SYSTEM AND METHOD FOR PERFORMING A VISUAL INSPECTRDOF A
GAS TURBINE ENGINE

FIELD OF THE INVENTION
[0001] The present subject matter relates generally tdughsie engines and,
more particularly, to a system and method for penfog a visual inspection of a gas

turbine engine.

BACKGROUND OF THE INVENTION
[0002] A gas turbine engine typically includes a turbomiaety core having a
high pressure compressor, combustor, and highymessrbine in serial flow
relationship. The core is operable in a known neamm generate a primary gas flow.
The high pressure compressor includes annularsa(fegws”) of stationary vanes
that direct air entering the engine into downstregtating blades of the compressor.
Collectively one row of compressor vanes and omeabcompressor blades make up
a “stage” of the compressor. Similarly, the higagsure turbine includes annular
rows of stationary nozzle vanes that direct theg&sxiting the combustor into
downstream, rotating blades of the turbine. Ctllety one row of nozzle vanes and
one row of turbine blades make up a “stage” ofttinbine. Typically, both the
compressor and turbine include a plurality of sseoe stages.
[0003] In order to allow for periodic inspection of theregarts of the engine
(e.g., the compressor blades and the turbine Dlabl@sescope ports are typically
provided in the engine casings and/or frames. $ods allow optical borescope
instruments to be inserted into the core engirentble a visual inspection of the
engine to be performed without requiring disassgrobthe engine components.
Currently, visual inspection methods require thmairespector insert a single
borescope instrument into one of the borescope pod visually inspect the portion
of the engine viewable from such port as the engifieing manually rotated. As a
result, a visual inspection of the entire enginegithe borescope ports is generally a
very time and labor intensive process. Moreovanultiple inspectors are being
used to inspect the engine, inspector-to-inspaanations typically exist with

respect to the thoroughness and/or accuracy ohdpection.



[0004]  Accordingly, an improved system and method for@aning a visual

inspection of a gas turbine engine would be welabmi¢hin the technology.

BRIEF DESCRIPTION OF THE INVENTION
[0005] Aspects and advantages of the invention will bda#t in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0006] In one aspect, the present subject matter is éiecta method for
performing a visual inspection of a gas turbineieag The method may generally
include inserting a plurality of optical probesdhgh a plurality of access ports of the
gas turbine engine. The access ports may be spaeetaxially along a longitudinal
axis of the gas turbine engine such that the dgticdbes provide internal views of
the gas turbine engine from a plurality of diffdrarial locations along the gas
turbine engine. The method may also include cogple optical probes to a
computing device, rotating the gas turbine engbmuathe longitudinal axis as the
optical probes are used to simultaneously obtaages of an interior of the gas
turbine engine at the different axial locations agckiving, with the computing
device, image data associated with the imagesr@atdily each of the optical probes
at the different axial locations.
[0007] In another aspect, the present subject matterastéid to a system for
performing a visual inspection of a gas turbineieag The system may general
include a plurality of access ports spaced apaallgpalong a longitudinal axis of the
gas turbine engine and a plurality of optical polmstalled through the plurality of
access ports. The optical probes may be configredovide internal views of the
gas turbine engine from a plurality of differentatocations associated with the
access ports. The system may also include amgtdgvice configured to rotate the
gas turbine engine about the longitudinal axihasoptical probes are used to
simultaneously obtain images of an interior of glas turbine engine at the different
axial locations. In addition, the system may idea computing device
communicatively coupled to each of the optical gebThe computing device may
be configured to receive image data associatedthétlimages obtained by each of
the optical probes at the different axial locations



[0008] These and other features, aspects and advantatfespresent invention
will be better understood with reference to théofwing description and appended
claims. The accompanying drawings, which are ipeated in and constitute a part
of this specification, illustrate embodiments aof thvention and, together with the

description, serve to explain the principles ofitihesntion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] A full and enabling disclosure of the present ii@am including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefigares, in which:
[0010] FIG. 1 illustrates a cross-sectional view of ondediment of a gas
turbine engine that may be utilized within an aftm accordance with aspects of the
present subject matter;
[0011] FIG. 2illustrates a partial, cross-sectional vigvone embodiment of a
turbine suitable for use within the gas turbineieaghown in FIG. 1, particularly
illustrating access ports defined in the engingofawviding internal access to the
turbine;
[0012] FIG. 3illustrates a partial, cross-sectional vigvone embodiment of a
compressor suitable for use within the gas turkbimgine shown in FIG. 1,
particularly illustrating access ports definedhe engine for providing internal access
to the compressor;
[0013] FIG. 4 illustrates a simplified view of one emboeim of an optical probe
that may be used in accordance with aspects qirésent subject matter to visually
inspect a gas turbine engine;
[0014] FIG. 5illustrates a simplified, schematic viewoofe embodiment of a
system for performing a visual inspection of a abine engine in accordance with
aspects of the present subject matter; and
[0015] FIG. 6 illustrates a flow diagram of one embodimeind method for
performing a visual inspection of a gas turbineieagn accordance with aspects of

the present subject matter.



DETAILED DESCRIPTION OF THE INVENTION
[0016] Reference now will be made in detail to embodimeftse invention,
one or more examples of which are illustrated endhawings. 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 thetaat various modifications and
variations can be made in the present inventiohawuit departing from the scope or
spirit of the invention. For instance, featurdssirated or described as part of one
embodiment can be used with another embodimenetd § 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] In general, the present subject matter is diretieh improved system
and method for performing a visual inspection gba turbine engine. Specifically,
in several embodiments, a plurality of optical mslfe.g., borescopes, fiberscopes,
videoscopes and/or the like) may be inserted ingueality of different access ports
of the gas turbine engine, with each optical priodieg communicatively coupled to a
computing device. In addition, a rotating devieay(, a motor) may also be
communicatively coupled to the computing devicertdating the engine. In such an
embodiment, to inspect the gas turbine enginegongputing device may be
configured to control the operation of the rotatt®yice such that the engine is
rotated at a pre-defined or controlled speed. h&dsengine is being rotated, the
computing device may collect image data associatddviews or images of the
interior of the engine obtained via the optical@s. As a result, image data may be
collected for multiple sections of the engine (@rthe entire engine) simultaneously,
which may significantly improve the efficiency ahiwh a visual inspection of the
engine may be performed. For instance, in one eintent, an optical probe may be
inserted through the access port associated with stage of a compressor and/or a
turbine of the engine, thereby allowing the annubav of blades located within each
compressor stage and/or turbine stage to be wsalbected simultaneously.
[0018] It should be appreciated that the disclosed sysimirmethod may
generally be used to perform a visual inspectioamnyf suitable type of gas turbine
engine, including aircraft-based turbine enginas$land-based turbine engines,

regardless of the engine’s current assembly stade, fully or partially assembled).



Additionally, with reference to aircraft enginesshould be appreciated that the
present subject matter may be used on wing or of§jw

[0019] Referring now to the drawings, FIG. 1 illustratesr@ss-sectional view of
one embodiment of a gas turbine engine 10 thatlmaytilized within an aircraft in
accordance with aspects of the present subjecemaiith the engine 10 being shown
having a longitudinal or axial centerline axis X2emding therethrough for reference
purposes. In general, the engine 10 may includ@eagas turbine engine (indicated
generally by reference character 14) and a fanoset6 positioned upstream thereof.
The core engine 14 may generally include a subathntubular outer casing 18 that
defines an annular inlet 20. In addition, the patesing 18 may further enclose and
support a booster compressor 22 for increasingtbesure of the air that enters the
core engine 14 to a first pressure level. A higkspure, multi-stage, axial-flow
compressor 24 may then receive the pressurizdtbairthe booster compressor 22
and further increase the pressure of such air. pféssurized air exiting the high-
pressure compressor 24 may then flow to a comb@starithin which fuel is injected
into the flow of pressurized air, with the resudtimixture being combusted within the
combustor 26. The high energy combustion prodareslirected from the combustor
26 along the hot gas path of the engine 10 tosa(figh pressure) turbine &

driving the high pressure compressonita first (high pressure) drive shaft 30, and
then to a second (low pressure) turbind@2ariving the booster compressor &2d

fan section 1&ia a second (low pressure) drive shaftts is generally coaxial with
first drive shaft 30. After driving each of turbm@&8and 32, the combustion products
may be expelled from the core engineviatan exhaust nozzle 36 to provide
propulsive jet thrust.

[0020] It should be appreciated that each compressor2&a include a
plurality of compressor stages, with each stagkidicg both an annular array of
stationary compressor vanes and an annular arnataifng compressor blades
positioned immediately downstream of the compresaoes. Similarly, each turbine
28, 32 may include a plurality of turbine stageghwach stage including both an
annular array of stationary nozzle vanes and anlanarray of rotating turbine

blades positioned immediately downstream of thezlgovanes.



[0021]  Additionally, as shown in FIG. 1, the fan sectidhdf the engine 10 may
generally include a rotatable, axial-flow fan rotmsembly 38hat is configured to be
surrounded by an annular fan casing 40. It shbaldppreciated by those of ordinary
skill in the art that the fan casing 40 may be mpiied to be supported relative to the
core engine 18y a plurality of substantially radially-extendingrcumferentially-
spaced outlet guide vanes 42. As such, the fangd® may enclose the fan rotor
assembly 3&nd its corresponding fan rotor blades 44. Moreawelownstream
section 46f the fan casing 40 may extend over an outer @ouf the core engine 14
so as to define a secondary, or by-pass, airflavdei 48 that provides additional
propulsive jet thrust.

[0022] It should be appreciated that, in several embodis¢ime second (low
pressure) drive shaft 34 may be directly coupletthéofan rotor assembly 38 to
provide a direct-drive configuration. Alternatiyethe second drive shaft 34 may be
coupled to the fan rotor assembly 38 via a spegdcten device 37 (e.g., a reduction
gear or gearbox) to provide an indirect-drive carge drive configuration. Such a
speed reduction device(s) may also be provideddsstvany other suitable shafts
and/or spools within the engine 10 as desiredquired.

[0023] During operation of the engine 10, it should berapiated that an initial

air flow (indicated by arrow 50) may enter the er@gi O through an associated inlet
52 of the fan casing 40. The air flow 50 thEsses through the fan bladesaédl

splits into a first compressed air flow (indicatgdarrow 54) that moves through
conduit 48and a second compressed air flow (indicated bya8®) which enters the
booster compressor 22. The pressure of the sea@mngdressed air flow 56 then
increased and enters the high pressure compre$égas 2ndicated by arrow 58).
After mixing with fuel and being combusted withlretcombustor 26, the combustion
products 6@xit the combustor 2énd flow through the first turbine 28. Thereatfter,
the combustion products 60 flow through the sedartnine 32and exit the exhaust
nozzle 3&o provide thrust for the engine 10.

[0024]  As indicated above, the gas turbine engine 10 risyiaclude a plurality
of access ports defined through its casings ariicores for providing access to the
interior of the core engine 14. For instance,he\vs in FIG. 1, the engine 10 may

include a plurality of access ports 62 (only thoégvhich are shown) defined through



the outer casing 18 for providing internal accessrte or both of the compressors 22,
24. Similarly, as shown in the illustrated emboelit) the engine 10 may include a
plurality of access ports 64 (only three of whica shown) defined through the outer
casing 18 for providing internal access to oneath lof the turbines 28, 32. In
several embodiments, the access ports 62, 64 mgydoed apart axially along the
core engine 14. For instance, the compressor aipoets 62 may be spaced apart
axially along each compressor 22, 24 such thaaestlone access port 62 is located at
each compressor stage for providing access toampiessor vanes and blades
located within such stage. Similarly, the turb@meess ports 64 may be spaced apart
axially along each turbine 28, 32 such that attleas access port 64 is located at
each turbine stage for providing access to thelaommes and turbine blades located
within such stage.

[0025] It should be appreciated that, although the aqoeds 62, 64 are generally
described herein with reference to providing inéaccess to one or both of the
compressors 22, 24 and/or for providing internakas to one or both of the turbines
28, 32, the gas turbine engine 10 may include aqoeds providing access to any
suitable internal location of the engine 10, suslwaincluding access ports that
provide access within the combustor 26 and/or ahgr suitable component of the
engine 10.

[0026] Referring now to FIG. 2, a partial, cross-sectionalv of the first (or high
pressure) turbine 28 described above with referem&¢G. 1 is illustrated in
accordance with embodiments of the present subjatier. As shown, the first
turbine 28 may include a first stage turbine noflend an annular array of rotating
turbine blades 68 (one of which is shown) locatethediately downstream of the
nozzle 66. The nozzle 66 may generally be definedn annular flow channel that
includes a plurality of radially-extending, circtiaspaced nozzle vanes 70 (one of
which is shown). The vanes 70 may be supporteddsst a number of arcuate outer
bands 72 and arcuate inner bands 74. Additiontdléy/circumferentially spaced
turbine blades 68 may generally be configured terekradially outwardly from a
rotor disk (not shown) that rotates about the aéineeaxis 12 (FIG 1) of the engine
10. Moreover, a turbine shroud 76 may be positdamenediately adjacent to the
radially outer tips of the turbine blades 68 stoadefine the outer radial flowpath



boundary for the combustion products 60 flowingtlgh the turbine 28 along the hot
gas path of the engine 10.

[0027]  As indicated above, the turbine 28 may generalfjute any number of
turbine stages, with each stage including an anautay of nozzle vanes and follow-
up turbine blades 68. For example, as shown in EJ@n annular array of nozzle
vanes 78 of a second stage of the turbine 28 mégcheed immediately downstream
of the turbine blades 68 of the first stage ofttirbine 28.

[0028] Moreover, as shown in FIG. 2, a plurality of acgesds 64 may be
defined through the turbine casing and/or framé) wach access port 64 being
configured to provide access to the interior ofttivbine 28 at a different axial
location. Specifically, as indicated above, theess ports 64 may, in several
embodiments, be spaced apart axially such that@amdss port 64 is aligned with or
otherwise provides interior access to a differéage of the turbine 28. For instance,
as shown in FIG. 2, a first access port 64A magdfned through the turbine
casing/frame to provide access to the first stdgleoturbine 28 while a second
access port 64B may be defined through the turtmseng/frame to provide access to
the second stage of the turbine 28.

[0029] It should be appreciated that similar access [@rimay also be provided
for any other stages of the turbine 28 and/or fyrtarrbine stages of the second (or
low pressure) turbine 32. It should also be appted that, in addition to the axially
spaced access ports 64 shown in FIG. 2, accessmait be also provided at
differing circumferentially spaced locations. Hkastance, in one embodiment, a
plurality of circumferentially spaced access pontesy be defined through the turbine
casing/frame at each turbine stage to provideiortaccess to the turbine 28 at
multiple circumferential locations around the tumdistage.

[0030] Referring now to FIG. 3, a partial, cross-sectionalv of the high
pressure compressor 24 described above with refeterF1G. 1 is illustrated in
accordance with embodiments of the present subjatier. As shown, the
compressor 24 may include a plurality of compressages, with each stage
including both an annular array of fixed compressores 80 (only one of which is
shown for each stage) and an annular array ofafaiatompressor blades 82 (only
one of which is shown for each stage). Each roeoafipressor vanes 80 is generally



configured to direct air flowing through the comgser 24 to the row of compressor
blades 82 immediately downstream thereof.

[0031] Moreover, as indicated above, the compressor 24incéyde a plurality

of access ports 62 defined through the compressing/frame, with each access port
62 being configured to provide access to the iotesf the compressor 24 at a
different axial location. Specifically, in sevemhbodiments, the access ports 62
may be spaced apart axially such that each acoes62is aligned with or otherwise
provides interior access to a different stage efdbmpressor 24. For instance, as
shown in FIG. 3, first, second, third and fourtltess ports 62A, 62B, 62C, 62D are
illustrated that provide access to four successiages, respectively, of the
compressor 24.

[0032] It should be appreciated that similar access poatg also be provided for
any of the other stages of the compressor 24 afml/any of the stages of the low
pressure compressor 22. It should also be appeddiaat, in addition to the axially
spaced access ports 62 shown in FIG. 3, accessmait be also provided at
differing circumferentially spaced locations. Haestance, in one embodiment, a
plurality of circumferentially spaced access pontsy be defined through the
compressor casing/frame at each compressor stggewiale interior access to the
compressor 24 at multiple circumferential locatiangund the compressor stage.
[0033] Referring now to FIG. 4, a simplified view of oneleodiment of an
optical probe 100 that may be utilized to perforwmisaial inspection of a gas turbine
engine 10 is illustrated in accordance with aspefctee present subject matter. As
shown, the optical probe 100 has been insertedigfwan access port of the engine
10, such as one of the turbine access ports 64ibled@above with reference to FIG.
2 or one of the compressor access ports 62 dedat®/e with reference to FIG. 3.
[0034] In general, the optical probe 100 may corresporahtosuitable optical
device that may be inserted through an acces$@pfi4 of the gas turbine engine 10
to allow images of the interior of the engine 1®&captured or otherwise obtained.
For instance, in several embodiments, the opticadg 100 may correspond to a
borescope, videoscope, fiberscope or any othetasimptical device known in the art
that allows for the interior of a gas turbine emgii® to be viewed through an access
port 62, 64. In such embodiments, the optical erb@®0 may include one or more



optical elements (indicated schematically by dadiwed102), such as one or more
optical lenses, optical fibers, image capture desjicables, and/or the like, for
obtaining views or images of the interior of thgjee 10 at a tip 104 of the probe 100
and for transmitting or relaying such images fréw probe tip 104 along the length
of the probe 100 to the exterior of the engine E6r instance, as shown in FIG. 4,
the interior views or images obtained by the prbdb@ may be transmitted from the
probe tip 104 to a computing device 202 connectextieerwise coupled to the probe
100. Additionally, as shown in FIG. 4, in one erdinoent, a light source (indicated
by dashed box 106), such as an LED, may be prowatied adjacent to the probe tip
104 to provide lighting within the interior of tleagine 10.

[0035] The optical probe 100 may also include an artioatedssembly 108 that
allows the orientation of the probe tip 104 to Hguated within the interior of the gas
turbine engine 10. For example, the articulatisseanbly 108 may allow for the
probe tip 104 to be rotated or pivoted about alsiagis or multiples axes to adjust
the orientation of the tip 104 relative to the r@mdar of the probe 100. It should be
appreciated that the articulation assembly 108 gesmerally have any suitable
configuration and/or may include any suitable congrts that allow for adjustment
of the orientation of the probe tip 104 relativehiie remainder of the probe 100. For
example, in one embodiment, a plurality of artitiola cables 110 may be coupled
between the probe tip 104 and one or more artiomanotors 112. In such an
embodiment, by adjusting the tension of the cabldsvia the motor(s) 112, the
probe tip 104 may be reoriented within the gasihglengine 10.

[0036] It should also be appreciated that, in several elnbents, the articulation
assembly 108 may be configured to be electronicalhtrolled. Specifically, as
shown in FIG. 4, the computing device 202 may baroonicatively coupled to the
articulation assembly 108 to allow the computingice 202 to adjust the orientation
of the probe tip 104 via control of the articulatiassembly 108. For instance, in the
illustrated embodiment, the computing device 20¥ b configured to transmit
suitable control signals to the articulation maéprl12 in order to adjust the tension
within the associated cable(s) 110, thereby allgvtire computing device 202 to
automatically adjust the orientation of the praipel04 within the gas turbine engine
10.
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[0037] It should also be appreciated that, although notvsi) the optical probe
100 may also include a location signal receiveitfmrsed at or adjacent to its probe
tip 104. In such an embodiment, the location digeeeiver may be configured to
receive location-related signals from a pluralityazation transmitters mounted on or
within the engine 10 that provide an indicatiortla# position of the location signal
receiver (and, thus, the probe tip 104) relativeholocation transmitters. For
instance, the location signal receiver may be goméd to receive signals from the
location transmitters that provide an indicatiorthe distance defined between the
receiver and each transmitter (e.g., based ondhalsstrength, the time of flight of
the signals and/or time of arrival of the signaisgi/or that provide an indication of
the angle defined between the receiver and eachmitter (e.g., based on the angle
of incidence or angle of arrival of the signal3he signals received by the location
signal receiver may then be transmitted to the agmg@ device 202 to allow the
computing device 202 to determine the current looadf the probe tip 104 within the
gas turbine engine 10 using any suitable signatdb@assitioning technique, such as a
trilateration technique or a triangulation techmqu

[0038] Referring now to FIG. 5, a simplified, schematiewiof one embodiment
of a system 200 for visually inspecting a gas ngl@ngine is illustrated in
accordance with aspects of the present subjecemaiis shown, the system 200 may
generally include a computing device 202 and agtilyrof optical probes 100
installed within corresponding access ports 62)fafhe gas turbine engine 10. The
optical probes 100 may generally be configuredrtwige internal views of the gas
turbine engine 10 from a plurality of different alkkperspectives within the engine 10.
The internal images obtained via the optical prddf#may then be transmitted to the
computing device 202 as image data for subseqtensige thereon and/or for
presentation to a user of the system 200 via dajigfevice 204 associated with the
computing device.

[0039] In general, the computing device 202 may corresporahy suitable
processor-based device and/or any suitable conimnat processor-based devices.
Thus, in several embodiments, the computing de2@&may include one or more
processor(s) 206 and associated memory device@sg@tfigured to perform a
variety of computer-implemented functions (e.grfaening the methods, steps,
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calculations and the like disclosed herein). Aeduserein, the term “processor”
refers not only to integrated circuits referredniohe art as being included in a
computer, but also refers to a controller, a mioraller, a microcomputer, a
programmable logic controller (PLC), an applicatspecific integrated circuit, and
other programmable circuits. Additionally, the nasndevice(s) 208 may generally
comprise memory element(s) including, but not ledito, computer readable medium
(e.g., random access memory (RAM)), computer rdadain-volatile medium (e.qg.,
a flash memory), a floppy disk, a compact disc-realg memory (CD-ROM), a
magneto-optical disk (MOD), a digital versatilead{®VD) and/or other suitable
memory elements. Such memory device(s) 208 magrghy be configured to store
suitable computer-readable instructions that, whgglemented by the processor(s)
206, configure the computing device 202 to perfeamous functions including, but
not limited to, receiving, processing and/or stgrine image data transmitted from
the optical probes 100.

[0040] As shown in FIG. 5, the computing device 202 magdmmmunicatively
coupled to each of the optical probes 100 (e.g.coemmunicative links or cables
210). As such, image data associated with thesymwmages obtained by each of
the optical probes 100 may be transmitted to tmepeding device 202. Such image
data may then be used to allow the interior ofgae turbine engine 10 to be visually
inspected at or adjacent to the various axial lonatof the access ports 62, 64. For
example, in one embodiment, the image data mayobbedswithin the device’s
memory 208 to allow the images to be analyzedaiea time/date to identify defects
and/or damage within the engine 10. In additiaraoalternative thereto), the image
data may be transmitted from the computing devii2td the associated display
device 204 to allow a user of the system 200 tov\thee various internal images
provided by the optical probes 100.

[0041] It should be appreciated that, in one embodimexth @robe 100 may be
configured to continuously capture images of therior of the gas turbine engine 10.
Alternatively, each probe 100 may be configuredrty capture a single image or
multiple images that may be stitched together tegete a three-dimensional model

of the internal component(s) being inspected.
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[0042]  Moreover, as shown in FIG. 5, in several embodimahe system 200

may include a rotating device 212 configured tat®the gas turbine engine 10 about
its longitudinal axis 12. For example, in one edibtent, the rotating device 212

may correspond to a motor rotatably coupled tovedshaft of the engine 10 (e.g.,
drive shaft 30 or drive shaft 34 shown in FIG.€idher directly or indirectly via a
gearbox or other rotational coupling. As suchrdigting the engine 10 via the

motor, the various rotating components of the emdid may be rotated about the
engine’s axis 12, thereby allowing an entire annateay of rotating components to

be inspected using a single optical probe 100 jpositl within a single access port

62, 64. For example, using an optical probe 186rted through an access port 62
configured to provide access to a given stageaninapressor 22, 24 of the gas turbine
engine 10, images of the entire annular array ofpressor blades 82 located within
such stage may be obtained using the optical pt6beas the engine 10 is being
rotated. Similarly, using an optical probe 10Censd through an access port 64
providing access to a given stage of a turbine82&f the gas turbine engine 10,
images of the entire annular array of turbine béa@f located within such stage may
be obtained using the optical probe 100 as thenertf) is being rotated.

[0043] In several embodiments, the computing device 20 lmeaconfigured to
electronically control the operation of the rotgtofevice 212. For example, as shown
in FIG. 5, the computing device 202 may be commatiiely coupled to the rotating
device 212 via a communicative link or cable 2B4. such, the computing device

202 may be configured to transmit control signalthe rotating device 212 for
controlling its operation. For instance, the cotmmdevice 202 may be configured
to start/stop the rotating device 212 and/or cdrb® operation of the rotating device
212 such that the engine 10 is rotated at a prertd@ted or pre-defined speed as the
optical probes 100 are being used to obtain imaf#dse interior of the engine 10.
[0044] It should be appreciated that, by inserting muatipptical probes 100 into
various different access ports 62, 64 of the enfjthand by coupling such probes 100
to the computing device 202, a plurality of diffierexial sections of the engine 10
may be visually inspected at the same time. Famgte, as indicated above, the gas
turbine engine 10 may include a plurality of acqesds 62 spaced apart axially along
at least a portion of a compressor 22, 24 of tlggnenl0, with each access port 62
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providing access to a different compressor stagheo€ompressor 24, 24. Thus, by
inserting optical probes 100 into each of the caapor access ports 62 and by
rotating the engine 10, images of the circumfeegmtirays of compressor blades 82
contained within the various compressor stagesheaybtained simultaneously. The
images may then be inspected to determine if anlyggoEompressor blades 82 have
been damaged or contain defects.

[0045]  Similarly, as indicated above, the gas turbine madi0 may include a
plurality of access ports 64 spaced apart axiddiggat least a portion of a turbine
28, 32 of the engine 10, with each access portréviging access to a different
turbine stage of the turbine 28, 32. Thus, byrisg optical probes 100 into each of
the turbine access ports 64 and by rotating theeri), images of the
circumferential arrays of turbine blades 68 corgdiwithin the various turbine stages
may be obtained simultaneously. The images maylieanspected to determine if
any of the turbine blades 68 have been damageontaia defects.

[0046] It should be appreciated that, in one embodimbéetcomputing device
202 may be configured to automatically inspectititernal component(s) depicted in
the images obtained via the probes 100 for anyctietand/or damage. For instance,
the computing device 202 may be configured to immglet a computer-vision
technique or any other suitable image-processicigiigue to automatically detect
any defects/damage associated with one or moteeahternal components of the
engine 10. In such an embodiment, the computingcde€02 may be configured to
compare the results of the visual inspection toapplicable manuals associated with
the engine 10 (e.g., an engine maintenance mand&lraan aircraft maintenance
manual). Thereafter, the computing device 202 pragent the inspection results in
real-time to a user of the system 200 (e.g., wadiBplay device 204), including
presenting the comparison of the results to thdéiGgipe engine-related manual(s) to
allow the user to determine if any follow-up repaiocedures and/or other procedures
may need to be performed.

[0047] It should also be appreciated that, for purposeustration, the

schematic view of the engine 10 shown in FIG. Spd@® includes three compressor
access ports 62 and three turbine access portgitbdcorresponding optical probes
100 being installed within each port 62, 64. Hoerewas indicated above, the gas

14



turbine engine 10 may generally include any nuntb@ccess ports (including any
number of compressor access ports 62 and turbsesagorts 64) for providing
access to the interior of the engine 10. As siichould be readily appreciated that,
for a given number of access ports defined withgas turbine engine 10, a
corresponding number of optical probes 100 maylariyibe inserted through such
ports and coupled to the computing device 202lawavarious different locations
within the gas turbine engine 10 to be visuallyersted simultaneously. For
instance, by inserting an optical probe 100 interg\access port defined within a gas
turbine engine 10, the disclosed system 200 maysbd to simultaneously collect
images of the entire engine 10.

[0048] Moreover, as indicated above, each optical prol@enifly include an
articulation assembly 108 that allows for the cia¢ion of the probe tip 104 to be
adjusted within the engine 10. In such an embonintee computing device 202
may be configured to control the operation of thealation assemblies 108, either
individually or collectively, to allow the orienianh of the probe tips 104 to be
adjusted. Such automatic control of the tip oaéioh may provide a means for a user
of the system 200 to manipulate the perspectitbeinternal view(s) provided by a
given probe(s) as the images obtained by such (sphee being presented to the
user.

[0049] Further, as shown in FIG. 5, the computing devig2 ay, in one
embodiment, be configured to transmit any inspeetaated data acquired by the
computing device 202 (e.g., image data, inspectsalts, etc.) to a centralized data
center 240 for subsequent storage and/or processihg data. For example, the
centralized data center 240 may correspond to ateegerver(s) or computing
device(s) that is configured to communicate with libcal computing device 202 via
any suitable network, such as any suitable wiredigeless network(s) (e.g., a wide-
area network (WAN)) that allows the computing deva®©2 and the data center 240 to
communicate with one another via any suitable comaations protocol (e.g.
TCP/IP, HTTP, SMTP, FTP) and/or using any suitasleodings/formats (e.qg.
HTML, JSON XML) and/or protection schemes (e.g. VBBcure HTTP, SSL). As a
result, inspection-related data acquired usingltbelosed system 200 may be
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transmitted from a plurality of different inspectisites or locations to a single
centralized location.

[0050] Referring now to FIG. 6, a flow diagram of one emlibeent of a method
300 for performing a visual inspection of a gabitue engine is illustrated in
accordance with aspects of the present subjecemdtt general, the method 300 will
be discussed herein with reference to the gasneidmgine 10 and the system 200
described above with reference to FIGS. 1-5. Hanavshould be appreciated by
those of ordinary skill in the art that the diseldsnethod 300 may generally be
implemented with gas turbine engines having angraghitable engine configuration
and/or with systems having any other suitable systenfiguration. In addition,
although FIG. 6 depicts steps performed in a padraorder for purposes of
illustration and discussion, the methods discussedin are not limited to any
particular order or arrangement. One skilled madht, using the disclosures provided
herein, will appreciate that various steps of tlethuds disclosed herein can be
omitted, rearranged, combined, and/or adaptedrinousaways without deviating

from the scope of the present disclosure.

[0051] As shown in FIG. 6, at (302), the method 300 majuithe inserting a
plurality of optical probes through a plurality@écess ports of the gas turbine engine.
Specifically, as indicated above, optical probe8 afay be inserted into any number
of the access ports defined within the gas turbmgine 10, such as any of the
compressor access ports 62 and/or any of the widmioess ports 64. Additionally, at
(304), the method 300 may include coupling theagpprobes to a computing device.
For example, as described above, each optical @obenay be communicatively
coupled to a computing device 202, which may allbg/internal views or images
obtained by the probes 100 to be transmitted tadngputing device 202.

[0052] Moreover, as shown in FIG. 6, at (306), the metB@d may include
rotating the gas turbine engine as the optical gg@re used to simultaneously obtain
images of the interior of the engine at the varididiferent axial locations. For
example, as indicated above, a rotating devicen2dy be coupled to the engine 10 to
allow the engine 10 to be rotated about its lorjital axis 12 as the probes 100 are
being used to obtain images of the interior ofehgine 10. Additionally, as
indicated above, the rotating device 212 may, iressd embodiments, be
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communicatively coupled to the computing device @Dthe disclosed system 200.
As such, the computing device 202 may be configtwexlitomatically control the
operation of the rotating device 212 to allow thgiae 10 to be rotated at a
controlled speed.

[0053] Referring still to FIG. 6, at (308), the method 368y include receiving
image data at the computing device associatedtivitimages obtained by each of
the optical probes to allow the gas turbine engmnlee visually inspected at the
different axial locations. For example, as indéchdbove, the computing device 202
may be configured to collect image data assocwattdthe views or images provided
by the optical probes 100. Such image data maylkestored within the device’s
memory 208 and/or presented to a user of the sy2@hvia an associated display
device 204.

[0054]  This written description uses examples to disctbednvention, including
the best mode, and also to enable any persondkillidhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope aohtleation is defined by the claims,
and may include other examples that occur to tekslked in the art. Such other
examples are intended to be within the scope ofldiens if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantiéiécences from the literal languages

of the claims.
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WHAT ISCLAIMED IS:

1. A method for performing avisual inspection of a gas turbine engine, the method
comprising:

inserting a plurality of optical probes through a plurality of access ports of the gas turbine
engine, the plurality of access ports being spaced apart axially along alongitudina axis of the
gas turbine engine such that the plurality of optical probes provide internal views of the gas
turbine engine from a plurality of different axial locations along the gas turbine engine;

coupling the plurality of optical probesto a computing device;

rotating the gas turbine engine about the longitudinal axis as the plurality of optical
probes are used to simultaneously obtain images of an interior of the gas turbine engine at the
plurality of different axial locations; and

receiving, with the computing device, image data associated with the images obtained by
each of the plurality of optical probes at the pluraity of different axial locations.

2. The method of claim 1, wherein the plurality of access ports are spaced apart
axialy along at least a portion of a compressor of the gas turbine engine such that each access
port islocated at or adjacent to a different stage of a plurality of stages of the compressor.

3. The method of claim 2, wherein rotating the gas turbine engine comprises rotating
the gas turbine engine about the longitudinal axis as the plurality of optical probes are used to
obtain images of a plurality of compressor blades located at each of the plurality of stages of the
COMPressor.

4. The method of claim 3, further comprising inspecting the plurality of compressor
blades for defects or damage based on the image data associated with the obtained images.

5. The method of claim 1, wherein the plurality of access ports are spaced apart
axially along at least a portion of aturbine of the gas turbine engine such that each access port is
located at or adjacent to adifferent stage of a plurality of stages of the turbine.

6. The method of claim 5, wherein rotating the gas turbine engine comprises rotating
the gas turbine engine about the longitudinal axis as the plurality of optical probes are used to
obtain images of a plurality of turbine blades located at each of the plurality of stages of the
turbine.

7. The method of claim 6, further comprising inspecting the plurality of turbine
blades for defects or damage based on the image data associated with the obtained images.
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8. The method of claim 1, wherein an orientation of a probe tip of each of the
plurality of optical probes is adjustable within the gas turbine engine, further comprising
adjusting, with the computing device, the orientation of at least one of the probe tips as images of
the interior of the gas turbine engine are being obtai ned.

9. The method of claim 1, further comprising providing for display, by the
computing device, the image data on a display device.

10.  Themethod of claim 1, further comprising storing the image data within a
memory associated with the computing device.

11. The method of claim 1, wherein rotating the gas turbine engine comprises
transmitting, by the computing device, control signals to a motor rotatably coupled to the gas
turbine engine such that the motor rotates the gas turbine engine at a controlled speed about the
longitudinal axis.

12.  Themethod of claim 1, wherein each of the plurality of optical probes
corresponds to one of a borescope, a videoscope or a fiberscope.

13. Themethod of claim 1, wherein each of the plurality of optical probesincludesa
light source for illuminating the interior of the gas turbine engine.

14. A method for performing avisual inspection of a gas turbine engine, the method
comprising:

inserting a plurality of optical probes through a plurality of access ports of the gas turbine
engine, the plurality of access ports being spaced apart axially along alongitudina axis of the
gas turbine engine such that the plurality of optical probes provide internal views of the gas
turbine engine from a plurality of different axial locations along the gas turbine engine;

coupling the plurality of optical probes to acomputing device;

transmitting, by the computing device, control signals to a motor rotatably coupled to the
gas turbine engine such that the motor rotates the gas turbine engine at a controlled speed about
the longitudinal axis as the plurality of optical probes are used to simultaneously obtain images
of aninterior of the gasturbine engine at the plurality of different axial locations,

receiving, with the computing device, image data associated with the images obtained by
each of the plurality of optical probes at the plurality of different axial locations; and

transmitting, with the computing device, the image data to a data center located remote to

the computing device.
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15.  Themethod of claim 14, wherein the plurality of access ports are spaced apart
axially along at least a portion of a compressor of the gas turbine engine such that each access
port islocated at or adjacent to a different stage of a plurality of stages of the compressor.

16. The method of claim 15, wherein rotating the gas turbine engine comprises
rotating the gas turbine engine about the longitudinal axis as the plurality of optical probes are
used to obtain images of a plurality of compressor blades |ocated at each of the plurality of
stages of the compressor.

17.  Themethod of claim 16, further comprising inspecting the plurality of compressor
blades for defects or damage based on the image data associated with the obtained images.

18.  Themethod of claim 14, wherein the plurality of access ports are spaced apart
axially along at least a portion of aturbine of the gas turbine engine such that each access port is
located at or adjacent to adifferent stage of a plurality of stages of the turbine.

19.  Themethod of claim 18, wherein rotating the gas turbine engine comprises
rotating the gas turbine engine about the longitudinal axis as the plurality of optical probes are
used to obtain images of a plurality of turbine blades |ocated at each of the plurality of stages of
the turbine.

20.  Themethod of claim 19, further comprising inspecting the pluraity of turbine
blades for defects or damage based on the image data associated with the obtained images.
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