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AUTOMATIC TRANSDUCER OPERATING PARAMETER SELECTION

CROSS-REFERENCE(S) TO RELATED APPLICATIONC(S)
This application claims the benefit of U.S. Provisional Application
No. 62/103,315, filed January 14, 2015, the contents of which are incorporated herein by

reference 1n their entirety.

BACKGROUND

Devices using ultrasonic guided waves (USGW) have been increasing in
importance as a means for inspecting structures, such as plates, pipes and shells that may
be comprised of multiple layers of distinct materials. Every USGW i1nspection system
design involves selection of operating points that include a collection of parameters, such
as sensor geometry, frequency, wavelength, time delays and amplitude depending on
sensor configuration (wedge or array based), the structure being inspected and the region
of the structure being inspected. Guided waves offer an infinite number of choices for
such operating points and the decision-making process can require extensive modeling
and development activity. Performance-critical structures in particular require optimal

selection of the operating points as they have a limited margin of error.

SUMMARY

This summary 1s provided to introduce a selection of concepts 1n a simplified
form that are further described below 1n the Detailed Description. This summary 1s not
intended to 1dentify key features of the claimed subject matter, nor 1s 1t intended to be
used as an aid 1n determining the scope of the claamed subject matter.

In one embodiment, a method of selecting operating parameters for inspecting a
structure includes exciting broadband ultrasonic guided waves 1n a multilayered structure,
acquiring, by an inspection tool capable of sensing the broadband ultrasonic guided
waves 1n the multilayered structure, data corresponding to the sensed broadband
ultrasonic guided waves 1n the multilayered structure, selecting one or more narrow
frequency bands based on the acquired data, and inspecting the multilayered structure
using ultrasonic guided waves 1n the one or more narrow frequency bands.

In one example, the multilayered structure includes a coated metallic pipe having

one or more of a varying wall thickness, a varying coating thickness, or a varying quality.

_1-



10

15

20

25

30

CA 02972274 2017-06-23

WO 2016/115270 PCT/US2016/013283

In another example, the inspection tool 1s an electromagnetic acoustic transducer based
inline 1nspection tool. In another example, the one or more narrow frequency bands
comprise a long pulse width with a plurality of cycles. In another example, the ultrasonic
oguided waves 1n the one or more narrow frequency bands have a higher intensity than the
broadband ultrasonic guided waves.

In another embodiment, a system of selecting operating parameters for inspecting
a structure 1ncludes an ultrasonic transmitter, an ultrasonic receiver, and a controller. The
ultrasonic transmitter 1S configured to excite broadband ultrasonic guided waves 1n a
multilayered structure. The ultrasonic receiver 1s configured to sense the broadband
ultrasonic guided waves 1n the multilayered structure and to generate data corresponding
to the sensed broadband ultrasonic guided waves 1n the multilayered structure. The
controller 1s configured to select, based on the acquired data, a narrow frequency
bandwidth of ultrasonic guided waves for use in a subsequent inspection of the
multilayered structure.

In one example, the multilayered structure includes a coated structure. In another
example, the ultrasonic transmitter 1s configured to excite the broadband ultrasonic
ouided waves 1n one of a plurality of layers of the multilayered structure, and the
ultrasonic recerver 1s configured to sense the broadband ultrasonic guided waves 1n the at
least one of the plurality of layers. In another example, the ultrasonic receiver 1is
configured to traverse the structure while sensing the broadband ultrasonic guided waves
1in the coated structure. In another example, the ultrasonic receiver includes a guided
wave phased transducer array installed on the coated structure. In another example, the
ouided wave phased transducer array includes one or more additional receivers
configured to sense the broadband ultrasonic guided waves 1n a load carrying portion of
the structure. In another example, the ultrasonic transmitter 1s an ultrasonic transceiver
configured to receive ultrasonic signals. In another example, the ultrasonic transmitter 1s
configured to traverse the structure while transmitting the broadband ultrasonic guided
waves 1n the multilayered structure. In another example, the ultrasonic transmitter and
the ultrasonic receiver have physical access only to the outermost layer of the
multilayered structure and a broadband signal method is used to find an optimal and
physically verifiable operating point.

In another embodiment, a computer readable storage medium has embodied

thereon instructions for selecting operating parameters for inspecting a structure. The
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instructions, 1n response to execution by a computing device, cause the computing device
to excite broadband ultrasonic guided waves 1n a multilayered structure, acquire, from an
inspection tool capable of sensing the broadband ultrasonic guided waves 1n the
multilayered structure, data corresponding to the sensed broadband ultrasonic guided
waves 1n the multilayered structure, select one or more narrow frequency bands based on
the acquired data, and inspect the multilayered structure using ultrasonic guided waves in
the one or more narrow frequency bands.

In one example, the multilayered structure comprises a coated metallic pipe
having one or more of a varying wall thickness, a varying coating thickness, or a varying
quality. In another example, the inspection tool 1s an electromagnetic acoustic transducer
based inline inspection tool. In another example, the one or more narrow frequency
bands comprise a long pulse width with a plurality of cycles. In another example, the
ultrasonic guided waves 1n the one or more narrow frequency bands have a higher

intensity than the broadband ultrasonic guided waves.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to
the following detailed description, when taken i1n conjunction with the accompanying
drawings, wherein:

FIGURES 1A and 1B depict shading-coded dispersion curves for shear horizontal
ouided waves 1n a plate for different coating thicknesses;

FIGURES 2A and 2B demonstrate normalized particle displacements for the shear
horizontal guided waves 1n a plate for different coating thicknesses corresponding to
FIGURES 1A and 1B, respectively;

FIGURE 3 depicts an example of frequency domain spectrum of guided wave
signals resulting from broadband excitation at two locations on a coated steel plate
sample with coating variations;

FIGURE 4 depicts an embodiment of an EMAT transmitter and an EMAT
receiver placed on the bare side of a steel plate with a coating located on the side of the
steel plate opposite the EMAT transmitter and the EMAT receiver; and

FIGURE 5 depicts an example of a method of selecting operating parameters for

inspecting a structure, in accordance with the embodiments described herein.
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DETAILED DESCRIPTION

In practice, structures of a given type and make often vary in properties
(e.g., thickness and quality) within the same specimen (e.g., a structural unit) and from
specimen to specimen. In such a scenario, an operating point selected for one set of
specimen structural properties may not be an optimal point for another specimen or
region of inspection, rendering the effort invested in modeling and development
ineffective. Theretore, devices and methods that enable an automated selection of
operating points are desirable. Further, in the case of inspection devices that travel across
structures (e.g., inline inspection tools), 1t 1s desirable for the automatic selection of
operating points to occur quickly so that the operating points of the inspection system
may be changed between multiple inspection attempts.

In principle, the variations 1n properties of any layer in a multilayered structure
may be considered as flaws. However, there are several applications where one or more
of the layers of a multilayered structure have functions other than supporting or carrying
the load. Even 1f variation in the properties of such layers does occur, the structure may
still be considered to be healthy despite the variation 1n the properties, provided that flaws
do not exist in the load carrying layers. In other words, flaws that exist in the load
carrying structure are critical as they adversely affect the structure's performance and
health. However, the interaction of the guided wave with the non-load carrying layer
may adversely 1mpact the inspection device's sensitivity to flaws present in the
load-carrying layers. A dynamic or automatic operating point selection method can serve
the purpose of 1gnoring the non-critical layer variations 1f the critical load carrying layer
1S accessible.

Most transducer designs in literature are based on theory for guided wave
propagation in plates due to a lack of reliable theoretical formulation on circumferential
ouided waves 1n pipes. Theory on circumferential guided waves 1n pipes shows that the
transducer parameters need to change with the change 1n both pipe diameter as well as
pipe thickness. These factors further highlight the potential benefits of an automated
operating point selection method as discussed earlier.

The subject matter disclosed herein includes an embodiment of a method for
dynamically selecting the operating parameters by periodically exciting ultrasonic guided
waves 1n a single or multilayered structure, such as a pipe, a plate, or other structure. In

one embodiment, the ultrasonic guided waves have a broad frequency bandwidth. In
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another embodiment, the ultrasonic guided waves have a narrow pulse width. The method
also includes acquiring the data or signals corresponding to the guided waves actually
generated 1n the structure and processing the data acquired using an inspection tool, such
as an electromagnetic acoustic transducer (EMAT) based inline inspection (ILI) tool. In
one embodiment, the structure includes a pipeline with varying wall or coating
thicknesses and the data or signals are acquired while the ILI tool 1s operational and is
traversing across the length of the pipeline being inspected. In some embodiments, the
method also includes selecting operating parameters based on the acquired data or signals
where the operating parameters are then used i1n the subsequent inspection cycles for
narrow frequency bandwidth (or long pulse width with multiple cycles) guided wave
generation for high resolution and high fidelity inspection of pipelines.

When applied to other kinds of transduction and inspection methodologies, such
as long-range ultrasonic guided wave inspection systems that operate from a fixed
location, devices and methods for automatic selection of operating points disclosed herein
can be electronically controlled, such as by controlling one or more of frequency range,
ttime delay distribution, amplitude distribution, or any combination thereof. In some
embodiments, the devices and methods disclosed herein are employed as a means for
evaluating the structural properties (e.g., averaged along the direction of wave
propagation), such as thickness, modulus of elasticity, viscosity and mass density, 1in each
layer included 1n the structure.

The broadband frequency excitation of guided waves can be performed once or on
a periodic basis while the inspection device 1s still operational 1n a given unit of a
structure. In some embodiments, the temporal (ttme) dimensions of the signal used for the
broadband frequency excitation 1s narrow (e.g., half a cycle of alternating current/voltage
in time). Broadband excitation has been used in the past to perform full material
characterization using high power laser-actuated ultrasound. Embodiments of devices
described herein are adapted to a different scenario, namely a coated and multilayered
structure to choose an operating point rather than to characterize material properties.
However, characterization of material properties can be performed 1n addition to
choosing an operating point for the transduction. In effect, the approach described herein,
characterizes both the substrate properties and the transducer properties to arrive at one or
more optimal operating points. The selected operating point(s) 1s (are) then used with

narrow band frequency (e.g., multicycle alternating current/voltage in time using the
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newly selected operating parameters) to induce acoustic energy of higher intensity into
the structure and thereby achieve or maintain high sensitivity to flaws despite any
changes 1n the properties.

In one example disclosed herein, a structure includes epoxy-coated steel plates
using the so called shear horizontal (SH) guided waves and loss mechanisms that
manifest themselves due to a change 1n thickness of the coating, which demonstrate why
the optimum operating points for one case does not remain the optimum operating point
for another. This example also demonstrates a configuration where a layer (1.e., the
coating) does not play the role of a load carrying member, a scenario that was discussed
earlier. Subsequently, the concept of broadband frequency excitation 1s introduced as a
means to overcome the difficulties posed by the loss mechanisms. Although the example
includes a coated plate, the principles explained herein are directly applicable to coated
pipes.

L.oss Mechanisms Due to Coating Thickness Variation

Depicted in FIGURES 1A and 1B are shading-coded dispersion curves for SH

ouided waves 1n a plate of 9.5 mm thickness for different coating thicknesses. More
specifically, the shading -coded dispersion curves FIGURES 1A and 1B depict dispersion
curves for SH guided waves in a plate of 9.5 mm thickness with coatings of 0.5 mm and
1 mm, respectively. The shading variation on the dispersion curves corresponds to the
relative strength by which a mode might be excited due to a given set of EMAT
parameters, with black = -60 dB, white = 0 dB. In this particular example, the following
set of EMAT parameters were used: operating frequency = 0.25 MHz, EMAT pitch or
periodicity = 0.25 1nches, and number of EMAT elements (or coil turns)=235.
Dispersiveness of a guided wave mode (or a finite segment of the dispersion curves
relative to finite frequency range) denotes the degree of variation in the velocities that are
characteristic to the mode. In general, guided waves corresponding to a highly dispersive
mode also tend to dissipate faster. Clearly, 1in the case of the coating thickness of 0.5 mm
depicted in FIGURE 1A, the contributing guided waves modes are relatively
non-dispersive when compared to the contributing modes for the coating thickness of
1 mm depicted in FIGURE 1B. This demonstrates one mechanism of loss due to change
1n dispersiveness of the guided wave modes with coating thickness.

Another mechanism of loss 1s apparent when considering the manner 1n which the

strength of the wave 1s distributed between the steel plate and the coating. FIGURES 2A
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and 2B demonstrate normalized particle displacements for the cases corresponding to
FIGURES 1A and 1B, respectively (1.e, for 0.5 mm and 1 mm coating thicknesses,
respectively, and an operating point corresponding to 0.25 MHz). In some embodiments,
normalized particle displacements are indicators of the strength of the wave. The regions
1n the dashed boxes 202 and 204 represent epoxy and the regions outside of the boxes 202
and 204 represent steel. The displacement distribution curves are scaled based on the
spectral amplitude of each mode. The phase velocity for each mode 1s displayed 1n the
legend.

As shown 1n FIGURE 2A, where the coating thickness 1s 0.5 mm, the strength of
the contributing modes 1n steel (outside of box 202) 1s comparable to that in epoxy
(within the boxed region). In contrast, as shown in FIGURE 2B, the strength of the
contributing modes (outside of box 204) 1s much higher in epoxy when compared to steel.
This means that a major part of the acoustic energy, irrespective of the transduction
method, will propagate through the epoxy, when a mismatched operating point 1s used.
Since, in some embodiments, the EMAT senses the acoustic energy exclusively based on
the steel surface and most of the energy 1s trapped in the coating, relatively lower
transduction efficiency will be observed.

Viscous loss 1s another mechanism which 1s capable of affecting the strength of
the signal and, 1n addition, varies depending on the thickness of the coating. Viscosity 1s
the material property which determines its resistance to the rate of change of deformation.
In some cases, viscous loss 1s predominant 1n regions where the dips 1n the group velocity
dispersion curves occur. In addition to varation of coating thicknesses, variation in
elastic moduli and density may also cause a stmilar distortion of the dispersion curves
with similar effects on the sensitivity of the inspection device to flaw size.

In some embodiments, to overcome the problem of accidentally encountering a
mismatched point, the tool dynamically changes the operating point as the inspection tool
moves axially through the pipe. The dynamic change of operating point may be achieved
simply by periodically using a broadband frequency excitation and analyzing the
frequency spectrum. The frequency range over which the relative amplitudes are greater
may be used 1n a subsequent inspection.

An example 1s illustrated in FIGURE 3, which shows the frequency domain
spectrum of the guided wave signals resulting from broadband excitation at two locations

on a coated steel plate sample with coating variations. The data in FIGURE 3 was
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obtained using the arrangement 400 depicted in FIGURE 4. As shown in FIGURE 4, an
EMAT transmitter 402 and an EMAT receiver 404 were placed on the bare side of a steel
plate 406. A coating 408 was located on the side of the steel plate 406 opposite the
EMAT transmitter 402 and the EMAT receiver 404.

In some embodiments, opttmum operating frequencies are determined using
frequency domain spectrum of the guided wave signals. In the embodiment shown 1n
FIGURE 3, opttmum operating frequencies 302 and 304 are determined at
roughly 0.325 MHz and 0.425 MHz. In this embodiment, the optimum operating
frequencies 302 and 304 are determined where the maximum spectral values occur, for
the cases represented by the solid and dashed lines, respectively. In practical situations,
the operating point could be updated less frequently when compared to each inspection
cycle by the inspection tool. Some form of spatial averaging could be used during the
processing of the received signals. The update rate may vary depending on the specific
application based on pipe diameter, speed and other parameters.

A useful byproduct of the broadband frequency approach is that 1t provides an
average measure of coating and pipe wall characteristics (e.g., averaged along the wave
propagation direction). For example, referring to FIGURE 3, wherein, the frequency
spectrum due to a broadband excitation for two different coating thicknesses on the plate
1s depicted. The spectra of both of these cases encounter dips in amplitude 306 and 308
within a frequency range of 0.2 to 0.3 MHz. Comparing with the frequency ranges at
which the troughs 1n the group velocity curves occur in FIGURE 1B, and the unexpected
dips 306 and 308 (unexpected troughs) in FIGURE 3, it may be inferred that the coating
thickness for both the cases 1s around 1 mm. The specific frequencies where the
unexpected dips 306 and 308 occur will give a more accurate estimate of the coating
quality, and the relative separation (in frequency) between the peaks (marked as optimal
operating points 302 and 304 in FIGURE 3) will provide an estimate of steel wall
thickness. In some embodiments, additional optimal points exist above 0.5 MHz.
However, 1n the particular these have been suppressed due to the characteristics of
recerver electronics for this particular lab setup. In some cases, additional optimal points
will improve accuracy of substrate characterization.

One example of a method 500 of selecting operating parameters for inspecting a
structure 1s depicted in FIGURE 5. At block 502, broadband ultrasonic guided waves are

excited 1n a multilayered structure. In some embodiments, the multilayered structure
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includes a coated metallic pipe having one or more of a varying wall thickness, a varying
coating thickness, or a varying quality. At block 504, an inspection tool capable of
sensing the broadband ultrasonic guided waves in the multilayered structure 1s used to
acquire data corresponding to the sensed broadband ultrasonic guided waves i1n the
multilayered structure. In some embodiments, the inspection tool 1s an 1nline inspection
tool, such as an electromagnetic acoustic transducer based 1nline inspection.

At block 506, the one or more narrow frequency bands are selected based on the
acquired data. In some embodiments, the one or more narrow frequency bands include a
long pulse width with a plurality of cycles. In some embodiments, the ultrasonic guided
waves 1n the one or more narrow frequency bands have a higher intensity than the
broadband ultrasonic guided waves. At block 508, the multilayered structure 1s inspected
using ultrasonic guided waves 1n the one or more narrow frequency bands.

The method 500 depicted in FIGURE 5 1s one embodiment of a method of
selecting operating parameters for inspecting a structure. In other embodiments, method
of selecting operating parameters for inspecting a structure include additional step or
fewer steps than those depicted in FIGURE 5. In other embodiments, the steps of such
methods are performed 1n an order different than the order depicted in FIGURE 5.

In some embodiments, instructions for performing the method 500 or any other
method described herein are embodied on non-transitory computer-readable storage
medium. Those instructions, when executed by a system, cause the system to perform the
steps of the corresponding method. In some embodiments, the system includes a
computing device with one or more processors communicatively coupled to the storage
medium and configured to execute the instructions stored on the storage medium. As
used herein, the term "computer-readable storage medium" includes wvolatile and
nonvolatile and removable and non-removable media implemented 1n any method or
technology capable of storing information, such as computer-readable instructions, data
structures, program modules, or other data. In some examples, technology capable of
storing 1information includes, but 1s not limited to, a hard drive, solid state drive, CD
ROM, DVD, or other disk storage, magnetic tape, magnetic disk storage, and/or the like.

Loss Mechanisms Due to Coating Thickness Variation

The embodiments of devices, systems and methods described herein may be
adapted to inspection of multilayered structures using tools and paradigms other than

inline 1nspection tools.
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The examples presented herein include scenarios where the load carrying layer in
a multilayered structure 1s either physically or electromagnetically accessible (as defined
below) for sensing or generating guided waves. A workaround for the case when neither
physical nor electromagnetic access 1s feasible 1s also discussed. Physical access to a
load-carrying layer 1s when the ultrasonic sensor 1s directly touching the load carrying
layer. For example, fixed inspection devices often necessitate machining the region
directly below the sensor 1n order to touch the load carrying layer; whereas, in the case of
an in-line pipe inspection device, the tool directly contacts the load carrying layer from
the inside. A non-trivial example of electromagnetic access 1s represented by the scenario
where an EMAT 1s on the coated side of a polymer-coated metallic plate. Since the
EMAT senses vibrations or guided waves propagating only 1n the metallic part of a
structure, machining the coating 1s not necessary for particular coating thicknesses.

Another non-trivial example of electromagnetic access 1s the scenario wherein an
optical device, such as a laser vibrometer or interferometer, 1s used as an ultrasonic
recerver while all the layers of a multilayered structure, other than the load carrying layer,
are transparent with respect to the laser's characteristic range of wavelengths. Other 1deal
conditions where this method would be a practical option include when the load carrying
layer has good optical reflectivity and the optical aberrations due to the transparent layers
are not severe.

In general, the ultrasonic transmitter does not need to have direct access to the
load carrying layer 1f the waves can be generated 1n the non-load-carrying layers using a
given transmitter. For example, 1n the case of a guided wave phased array transducer, the
phased array may be installed on the coated structure (e.g., coated pipe) without removal
of the coating layer. This 1s an advantage offered by the embodiments disclosed herein,
where not all the receivers may be directly 1in contact with the load carrying layer. The
advantage 1ncludes not requiring the full removal of the coating layer during installation
of the transducer array, in contrast to the mandatory practice of removing the coating
layer 1n conventional methods of 1nstallation. This 1s desirable, 1n particular, when the full
circumference of the pipeline 1s not accessible.

In some embodiments, such as where neither physical nor electromagnetic means
of access to the load-carrying layer 1s feasible, a modified approach may be adopted.
Examples of such scenarios include: scenarios when modification of the substrate

(e.g., removing a portion of the coating on a pipe) 1s not feasible; scenarios where the
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transducers are mounted on top of the coating; and/or scenarios where it 1s not feasible to
electromagnetically access the load-carrying layer (e.g., very thick non-load-carrying
layers). In some of these scenarios, all sensors, including the receivers, are mounted on
top of the outermost layer without any modification of the substrate. The modified
approach 1n such scenarios includes exciting the waves with the operating point where the
wave 1s fastest and the signal strength 1s just above the noise threshold. In this case, it 1s
expected that the wave velocity 1s fastest in the load-carrying layer in the absence of
adjoining material. Typically, load-carrying layers tend to have faster wave velocities
than non-load-carrying layers. In the very unlikely case, where the load-carrying layer or
the layer of critical functionality has faster wave propagation in the absence of any
adjoining material or media, the operating point corresponding to the slower wave may be
chosen. As used in these examples, the velocity refers to the bulk velocity of ultrasound.

In other embodiments, multiple receivers may be used and the signals received in
such a manner may be analyzed using multi-dimensional Fourier transtorm. This kind of
data acquisition and analysis may be used in the scenario where the transduction system
1s capable of exciting modes corresponding to an arbitrary range of frequency and
velocity values. Examples of such transducer systems are magnetostrictive EMATSs with
multiple coils of different characteristic wavelengths and phased array transducers.

Alternatively, though possibly more complex, methods of exciting guided waves
may also be employed for selecting the operating point. One example of this 1s a series of
narrow frequency band (or long pulse width), each with a perturbed but distinct median
frequency. The broadband frequency excitation will be a suitable option 1n many cases,
but the multiple narrowband frequency series may be resorted to exploit certain
conditions, such as low tool travel speeds, or to account for cases where higher power
provides greater resolution for the guided waves to propagate.

In some embodiments, a frequency sweep or a chirp signal that causes a
continuous variation of frequency with time 1s another example of an excitation signal
that may be used for selecting the operating point. In some examples, this method 1s
desirable when the inspection tool travel speeds are high and the thickness variations are
not very drastic. The chirp signal may also be used 1n highly-attenuative conditions, such
as 1n fiber reinforced polymer composite (FRPC) wrapped metal pipe structures, or in

cases where the distance between the transmitting and receiving transducers 1s large.

-11-
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The methods described herein may also be employed in the inspection of FRPC
components with or without a metal substrate. In some embodiments, the transducers
employed 1n the inspection of FRPC components are piezoelectric. In some
embodiments, the transducers are embedded into the FRPC structure.

It should be noted that for purposes of this disclosure, terminology such as
"upper," "lower," "vertical," "horizontal," "inwardly," "outwardly," "inner," "outer,"
"front," "rear," etc., should be construed as descriptive and not limiting the scope of the

claimed subject matter. Further, the use of "including," "comprising," or "having" and
variations thereof herein 1s meant to encompass the items listed thereafter and equivalents
thereof as well as additional 1tems. Unless limited otherwise, the terms "connected,"
"coupled,” and "mounted" and variations thereof herein are used broadly and encompass
direct and 1indirect connections, couplings, and mountings.

The principles, representative embodiments, and modes of operation of the
present disclosure have been described 1n the foregoing description. However, aspects of
the present disclosure which are intended to be protected are not to be construed as
limited to the particular embodiments disclosed. Further, the embodiments described
herein are to be regarded as 1llustrative rather than restrictive. It will be appreciated that
variations and changes may be made by others, and equivalents employed, without
departing from the spirit of the present disclosure. Accordingly, 1t 1s expressly intended

that all such vanations, changes, and equivalents fall within the spirit and scope of the

present disclosure, as claimed.

-12-
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CLAIMS

The embodiments of the invention 1n which an exclusive property or privilege 1s

claimed are defined as follows:

1. A method of selecting operating parameters for inspecting a structure, the
method comprising:

exciting broadband ultrasonic guided waves 1n a multilayered structure;

acquiring, by an 1nspection tool capable of sensing the broadband ultrasonic
ouided waves 1n the multilayered structure, data corresponding to the sensed broadband
ultrasonic guided waves 1n the multilayered structure;

selecting one or more narrow frequency bands based on the acquired data; and

inspecting the multilayered structure using ultrasonic guided waves 1n the one or

more narrow frequency bands.

2. The method of Claim 1, wherein the multilayered structure comprises a
coated metallic pipe having one or more of a varying wall thickness, a varying coating

thickness, or a varying quality.

3. The method of Claim 1, wherein the inspection tool 1s an electromagnetic

acoustic transducer based inline inspection tool.

4. The method of Claim 1, wherein the one or more narrow frequency bands

comprise a long pulse width with a plurality of cycles.

5. The method of Claim 1, wherein the ultrasonic guided waves 1n the one or
more narrow frequency bands have a higher intensity than the broadband ultrasonic

oguided waves.

6. A system of selecting operating parameters for inspecting a structure, the
sy stem comprising:

an ultrasonic transmitter configured to excite broadband ultrasonic guided waves
1n a multilayered structure;

an ultrasonic receiver configured to sense the broadband ultrasonic guided waves
1n the multilayered structure and to generate data corresponding to the sensed broadband

ultrasonic guided waves 1n the multilayered structure; and

-13-
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a controller configured to select, based on the acquired data, a narrow frequency
bandwidth of ultrasonic guided waves for use in a subsequent inspection of the

multilayered structure.

7. The system of Claim 6, wherein the multilayered structure comprises a

coated structure.

8. The system of Claim 6, wherein the ultrasonic transmitter 1s configured to
excite the broadband ultrasonic guided waves in one of a plurality of layers of the
multilayered structure, and wherein the ultrasonic receiver 1s configured to sense the

broadband ultrasonic guided waves 1n the at least one of the plurality of layers.

9. The system of Claim 6, wherein the ultrasonic receiver 1s configured to
traverse the structure while sensing the broadband ultrasonic guided waves in the coated

structure.

10. The system of Claim 6, wherein the ultrasonic receiver comprises a guided

wave phased transducer array installed on the coated structure.

11. The system of Claim 10, wherein the guided wave phased transducer array
comprises one or more additional receivers configured to sense the broadband ultrasonic

oguided waves 1n a load carrying portion of the structure.

12. The system of Claim 6, wherein the ultrasonic transmitter 1s an ultrasonic

transceiver configured to receive ultrasonic signals.

13. The system of Claim 6, wherein the ultrasonic transmitter 1s configured to
traverse the structure while transmitting the broadband ultrasonic guided waves 1n the

multilayered structure.

14, The system of Claim 6, wherein the ultrasonic transmitter and the
ultrasonic receiver have physical access only to the outermost layer of the multilayered
structure and a broadband signal method 1s used to find an optimal and physically

verifiable operating point.
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15. A computer-readable storage medium having embodied thereon
instructions for selecting operating parameters for inspecting a structure, wherein the
instructions, 1n response to execution by a computing device, cause the computing device
to:

excite broadband ultrasonic guided waves in a multilayered structure;

acquire, from an inspection tool capable of sensing the broadband ultrasonic
ouided waves 1n the multilayered structure, data corresponding to the sensed broadband
ultrasonic guided waves 1n the multilayered structure;

select one or more narrow frequency bands based on the acquired data; and

inspect the multilayered structure using ultrasonic guided waves in the one or

more narrow frequency bands.

16. The computer-readable storage medium of Claim 15, wherein the
multilayered structure comprises a coated metallic pipe having one or more of a varying

wall thickness, a varying coating thickness, or a varying quality.

17. The computer-readable storage medium of Claim 15, wherein the

inspection tool 1s an electromagnetic acoustic transducer based 1nline inspection tool.

18. The computer-readable storage medium of Claim 1, wherein the one or

more narrow frequency bands comprise a long pulse width with a plurality of cycles.

19. The computer-readable storage medium of Claim 1, wherein the ultrasonic
ouided waves 1n the one or more narrow frequency bands have a higher intensity than the

broadband ultrasonic guided waves.

20. The method of Claim 1, wherein the multilayered structure comprises fiber

reinforced polymer composites and the transducers are embedded 1n the structure.
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