ACOUSTIC INSPECTION DEVICE AND METHOD OF OPERATION

PRIORITY INFORMATION
[0001] The present application claims priority to U.S. \Wsmnal Patent
Application Serial Number 62/818,229 filed on 14®ta2019, which is incorporated

by reference herein.

FIELD
[0002] The present disclosure generally relates to systants methods for
inspecting components, or more particularly, totgae acoustic inspection devices

and associated methods of operation.

BACKGROUND

[0003] Machine components in a variety of industries aeguently inspected for
defects or characteristics which may affect pertoroe of the component or machine
For example, such characteristic may be used wigireremature component failure,
to formulate a maintenance schedule for such coemsnor to otherwise assess
component quality or condition. For example, conmgua in the aviation,
automotive, oil and gas, nuclear power generatod, other industries are frequently
inspected for faults and imperfections which masulein component and/or system
failure if left unrepaired. In addition, particukarwhen the components are formed
from one or more metals, such techniques may be wasassess the crystallographic
orientations, grain sizes, or other surface charetics of the component.

[0004] One conventional method of inspecting componerdisidies using a laser
to generate energy which excites a surface of apooent and obtaining surface
wave velocity measurements to inspect the surfatead component. However, such
a system requires an optical table setup and godable power source. Thus, use of
such a system is limited to analyzing componerds dhe removed from the machine
in which they operate and that are of a sufficiesthall size to permit mounting on
the optical table. Moreover, such systems are cexpgixpensive, and not suitable for
quick and accurate inspection of components, tedsaing their commercial viability

in a variety of applications.



[0005]  Accordingly, an improved inspection device factiitg quick, easy, and
accurate component inspection would be useful. Moaeticularly, an acoustic
inspection device that provides a cost-effectiveuaate, and portable way to inspect
components without removing those components fram dystem in which they

operate would be particularly beneficial.

BRIEF DESCRIPTION

[0006] Aspects and advantages will be set forth in partthe following
description, or may be obvious from the description may be learned through
practice of the invention.

[0007] According to one embodiment of the present subjeatter, a portable
acoustic inspection device for inspecting a compbns provided. The acoustic
inspection device includes an acoustic transmiittegenerating an acoustic wave that
travels along a surface of the component, an aicoresteiver spaced apart from the
acoustic transmitter by a transducer gap, the aicoreceiver being configured for
receiving the acoustic wave, and a controller ierapve communication with the
acoustic receiver. The controller is configured @drtaining data indicative of the
acoustic wave from the acoustic receiver and debengn at least one surface
characteristic of the component based at leastamh gn the data indicative of the
acoustic wave.

[0008] According to another exemplary embodiment, a metbbdhspecting a
component is provided including directing an acisustave along a surface of the
component from a first location, receiving the atauwave at a second location
spaced apart from the first location, and detemgrat least one surface characteristic
of the component based on the received acoustie.wav

[0009] These and other features, aspects and advantadiebesome better
understood with reference to the following desasiptand appended claims. The
accompanying drawings, which are incorporated id aonstitute a part of this
specification, illustrate embodiments of the invemt and, together with the

description, serve to explain certain principleshaf invention.



BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A full and enabling disclosure of the present ir@n including the best
mode thereof, directed to one of ordinary skill timee art, is set forth in the
specification, which makes reference to the appefideres.

[0011] FIG. 1 provides a perspective view of an acoustspéction device
inspecting a component according to an exemplatyogiiment of the present subject
matter.

[0012] FIG. 2 provides a schematic view of an acoustiaidmatter and an
acoustic receiver of the exemplary acoustic ingpealevice of FIG. 1 inspecting a
surface of the component according to an exempdampodiment of the present
subject matter.

[0013] FIG. 3 provides a schematic view of a plurality amfoustic transducers
transmitting acoustic waves according to an exemptanbodiment of the present
subject matter.

[0014] FIG. 4 provides a method of inspecting a comporaatording to an
exemplary embodiment of the present subject matter.

[0015] Repeat use of reference characters in the pregeatifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present invention.

DETAILED DESCRIPTION

[0016] Reference now will be made in detail to embodimeitshe invention,
one or more examples of which are illustrated ia tlawings. Each example is
provided by way of explanation of the inventiont himitation of the invention. In
fact, it will be apparent to those skilled in the that various modifications and
variations can be made in the present inventiohowit departing from the scope of
the invention. For instance, features illustrated described as part of one
embodiment can be used with another embodiment i&td ya still further
embodiment. Thus, it is intended that the presemntion covers such modifications
and variations as come within the scope of the raghge claims and their equivalents.
[0017] As used herein, the terms “first,” “second,” andhird” may be used

interchangeably to distinguish one component fromotleer and are not intended to



signify location or importance of the individualroponents. In addition, the terms
“upstream” and “downstream” refer to the relativeedtion with respect to the
motion of an object or a flow of a fluid, sound weavight wave, etc. For example,
“‘upstream” refers to the direction from which thbjext has moved or fluid has
flowed, and “downstream” refers to the directionatioich the object is moving or the
fluid is flowing. Furthermore, as used herein, termf approximation, such as
“approximately,” “substantially,” or “about,” refeto being within a ten percent
margin of error.

[0018] The present subject matter is generally directednt@coustic inspection
device and an associated method for inspectingrgpanent. The acoustic inspection
device is portable and includes an acoustic tramsnand receiver that may be placed
on opposite sides of an inspection region on th#ase of the component. The
acoustic transmitter has an array of acoustic thacexs for generating an acoustic
wave that travels along a surface of the compoagedtthe acoustic receiver has an
array of acoustic transducers for receiving thatuatic wave. A controller determines
at least one surface characteristic of the compdnem the measured acoustic wave,
such as its crystalline structure or grain size.

[0019] Referring to FIG. 1, an acoustic inspection de\i@8 that may be used for
inspecting a component 102 will be described agogrtb an exemplary embodiment
of the present subject matter. As illustrated, atiounspection device 100 includes
an acoustic transmitter 104 and an acoustic rec&@ that are connected to a device
housing 108 by suitable electrical connectors aesvil10. Device housing 108 may
further include mounting clips 112 mounted theremmd being configured for
receiving acoustic transmitter 104 and acoustieivec 106 when not in use, e.g., to
facilitate transportation and improve the portapibf acoustic inspection device 100.
Device housing 108 may generally include any sietafdectrical components for
facilitating operation of acoustic inspection devik00, as described in detail below.
[0020] A user interface panel 120 is located on devicesimgu 108 and may
include a variety of user inputs 122 that are galheconfigured for controlling the
operation and inspection process performed by aicousspection device 100.
Although user inputs 122 are illustrated as pusiobs, it should be understood that
user inputs 122 and the configuration of acoustpéction device 100 shown in FIG.



1 is provided by way of example only. More speailiig, user interface panel 120
may include various input components, such as omeooe of a variety of touch-type
controls, electrical, mechanical or electro-mecbahninput devices including rotary
dials, push buttons, and touch pads. User intenfacel 120 may also be provided
with one or more graphical display devices or @igptomponents 124, such as a
digital or analog display device, designed to pidevoperational feedback or other
information to the user.

[0021] Generally, acoustic inspection device 100 may ihela controller 126 in
operative communication with user interface pan20,lacoustic transmitter 104,
acoustic receiver 106, or any other suitable coraptmof acoustic inspection device
100. User interface panel 120 of acoustic inspectievice 100 may be in
communication with controller 126 via, for examptme or more signal lines or
shared communication busses, and signals generatembntroller 126 operate
acoustic inspection device 100 in response to uiggut via user inputs 122.
Input/Output ("I/O") signals may be routed betweemntroller 126 and various
operational components of acoustic inspection @&\i60 such that operation of
acoustic inspection device 100 can be regulatedcdmtroller 126. In addition,
controller 126 may also be communication with onenore sensors or probes, such
as acoustic transmitter 104 and acoustic recei@6r which may be used to inspect
component 102 using acoustic waves and providesgtgm data to controller 126 for
analysis.

[0022] Controller 126 is a “processing device” or “conkedl and may be
embodied as described herein. Controller 126 melydle a memory and one or more
microprocessors, microcontrollers, application-gpedntegrated circuits (ASICS),
CPUs or the like, such as general or special perpogroprocessors operable to
execute programming instructions or micro-contiade associated with operation of
acoustic inspection device 100, and controller 260t restricted necessarily to a
single element. The memory may represent randomsaamemory such as DRAM,
or read only memory such as ROM, electrically dsbesaprogrammable read only
memory (EEPROM), or FLASH. In one embodiment, thecpssor executes
programming instructions stored in memory. The mgmmay be a separate
component from the processor or may be includedarmb within the processor.



Alternatively, controller 126 may be constructedhout using a microprocessor, e.g.,
using a combination of discrete analog and/or diddgic circuitry (such as switches,
amplifiers, integrators, comparators, flip-flopsNB gates, and the like) to perform
control functionality instead of relying upon soée.

[0023]  According to the illustrated embodiment, acoustgpection device 100 is
a handheld, portable unit configured for being lgasansported from location to
location. In this regard, acoustic inspection devi®0 may be carried to a machine
(not shown) that contains component 102 to be ttegde Notably, due to the
compact size and portability of acoustic inspectii@mvice 100, significant machine
down time may be reduced as component 102 neelden@moved from the machine
during inspection. In addition, the size of inspeictomponents may increase as the
inspection size is limited only by the length aéetical wires 110 (which may be any
suitable length), and the inspection process mayuliiek, cheap, and accurate.

[0024] As shown in FIG. 1, component 102 is a fan diskaf@as turbine engine.
However, it should be appreciated that accordingali@rnative embodiments,
component 102 may be any suitable part, featurapooent, or system components
from any suitable machine or device used in antablé industry. The use of fan disk
as component 102 herein is not intended to limit skkope of the present subject
matter in any manner. In addition, the particulanfguration of acoustic inspection
device 100, the packaging of device housing 108, the types of transmitters and
receivers used herein are not intended to limitsttape of the present subject matter.
Indeed, it is contemplated that acoustic inspeatievice 100 may be used to inspect
components in the oil and gas industry, the avmaitnolustry, the automotive industry,
the amusement park industry, the nuclear power singuthe power generation
industry, or any other suitable industry.

[0025] In addition, although component 102 is describeetiheas being formed
at least in part from metal, it should be appredahat acoustic inspection device 100
may be used for inspecting components having ahgrauitable shape, size, and
material, e.g., such as thermoplastics, ceramicser example, acoustic inspection
device 100 may be used to inspect the inner diamibie outer diameter, or the web

of a fan disc, a component flange, a forged didullet of material, a finished part, or



any other suitable component having any other Iskeitaize and shape and being
formed from any other suitable material.

[0026] Referring now also to FIG. 2, the manner in whidouwstic inspection
device 100 inspects component 102 will be describecbrding to an exemplary
embodiment. In general, acoustic inspection del@@ uses acoustic transmitter 104
to transmit or generate an acoustic wave 130 ttaaels along a surface 132 of
component 102. Simultaneously, acoustic inspecti@vice 100 uses acoustic
receiver 106 to receive the acoustic wave 130. iSgaty, an operator of acoustic
inspection device 100 may position acoustic traitemiLl04 at one location (i.e., an
excitation region) on component 102 while simultamsdy positioning acoustic
receiver 106 at a second location (i.e., an ingpecir interrogation region) spaced
apart from acoustic transmitter 104 on surfacedf3®mponent 102.

[0027] As used herein, the terms “acoustic transmitteid &coustic receiver”
are used generally to refer to the sensor, tramsdwr device that transmits or
generates acoustic wave 130 which interacts withpoment 102 to facilitate the
inspection process. For example, acoustic transmifi4 may be any suitable device
or system for exciting a region of component 102hwan acoustic wave. In this
regard, acoustic transmitter 104 may be an exaitatiource, an energy source, a
vibration source, or any other device for genegatnvibration, acoustic wave, or
surface acoustic wave that may travel through corapbl102 or along the component
surface 132. Similarly, acoustic receiver 106 mayby suitable device or system for
receiving, measuring, quantifying, or otherwiseegéihg such acoustic wave, or more
particularly, the acoustic wave response afteratmustic wave has interacted with
the surface of component 102.

[0028] Thus, acoustic receiver 106 may generally be cardigy for measuring
acoustic wave 130, or the acoustic wave responeaeabr more locations on surface
132 of component 102. In this regard, for exampglee acoustic propagation
properties of a region of component 102 may affleetmanner in which vibrations or
sound waves travel through the material. For exantpke material used, the method
of formation, the structural configuration, and extfiactors may affect the acoustic
properties of component 102. Acoustic receiver if#y detect variations such as
sound attenuation or velocity to facilitate acomgtispection and provide useful



information regarding component 102. This procek®xxiting and interrogating,
reading, mapping, or otherwise obtaining usefuhdagarding the acoustic response
of component 102 may reveal useful information rdigey surface characteristics of
component 102.

[0029] According to an exemplary embodiment, acoustic sirgtter 104 and
acoustic receiver 106 comprise an array of acoustiosducers 140. In general,
acoustic transducer is any device that convertslectrical signal or control signal
into sound waves or that converts a sound wave ant@lectrical signal. Acoustic
transmitter 104 and acoustic receiver 106 may @urtihclude any other suitable
electronic components for conditioning the soundvesa or electrical signals
generated, such as amplifiers, conditioning cissuétc. In addition, it should be
appreciated that acoustic transducers as desdrdreth may operate in one or all of a
transmit mode, a receiving mode, or a transmitivecenode such that the same
transducers may be used in acoustic transmitteah@4acoustic receiver 106.

[0030] Moreover, it should be appreciated that althougbustic inspection
device 100 is described herein as having one acaustsmitter 104 for transmitting
acoustic wave 130 and one acoustic receiver 106etmiving acoustic wave 130, the
scope of the present subject matter is deemeddad@ any suitable number of
transmitters and receivers positioned in any slatabanner for sending and/or
receiving acoustic waves or signals. In this regamhtroller 126 may operate
acoustic receiver 106 as the transmitter and aicotransmitter 104 as the receiver
when desired.

[0031] Moreover, controller 126 may be configured to ofeerthe plurality of
acoustic transducers 140 within either acoustinsiratter 104 or acoustic receiver
106 in either the acoustic receiving or transmittmode. In other words, during a
single inspection process, acoustic transmitter h@4 be generating acoustic waves
130 at some acoustic transducers 140 while simediasly receiving acoustic waves
130 at other acoustic transducers 140. The operafiacoustic inspection device 100
described herein is not intended to be limitingr lexample, although acoustic
transmitter 104 and acoustic receiver 106 are destherein as including an array of

acoustic transducers 140, it should be apprecid@idthese devices may include as



few as one acoustic transducer 140 each while rengawithin the scope of the
present subject matter.

[0032] In addition, according to exemplary embodimentsitiadler 126 may be
configured for operating acoustic transmitter 184 acoustic receiver 106 to achieve
a full matrix capture (FMC) of acoustic waves 13hegrated by acoustic inspection
device 100. As used herein, the term “full matrapture” (FMC) and the like is
intended to refer to a data acquisition strategy grovides for every transmitter and
receiver to communicate acoustic data therebetwkerthis manner, full matrix
capture enables the capture of every possiblerigmeceive combination for a given
ultrasonic or acoustic transducer. Full matrix cagtmay thus increase the reliability
of ultrasonic inspection, provide higher resolutionages or data to facilitate
improved analysis, and enable cost effective detecf component microstructures,
surface textures, grain sizes and orientations, etc

[0033] An exemplary illustration of the operation of thalfmatrix capture is
illustrated in FIG. 3, which illustrates each adaugransducer 140 in acoustic
transmitter 104 as transmitting an acoustic waue tb3each of acoustic transducers
140 within acoustic receiver 106. Although onlyetaracoustic transducers 140 are
illustrated herein, it should be appreciated tlwatuatic transmitter 104 and acoustic
receiver 106 may include any suitable number, osiconfiguration, and operating
mode of acoustic transducers 140 according toreltime embodiments.

[0034] Referring again to FIG. 2, during an inspectioncess, acoustic receiver
106 may be spaced apart from acoustic transmi@érll/ a transducer gap 160. For
example, according to the illustrated embodimemgndducer gap 160 is
approximately 0.15 inch. However, according torakive embodiments, transducer
gap 160 may be between about 0.05 and 1 inch, batakout 0.1 and 0.25 inch, or
any other suitable distance for facilitating thewstic inspection process.

[0035] In addition, acoustic transmitter 104 and acoustteiver 106 may include
a plurality of acoustic transducers 140 spacedtadang a substantially straight line
to define a scan width 152. Notably, according moexemplary embodiment, the
plurality of acoustic transducers 140 are spacedtdmm each other by a transducer
gap or spacing 154. The transducer spacing 154 lpeagelected such that the
plurality of acoustic transducers 140 inspect stop surface 132 of component 102.



While moving acoustic transmitter 104 and acousdaeiver 106 in tandem across a
scan length 150 to be inspected, the scan lendifcdd be subdivided into measured
increments by use of a positional encoding devideese strips of data can be
combined using the encoding device and transduastignal information to form a
complete picture of surface 132.

[0036] More specifically, when acoustic transmitter 104 acoustic receiver 106
are translated in tandem across the surface of coemp 102, controller 126 may
obtain a two-dimensional image (e.g., as indicdtedlotted lines 156 in FIG. 2) of
surface 132. Thus, a two-dimensional image 156 mapg a section of surface 132
and have the dimensions of the scan length 150éwtan width 152. An operator
may continuously reposition acoustic transmitted Ehd acoustic receiver 106 to
obtain plurality of images of surface 132, whichntroller 126 may stitch together to
form an overall image of surface 132 of compond#, ivhich may be used to detect
component characteristics, defects, faults, etc.

[0037] Notably, the scan length 150, scan width 152, asastiucer spacings 154
may vary depending on the specific configuratioracbustic inspection device 100,
the types of transducers used, the components lrespgcted, or any other suitable
factors or applications. For example, accordinghi® illustrated embodiment, scan
length 150 is approximately 20 inches. However, oetiog to alternative
embodiments, scan length 150 may be between abbuar@ 50 inches, between
about 5 and 40 inches, between about 10 and 3@sncin any other suitable distance
for facilitating the acoustic inspection process.

[0038] For example, according to an exemplary embodimeath of acoustic
transmitter 104 and acoustic receiver 106 may lswvarray of between about four
and 256 acoustic transducers 140, and the acotratismitter 104 may have a
number of acoustic transducers 140 similar to @emdint than the acoustic receiver
106. According to other embodiments, each of aeoiistnsmitter 104 and acoustic
receiver 106 may include between about 16 and t®8stic transducers, between
about 40 and 80 acoustic transducers, or about@4stc transducers. In addition, it
should be appreciated that acoustic transducers dldtdugh illustrated as aligned
along a straight line, could be stacked in multiplers, or could be positioned in any

other suitable manner within acoustic transmitt®& and acoustic receiver 106.
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[0039] For example, according to the illustrated embodimdme transducer
spacing 154 may be between about 0.005 and 0.5 lettveen about 0.01 and 0.02
inch, or about 0.016 inch. However, transducer igigat54 may generally be selected
to correspond with a sound steering angle 134 ofistec wave 130 transmitted from
each acoustic transducer 140.

[0040] Notably, acoustic transmitter 104 and acousticivecel06 may generate
and receive acoustic waves of any suitable amg@ijtwaavelength, and frequency
suitable for measuring component 102 for the ddsstaface characteristics. In this
regard, for example, acoustic wave 130 may haweguéncy of between about 0.1
and 80 MHz. According to alternative embodimentgustic wave 130 may have a
frequency of between about 0.5 and 20 MHz, or alh6u¥Hz. However, it should be
appreciated that any other suitable frequency neaysed and acoustic wave 130 may
be tailored to detect certain defects, surfaceityuataracteristics, etc.

[0041] As used herein, the term “surface characteristiaf the like are intended
to refer to qualitative characteristics, quanttely measured features, or other
properties of component 102, or more specificallyface 132 of component 102. For
example, the surface characteristics measured doystc inspection device 100 may
include microtexture, surface roughness, cracksya¥fractures, surface defects, or
other surface aberrations or features. In addipanticularly when component 102 is
formed from a metal, the surface characteristic maljude information related to the
crystalline structure of surface 132, to the crygtain orientation (e.g., such as
microtexture), to the grain size, to the grain €hépg., such as honeycomb), or to
any other metallurgical surface quality characterign addition, controller 126 may
be configured for calculating statistics of surfapelity characteristics, such as the
standard deviation of sound attenuation or velpgityereby controller 126 analyzes a
digital 2-D image 156 defined by scan length 156 saran width 152, and calculates
statistics of some or all measured signals withiat tarea to predict, measure,
estimate, or otherwise obtain an average grairachexistic.

[0042] Now that the construction and configuration of atauinspection device
100 has been described according to exemplary embats of the present subject
matter, an exemplary method 200 for inspecting mmpmnent will be described
according to an exemplary embodiment of the presaject matter. Method 200 can
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be used to inspect component 102 using acoustpeati®n device 100, or may be
used to inspect any other suitable component uamg other suitable inspection
system. In this regard, for example, controller 18@&y be configured for
implementing some or all steps of method 200. Feurthh should be appreciated that
the exemplary method 200 is discussed herein @antlescribe exemplary aspects of
the present subject matter, and is not intendde tamiting.

[0043] Referring now to FIG. 4, method 200 includes, aps210, directing an
acoustic wave along a surface of a component frofiise location. Specifically,
continuing the example from above, controller 12&ymse acoustic transmitter 104
to transmit a plurality of acoustic waves from arplity of acoustic transducers 140
across surface 132 of component 102. As illustratesl plurality of transducers 140
in acoustic transmitter 104 may be oriented in @ayasubstantially along a straight
line, such that they define a scan width 152.

[0044]  Step 220 includes receiving the acoustic wavesscand location spaced
apart from the first location. For example, coréoll26 may obtain data indicative of
acoustic wave 130 from acoustic receiver 106. Ngtahccording the illustrated
embodiment, acoustic receiver 106 includes the sam#er and spacing of acoustic
transducers 140 but which are spaced apart fromsticaransducers 140 in acoustic
transmitter 104 by transducer gap 160. Thus, cetrd26 may obtain a two-
dimensional image 156 of surface 132. As explaiaieove, controller 126 may use
such a two-dimensional image 156 to determine sarfaracteristics of component
102. In addition, an operator may sequentially mageustic transmitter 104 and
acoustic receiver 106 in tandem around a surfa@eot®omponent 102 to obtain a
total surface image of the entire component 102.

[0045]  Step 230 includes determining at least one surfaacteristic of the
component based on the received acoustic waveeXamnple, as explained above, the
acoustic wave may be used by controller 126 toroete surface microstructure,
such as crystalline structure and/or grain sizeaddition, the surface characteristic
may be related to microtexture, surface roughresaponent cracks or defects which
may result in failure, or any other suitable acmwadly detectable feature within

surface 132 of component 102.
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[0046] FIG. 4 depicts an exemplary control method haviteps performed in a
particular order for purposes of illustration arnidcdssion. Those of ordinary skill in
the art, using the disclosures provided herein, wvitlerstand that the steps of any of
the methods discussed herein can be adapted, ngad,aexpanded, omitted, or
modified in various ways without deviating from theope of the present disclosure.
Moreover, although aspects of the methods are mgulausing acoustic inspection
device 100 as an example, it should be apprectatgdhese methods may be applied
to inspecting components using any suitable acoustinitoring device.

[0047]  Further aspects of the invention are provided leyshbject matter of the
following clauses:

[0048] 1. A portable acoustic inspection device for insipgca component, the
acoustic inspection device comprising: an acousansmitter for generating an
acoustic wave that travels along a surface of tponent; an acoustic receiver
spaced apart from the acoustic transmitter by rsthacer gap, the acoustic receiver
being configured for receiving the acoustic wavagd a controller in operative
communication with the acoustic receiver, the calgr being configured for:
obtaining data indicative of the acoustic wave frohe acoustic receiver; and
determining at least one surface characteristib®fcomponent based at least in part
on the data indicative of the acoustic wave.

[0049] 2. The acoustic inspection device of any precedilagse, wherein the
acoustic transmitter and the acoustic receivereash acoustic transducers that are
operable in a transmitting mode and a receivingenod

[0050] 3. The acoustic inspection device of any precedilagise, wherein at
least one of the acoustic transmitter or the acousteiver comprises: a plurality of
acoustic transducers, each of the plurality ofddaicers being spaced apart from one
another by a transducer spacing.

[0051] 4. The acoustic inspection device of any precedilagse, wherein the
plurality of acoustic transducers comprises betwakout 20 and 100 transducers
positioned along a substantially straight line.

[0052] 5. The acoustic inspection device of any precediagse, wherein the

transducer spacing is between about 0.05 and Och&s.
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[0053] 6. The acoustic inspection device of any precediagse, wherein the
controller is configured for acquiring a full matrcapture of a plurality of acoustic
waves generated by the plurality of acoustic tranecs.

[0054] 7. The acoustic inspection device of any precedilagse, wherein the
acoustic transmitter has a scan width of betweenta®5 to 2 inches.

[0055] 8. The acoustic inspection device of any precediagse, wherein the
data indicative of the acoustic wave forms a twoahsional image of the surface of
the component.

[0056] 9. The acoustic inspection device of any precediagse, wherein scan
length of the acoustic transmitter and the acoustieiver is between about 5 and 40
inches.

[0057] 10. The acoustic inspection device of any precediagse, wherein the
acoustic wave has a frequency of between abowtr@®0 MHz.

[0058] 11. The acoustic inspection device of any precediagse, wherein the
acoustic wave has a frequency of about 10 MHz.

[0059] 12. The acoustic inspection device of any precedlagse, wherein the at
least one surface characteristic comprises a digstatructure or an average grain
size of the surface of the component.

[0060] 13. The acoustic inspection device of any precediagse, wherein the
acoustic transmitter, the acoustic receiver, ardcthntroller are stored in a portable
device.

[0061] 14. The acoustic inspection device of any precediagse, wherein the
component is metal.

[0062] 15. A method of inspecting a component, the mettordprising: directing
an acoustic wave along a surface of the compoment & first location; receiving the
acoustic wave at a second location spaced apam fitwe first location; and
determining at least one surface characteristtb@icomponent based on the received
acoustic wave.

[0063] 16. The method of any preceding clause, whereiactiirg an acoustic
wave comprises: generating a plurality of acoustiwes from a plurality of acoustic
transducers, wherein each of the plurality of tdmcers are spaced apart from one

another by a transducer spacing.
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[0064] 17. The method of any preceding clause, furtherpr@img: acquiring a
full matrix capture of the plurality of acoustic wes generated by the plurality of
acoustic transducers.

[0065] 18. The method of any preceding clause, furtherp@img: forming a
two-dimensional image of the surface of the comporimm the received acoustic
wave.

[0066] 19. The method of any preceding clause, whereiratioeistic wave has a
frequency of between about 0.5 and 20 MHz.

[0067] 20. The method of any preceding clause, whereiaraéting the at least
one surface characteristic comprises: determiniagystalline structure or an average
grain size of the surface of the component.

[0068] This written description uses exemplary embodimdntsdisclose the
invention, including the best mode, and also tdbnany person skilled in the art to
practice the invention, including making and usiagy devices or systems and
performing any incorporated methods. The pateataslope of the invention is
defined by the claims, and may include other exashat occur to those skilled in
the art. Such other examples are intended to tenathe scope of the claims if they
include structural elements that do not differ fridme literal language of the claims,
or if they include equivalent structural elementshwnsubstantial differences from

the literal languages of the claims.
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WHAT ISCLAIMED IS:

1 A portable acoustic inspection device (100) for inspecting a component
(202), the acoustic inspection device (100) comprising:
an acoustic transmitter (104) for generating an acoustic wave (130) that travels
along a surface (132) of the component (102);
an acoustic receiver (106) spaced apart from the acoustic transmitter (104) by
atransducer gap (160), the acoustic receiver (106) being configured for receiving the
acoustic wave (130); and
acontroller (126) in operative communication with the acoustic receiver
(206), the controller (126) being configured for:
obtaining data indicative of the acoustic wave (130) from the acoustic
receiver (106); and
determining at least one surface (132) characteristic of the component
(102) based at least in part on the data indicative of the acoustic wave (130).

2. The acoustic inspection device (100) of claim 1, wherein the acoustic
transmitter (104) and the acoustic receiver (106) are each acoustic transducers (140)

that are operable in atransmitting mode and a receiving mode.

3. The acoustic inspection device (100) of any preceding claim, wherein
at least one of the acoustic transmitter (104) or the acoustic receiver (106) comprises:

aplurality of acoustic transducers (140), each of the plurality of transducers
(140) being spaced apart from one another by atransducer spacing (154).

4, The acoustic inspection device (100) of claim 3, wherein the plurality
of acoustic transducers (140) comprises between about 20 and 100 transducers (140)

positioned along a substantially straight line.

5. The acoustic inspection device (100) of claim 3 or 4, wherein the

transducer spacing (154) is between about 0.05 and 0.15 inches, wherein the
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controller (126) is configured for acquiring afull matrix capture of a plurality of

acoustic waves (130) generated by the plurality of acoustic transducers (140).

6. The acoustic inspection device (100) of any preceding claim, wherein
the acoustic transmitter (104) has a scan width (152) of between about 0.5 to 2 inches,
and wherein the data indicative of the acoustic wave (130) forms a two-dimensional
image (156) of the surface (132) of the component (102).

7. The acoustic inspection device (100) of any preceding claim, wherein
scan length (150) of the acoustic transmitter (104) and the acoustic receiver (106) is
between about 5 and 40 inches.

8. The acoustic inspection device (100) of any preceding claim, wherein

the acoustic wave (130) has a frequency of between about 0.5 and 20 MHz.

9. The acoustic inspection device (100) of any preceding claim, wherein
the at least one surface (132) characteristic comprises acrystalline structure or an

average grain size of the surface (132) of the component (102).

10.  Theacoustic inspection device (100) of any preceding claim, wherein
the acoustic transmitter (104), the acoustic receiver (106), and the controller (126) are

stored in a portable device.

11.  Theacoustic inspection device (100) of any preceding claim, wherein

the component (102) is metal.

12. A method (200) of inspecting a component (102), the method (200)
comprising:

directing an acoustic wave (130) along a surface (132) of the component (102)
from afirst location;

receiving the acoustic wave (130) at a second location spaced apart from the
first location; and
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determining at least one surface (132) characteristic of the component (102)
based on the received acoustic wave (130).

13.  Themethod (200) of claim 12, wherein directing an acoustic wave
(130) comprises:

generating a plurality of acoustic waves (130) from a plurality of acoustic
transducers (140), wherein each of the plurality of transducers (140) are spaced apart
from one another by atransducer spacing (154).

14.  Themethod (200) of claim 12 or 13, further comprising:
acquiring afull matrix capture of the plurality of acoustic waves (130)
generated by the plurality of acoustic transducers (140).

15.  Themethod (200) of claim any of claims 12-14, further comprising:

forming a two-dimensional image (156) of the surface (132) of the component

(102) from the received acoustic wave (130).
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