 802. Then, the motor control unit 804 is
adapted to control the position and alignment of the acoustic
transducer assembly 54 using timing signals from the com-
puter 802 and surface information stored in the motor
control unit 802. Typically, the computer 802 controls the
position and alignment of the acoustic transducer assembly
54 during initialization, and thereafter the motor control unit
804 controls the position and alignment of the acoustic
transducer assembly 54 in responsive to move commands
from the computer 802. When the MCU 804 is controlling
the position and alignment of the acoustic transducer assem-
bly 54, the MCU 804 tells the computer 802 the current
position of the acoustic transducer assembly 54 after each
move.

[0087] The pulser/receiver 806 is in communication with
the computer 802 via communication link 912 and with the
acoustic transducer assembly 54 via cables 52. When the
acoustic transducer assembly 54 is properly positioned and
aligned, the computer 802 sends a signal to the pulser/
receiver 806 via communication link 912. The pulser/re-
ceiver 806 generates a high voltage signal that is sent to the
acoustic transducer assembly 54 via cable 52, which causes
the acoustic transducer assembly 54 to emit an acoustic
signal 412. The acoustic transducer assembly 54 sends an
electrical signal, or an echo signal that corresponds to the
reflected acoustic signal 412 to the pulser/receiver 806 via
cable 52. The pulser/receiver 806 then relays the echo signal
to the computer 802 via communication link 912.

[0088] The computer 802 correlates the position of the
acoustic transducer assembly 54 with the received echo
signal from the pulser/receiver 806. In this embodiment, the
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computer 802 synchronizes the MCU 804 and the pulser/
receiver 806. The MCU 804 moves the acoustic transducer
assembly 54, and the pulser/receiver causes it to ping. After
the acoustic transducer assembly 54 is correctly positioned
and aligned by the MCU 804, the computer 802 sends a
signal to the pulser/receiver 806 that causes the acoustic
transducer assembly 54 to ping the aircraft 8 by emitting the
acoustic signal 402. The MCU 804 does not reposition or
realign the acoustic transducer assembly 54 until the MCU
804 receives a move signal from the computer 802. The
computer 802 does not send a move signal to the MCU 804
until after the computer 802 has received the echo signal
from the pulser/receiver 806.

[0089] Referring to FIG. 9, which illustrates one method
of initializing the ASA 14, in step 902, the ASA 14 is
positioned on the skin 6 at a position that is approximately
the desired location of the ASA 14. In step 904, the computer
802 sends a signal to the pulser/receiver 806, which in turn
sends a high voltage signal to the acoustic transducer
assembly 54 that causes the acoustic transducer assembly 54
to emit the acoustic signal 402, or to “ping” the surface.

[0090] In step 906, the acoustic transducer assembly 54
receives the reflected acoustic signal 412 and thereby pro-
duces an electrical signal, or the echo signal that corresponds
to the reflected acoustic signal 412. The echo signal is sent
to the computer 802 via the pulser/receiver 808.

[0091] In step 908, the computer 802 analyzes the echo
signal. In one embodiment, the echo signal is analyzed to
determine the amount of reflection for a time slice that
corresponds to the interface of an adhesive-material layer. If
the amount of reflection is smaller than a predetermined
threshold, then the computer 802 determines that the acous-
tic impedance at that layer is substantially uniform, which
occurs when a rivet extends through the adhesive-material
interface.

[0092] Next, in step 910, the computer 802 determines if
the acoustic transducer assembly 54 pinged a known loca-
tion. The computer 802 knows the structural features and the
contours of the skin 6 of the aircraft and knows how the
structural features such as rivets and contours will reflect
acoustic signals. If the echo signal did not correspond to a
signal reflected from a known location, then the computer
proceeds to step 912 and has the motor control unit 804
move the acoustic transducer assembly by an amount that is
determined by the computer 802. The computer 802 keeps
repeating the steps 904 through 912 until the acoustic
transducer assembly 54 has pinged a known location.

[0093] After the acoustic transducer assembly 54 is posi-
tioned above a known location, the computer 802 proceeds
to step 914 and initiates the auto scan mode. In auto-scan
mode, the motor control unit 804 uses its knowledge of the
contours of the skin 6 to position and align the acoustic
transducer assembly 54. In this mode, the computer 802
sends synchronization signals to the motor control unit 804
and pulser/receiver 806, but the computer 802 no longer
need determine the position and alignment of the acoustic
transducer assembly 54. Typically, the MCU 804 and the
computer 802 include storage units (not shown) for storing,
among other things, structural information, contour infor-
mation, etc. about the aircraft 8. This information is typically
formatted as a Computer Assisted Design (CAD) file. The
MCU 804 uses the CAD file for controlling the position and
alignment of the acoustic transducer assembly 54.
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[0094] Acoustic Coupling

[0095] Typically, the acoustic transducer assembly 54
emits an acoustical signal in the 1-200 MHz frequency
range. For example, acoustic transducers such as a Sonix
series nos. V313 or MSIC, operate in the 1-200 MHz
frequency range. A problem associated with operating in this
frequency range is that air does not readily transmit acoustic
signals in that frequency range because in that frequency
range the acoustic impedance of air is so high that acoustic
signals are essentially totally reflected. In this section, four
different preferred embodiments of devices that enable an
operator to perform reflection mode scanning acoustic
microscopy of an object such as, but not limited to, the
aircraft 8, are described.

[0096] Acoustic Transducer Assembly-Solid Acoustic
Coupler

[0097] In FIG. 10, an acoustic transducer assembly-solid
acoustic coupler 1000 is shown mounted to the acoustic
transducer pivoting assembly 28. The acoustic transducer
assembly-solid acoustic coupler 1000 includes the acoustic
transducer assembly 54 and a solid acoustic coupler 1002.

[0098] In one preferred embodiment, the solid acoustic
coupler 1002 is made from a material such as, but not limited
to, epoxy, polyimide, resin, ceramic, metal, polymer, glass,
and other materials known to those skilled in the art that can
effectively carry acoustic signals in the 1-200 MHz fre-
quency range, or materials that have an acoustic impedance
less than air in that frequency range.

[0099] The acoustic transducer assembly 54 emits and
receives acoustical signals from end 76. Typically, the end
76 is open ended and is formed such that the end includes a
bowl shaped face or a concave face 1004 and the acoustic
transducer assembly 54 emits and receives acoustical signals
through face 1004. Acoustic signals emitted from the acous-
tic transducer assembly 54 are focused at a predetermined
focal length from the end 76, typically in the range of 0.25
inches. The focal length of the acoustic transducer assembly
54 is determined in part by the shape of the face 1004.

[0100] The solid acoustic coupler 1002 includes opposed
ends 1006 and 1008. The end 1006 is formed such that its
shape compliments the shape of face 1004 so that end 1006
and face 1004 fit together with little or no gaps therebe-
tween. The longitudinal length of the solid acoustic coupler
1002, which is the distance between the opposing ends 1006
and 1008, is approximately the focal length of acoustic
transducer assembly 54. Thus, emitted acoustic signals from
the acoustic transducer assembly 54 are focused at end 1008.
However, the longitudinal length of the solid acoustic cou-
pler 1002 is a matter of implementation, and in another
alternative embodiment, the longitudinal length of the solid
acoustic coupler 1002 is less than the focal length of the
acoustic transducer assembly 54. In yet another embodi-
ment, the longitudinal length of the solid acoustic coupler
1002 is greater than the focal length of the acoustic trans-
ducer assembly 54.

[0101] To scan an object 1010 with the acoustic transducer
assembly-solid acoustic coupler 1000, the acoustic trans-
ducer pivoting assembly 28 is positioned such that end 1008
makes physical contact with the surface at point 1012. The
acoustic transducer assembly 54 emits an acoustic signal,
which is carried by the solid acoustic coupler 1002 to the
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contact point 1012. Through contact point 1012 and end
1008, acoustic signals are passed between the object 1010
and the solid acoustic coupler 1002. Thus, the solid acoustic
coupler 1002 carries emitted acoustic signals, which ping
contact point 1012, from the acoustic transducer assembly
54. Pinging contact point 1012 generates acoustic signals,
which are reflections of the emitted acoustic signals in object
1010. The solid acoustic coupler 1002 carries the reflections
to the acoustic transducer assembly 54. After the reflections
have been received by the acoustic transducer assembly 54,
the controller 16 moves the acoustic transducer pivoting
assembly 28 to a new contact point, where the scan process
is repeated.

[0102] Inone embodiment, the acoustic transducer assem-
bly-solid acoustic coupler 1000 is moved between contact
points 1012 with the end 1008 being generally in contact
with the object 1010 during the movement thereof. In this
case, the solid acoustic coupler 1002 is preferably made
from a material such as polyimide or other material that will
not usually scratch or mar the object 1010.

[0103] In another embodiment, when the acoustic trans-
ducer pivoting assembly 28 is moved between contact points
1012, the acoustic transducer pivoting assembly 28 is first
moved away from the object 1010 so that the end 1008 is not
in contact with the object 1010. Then, the acoustic trans-
ducer pivoting assembly 28 is moved to a new position and
moved closer to the object 1010 until the end 1008 reestab-
lishes contact with the object 1010. In another embodiment,
the acoustic transducer pivoting assembly 28 is moved in a
saw tooth pattern. In yet another embodiment, one or both of
the rotary drives 56 or 58 rotate the acoustic transducer
assembly-solid acoustic coupler 1000 such that the end 1008
is not in contact with the object 1010 during movements
between contact points 1012. After the acoustic transducer
pivoting assembly 28 has been moved to a new position, the
acoustic transducer assembly-solid acoustic coupler 1000 is
then rotated such that the end 1008 reestablishes contact
with object 1010.

[0104] In one preferred embodiment, the acoustic trans-
ducer assembly 54 and the solid acoustic coupler 1002 are
joined together so that there are essentially no gaps between
the face 1004 and end 1006. One preferred method for
accomplishing this is described hereinbelow. The acoustic
transducer assembly 54 is positioned such that the acoustic
transducer assembly 54 is substantially vertically aligned
with face 1004 pointing upward. A mold (not shown) is
removably attached to end 76 extending upwardly there-
from. A predetermined amount of a liquid epoxy or other
suitable material known to those skilled in the art is poured
into the mold. The liquid flows into the mold and covers the
face 1004 of the acoustic transducer assembly 54 and
adheres thereto. Typically, the amount of liquid poured into
the mold is sufficient to substantially fill the mold. After the
liquid has hardened into a solid material, the mold is
removed, thereby exposing the solid acoustic coupler 1002.
In one embodiment, the end 1008 is substantially shaped by
the mold. In another embodiment, the solid acoustic coupler
1002 is processed to form the shape of end 1008.

[0105] Acoustic Transducer Assembly Sprayer

[0106] Referring to FIG. 11, an acoustic transducer
assembly sprayer 1100 includes the acoustic transducer
assembly 54 and a sprayer 1102. The acoustic transducer
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assembly 54 includes the opposed threaded ends 74 and
threaded end 1104. The threaded end 74 is received by a
threaded hole (not shown) formed in the mounting block 78,
which is mounted to the table 72 of the rotary device 68.

[0107] The sprayer 1102 defines a longitudinal body hav-
ing opposed ends 1106 and 1108. Extending partially
between the opposed ends 1106 and 1108 is a chamber 1110.
The end 1106 defines a threaded opening (not shown) that
extends from the chamber 1110 to end 1106, and the
threaded opening is adapted to mate with the threaded end
1104 of the acoustic transducer assembly 54.

[0108] The opposed end 1108 defines a second opening
1114 that is generally aligned with the threaded opening and
which is in communication with the chamber 1110. The
sprayer 1102 also defines fluid inlet openings 1116a and
1116b, which have spouts 11182 and 11185 inserted therein.
The spouts 1118 extend from the chamber 1110 outward
beyond the exterior of the sprayer 1102.

[0109] Pressurized fluid hoses 1120 are coupled to the
spouts 1118 and fluid flows therethrough into the chamber
1110. Hydraulic pressure pushes fluid in the hoses 1120 into
the chamber 1110, and consequently, a fluid stream 1122 is
expelled from the chamber 1110 by the hydraulic pressure
carried by the hoses 1120. The fluid stream 1120 extends
outward from end 1108 of the sprayer 1102 and impinges
upon the surface 1124. In one preferred embodiment, the
fluid stream 1122 is a laminar fluid flow stream.

[0110] In one preferred embodiment, the fluid inlet open-
ing 11164 is positioned such that the spout 1118 is approxi-
mately aimed at the acoustic transducer assembly 54. In this
manner, a stream of fluid carried through tube 1118 flows
across the face 1004 of the acoustic transducer assembly 54.
Thereby removing any air bubbles from the face.

[0111] With the acoustic transducer assembly 54 in com-
munication with the fluid in chamber 1110 and the fluid
stream 1122 impinging on the surface 1124, the acoustic
transducer assembly 54 is in acoustical communication with
the surface 1124. The acoustic impedance of the fluid is such
that acoustic signals in the 1-200 MHz frequency range are
readily carried. Thus, the acoustic transducer assembly-
sprayer 1100 is used to acoustically scan an object such as
an aircraft, when the aircraft is disposed in air.

[0112] The fluid stream 1122 and the fluid in chamber
1110 communicate acoustic signals between the acoustic
transducer assembly 54 and the surface 1124. Thus, a scan
is performed by having the acoustic transducer assembly 54
emit an acoustic signal that is carried by the fluid in chamber
1110 and the fluid stream 1122 to the surface 1124. The fluid
carries reflections of the emitted acoustic signal back to the
acoustic transducer assembly 54. After the acoustic trans-
ducer assembly 54 has received the reflection signals, the
controller 16 moves the acoustic transducer pivoting assem-
bly 28 to a new position where the process is repeated. In
this manner, an object that is substantially disclosed in air
can be scanned with the acoustic transducer assembly-
sprayer 1100.

[0113] Acoustic Transducer Assembly-Fluid Retainer

[0114] Referring to FIG. 12, the acoustic transducer piv-
oting assembly 28 has an acoustic transducer assembly-fluid
retainer 1200 coupled thereto. In this embodiment, the
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acoustic transducer assembly-fluid retainer 1200 includes
the acoustic transducer assembly 54 and a fluid retainer
1202. The acoustic transducer assembly 54 is coupled to the
acoustic transducer pivoting assembly 28 via the mounting
block 78 in the manner previously described.

[0115] The fluid retainer 1202 defines a longitudinal body
having opposed ends 1204 and 1206 and the ends 1204 and
1206 each define an opening 1208 and 1210, respectively,
which are generally vertically aligned. Typically, the longi-
tudinal length of the fluid retainer 1202 is greater than the
focal length of the acoustic transducer assembly 54.

[0116] In one preferred embodiment, the opening 1208 is
a threaded opening, which is adapted to mate with the
threaded end 1104 of acoustic transducer assembly 54. In an
alternative embodiment, the acoustic transducer assembly
54 and fluid retainer 1202 are threadably coupled together,
but the male-female relationship is reversed so that the fluid
retainer 1202 screws into end 76 of the acoustic transducer
assembly 54. However, in yet another alternative embodi-
ment, the end 1204 of the fluid retainer 1202 is pressure fit
onto end 1104 of the acoustic transducer assembly 54 and
held thereon by pressure clamps. In yet another embodi-
ment, the acoustic transducer assembly 54 and fluid retainer
1202 are manufactured as a single non-separable unit.

[0117] Extending between opposed ends 1204 and 1206 is
a sleeve 1222, which is defines a fluid retaining chamber
1212. The fluid-retaining chamber 1212 is in communica-
tion with the openings 1208 and 1210 and contains a fluid
1213 therein. The sleeve 1222 is preferably made from a
polymer or other non-rigid material that is essentially imper-
meable to the fluid 1213. The fluid 1213 carries acoustic
signals in the 1 to 200 MHz frequency range.

[0118] Inone preferred embodiment, the end 1204 defines
a fluid inlet opening 1214 that extends approximately hori-
zontally from the opening 1208 thereout, and a spout 1216
having opposed ends 1217a and 1217b. The end 12174 is
aimed at the acoustic transducer assembly 54 so that a fluid
stream from spout 1216 flows across the face of the acoustic
transducer assembly 54. A pressurized fluid hose 1219 is
attached to the end 12175 and a fluid flows therethrough into
the fluid retainer 1202.

[0119] In one preferred embodiment, the end 1204 also
defines a relief valve (not shown). When the end 1206 is in
contact with the surface 1218, the end 1206 forms an
essentially fluid tight seal on the surface 1218. Thus, when
fluid flows into the chamber 1212 through fluid inlet tube
1216, air is flushed out of the chamber 1212 through the
relief valve.

[0120] The end 1206 of the fluid retainer 1202 is annular
in shape and is made from an resilient pliable material that
conforms to the local contour of a surface 1218 of an object
1220. It is preferable that the end 1206 is made from a
material that is essentially impermeable to the fluid in the
fluid retaining chamber 1212.

[0121] Encompassing the sleeve 1222 is coil spring 1224
that extends between the opposed ends 1204 and 1206. The
coil spring 1224 engages the opposed ends 1204 and 1206
and provides a biasing force for pushing the ends 1204 and
1206 apart.

[0122] The fluid retainer 1202 also includes a pair of
overlapping longitudinal supports 1226 and 1228. The lon-
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gitudinal support 1226 extends from the end 1204 down-
ward into chamber 1212, and the longitudinal support 1228
extends from end 1206 upward into chamber 1212. The
longitudinal support 1226 and 1228 are approximately cylin-
drical in shape with the longitudinal support 1228 having an
outer diameter that is smaller than the inner diameter of the
longitudinal support 1226. Thus, the longitudinal support
1226 overlaps the longitudinal support 1228 with the lon-
gitudinal support 1228 telescoping within the longitudinal
support 1226. The longitudinal support 1226 and 1228 are
preferably made from metal or some other rigid material.

[0123] In operation, the acoustic pivoting assembly 28
with the acoustic transducer assembly-fluid retainer 1200
attached thereto is positioned such that the end 1206 is in
contact with the surface 1218. Preferably, the acoustic
transducer assembly 54 is brought close enough to the
surface 1218 such that the sleeve 1222 is compressed
between ends 1204 and 1206. In that case, the coil spring
1224 provides a biasing force that pushes the end 1206
against the surface 1218. Typically, the end 1206 is pressed
against the surface 1218 with sufficient force that it con-
forms to the local contour of the surface 1218 so as to form
an essentially fluid tight seal thereat. However, in one
embodiment, the fluid 1213 in the fluid chamber 1212 is
under positive pressure from the pressurized fluid hose 1219
so as to prevent air from seeping into the fluid chamber
1212. In that case, some fluid 1213 may seep between the
end 1206 and the surface 1218.

[0124] The ends 1204 and 1206, the overlapping longitu-
dinal supports 1226 and 1228, and the fluid chamber 1212
are aligned so that the acoustic transducer assembly 54 is in
acoustic communication with the surface 1218 via the fluid
1213. The sleeve 1222, the longitudinal supports 1226 and
1228, and the coil spring 1224 cooperate such that the face
of the acoustic transducer assembly 54 can be positioned at
distance from the surface 1218 ranging from greater than the
focal length of the acoustic transducer assembly 54 to less
than the focal length of the acoustic transducer assembly 54.
The distance between the face of the acoustic transducer
assembly 54 and the surface 1218 can be determined by the
controller 16 using the time lag between pinging the surface
1218 and receiving a reflection signal or by using knowledge
of the contour of the surface 1218 and knowing the position
of the acoustic transducer assembly 54.

[0125] The longitudinal supports 1226 and 1228 provide
longitudinal support to the sleeve 1222 as the acoustic
transducer assembly-fluid retainer 1200 is scanned over the
surface 1218. When the acoustic transducer assembly 54 is
moved parallel to the surface 1218, the longitudinal support
1226 moves with the acoustic transducer assembly 54
because it and the end 1204 are made from rigid materials.
As the longitudinal support 1226 moves parallel to the
surface 1218, it engages the longitudinal support 1228 and
pushes it in the same direction. The end 1206 moves parallel
to the surface 1218 with the movement of the longitudinal
support 1228. Thus, the longitudinal alignment of the food
retainer 1202 is essentially maintained as the fluid retainer
1202 is moved across the surface 1218 even though the
sleeve 1222 is pliable and the end 1206 is forming an
essentially fluid tight seal on the surface 1218.

[0126] Fluid Bath Acoustic Coupler

[0127] Referring to FIG. 13, the ASA 14 includes a fluid
bath acoustic coupler 1300 for coupling acoustic signals
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between the acoustic transducer assembly 54 and a surface
1302 of an object 1304. The fluid bath acoustic coupler 1300
includes a fluid holder 1306, which is generally pan shaped
having an open interior for holding a fluid 1308. The fluid
holder 1306 includes a sidewall 1310, which defines the
circumference of the fluid holder 1306 and which includes
an upper portion 1312 and a bottom portion 1314, and a top
wall 1316 that is attached to the upper portion 1312 of the
sidewall 1310.

[0128] In this embodiment, the fluid holder 1306 is gen-
erally a rectangular shaped pan having right and left side-
walls 1310g and 13105, respectively and a front sidewall
(not shown) and a back sidewall 1310c. In other embodi-
ments, the shape of the fluid holder 1306 is different from
rectangular and involves fewer or more sidewalls 1310.

[0129] The fluid bath acoustic coupler 1300 also includes
a brace 1318, which attaches to the base frame 22 by
fasteners 1320, which are typically screws or bolts. Inter-
posing the base frame 22 and the brace 1318 is the sidewall
1310. Thus, the sidewall 1310 is held in place between the
brace 1318 and the base frame 22 by attaching the brace
1318 to the base frame 22.

[0130] The sidewall 1310 is of sufficient length that in
operational position the sidewall 1306 extends from the
upper portion 1312 to the bottom portion 1314 such that the
bottom portion 1314 makes contact with the surface 1302.
Typically, the sidewall 1306 is made from a material that is
essentially impermeable to the fluid 1308.

[0131] The interior of the fluid holder 1306 is defined by
sidewall 1310, which defines a closed circumference, and
the top wall 1316, which is attached to the upper portion
1312 of the sidewall 1306 and which essentially covers the
area enclosed by the sidewall 1316. The top wall 1316 is
made from a material that is essentially impermeable to the
fluid 1308 and is pleated in two dimensions. The top wall
1316 is attached to the sidewall 1306 to form an essentially
fluid tight seal thereat.

[0132] The top wall 1316 defines an opening 1322, which
extends through the top wall 1316 and which is in the
approximate center of the top wall 1316. The opening 1322
can be moved relative to the right and left sidewalls 1310a
and 1310b, respectively, and relative to the front sidewall
(not shown) and the rear sidewall 1310c because of the two
dimensional pleating in the top wall 1316. The pleats in the
top wall 1316 fold and unfold to accommodate the relative
movement of the opening 1322.

[0133] In one preferred embodiment, the acoustic trans-
ducer assembly 54 extends through the opening 1322 such
that the face of the acoustic transducer assembly 54 is
immersed in the fluid 1308, and the opening 1322 forms an
essentially fluid tight seal around the acoustic transducer
assembly 54. In one preferred embodiment, a fluid inlet tube
1324, which has an inverted question mark shape is attached
to the acoustic transducer assembly 54 such that the hook
portion of the question mark is approximately aimed
towards the face (see FIG. 10) of the acoustic transducer
assembly 54. The fluid inlet tube 1324 is attached to a
pressurized fluid hose 1326 and fluid from the hose 1326
flows across the face of the acoustic transducer assembly 54.
In one preferred embodiment, the top wall 1316 also
includes a relief valve (not shown) through which air



US 2005/0162041 A9

escapes from the interior of the fluid holder 1306 as the fluid
holder 1306 is filled with fluid.

[0134] The fluid bath acoustic coupler 1300 also includes
an interior flap that extends from the bottom portion 1314 to
the sidewall 1310 therein. The interior flap 1328 is made
from a material such as a polymer, which is essentially
impervious to the fluid 1308 and which is conformable to the
contour of the surface 1302. Hydraulic pressure from the
fluid 1308 essentially holds the interior flap 1328 firmly
against the surface 1302 to form an essentially fluid type fit
around the bottom of the fluid holder 1306.

[0135] In one preferred embodiment, the bottom portion
1314 is made from a pliable material that conforms to the
contour of the surface 1302 of the object 1304. The bottom
portion 1314 also includes a resilient pliable strip 1330,
which is pressed towards the surface 1302 by a plurality of
springs 1332 that extend from the strip 1330 to the brace
1318. Thus, the bottom portion 1314 is pressed firmly and
conformably against the surface 1302 by the strip 1330,
which in turn is biased by the springs 1332. With the bottom
portion 1314 pressed against the surface 1302, an essentially
fluid tight seal is formed between the bottom portion 1314
and the surface 1302.

[0136] In operation, the acoustic transducer assembly 54
extends through opening 1322 and is partially immersed in
the fluid 1308, which acoustically couples the acoustic
transducer assembly 54 to the area of the surface 1302
enclosed by the sidewall 1310. The controller 16 can scan
the acoustic transducer assembly 54 over the enclosed area.
As the acoustic transducer assembly 54 is scanned over the
enclosed area, the acoustic transducer assembly 54 and the
opening 1322 move in unison. In response to the movement
of the opening 1322, the pleats in the two dimensional
pleating of the top wall 1316 fold and unfold to accommo-
date the movement of the acoustic transducer assembly 54.
In addition, the two-dimension pleating of the top wall 1316
accommodate the raising and lowering of the acoustic
transducer assembly 54 and pitch and yaw rotations by the
rotary devices 56 and 58.

[0137] In one preferred embodiment, the fluid bath acous-
tic coupler 1300 includes a pair of rollable shutter assem-
blies 1334 and 1336 that essentially cover the top wall 1316.
The rollable shutter assembly 1334 that is attached to the
support platforms 30 and 32 above the top wall 1316.

[0138] The rollable shutter assembly 1334 includes
opposed reels 1338 and 1340, which are mounted to the
support platforms 30 and 32, respectively, and a shutter
1342. The shutter 1342 is made up of a plurality of slats
1344 that extend partially between the cross members 34a
and 34b, and the slats 1344 are hingedly coupled together.
Slats 1344a and 1344b are adapted to have a separation
distance that is at least the diameter of the acoustic trans-
ducer assembly 54 so that the acoustic transducer assembly
54 can extend through shutter 1342. When the controller 16
moves the acoustic transducer assembly left (right) the
acoustic transducer assembly 54 engages slat 1344 (1344b)
and pushes it in the left (right) direction, thereby causing reel
1340 (reel 1338) to wind and reel 1338 (reel 1340) to
unwind shutter 1342.

[0139] The rollable shutter assembly 1336 is essentially
identical to the rollable shutter assembly 1334, and it
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includes a front reel (not shown), which is mounted to the
cross member 34a, a rear reel 1346, which is mounted to the
cross member 34b, and a shutter 1348 that extends from the
front reel (not shown) to the rear reel 1346. The shutter 1348
rests upon shutter 1342 and is adapted to slide over shutter
1342.

[0140] The shutter 1348 is made up of a plurality of slats,
which extend partially between the support platforms 30 and
32 and which are hingedly coupled together. As with the
rollable shutter assembly 1334, two of the slats are separated
by a distance that is at least the diameter of the acoustic
transducer assembly 54. Thus, the shutter 1342 defines a
longitudinal gap that extends partially between the cross
members 34(a) and 34(b), and the shutter 1348 defines a
transverse gap extending partially between the support plat-
forms 30 and 32.

[0141] In operation, the gaps in the rollable shutter assem-
blies 1334 and 1336 and the opening 1322 are aligned so that
the acoustic transducer assembly 54 can extend there-
through. When the acoustic transducer assembly 54 is
moved forward (backwards) the acoustic transducer assem-
bly 54 engages a slat of the shutter 1348 and pushes the
shutter 1348 forward (rearward), thereby causing the unseen
front reel to wind (unwind) and the rear reel 1346 to unwind
(wind) the shutter 1348, while the shutter 1342 remains
essentially stationary. In one preferred embodiment, the
rollable shutter assemblies 1334 and 1336, and the top wall
1316 cooperate such that the acoustic transducer assembly
54 has five degrees of freedom.

[0142] In one preferred embodiment, the slats of the
shutters 1342 and 1348 are made from a rigid material such
as, but not limited to, aluminum. In this embodiment, the
rollable shutter assemblies 1334 and 1336 are adapted to
support the fluid 1308 contained in the fluid holder 1306
when the fluid bath acoustic coupler 1300 is inverted. Thus,
the ASA 14 with the fluid acoustic coupler 1300 attached
thereto can be attached to a portion of an object such as the
underside of a wing of an aircraft and used for scanning the
underside of the wing. In this inverted configuration the
weight of fluid 1308 is transferred from the fluid holder 1306
and applied to the rollable shutter assemblies 1334 and 1336.

[0143] Although exemplary preferred embodiments of the
present invention have been shown and described, it will be
apparent to those of ordinary skill in the art that a number of
changes, modifications, or alterations to the invention as
described may be made, none of which depart from the spirit
of the present invention. Changes, modifications, and alter-
ations should therefore be seen as within the scope of the
present invention. It should also be emphasized that the
above-described embodiments of the present invention, par-
ticularly, any “preferred embodiments™ are merely possible
non-limiting examples of implementations, merely setting
forth a clear understanding of the principles of the inven-
tions.

What is claimed is:

1. An apparatus for examining the internal structure of an
object by reflection mode scanning acoustic microscopy, the
apparatus comprising:

an acoustic transducer assembly having a first end that is
adapted to emit an acoustic signal that is approximately
in the 1 to 200 MHz frequency range and adapted to
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receive acoustic reflections of the emitted acoustic
signal, wherein the acoustic transducer assembly gen-
erates and transmits an electrical echo signal that
corresponds to the received acoustical reflections;

an acoustic transducer assembly positioning apparatus
coupled to the acoustic transducer assembly to move
the acoustic transducer assembly in at least two dimen-
sions;

a solid acoustic coupler having opposed first and second
ends, wherein the first end of the acoustic coupler is
coupled to the first end of the acoustic transducer
assembly such that the acoustic coupler and the acous-
tic transducer assembly are in acoustical communica-
tion, wherein the acoustic transducer assembly posi-
tioning apparatus is adapted to position the acoustic
transducer assembly such that the second end of the
acoustic coupler is in acoustical communication with a
surface of the material, wherein the acoustic coupler
carries the emitted acoustic signals from the first end of
the acoustic transducer assembly to the second end of
the acoustic coupler and the acoustical reflections from
the second end of the acoustic coupler to the first end
of the transducer.

2. The apparatus of claim 1, wherein the acoustic trans-
ducer assembly focuses the emitted acoustic signal at point
that is a focal distance from the first end of the acoustic
transducer, and the first and second ends of the acoustic
coupler define a length that is less than or equal to the focal
distance.

3. The apparatus of claim 1, wherein the solid acoustic
coupler is made from an epoxy.

4. The apparatus of claim 1, wherein the acoustic trans-
ducer assembly positioning assembly is adapted to move the
acoustic transducer assembly in at least three dimensions.

5. The apparatus of claim 1, wherein the acoustic trans-
ducer assembly positioning assembly is adapted to move the
acoustic transducer assembly such that the acoustic trans-
ducer assembly has at least three degrees of freedom.

6. The apparatus of claim 5, wherein the least three
degrees of freedom is five degrees of freedom.

7. The apparatus of claim 1, further including:

a positioning controller in communication with the acous-
tic transducer assembly positioning apparatus, wherein
the acoustic transducer assembly positioning apparatus
positions the acoustic transducer assembly according to
instructions from the positioning controller.

8. The apparatus of claim 7, further including:

a acoustic transducer assembly controller in communica-
tion with the transducer, wherein the acoustic trans-
ducer assembly emits an acoustic signal in response to
a signal from the acoustic transducer assembly control-
ler.

. The apparatus of claim 8, further including:

a controller in communication with the acoustic trans-
ducer assembly controller and the positioning control-
ler, wherein the controller synchronizes the instructions
from the positioning controller and the signals from the
acoustic transducer assembly controller.

10. The apparatus of claim 8, further including:

a storage device in communication with the acoustic
transducer assembly and information related to the
echo signal is stored in the storage device.
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11. The apparatus of claim 1, wherein the solid acoustic
coupler is made from a material selected from the group
consisting of epoxy, polymide, resin, ceramic, metal, poly-
mer, and glass.

12. A device for reflection mode acoustic microscopy of
an object, wherein the object is substantially immersed in a
medium having an acoustic conductance that essentially
does not conduct acoustic signals in the 1 to 200 MHz
frequency range, the device comprising:

an acoustic transducer assembly adapted to emit and
receive acoustic signals that are approximately in the 1
to 200 MHz frequency range; and

a solid acoustic coupler attached to the acoustic trans-
ducer assembly adapted to carry acoustic signals in the
1 to 200 MHz frequency range, wherein the solid
acoustic coupler defines a solid body having a contact
end adapted to contact an area of a surface of the object,
whereby acoustic signals are carried between the
acoustic transducer assembly and the object through the
contact end.

13. The device of claim 12, wherein the contact end is
made from a material selected from the group consisting of
epoxy, polymide, resin, ceramic, metal, polymer, and glass.

14. The device of claim 12, wherein the acoustic trans-
ducer assembly includes an end that emits and receives
acoustic signals, the solid acoustic coupler defines a body
having a longitudinal length with opposed ends, a coupling
end and the contact end, wherein the coupling end is coupled
to the end of the acoustic transducer assembly such that
acoustic signal are substantially transmitted through the
interface of the acoustic transducer assembly and the solid
acoustic coupler.

15. The device of claim 14, wherein acoustic signals
emitted from the acoustic transducer assembly are focused a
predetermined length from the end of the acoustic trans-
ducer, wherein the longitudinal length of the solid acoustic
coupler greater than or equal to the focal length.

16. The device of claim 14, wherein acoustic signals
emitted from the acoustic transducer assembly are focused a
predetermined length from the end of the acoustic trans-
ducer, wherein the longitudinal length of the solid acoustic
coupler less than or equal to the focal length.

17. A method for examining the internal structure of a
material using reflection mode scanning acoustic micros-
copy, the method comprising the steps of:

touching a first end of an acoustic coupler to a point on a
surface of the material, wherein the acoustic coupler
includes a second end that is opposed to the first end,
and the second end of the acoustic coupler is attached
to a first end of an acoustic transducer, and wherein the
acoustic coupler is adapted to carry acoustic signals
that are approximately in the 1 to 200 MHz frequency
range between the first and second ends of the acoustic
coupler;

emitting an acoustic signal from the first end of the
acoustic transducer, wherein the emitted acoustic signal
is approximately in the 1 to 200 MHz frequency range;

receiving at the acoustic transducer assembly a reflected
acoustic signal, which is a reflection of the emitted
acoustic signal, wherein a change in the acoustic
impedance of the material reflects at least a portion of
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the emitted acoustic signal, and the reflected signal is
carried by the acoustic coupler to the first end of the
transducer.

18. The method of claim 17, further including the steps of:

repositioning the acoustic transducer assembly such that
the first end of the acoustic coupler is touching a second
point on the surface of the material; and

repeating the steps of emitting an acoustic signal and
receiving a reflected acoustic signal.
19. The method of claim 18, wherein the step of reposi-
tioning the acoustic transducer assembly further includes the
steps of:

(2) moving the acoustic transducer assembly a first pre-
determined distance in a first direction, wherein the first
direction is not a tangent to the point of contact between
the surface of the material and the acoustic coupler;

(b) following step (a), moving the acoustic transducer
assembly a second predetermined distance in a second
direction, wherein when the acoustic transducer assem-
bly has been moved the second predetermined distance
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in the second direction, the first end of the acoustic
coupler touches the second point of the surface.
20. The method of claim 18, wherein the step of reposi-
tioning the acoustic transducer assembly further includes the
step of:

moving the acoustic transducer assembly a predetermined
distance in a direction, wherein the direction is a
tangent to the point of contact between the surface of
the material and the acoustic coupler, and wherein
when the acoustic transducer assembly has been moved
the predetermined distance in the direction, the first end
of the acoustic coupler touches the second point of the
surface.

21. The method of claim 17, wherein the acoustic coupler
is a solid material.

22. The method of claim 21, wherein the acoustic coupler
is made from a material selected from the group consisting
of epoxy, polymide, resin, ceramic, metal, polymer, and
glass.



