SYSTEM AND METHOD FOR IN SITU BALANCING OF A ROTAMG
COMPONENT OF 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 an in situ repair of an
internal rotating component of a gas turbine engiMere specifically, the present
subject matter relates generally to in situ balagaf an internal rotating 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 neanm generate a primary gas flow.
The high pressure compressor includes annularsaffeows”) of stationary vanes
that direct air entering the engine into downstreaotating 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. Caillety 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 engimeguire a high degree of
periodic maintenance. For example, periodic maitee 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 bodi@fircraft and subsequently
partially or fully disassembled. As such, theggaremethods result in a significant
increase in both the time and the costs assocrdtbdepairing internal engine
components.
[0004] Gas turbine engines include various rotors in yipécal form of bladed

disks. Each rotor disk is specifically configuredhna radially outer rim from which



extends a row of blades. An axially thinner weleexis radially inwardly from the
rim and terminates in an axially thicker hub havingentral bore therein.

[0005] A particular advantage of the bladed disk consitbads that the integral
disk may be smaller since no dovetails are usatitf@nblades are integrally formed
around the disk rim. However, this constructiorr@ases repair difficulty since the
blades are not readily individually removable frtre disk. Minor repairs of the
blade may be made in the bladed disk, but majairépereof requires removal by
cutting of corresponding portions of damaged blaatebeir complete removal, with
the substitution thereof being made by weldingtbeometallurgical bonding process
for achieving the original strength of the bladéskd

[0006]  An additional difficulty in the manufacture of théaded disk is balancing
thereof. All rotor components in a gas turbine aegnust be suitably statically and
dynamically balanced for minimizing rotary imbaladoads during operation for
reducing vibration. The dovetail disk constructmermits the rotor to be initially
balanced during manufacture, with the individualdas being separately
manufactured and matched in position on the diskii@imizing the resulting
imbalance of the assembly thereof.

[0007]  As such, a need exists for a method of in siturizahay of an internal

rotating component, particularly a rotating diskaa@as turbine engine.

BRIEF DESCRIPTION OF THE INVENTION
[0008] 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.
[0009] Methods are generally provided for performing il gialancing of an
internal rotating component of a gas turbine engimeone embodiment, the method
includes inserting a repair tool through an acpessof the gas turbine engine with
the repair tool including a tip end positioned witthe gas turbine engine and a
material supply end positioned outside the gadriarbngine. The tip end of the
repair tool is positioned adjacent to a surfacthefinternal rotating component of the
gas turbine engine. A new material is suppliedhftbe material supply end of the
repair tool to the tip end of the repair tool; as@xpelling from the tip end of the



repair tool in a direction of the surface of theating component such that the new
material is added onto a portion of the rotating.pa

[0010] In another embodiment of the method, a repairitwoiserted through an
access port of the gas turbine engine with theirépal including a tip end positioned
within the gas turbine engine and a material supply positioned outside the gas
turbine engine. The tip end of the repair togiasitioned adjacent to a surface of an
internal component of the gas turbine engine. & ditler material is supplied to the
tip end of the repair tool, and is expelled frora tip end of the repair tool at a high
flow velocity such that the solid filler material directed onto the surface and adheres
to the surface as the solid filler material impahtsinternal component.

[0011] These and other features, aspects and advantatiesmesent invention
will be better understood with reference to théokelng description and appended
claims. The accompanying drawings, which are ipoated in and constitute a part
of this specification, illustrate embodiments af thvention and, together with the

description, serve to explain the principles ofitihesntion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] A full and enabling disclosure of the present iri@n including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the appefideres, in which:
[0013] FIG. 1lillustrates 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;
[0014] FIG. 2 illustrates a partial, cross-sectional visvone embodiment of a
turbine suitable for use within the gas turbineieraghown in FIG. 1, particularly
illustrating access ports defined in the enginegpfowviding internal access to the
turbine;
[0015] FIG. 3 illustrates a partial, cross-sectional visvone 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;



[0016] FIG. 4 illustrates a simplified view of one emboeimh of a system for
performing an in situ balancing of an internal timig component of a gas turbine
engine in accordance with aspects of the presépcumatter, particularly
illustrating a repair tool inserted through an asceort of the engine for supplying
liquid metal to a defect of the internal component;

[0017] FIG. 5illustrates a partial view of the repairltaad the internal
component shown in FIG. 4, particularly illustratia cross-sectional view of a
portion of the repair tool;

[0018] FIG. 6 illustrates a flow diagram of one embodimeaind method for
performing an in situ balancing of an internal timig component of a gas turbine
engine in accordance with aspects of the presépgcumatter;

[0019] FIG. 7 illustrates a simplified view of another emdibment of a system for
performing an in situ balancing of an internal timig component of a gas turbine
engine in accordance with aspects of the presépecumatter, particularly
illustrating a repair tool inserted through an ascport of the engine for supplying a
high velocity solid filler material to a defect thfe internal component;

[0020] FIG. 8 illustrates a partial view of the repairltaad the internal
component shown in FIG. 7, particularly illustratia cross-sectional view of a
portion of the repair tool,

[0021] FIG. 9 illustrates a flow diagram of another eminoeint of a method for
performing an in situ balancing of an internal timig component of a gas turbine
engine in accordance with aspects of the pres&pcumatter; and

[0022] FIG. 10 illustrates an exemplary bladed disk haviagy material added
thereon for balancing thereof.

DETAILED DESCRIPTION OF THE INVENTION
[0023] Reference now will be made in detail to embodimentke 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 inventiohawit 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 raghpe claims and their equivalents.
[0024] In general, the present subject matter is diretiedsystem and method
for performing in situ balancing (i.e., rebalanging an internal component of a gas
turbine engine. Specifically, in several emboditsethe system may include a repair
tool configured to be inserted through an accessgithe gas turbine engine to
allow a repair tip or tip end of the tool to be piosied adjacent to a surface of an
internal component of the engine. As will be dissd below, the repair tool may be
configured to supply a filler material from a loicet exterior to the engine to the
surface of the rotating component to add additioea¥ material to the component.
For example, in one embodiment, the repair tool beagonfigured to supply liquid
metal from the exterior of the engine onto the atefof the rotating component. The
liquid metal may then cool and solidify onto thefaae, thereby adding weight onto a
portion of the surface of the rotating compondntanother embodiment, the repair
tool may be configured to supply high velocity ddiller material from the exterior

of the engine onto the surface of the rotating comemt. Upon impacting a surface of
the defect, the high velocity material may plastycdeform and adhere to the
surface, thereby adding weight to the surface @ftitating component.

[0025] It should be appreciated that the disclosed sysi@imethod may
generally be used to perform in situ repairs (dglancing) of internal rotating
components (e.g., particularly rotating disks) tedawithin any suitable type of gas
turbine engine, including aircraft-based turbingieas and land-based turbine
engines, regardless of the engine’s current asyestdte (e.g., fully or partially
assembled). Additionally, with reference to aiftemgines, it should be appreciated
that the present subject matter may be implemesreaing or off wing.

[0026] At least some known rotor assemblies include coraptasuch as, but not
limited to, disks, shafts, spools, bladed diskalssend/or bladed integrated and
individual dovetail attached blades. A bladed dss&ircumferentially continuous and
has substantial hoop strength for withstandingctiverifugal loads developed by the

blades as they rotate during operation about atlatigal or axial centerline axis of



the disk. The disk shape maximizes the strengtiedtievhile minimizing undesirable
weight for effectively supporting the blades ovesubstantial service life.

[0027]  The rotor disks have various forms for supportieigtively large fan rotor
blades and multiple rows of compressor blades dsorg in size for compressing air
during operation. The air is mixed with fuel anditgd for generating hot combustion
gases which flow downstream through various rowsiddine blades increasing in
size on corresponding rotor disks therefor. In paeicular configuration, the blades
may be integrally formed with the rim of the diska unitary or one-piece
construction.

[0028] When off-balance, the measured imbalance may beated by adding
additional material diametrically oppositely frohretangular position of the
imbalance vector, such as at 180° for example.eN&tmay be added to identified
blades, or to the platform region between bladestekial may also be added to
flanges on corresponding extension shafts of thdda disk which are used for
carrying torque load thereto from the low presgurbine of the engine which powers
the bladed disks.

[0029] As an exemplary rotor assembly, FIG. 10 showsairg internal
component 250 in the form of a bladed disk 252e &kemplary bladed disk 252
includes a central disk thick section 254 and agbity of compressor or turbine
blades 256 that are prepared integrally with oratheigically bonded to the thick
section 254. The bladed disk 252 may be made obpayable material, such as, for
example, a nickel-based, cobalt-based, and/orbesed superalloy. A platform 258
forms the radial outer area of the central diskkisiection 254 between the plurality
of compressor or turbine blades 256.

[0030] The bladed disk may be included in any gas turbimgne, including
propulsion engines such as turbofans, turboshaftspprops, etc. For example, FIG.
1 illustrates a cross-sectional view of one embedinhof a gas turbine engine 10 that
may be utilized within an aircraft in accordancéhnaspects of the present subject
matter, with the engine 10 being shown having gitoinal or axial centerline axis
12 extending therethrough for reference purposegieneral, the engine 10 may
include a core gas turbine engine (indicated gdligedog reference character 14) and a

fan section 16 positioned upstream thereof. The engine 14 may generally include



a substantially tubular outer casing 18 that defime annular inlet 20. In addition,
the outer casing 18 may further enclose and supgpoobster compressor 22 for
increasing the pressure of the air that entersahe engine 14 to a first pressure
level. A high pressure, multi-stage, axial-flonngaressor 24 may then receive the
pressurized air from the booster compressor 2Zwatttker increase the pressure of
such air. The pressurized air exiting the highspuee compressor 24 may then flow
to a combustor 26 within which fuel is injectedarnhe flow of pressurized air, with
the resulting mixture being combusted within thenbastor 26. The high energy
combustion products are directed from the combuwalong the hot gas path of the
engine 10 to a first (high pressure) turbind@8driving the high pressure compressor
24via a first (high pressure) drive shaft 30, andhtteea second (low pressure)
turbine 32for driving the booster compressor &2d fan section 1@a a second (low
pressure) drive shaft 3hat is generally coaxial with first drive shaft. 3iter driving
each of turbines 28nd 32, the combustion products may be expelled fhe core
engine 14via an exhaust nozzle 36 to provide propulsiveheist.

[0031] 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 mpied 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. Morecwelownstream
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.

[0032] It should be appreciated that, in several embodiséine 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 spegalcten device 37 (e.g., a reduction
gear or gearbox) to provide an indirect-drive cargel drive configuration. Such a
speed reduction device(s) may also be provideddsstvany other suitable shafts
and/or spools within the engine 10 as desiredaquired.



[0033] During operation of the engine 10, it should berapiated that an initial
air flow (indicated by arrow 50) may enter the eregi0 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 seampressed 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 sedargine 32and exit the exhaust
nozzle 3@&o provide thrust for the engine 10.

[0034] The gas turbine engine 10 may also include a ptyrafl 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&€elengine 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 oneath lof the compressors 22, 24
and/or for providing internal access to one or haftthe turbines 28, 32. In several
embodiments, the access ports 62 may be spacedaly along the core engine
14. For instance, the access ports 62 may be d@peet axially along each
compressor 22, 24 and/or each turbine 28, 32 hathat least one access port 62 is
located at each compressor stage and/or eacheuwstazige 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 apadrmiferentially around each
compressor stage and/or turbine stage.

[0035] It should be appreciated that, although the aqoeds 62 are generally
described herein with reference to providing inéiaccess 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, suslwaincluding access ports 62 that
provide access within the combustor 26 and/or dhgresuitable component of the
engine 10.



[0036] Referring now to FIG. 2, a partial, cross-sectionaW 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, circdiaspaced 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. Additionté/circumferentially spaced
turbine blades 68 may generally be configured terekradially outwardly from a
rotor disk (not shown) that rotates about the aénteaxis 12 (FIG 1) of the engine
10. Moreover, a turbine shroud 76 may be posidamanediately 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.

[0037] As indicated above, the turbine 28 may generalfjute any number of
turbine stages, with each stage including an anmutay 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 mégchéed immediately downstream
of the turbine blades 68 of the first stage ofttirbine 28.

[0038] Moreover, as shown in FIG. 2, a plurality of acgesdgs 62 may be
defined through the turbine casing and/or framé) wach access port 62 being
configured to provide access to the interior ofttivbine 28 at a different axial
location. Specifically, as indicated above, theess ports 62 may, in several
embodiments, be spaced apart axially such that@awdss port 62 is aligned with or
otherwise provides interior access to a differéages of the turbine 28. For instance,
as shown in FIG. 2, a first access port 62A magédfeed through the turbine
casing/frame to provide access to the first stddgleoturbine 28 while a second
access port 62B may be defined through the turtaseng/frame to provide access to
the second stage of the turbine 28.

[0039] It should be appreciated that similar access @@ tay 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. Haestance, in one embodiment, a
plurality of circumferentially spaced access paonesy be defined through the turbine
casing/frame at each turbine stage to provideionteaccess to the turbine 28 at
multiple circumferential locations around the tumdistage.

[0040] 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 ofafsiatompressor 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.

[0041] 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 access96#a, 62b, 62c, 62d are illustrated
that provide access to four successive stagesctgply, of the compressor 24.
[0042] 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.
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[0043] Referring now to FIGS. 4 and 5, simplified viewsoole embodiment of a
system 100 for performing an in situ balancingmifrdernal rotating component of a
gas turbine engine 10 are illustrated in accordantteaspects of the present subject
matter. As shown, the system 100 may include airépol 102 configured to be
inserted through an access port 62 of the gaseidmgine 10, such as any of the
access ports 62 described above with referencEa8.R.-3, to allow an in situ repair
procedure to be performed on an internal rotatomgmonent(s) (indicated by dashed
lines 104) of the engine 10.

[0044] In one embodiment, the repair tool 102 may corredgo any suitable
tool(s) and/or component(s) that may be insertealitih an access port 62 of the gas
turbine engine 10 to allow a new material (e.diller material, a new material, etc.)
to be supplied within the engine 10 for adding maté¢o a surface 105 of the rotating
component 104 being repaired (e.g., a bladed dBlg)supplying a filler material
onto the surface 105 via the repair tool 102, neatenial 108 may supply additional
weight on a portion of the rotating component l&ishown in FIG. 5.

[0045] In several embodiments, the repair tool 102 magddigured to supply
liquid metal within the interior of the gas turbiaagine 10 as the filler material. For
example, liquid metal may be transported via thpairetool 102 from a location
exterior to the gas turbine engine 10 to a locawahin the engine 10 to allow the
liquid metal to be coated or otherwise directeddhe surface 105 defined by the
component 104. The liquid metal may then solidifythe surface 105 as the metal
cools. It should be appreciated that the liquidain@ay generally correspond to any
suitable metal material. For example, in one enrhedt, the liquid metal may
correspond to the parent metal material of themalecomponent 104 being repaired.
In other embodiments, the liquid metal may correspim any other metal material
that is suitable for use as a repair material withgas turbine engine 10.

[0046]  As shown in the illustrated embodiment, the ref@of 102 may include a
high temperature conduit 110 for transporting theitl metal from outside the engine
10 to the location of the defect 106. Specificadly shown in FIG. 4, the high
temperature conduit 110 may extend lengthwise batveetip end 112 located within
the gas turbine engine 10 and a material supplyléddocated exterior to the engine
10. The tip end 112 of the tool 102 may genetadlyconfigured to be positioned
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adjacent to the component 104 for directing theitlanetal onto the surface 105.
Additionally, the material supply end 114 of thelta02 may generally be configured
to receive liquid metal from a liquid metal sourdeor example, as shown in FIG. 5,
liquid metal contained within a furnace 116 (orestbuitable liquid metal source)
located exterior to the gas turbine engine 10 neagupplied to the material supply
end 114 of the tool 102 (e.g., as indicated byvart®@8). The liquid metal received at
the material supply end 114 may then be directszltih the high temperature
conduit 110 to the tip end 112 of the tool 102ltovathe liquid metal to be delivered
to the surface 105.

[0047] It should be appreciated that the high temperatoneluit 110 may
generally be formed from any suitable high tempegataterial that allows the
conduit 110 to serve as a fluid delivery meangHerliquid metal. For example, in
several embodiments, the high temperature cond@itday be formed from a
ceramic material capable of withstanding tempeestabove the melting temperature
of the metal being supplied onto the surface 186wever, in other embodiments,
the conduit 110 may be formed from any other siethigh temperature material.
[0048]  Additionally, as particularly shown in FIG. 5, thepair tool 102 may
include one or more heating elements (indicateddshed lines 120) provided in
operative association within the high temperataredait 110. In general, the heating
element(s) 120 may be configured to generate higdlaitvthe high temperature
conduit 110 as liquid metal is being supplied tiglothe conduit 110 so as to
maintain the metal in its liquid state. For examph one embodiment, the heating
element(s) 120 may correspond to a resisting hgpatement(s), such as one or more
resistance wires, that is integrated into or inocaped within a wall(s) of the conduit
110. However, in another embodiment, the heatiegnent(s) 120 may correspond to
any other suitable heat generating device(s) amdimponent(s) that may be used to
provide heating within the conduit 110 so as tontaan the temperature of the liquid
metal at or above its melting temperature.

[0049] Moreover, in several embodiments, the repair t@@ thay also include a
nozzle 122 positioned at or adjacent to the tip Etelof the tool 102. In general, the
nozzle 122 may be configured to provide enhancatraloof the direction of the flow
of the liquid metal expelled from the tool 102.rfexample, as shown in FIG. 5, the
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nozzle geometry may converge in the direction eftiph end 112 of the tool 102 to
allow for precise control of the flow of the liquidetal relative to the surface 105. It
should be appreciated that, in one embodimentdlzele 122 may be formed
integrally within the high temperature conduit 11&lternatively, the nozzle 122 may
correspond to a separate component configured seferately coupled to the
conduit 110.

[0050]  Additionally, the system 100 may also include atiagh probe 130
configured to be used in association with the mefoal 102. For instance, as shown
in FIG. 4, the optical probe 130 corresponds teagate component configured to be
used in combination with the repair tool 102 fodiag) new material 108 onto the
surface 105. However, in other embodiments, thieaprobe 130 may be coupled
to or integrated within the repair tool 102. Aduiially, as shown in FIG. 4, the
optical probe 130 has been inserted through the saress port 62 as the repair tool
102. However, in other embodiments, the probert89 be inserted into a different
access port 62 than the repair tool 102, such as@ess port 62 located adjacent to
the access port 62 within which the repair tool h88 been inserted.

[0051] In general, the optical probe 130 may corresporahtosuitable optical
device that allows images of the interior of thgiae 10 to be captured or otherwise
obtained. For instance, in several embodimengspgtical probe 130 may
correspond to a borescope, videoscope, fiberscopeyoother 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 embodimergsytical probe 130 may include
one or more optical elements (indicated scheméatibgl dashed box 132), such as
one or more optical lenses, optical fibers, imagature devices, cables, and/or the
like, for obtaining views or images of the interairthe engine 10 at a tip 134 of the
probe 130 and for transmitting or relaying suchgesfrom the probe tip 134 along
the length of the probe 130 to the exterior oféhgine 10 for viewing by the
personnel performing the repair procedure on ttexmal component(s) 104. In
addition, the probe 130 may include a light sonedicated by dashed box 136)
positioned at or adjacent to the probe tip 134rtwide lighting within the interior of
the engine 10
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[0052] As shown in FIG. 4, the optical probe 130 may atetude an articulation
assembly 138 that allows the orientation of théopriyp 134 to be adjusted within the
interior of the gas turbine engine 10. For examble articulation assembly 138 may
allow for the probe tip 134 to be rotated or piebédout a single axis or multiple
axes to adjust the orientation of the tip 134 re¢ato the remainder of the probe 130.
It should be appreciated that the articulation r&de 138 may generally have any
suitable configuration and/or may include any saldacomponents that allow for
adjustment of the orientation of the probe tip i&8ative to the remainder of the
probe 130. For example, in one embodiment, a |yt articulation cables 140
may be coupled between the probe tip 134 and on®og articulation motors 142.

In such an embodiment, by adjusting the tensiah@ttables 140 via the motor(s)
142, the probe tip 144 may be reoriented withingag turbine engine 10.

[0053] Referring now to FIG. 6, a flow diagram of one emlipent of a method
200 for performing an in situ repair of an internamponent of a gas turbine engine
is illustrated in accordance with aspects of thresent subject matter. In general, the
method 200 will be discussed herein with referdndée gas turbine engine 10 and
the system 100 described above with reference@$F1-5. However, it should be
appreciated by those of ordinary skill in the hettthe disclosed method 200 may
generally be implemented with gas turbine engirasry any other suitable engine
configuration and/or with systems having any othétable system configuration. In
addition, although FIG. 6 depicts steps perfornmed particular order for purposes of
illustration and discussion, the methods discussedin are not limited to any
particular order or arrangement. One skilled maht, using the disclosures provided
herein, will appreciate that various steps of tlethnads disclosed herein can be
omitted, rearranged, combined, and/or adaptedriovgaways without deviating

from the scope of the present disclosure.

[0054] As shown in FIG. 6, at (202), the method 200 majuitle inserting a
repair tool through an access port of the gasrerbngine such that the tool includes
a tip end positioned within the engine and a maltsuapply end positioned outside the
engine. For example, as indicated above, therépali102 may include a high
temperature conduit 110 extending lengthwise betvitseopposed ends 112, 114. In
such an embodiment, by inserting a portion of tedait 110 through an access port
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62 of the gas turbine engine 10, the tip end 1ltP@fepair tool 102 may be located
within the interior of the engine 10 while the mré&ksupply end 114 of the tool 102
may be positioned outside the engine 10. Additignat (204), the method 200 may
include positioning the tip end of the repair tadjacent to a surface of an internal
rotating component of the gas turbine engine.

[0055]  Moreover, at (206), the method 200 may include Bupg new material
from the material supply end of the repair toalite tip end of the repair tool. For
example, as indicated above, the system 100 mayd@@ new material source
located exterior to the gas turbine engine 10, sxsca furnace 116 containing liquid
metal. The new material may then be directed frlmensource 116 through the high
temperature conduit 110 to the tip end 112 of épair tool 102.

[0056] Further, at (208), the method 200 may include dxyethe new material
from the tip end of the repair tool in a directwinthe surface such that the new
material is applied onto the component. Specificals indicated above, the liquid
metal directed through the high temperature corillOtmay be expelled from the
tool 102 its tip end 112 and may flow onto the acef 105 of the component 104.
The liquid metal may then cool and solidify, therelolding new material 108 onto
the surface 105 of the component 104.

[0057] Referring now to FIGS. 7 and 8, simplified viewsapiother embodiment
of a system 300 for performing an in situ repaiaofinternal component of a gas
turbine engine 10 are illustrated in accordancé agpects of the present subject
matter. As shown, the system 300 may include airépol 302 configured to be
inserted through an access port 62 of the gasiidmgine 10, such as any of the
access ports 62 described above with referencia8.A-3, to allow an in situ
balancing to be performed on an internal rotatimggonent(s) (indicated by dashed
lines 104) of the engine 10.

[0058]  Similar to the repair tool 102 described above répair tool 302 may be
configured to be inserted through an access poof 82 gas turbine engine 10 to
allow a filler material to be supplied within theggne 10 for adding additional new
material 108 onto the surface 105 of the interatdtmg component(s) 104 to be
repaired (e.g., a bladed disk(s)). However, urntileeembodiment described above,
the filler material may correspond to a solid filkeaterial (e.g., a solid powder
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material or a solid granularized material) confeglito be directed onto the surface
105 at a high velocity such that the material agd@r mechanically bonds to the
surface 105 (FIG. 8) of the defect 106 as it impdoe internal component 104. In
such an embodiment, the solid filler material mayttansported via the repair tool
302 from a location exterior to the gas turbineiead.0 to a location within the
engine 10 to allow the material to be expelledpraged into the fillable volume 108
as a high velocity powder or projectile. Due ®htgh kinetic energy, the filler
material may undergo plastic deformation and adtwetke surface 105 as the high
velocity particles/projectiles impact the intersamponent 104.

[0059] As shown in the illustrated embodiment, the rep@ot 302 may include a
supply conduit 310 for transporting the solid filleaterial from outside the engine 10
to the location of the surface 105. Specificadly,shown in FIG. 7, the supply
conduit 310 may extend lengthwise between a tipHridlocated within the gas
turbine engine 10 and a material supply end 31dtéutexterior to the engine 10.
The tip end 312 of the repair tool 302 may gengitad configured to be positioned
adjacent to the location of the surface 105 foeating the filler material into the
component 104. Additionally, the material supphg 814 of the repair tool 302 may
generally be in fluid communication with both ddil material source and a high
pressure gas source. For example, as shown in7/Fig@wder material (indicated by
arrow 350) provided via a powder feeder or othevger source 352 may be mixed
with a pressurized gas flow (indicated by arrow)3®&¢eived from a pressurized gas
source 356. The pressurized stream of powderégasved at the material supply end
314 of the tool 302 may then be directed throughstipply conduit 310 to the tip end
312 of the tool 302 for subsequent delivery toshdace 105.

[0060] It should be appreciated that the solid filler mialeused within the system
300 may generally correspond to any suitable nedtdrat may be mechanically
bonded to the inner surface 109 of the defect 1@@hastic deformation of the
material upon impact with the internal component,uch as any suitable powder
material or other material typically utilized witha cold spraying process. However,
in several embodiments, the solid filler materiayncorrespond to a metal-based

solid powder material or a ceramic-based solid powdaterial.
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[0061] It should also be appreciated that the gas mixd¢h thve filler material

may generally correspond to any suitable gas. Weweén several embodiments, the
gas may correspond to helium, nitrogen and/or lairaddition, in one embodiment,
the gas flow provided from the pressurized gas@866 may be heated. For
example, the gas flow may be directed through ahgager (not shown) positioned
upstream of the location at which the gas flow iged with the solid filler material.
[0062]  Additionally, the repair tool 302 may also inclual@ozzle 360 positioned
at or adjacent to the tip end 312 of the repail 302 for increasing the flow velocity
of the stream of filler material/gas being expelbedsprayed from the tool 302 into
the surface 105. As particularly shown in FIGtH& nozzle 360 may define a
convergent-divergent geometry to allow the streéifiller material /gas to be
accelerated as it flows through the nozzle 36Q. eikample, the nozzle may be
configured as a De Laval nozzle and, thus, maydehln upstream convergent
section 362 and a downstream divergent section 384such, as the stream of filler
material /gas is directed from the convergent eac362 to the divergent section 364,
the stream may be accelerated to a significantiy kelocity. The high velocity, high
energy particles/projectiles expelled from theetiqu 312 of the tool 302 may then
impact the surface 105 and undergo plastic defoomathereby allowing the
particles/projectiles to mechanically bond to tbhdace 105.

[0063] It should be appreciated that the nozzle 360 magmgdly be configured

to accelerate the stream of filler material /gaany suitable velocity that allows for
the particles/projectiles to mechanically bondhe surface 105 upon impact with the
internal component 104. For example, in one embedt, the nozzle 360 may be
configured to accelerate the stream of filler matédgas to a supersonic flow
velocity, such as a flow velocity greater than a®80 meters per second.

[0064]  Additionally, as shown in FIG. 7, the system 300/raks0 include an
optical probe 330 configured to be used in associatith the repair tool 302. In
general, the optical probe 330 may be configuredstime as or similar to the optical
probe 130 described above with reference to FIG=at.example, the optical probe
330 may correspond to a borescope, videoscopéenstiope or any other similar
optical device known in the art that allows for theerior of a gas turbine engine 10
to be viewed through an access port 62. In sudnardiment, the optical probe
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330 may include one or more optical elements (meid schematically by dashed box
332), such as one or more optical lenses, opiicaid, image capture devices, cables,
and/or the like for obtaining views or images df thterior of the engine 10 at a tip
334 of the probe 330 and for transmitting or retgysuch images from the probe tip
334 along the length of the probe 330 to the exteri the engine 10 for viewing by
the personnel performing the repair procedure enrternal component(s) 104. In
addition, the probe 330 may include a light sonedicated by dashed box 336)
positioned at or adjacent to the probe tip 334rtwige lighting within the interior of
the engine 10 and an articulation assembly 338, {@/gncluding one or more
articulation cables 340 and an associated artioalaotor(s) 342) for adjusting the
orientation of the probe tip 334 within the interad the engine 10.

[0065]  Additionally, although not shown, it should be agpated that the repair
tool 302 may also include a suitable means forsdoljg the orientation of its tip end
312 relative to the remainder of the tool 302. Rstance, the repair tool 302 may
include an articulation assembly similar to thécatttion assembly 338 used for the
optical probe 330 to allow the location of theeipd 312 to be accurately positioned
relative to the surface 105 being repaired.

[0066] Referring now to FIG. 9, a flow diagram of anotkarbodiment of a
method 400 for performing an in situ balancing wfir@ternal rotating component of a
gas turbine engine is illustrated in accordancé agpects of the present subject
matter. In general, the method 400 will be diseddserein with reference to the gas
turbine engine 10 described above with referendd@®s. 1-3 and the system 300
described above with reference to FIGS. 7 and 8weé¥er, it should be appreciated
by those of ordinary skill in the art that the diised method 400 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. 9 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 tlethnds disclosed herein can be
omitted, rearranged, combined, and/or adaptedriougaways without deviating

from the scope of the present disclosure.
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[0067] As shown in FIG. 9, at (402), the method 400 majuitle inserting a

repair tool through an access port of the gasrierbngine such that the tool includes
a tip end positioned within the engine and a maktstpply end positioned outside the
engine. For example, as indicated above, therépali302 may include a high
supply conduit 310 extending lengthwise betweenpisosed ends 312, 314. In such
an embodiment, by inserting a portion of the con@w0 through an access port 62 of
the gas turbine engine 10, the tip end 312 ofépair tool 302 may be located within
the interior of the engine 10 while the materigdgly end 314 of the tool 102 may be
positioned outside the engine 10. Additionally(3§14), the method 300 may include
positioning the tip end of the repair tool adjacena surface of an internal rotating
component of the gas turbine engine.

[0068] Moreover, at (406), the method 400 may include kupg a solid filler
material to the tip end of the repair tool. Foaewle, as indicated above, the repair
tool 302 may be in fluid communication with botprassurized gas source 356 and a
filler material source 354 to allow a pressurizedam of filler material/gas to be
received at the material supply end 314 of the 30@. The pressurized stream of
filler material/gas may then be directed through shpply conduit 310 to the tip end
312 of the tool 302.

[0069] Further, at (408), the method 400 may include dxjpethe solid filler
material from the tip end of the repair tool atighhflow velocity such that the
material is directed onto the surface and adheressurface of the defect as the
material impacts the internal component. Spedificas indicated above, the
pressurized stream of filler material/gas may beated through a nozzle 360
positioned at or adjacent to the tip end 312 ofttld 302 in order to accelerate the
stream of filler material/gas to a substantiallgthflow velocity, such as a supersonic
velocity. The high velocity, high energy parti¢la®jectiles expelled from the tip

end 312 of the tool 302 may then impact the surl@&eand undergo plastic
deformation, thereby allowing the particles/prajestto mechanically bond to the
surface 105.

[0070]  This written description uses examples to disctbednvention, including
the best mode, and also to enable any persondkillhe art to practice the

invention, including making and using any devicesystems and performing any
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incorporated methods. The patentable scope ahtteamtion 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 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.

20



WHAT IS CLAIMED IS:

1. A method for performing in situ balancing of an internal rotating disk of a gas turbine
engine, the method comprising:

inserting a repair tool through an access port of the gas turbine engine, the repair tool
including a tip end positioned within the gas turbine engine and a material supply end
positioned outside the gas turbine engine, wherein the repair tool includes a high temperature
conduit extending lengthwise between the material supply end of the repair tool and the tip
end of the repair tool, and wherein the repair tool includes a nozzle positioned at or adjacent

to the tip end of the repair tool;

inserting an optical probe through the access port or an adjacent access port of the
gas turbine engine, the optical probe being configured to provide a view of the internal rotating
disk within the gas turbine engine;

positioning the tip end of the repair tool adjacent to a surface of the internal rotating

disk of the gas turbine engine;

supplying a liquid metal from the material supply end of the repair tool through the high

temperature conduit to the tip end of the repair tool; and

expelling the liquid metal from the nozzle in a direction of the surface of the rotating
disk such that the liquid metal is directed into a fillable volume defined by a defect on the

rotating disk such that the disk is weight balanced circumferentially.

2. The method of claim 1, wherein the internal rotating disk is a bladed disk that includes

an airfoil extending from a platform.

3. The method of claim 2, wherein the liquid metal is added to the platform.
4. The method of claim 1, wherein the high temperature conduit is formed from a ceramic
material.
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5. The method of claim 4, wherein the repair tool further includes a heating element
provided in operative association with the high temperature conduit, further comprising
generating heat within the high temperature conduit via the heating element as the liquid metal

is being supplied through the high temperature conduit.

6. The method of claim 1, wherein positioning the tip end of the repair tool adjacent to the
surface comprises positioning the tip end relative to the surface based on the view provided

by the optical probe.

7. The method of claim 1, wherein the liquid metal added is sufficient to balance the

weight of the rotating disk around an axis.

8. A method for performing in situ balancing of an internal rotating disk of a gas turbine

engine, the method comprising:

inserting a repair tool through an access port of the gas turbine engine, the repair tool
including a tip end positioned within the gas turbine engine and a material supply end

positioned outside the gas turbine engine;

inserting an optical probe through the access port or an adjacent access port of the
gas turbine engine, the optical probe being configured to provide a view of the internal rotating

component within the gas turbine engine;

positioning the tip end of the repair tool adjacent to a surface of the internal rotating

disk of the gas turbine engine;
supplying a solid filler material to the tip end of the repair tool; and

expelling the solid filler material from the tip end of the repair tool at a sufficient flow
velocity such that the solid filler material is directed onto the surface and adheres to the surface
as the solid filler material impacts the internal rotating disk at a location on the disk such that
the disk is weight balanced circumferentially, wherein the solid filler material is directed into a

fillable volume defined by a defect on the internal rotating disk.

9. The method of claim 8, wherein the solid filler material corresponds to a metallic-based

solid powder material or a ceramic-based solid powder material.
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10. The method of claim 8, wherein expelling the solid filler material from the tip end of the
repair tool at a high flow velocity comprises expelling the solid filler material from the tip end

at a supersonic flow velocity.

11. The method of claim 8, wherein supplying the solid filler material to the tip end of the
repair tool comprises supplying a pressurized mixture of gas and the filler material through a

nozzle positioned at or adjacent to the tip end of the repair tool.

12. The method of claim 11, wherein the nozzle defines a convergent-divergent nozzle

geometry.

13. The method of claim 8, wherein the solid filler material undergoes plastic deformation
and mechanically bonds to the surface of the defect as the solid filler material impacts the

internal component.
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