GAS TURBINE IN SITU INFLATABLE BLADDERS FOR ON-WINGREPAIR

FIELD OF THE INVENTION

[0001] The present subject matter relates generally taughse engines and,
more particularly, to a system and method for penfog an in situ repair of an

internal component 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 downstregatating 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 thega&xiting the combustor into
downstream, rotating blades of the turbine. Callety one row of nozzle vanes and
one row of turbine blades make up a “stage” ofttlbine. Typically, both the

compressor and turbine include a plurality of sseoe stages.

[0003] Gas turbine engines, particularly aircraft engimequire a high degree of
periodic maintenance. For example, periodic maemee is often scheduled to allow
internal components of the engine to be inspeaeddfects and subsequently
repaired. Unfortunately, many conventional repagthods used for aircraft engines
require that the engine be removed from the bode@hircraft and subsequently
partially or fully disassembled. As such, theggaremethods result in a significant
increase in both the time and the costs assocratbdepairing internal engine

components.

[0004] However, performing in situ service or repair prdwess on gas turbines is
complicated because some of the repair or servim@egures can unintentionally
harm portions of the gas turbine due to fluid s based over spray, weld splatter, or

waste partials during material removal operatioscordingly, a system and method



for performing an in situ repair of an internal qmunent of a gas turbine engine

would be welcomed within the technology.
BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention will béa#t in part in the
following description, or may be obvious from thesdription, or may be learned

through practice of the invention.

[0006] Methods are generally provided for repairing aacefof a component
within a gas turbine engine. In one embodimeffitsabladder and a second bladder
are installed (simultaneously or independentlyhimithe gas turbine engine. The
first bladder and the second bladder can thenfteed with an inflating fluid to

form a first circumferential seal and a secondwmterential seal to define an isolated
area within the gas turbine engine. All the swefawithin the isolated area can then
be coated with a masking layer. At least a portibthe masking layer can then be

removed to expose a working area, and a coatingpedormed on the working area.

[0007] In another embodiment, the method can include limggaa first bladder

and a second bladder (simultaneously or indepelyjevithin the gas turbine engine.
The first bladder and the second bladder can tlkeanflated with an inflating fluid to
form a first circumferential seal and a secondwirterential seal to define an isolated
area within the gas turbine engine. Then, thegdsne engine can be cleaned within
the isolated area.

[0008] These and other features, aspects and advantatfesmesent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, wdriehncorporated in and
constitute a part of this specification, illustrammbodiments of the invention and,

together with the description, serve to explaingheciples of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A full and enabling disclosure of the present imi@m including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the

specification, which makes reference to the appeiags., 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. 2 illustrates a partial, cross-sectional visvone embodiment of a
turbine suitable for use within the gas turbineieaghown in FIG. 1, particularly
illustrating access ports defined in the enginegpfowviding internal access to the

turbine;

[0012] FIG. 3A illustrates a partial, cross-sectional vielxwne embodiment of a
compressor suitable for use within the gas turkimgine shown in FIG. 1,
particularly illustrating access ports definedhe engine for providing internal access

to the compressor;

[0013] FIG. 3B illustrates a partial, cross-sectional vighthe compressor of

FIG. 3A with a masking agent coated on within thaated area;

[0014] FIG. 3C illustrates a repair tool removing a portaf the masking agent

on the surface as in FIG. 3C;

[0015] FIG. 4 illustrates a perspective view of an exempiaflated bladder for

use within the gas turbine engine shown in FIG. 1;

[0016] FIG. 5 illustrates a side view of another exemplafiated bladder for use

within the gas turbine engine shown in FIG. 1; and

[0017] FIG. 6 shows a diagram of an exemplary method daogito one

embodiment.

[0018] Repeat use of reference characters in the pregedifisation and
drawings is intended to represent the same or goatofeatures or elements of the

present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0019] Reference now will be made in detail to embodimeithe 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.

[0020] As used herein, the terms “first”, “second”, ankiifé” may be used
interchangeably to distinguish one component frowtlzer and are not intended to

signify location or importance of the individualmponents.

[0021] The terms “upstream” and “downstream” refer torilative direction
with respect to fluid flow in a fluid pathway. Fekample, “upstream” refers to the
direction from which the fluid flows, and “downsam” refers to the direction to
which the fluid flows.

[0022] In general, a system and method is provided fdiopming an in situ

repair of an internal component of a gas turbirgiren In one embodiment, an
inflatable bladder can be utilized to form a cirdarential seal within the gas turbine.
Once inflated, the inflatable bladder can formragerary barrier inside the gas
turbine. Having the ability to set up a temporbaayrier inside the gas turbine can
help reduce the risk of harming unintended reguafrthe gas turbine during in situ
repair. In particular embodiments, for example, twanore barriers can be used to
establish an isolated area within the engine. eikample, the isolated area can be a
washing zone, deposition zone, or other work zosg&le the gas turbine. In one
embodiment, the washing zone can exposed to rimsidgvashing fluids, solvents,
and soaps, to locally fill the gas turbine to wadhrge region of the gas turbine,
while limiting the rinsing and washing from reaafpiother regions of the gas turbine.

[0023] In several embodiments, the system may includg@améol configured

to be inserted through an access port of the ghsaiengine. For example, the
repair tool can allow a repair tip or tip end of tiool to be positioned adjacent to a
defect of an internal component of the engine, sisch crack, void, distressed area or
any other defect defining a fillable volume. Adlwe described below, the repair

tool may be temporarily attached to the surfacnefcomponent using an inflated

bladder, allowing precision work to be performedtio® component. For example,



the repair tool can supply a new material and/foeaing element to fill and fuse new

material within the crack to repair the defect.

[0024] It should be appreciated that the disclosed sysi@imethod may
generally be used to perform in situ repairs aérindl components located within any
suitable type of gas turbine engine, includingraiftetbased turbine engines and land-
based turbine engines, regardless of the engine’srt assembly state (e.g., fully or
partially assembled). Additionally, with referertceaircraft engines, it should be
appreciated that the present subject matter mayplemented on-wing or off-wing.

[0025] Referring now to the drawings, FIG. 1 illustratesra@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 Xeemding therethrough for reference
purposes. In general, the engine 10 may includ@egas 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 oatesing 18 may further enclose and
support a booster compressor 22 for increasingtiesure of the air that enters the
core engine 14 to a first pressure level. A higéspure, multi-stage, axial-flow
compressor 24 may then receive the pressurizdtbairthe booster compressor 22
and further increase the pressure of such air. pfégsurized air exiting the high-
pressure compressor 24 may then flow to a comba@starithin which fuel is injected
into the flow of pressurized air, with the resudtimixture being combusted within the
combustor 26. The high energy combustion prodargglirected from the combustor
26 along the hot gas path of the engine 10 tosa(fvigh pressure) turbine 2&

driving the high pressure compressonga first (high pressure) drive shaft 30, and
then to a second (low pressure) turbindd@2iriving the booster compressor &2d

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

propulsive jet thrust.



[0026] Additionally, as shown in FIG. 1, the fan sectidhdf the engine 10 may
generally include a rotatable, axial-flow fan rotmsembly 3&hat 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.

[0027] 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 provideddmstvany other suitable shafts

and/or spools within the engine 10 as desiredquired.

[0028] 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 byas®) 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 withiretcombustor 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.

[0029] The gas turbine engine 10 may also include a plyrail access ports
defined through its casings and/or frames for hong access to the interior of the

core engine 14. For instance, as shown in FI&helengine 10 may include a



plurality of access ports 62 (only six of which atewn) defined through the outer
casing 18 for providing internal access to oneathlof the compressors 22, 24
and/or for providing internal access to one or ladtthe turbines 28, 32. In several
embodiments, the access ports 62 may be spacddajadly along the core engine
14. For instance, the access ports 62 may be dpaeet axially along each
compressor 22, 24 and/or each turbine 28, 32 fwathat least one access port 62 is
located at each compressor stage and/or eacheuwstzge for providing access to the
internal components located at such stage(s)dditian, the access ports 62 may
also be spaced apart circumferentially around tine engine 14. For instance, a
plurality of access ports 62 may be spaced apauriferentially around each

compressor stage and/or turbine stage.

[0030] It should be appreciated that, although the aqoeds 62 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 62 providing access to any
suitable internal location of the engine 10, susbyaincluding access ports 62 that
provide access within the combustor 26 and/or dhgresuitable component of the

engine 10.

[0031] 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 nofieand 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 supporteddst a number of arcuate outer
bands 72 and arcuate inner bands 74. Additiontdlé/circumferentially spaced
turbine blades 68 may generally be configured terakradially outwardly from a
rotor disk (not shown) that rotates about the aéinteaxis 12 (FIG 1) of the engine
10. Moreover, a turbine shroud 76 may be positiadnenediately 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.

[0032] As indicated above, the turbine 28 may generaltjute 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.

[0033] Moreover, as shown in FIG. 2, a plurality of acgesds 62 may be
defined through the turbine casing and/or framé) wach access port 62 being
configured to provide access to the interior ofttitbine 28 at a different axial
location. Specifically, as indicated above, theess ports 62 may, in several
embodiments, be spaced apart axially such that@&amdss port 62 is aligned with or
otherwise provides interior access to a differéags of the turbine 28. For instance,
as shown in FIG. 2, a first access port 62A magédfaed through the turbine
casing/frame to provide access to the first stddgleoturbine 28 while a second
access port 62B may be defined through the turtmseng/frame to provide access to

the second stage of the turbine 28.

[0034] It should be appreciated that similar access [@&tsay 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 62 shown in FIG. 2, accessgrhay be also provided at
differing circumferentially spaced locations. Hastance, in one embodiment, a
plurality of circumferentially spaced access ponesy be defined through the turbine
casing/frame at each turbine stage to provideiortaccess to the turbine 28 at

multiple circumferential locations around the tumdistage.

[0035] At least one bladder can be installed within thgimato form a
circumferential seal therein. Referring to Figadirst bladder 100 is installed and
positioned between the plurality of first stagebtoe nozzles 66 and the annular array
of rotating turbine blades 68. For example, th&t filadder 100 may be installed by

inserting the first bladder 100, in an uninflatéats, through one of the access ports



62. Then, the first bladder 100 can be inflataédgian inflating fluid, such as a

liquid, foam, a gas.

[0036] 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 ofafgiatompressor blades 82 (only
one of which is shown for each stage). Each rosoafipressor vanes 80 is generally
configured to direct air flowing through the comgser 24 to the row of compressor

blades 82 immediately downstream thereof.

[0037] Moreover, the compressor 24 may include a pluralitgccess ports 62
defined through the compressor casing/frame, vattheccess port 62 being
configured to provide access to the interior ofcbmpressor 24 at a different axial
location. Specifically, in several embodimentg dtcess ports 62 may be spaced
apart axially such that each access port 62 is@tigvith or otherwise provides
interior access to a different stage of the congme®4. For instance, as shown in
FIG. 3, first, second, third and fourth access6#a, 62b, 62c, 62d are illustrated

that provide access to four successive stagesceggly, of the compressor 24.

[0038] It should be appreciated that similar access @@ tnay also be provided
for any of the other stages of the compressor 2{oarfior any of the stages of the low
pressure compressor 22. It should also be appeddiat, in addition to the axially
spaced access ports 62 shown in FIG. 3, accessgrhay 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.

[0039] Similar to the embodiment shown in Fig. 2, a fivkstdder 100 is installed
and positioned within two compressor stages (etween a first annular array of
fixed compressor vanes 80 and a first annular afagtatable compressor blades

82). A second bladder 200 is installed and pasgttbwithin two compressor stages



(i.e., between a first annular array of fixed coagsor vanes 80 and a first annular
array of rotatable compressor blades 82). As dhetfirst bladder 100 and the
second bladder 200 may, after inflating, seal tiea éherebetween to isolate that area
from the other areas of the engine for local werk( cleaning, coating, etc.).

[0040] In the embodiments of FIGS 2 and 3, the first béadiD0 and second
bladder 200 can be inflated by supplying the filidbugh an inlet 104, 204 through a
supply tube 106, 206 from a fluid source 107, 28pectively. In the embodiment
of Fig. 4 with respect to the first bladder 10G gupply tube 106 is integral to the
bladder body 102 so as to inflate the bladder ddi®/between a first end 110 and a
second end 112. Upon inflation, the bladder bod¥ &Xpands in its respective
circumferential direction and in its respectivedduodinal direction between the first
end 110 and a second end 112. Thus, the inflaéetlér body 102 fills the local
space within the engine within which it is posigoh For example, the inflated
bladder body 102 can extend between adjacent coampmwithin the engine (e.g., a
row of stator vanes and an annular array of ragatiades, while contacting the
arcuate outer band 72 and arcuate inner bands si#bas in FIG. 2). Additionally,
the expansion in its respective longitudinal dikatiallows the bladder body 102 to
expand circumferentially within the engine such tha first end 110 contacts the
second end 112 to form a seal therebetween. lartfmdiment shown, the inlet 104
is positioned at the first end 110 of the bladdmsyp102. In this embodiment, the
second end 112 can be inserted as desired withiartgine, with the bladder body
102 trailing. For example, the second end 112beaattached to a fiber optic cable
delivery system (not shown) and positioned witlhia €éngine as desired. However, in
other embodiments, the inlet 104 can be positioneshother position on the bladder
body 102.

[0041] In one embodiment, the material of the first ancbed bladders 100, 200
may be a fluid impermeable (e.qg., a liquid imperbteanaterial and/or a gas
impermeable). In another embodiment, the matefitdie first and second bladders
100, 200 may be somewhat impermeable to the infidtuid so as to allow for slow
passing of the fluid through the bladders (e.ga #dw through rate that is slower
than the supply rate of the inflating fluid). Thwst and second bladders 100, 200 can

10



be constructed of a deformable material, suchmasdic material (e.g., a plastic film,
a plastic fibrous web, etc.), a rubber materigdaper material (e.g., a saturated paper

material), or another material.

[0042] According to one embodiment, a masking materiaitt®oduced into the
isolated area so as to coat all of the surfacdsmihe isolated area with a masking
layer. For example, FIG. 3A shows a supply tub@ &hnected to a supply source
302 and inserted through one of the access pobts@#hat an exit port 304 supplies
a coating material 306 (e.g., a masking matenmd) ihe isolated area between the
inflated bladders 100, 200 so as to coat all ostngaces within the isolated area with
the material 306, as shown in FIG. 3B. In one edithent, the surfaces within the
isolated area are coated via a vapor depositioceged Any suitable masking
material can be utilized to form the coating orte surfaces within the isolated area.

[0043] Then, the masking material 306 deposited on thiases of an internal
component 204 can be removed in at least a paziérof the surface 205 of the
component 204. Referring now to FIG. 3C, a singadifview of one embodiment of a
system 400 for performing an in situ repair of @@inal component of a gas turbine
engine 10 are illustrated in accordance with aspefcthe present subject matter. As
shown, the system 400 may include a repair tooletdigured to be inserted

through an access port 62 of the gas turbine eriginsuch as any of the access ports
62 described above with reference to FIGS. 1-3]ltav an in situ repair procedure to

be performed on an internal component(s) 404 (a.glade 68 of the engine 10).

[0044] In general, the repair tool 402 may corresponchiosalitable tool(s)

and/or component(s) that may be inserted througdcaess port 62 of the gas turbine
engine 10 and attach onto the surface 405 of thepoaent 404 to perform precision
work thereon. For example, a bladder 100 can teaniypsecure the repair tool 402
within the engine so that the tool 402 can perfaronk at or near the surface 405
(e.g., at an identified defect of the internal @egtomponent(s) 404 being repaired).
As such, the repair tool 402 may be temporarilyset into a position so as to allow
for precision work on the surface 405 (e.g., witbgision accuracy within about 0.5

mm or less, such as about 0.25 mm or less). Asrgatly shown in FIG. 3C, a
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conduit 410 is attached to a working head 422 ohedua work mechanism 424

controllable via a controller 414 (e.g., a compuateother programmable machine).

[0045] The working head 422 includes a work mechanismct2digured for
addressing the component 404, as shown in FIG.IBGne embodiment, the
working mechanism 442 can remove the depositedriab896 from the surface of
the component 404 so as to expose the surfacen4@&tiportion 406. For example,
the working mechanism can be a water jet, a gastblor another surface removal
tool. Then, the working head 422 is positioned seclired adjacent to an identified
defect of the internal engine component(s) 404d@edpaired (e.g., a turbine
blade(s)). For example, the defect can correspmaccrack, void or other defective
area formed along the exterior of the componenttd@ddefines an open or fillable
volume with a base of the crack, void or other diéfe area. The working head 422
includes a work mechanism 424 configured for adsiingsthe component 404. In one
embodiment, the new material can be supplied frdotation exterior to the engine
to the internal location of a defect to allow tiiable volume defined by the defect to
be filled with the new material (e.g., a micro-plasspray head). For example, the
repair tool 402 can be configured to supply higloeigy powder particles from the
exterior of the engine into the fillable volumetbé defect. Upon impacting a surface
of the defect, the high velocity particles may ptadly deform and adhere to the
surface, thereby filling-in the fillable volume arepairing the defect. For example,
the particles can impact the surface within theede106 at a speed of about 150
meters per second (m/s) to about 900 m/s. Sucbcags can build up material over

the working area to increase its thickness.

[0046] The coating formed can be a thermal barrier coaiman environmental
barrier coating, particularly where the workingafee., the surface exposed) is an

exposed metal. In one embodiment, the working eaecbe the entire isolated area.

[0047] In one embodiment, the repair tool 402 also inchuale optical probe 430
adjacent to the working head 422 and configurdaetased in association with the
repair tool 402. For instance, as shown in FIGhd,optical probe 430 corresponds
to a separate component configured to be usednbic@ation with the repair tool 402

for repairing the component 404. However, in o#mabodiments, the optical probe
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430 may be coupled to or integrated within the ircjpal 402. Additionally, as

shown in FIG. 3C, the optical probe 430 has beserted through the same access
port 62 as the repair tool 402. However, in o#rabodiments, the probe 430 may be
inserted into a different access port 62 than dlpair tool 402, such as an access port
62 located adjacent to the access port 62 withiiciwtie repair tool 402 has been

inserted.

[0048] In general, the optical probe 430 may corresporahtosuitable optical
device that allows images of the interior of thgiae 10 to be captured or otherwise
obtained. For instance, in several embodimengsofical probe 430 may
correspond to a borescope, videoscope, fiberscogeyoother similar optical device
known in the art that allows for the interior ofas turbine engine 10 to be viewed
through an access port 62. In such embodimer@gyphcal probe 430 may include
one or more optical elements (indicated schematibgldashed box 432), such as
one or more optical lenses, optical fibers, imagetare devices, cables, and/or the
like, for obtaining views or images of the interairthe engine 10 at a tip 434 of the
probe 430 and for transmitting or relaying suchgesfrom the probe tip 434 along
the length of the probe 430 to the exterior oféhgine 10 for viewing by the
personnel performing the repair procedure on ttexmal component(s) 404. In
addition, the probe 430 may include a light sonedicated by dashed box 436)
positioned at or adjacent to the probe tip 434rtwige lighting within the interior of
the engine 10.

[0049] As shown in FIG. 3C, the optical probe 430 may aistude an

articulation assembly 438 that allows the orientatf the probe tip 434 to be
adjusted within the interior of the gas turbineiaedlO. For example, the articulation
assembly 438 may allow for the probe tip 434 todiated or pivoted about a single
axis or multiple axes to adjust the orientationhaf tip 434 relative to the remainder
of the probe 430. It should be appreciated thagtticulation assembly 438 may
generally have any suitable configuration and/oy malude any suitable
components that allow for adjustment of the origataof the probe tip 434 relative
to the remainder of the probe 430. For examplenmembodiment, a plurality of

articulation cables 440 may be coupled betweempitbiee tip 434 and one or more
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articulation motors 442. In such an embodimentadjysting the tension of the
cables 140 via the motor(s) 442, the probe tip #%3% be reoriented within the gas
turbine engine 10.

[0050] As shown in Fig. 3C, the component 404 is an ditfpiwith a known
shape and size (e.g., a nozzle and/or blade)ther embodiments, the component

404 can be a trailing edge and/or leading edgkeoairfoil.

[0051] The bladder 100 is installed within the enginedry in certain
embodiments may form a circumferential seal ther®eferring to Fig. 2 and 3A, the
bladder 100 is installed and positioned adjacettiédetween the plurality of first
stage turbine nozzles 66 and the annular arragtafing turbine blades 68. For
example, the first bladder 100 may be installednisgrting the first bladder 100, in an
uninflated state, through one of the access p@tsihen, the bladder 100 can be

inflated using an inflating fluid, such as a liquidam, a gas from a source 107.

[0052] Generally, the bladder is inflated by supplying filied through an inlet

104 via a supply tube 106 from a fluid source 16vthe embodiment of Fig. 4 with
respect to the bladder, the supply tube 106 igratgo the bladder body 102 so as to
inflate the bladder body 102 between a first en@l drid a second end 112. Upon
inflation, the bladder body 102 expands in its eetppe circumferential direction and
in its respective longitudinal direction betweea thist end 110 and a second end
112. Thus, the inflated bladder body 102 fills kbeal space within the engine within
which it is positioned. For example, the inflatdddder body 102 can extend
between adjacent components within the engine, @m@w of stator vanes and an
annular array of rotating blades, while contactimg arcuate outer band 72 and
arcuate inner bands 74 as shown in FIG. 2). Adutig, the expansion in its
respective longitudinal direction allows the bladdedy 102 to expand
circumferentially within the engine such that tiretfend 110 contacts the second end
112 to form a seal therebetween. In the embodistemivn, the inlet 104 is
positioned at the first end 110 of the bladder bbd¥. In this embodiment, the
second end 112 can be inserted as desired withiartgine, with the bladder body
102 trailing. For example, the second end 112beaattached to a fiber optic cable

delivery system (not shown) and positioned witlhia €éngine as desired. However, in
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other embodiments, the inlet 104 can be positioneshother position on the bladder
body 102.

[0053] In one embodiment, the material of the bladderm@ be a fluid
impermeable (e.g., a liquid impermeable materidi@na gas impermeable). In
another embodiment, the material of the bladderrh@@ be somewhat impermeable
to the inflating fluid so as to allow for slow pass of the fluid through the bladders
(e.g., at a flow through rate that is slower tHagupply rate of the inflating fluid).
The bladder 100 can be constructed of a defornmahterial, such as a plastic
material (e.g., a plastic film, a plastic fibroushy etc.), a rubber material, a paper

material (e.g., a saturated paper material), otremanaterial.

[0054] In one embodiment, at least one exit port 108 neybluded in the
bladder body 102 as shown in FIG. 4. Such anpaxit 108 may be configured to
supply the inflating fluid into the engine, partiady as in the embodiments shown in
FIGS. 2 and 3 so as to supply the inflating fluitbithe isolated area. As stated, the
first bladder 100 can be inflated using an inflgtfluid, such as a liquid, foam, a gas.
For example, in one embodiment, the inflating flagh include water, an inert gas, a
cleaning fluid, a masking fluid, etc. In one emimoent, the inflating fluid can

include particular material, such as masking maketror example, the masking can
coat all of the surfaces within the isolated arda.such, the engine (e.g., the isolated
compartment) may be exposed to a desired matsuel, as a cleaning agent, an

abrasive agent, etc.

[0055] The inflating fluid can be supplied through theeinl04 at a supply rate of
fluid flow that is greater than (i.e., faster thamg fluid outflow rate through the exit
ports 108. As such, the bladder body 102 may nemnaits fully inflated state so as
to keep the circumferential seal within the engiigle still supplying the inflated

fluid into the engine through the exit port 108.

[0056] In one embodiment, the second bladder 200 may tiggcwed to recover
the fluid from within the isolated compartment. f&eng to Fig. 5, an embodiment
of a recovery bladder 300 is generally shown, winctudes a first recovery body
302 having a recovery port 304 exposed to thetsleompartment. The first
recovery body 302 can be in fluid communicationwvatpump 308, through recovery
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tube 306, to remove the inflating fluid from thelated compartment supplied from
the first bladder 100. The recovery bladder 30Dalao include an adjacent to and/or
attached to a third bladder body 310 inflated tigrothe inlet 312 from the supply
tube 314 and the supply tank 316. For examplergbevery bladder 300 can be an
integrated double bladder that defines separatenat compartments (i.e., the
recovery body 302 and the third bladder body 3T)tough this configuration, the
third bladder body 310 may provide structural dighbiuring fluid recovery through
the recovery body 302. However, in other embodisehe recovery bladder 300
may include structural support members (not shoimtgrnal and/or external to the
bladder body 302.

FIG. 6 shows a diagram of an exemplary method @0@epairing a surface of
a component within a gas turbine engine. At 70f&sabladder is installed within the
gas turbine engine, and a second bladder is iedtalithin the gas turbine engine at
704. The first bladder and the second bladderfiated, at 706, with an inflating
fluid to form a first circumferential seal and a&serd circumferential seal to define an
isolated area within the gas turbine engine. A&, &l surfaces are coated within the
isolated area with a masking layer. At 710, ast@aportion of the masking layer is
removed to expose a working area, and a coatifiggrised on the working area at
712. Finally, after any work is done (e.g., formen coating), the isolated area can be
washed (e.g., with an acid rinse) to remove anyareimg masking layer and/or any
excess coating formed on the masking layer. Adgayrality of coating can be

formed on the working area (e.g., a bond coatirtjadrieast one barrier coating).

[0057] This written description uses examples to disctheanvention, including
the best mode, and also to enable any persondkillhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope ahtteamtion is defined by the claims,
and may include other examples that occur to te&sled in the art. Such other
examples are intended to be within the scope ofldims if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiécences from the literal languages

of the claims.
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WHAT IS CLAIMED IS:

1. A method of repairing a surface of a component within a gas turbine engine,

comprising:
installing a first bladder within the gas turbine engine;
installing a second bladder within the gas turbine engine;

inflating the first bladder and the second bladder with an inflating fluid to form a first
circumferential seal and a second circumferential seal to define an isolated area within the gas

turbine engine;
coating all surfaces within the isolated area with a masking layer;
removing at least a portion of the masking layer to expose a working area; and
forming a coating on the working area.

2. The method as in claim 1, wherein all surfaces within the isolated area are coated

via a vapor deposition process.

3. The method as in claim 1, wherein removing a portion of the masking layer
comprises grit blasting the working area.

4. The method as in claim 3, wherein a working head is inserted into the isolated area,

the working head comprising a grit blast nozzle.

5. The method as in claim 4, wherein the grit blast nozzle is positioned at an end of a
delivery cable.

6. The method as in claim 1, wherein forming a coating on the working area
comprises directing a micro-plasma spray head over the working area to form the coating

thereon.

7. The method as in claim 1, wherein the coating formed is a thermal barrier coating

or an environmental barrier coating.

8. The method as in claim 1, wherein the working area is an exposed metal, wherein

the coating formed on the working area comprises the metal.

9. The method as in claim 8, wherein the coating builds up material over the working

area so as to increase its thickness.
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10. The method as in claim 1, wherein the working area defines the entire isolated

area.
11. The method as in claim 1, further comprising:

after forming the coating, washing the isolated area to remove any remaining masking

layer and any excess coating formed thereon.
12. The method as in claim 11, wherein the isolated area is washed with an acid rinse.
13. The method as in claim 11, further comprising:
forming a plurality of coatings on the working area.

14. The method as in claim 13, wherein the plurality of coatings comprise a bond

coating and at least one barrier coating.

15. A method of repairing a surface of a component within a gas turbine engine, the
method comprising:

installing a first bladder within the gas turbine engine;
installing a second bladder within the gas turbine engine;

inflating the first bladder and the second bladder with an inflating fluid to form a first
circumferential seal and a second circumferential seal to define an isolated area within the gas

turbine engine;
cleaning the gas turbine engine within the isolated area; and
wherein cleaning the gas turbine engine within the isolated area comprises,

using a grit blast to remove a coating on components within the isolated area of the

gas turbine engine.

16. The method as in claim 15, wherein the first bladder is positioned between a first
row of blades and a first row of stator vanes to form the first circumferential seal
therebetween.

17. The method as in claim 16, wherein the second bladder is positioned between a
second row of blades and a second row of stator vanes to form the second circumferential

seal therebetween.

18. The method as in claim 17, wherein cleaning the gas turbine engine within the

isolated area comprises:

18



washing the isolated area to remove a coating on components within the isolated area.

19. The method as in claim 18, wherein the isolated area is washed with an acid to

remove the coating on components within the isolated area.
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