SYSTEM AND METHOD FOR IN SITU REPAIR OF
TURBINE BLADES OF GAS TURBINE ENGINES

FIELD OF THE INVENTION

[0001] The present invention relates generally to gasnarengines, and more
specifically, to systems and methods for in-sifpare of turbine blades of gas turbine

engines.
BACKGROUND OF THE INVENTION

[0002] A gas turbine engine generally includes, in sdltal order, a compressor
section, a combustion section, a turbine secti@haamexhaust section. In operation,
air enters an inlet of the compressor section wheesor more axial or centrifugal
compressors progressively compress the air umgbithes the combustion section.
Fuel is mixed with the compressed air and burndlimthe combustion section to
provide combustion gases. The combustion gaseasaied from the combustion
section through a hot gas path defined within thkibhe section and then exhausted

from the turbine section via the exhaust section.

[0003] In particular configurations, the turbine sectianludes, in serial flow
order, a high pressure (HP) turbine and a low piresd_P) turbine. The HP turbine
and the LP turbine each include various rotataldleine components such as a rotor
shatft, rotor disks mounted or otherwise carriedh®yrotor shaft, turbine blades
mounted to and radially extending from the perigharthe disks, and various
stationary turbine components such as stator vaneszzles, turbine shrouds, and
engine frames. The rotatable and stationary terbemponents at least partially
define the hot gas path through the turbine sectior example, the gas turbine
buckets or blades generally have an airfoil shagségded to convert the thermal and
kinetic energy of the flow path gases into mechalmatation of the rotor. As the
combustion gases flow through the hot gas pathpthleenergy is transferred from
the combustion gases to the rotatable and stajiduebine components. Such gas

turbine engines are commonly employed on an aircraf

[0004] During operation, turbine blades can be damagadd®stion of various
substances, e.g. ice ingestion, which can be diffand expensive to repair. More



specifically, such ingestion can cause blade tilgading/trailing edge damage which
includes local tip bending. To repair such damagjeg conventional methods, large
bending tools are used which require certain imlligl gas turbine components to be
removed from the gas turbine assembly. In sontaness, the gas turbine engine
may have to be removed from the wing of the aitcrahus, such repairs can be

time-consuming and expensive.

[0005] In view of the aforementioned, an improved syst&wh @method for in-situ
(i.e. on-wing) repairing of turbine blade would &#vantageous. More specifically, a
system and method for repairing of turbine bladagia local in-situ repair tool

would be desired in the art.
BRIEF DESCRIPTION OF THE INVENTION

[0006] 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.

[0007] In one aspect, the present disclosure is directadstystem for repairing a
bend in a turbine blade of a turbine of a gas hel@ngine. The system includes an
articulating guide configured to fit into an accesst of the turbine. Further, the
articulating guide includes a proximal end andsdadiend. The system also includes
a repair tool configured at a distal end of thecalating guide. Moreover, the repair
tool is configured to fit over the turbine blad€hus, the repair tool is configured to
bend the turbine blade to an unbent position wthideturbine blade is secured within

the turbine.

[0008] In another aspect, the present disclosure is éideict a method for
repairing a bend in a turbine blade of a turbina gas turbine engine. The method
includes inserting an articulating guide into aness port of the turbine, wherein the
articulating guide has a repair tool at a distal #rereof. Thus, the method also
includes positioning the repair tool over the tagblade in a first direction. Further,
the method includes pulling the repair tool alonghard of the turbine blade in a
second, opposite direction so as to bend or stegpritbine blade back to an unbent

position.



[0009] In yet another aspect, the present disclosureeéstaid to a method for
repairing a bend in a turbine blade of a gas terleimgine. The method includes
inserting an articulating guide into an access pbthe turbine, with the articulating
guide having a repair tool at a distal end therdldfe method also includes mounting
the repair tool to the turbine blade. Further,rttethod includes applying force, via
the repair tool, at the bend of the turbine blamlasto bend or shape the blade back

to an unbent position.

[0010] These and other features, aspects and advantatfesesent invention
will become better understood with reference tofttiewing description and
appended claims. The accompanying drawings, wdniehncorporated in and
constitute a part of this specification, illustrarmbodiments of the invention and,
together with the description, serve to explaingheciples of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The subject matter which is regarded as the ingan$ particularly
pointed out and distinctly claimed in the concludpart of the specification. The
invention, however, may be best understood by eefe to the following description

taken in conjunction with the accompanying drawfiggres in which:

[0012] FIG. 1 illustrates a cross-sectional view of ondediment of a gas
turbine engine that may be utilized within an aftaccording to the present

disclosure;

[0013] FIG. 2 illustrates 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;

[0014] FIG. 3 illustrates a perspective view of one embadit of a turbine blade

of a turbine of a gas turbine engine accordindnéofdresent disclosure;

[0015] FIG. 4 illustrates a simplified view of one emboeim of a system for
performing an in situ repair of a turbine bladexgjas turbine engine according to the
present disclosure, particularly illustrating aaiepool inserted through an access port

of the engine to access the turbine blade;



[0016] FIG. 5 illustrates a partial view of one embodimeha repair tool
temporarily secured to a blade tip of the turbilaglb in order to perform an in situ

repair thereon;

[0017] FIG. 6 illustrates a partial view of another emimoeint of a repair tool
temporarily secured to a blade tip of the turbilaglb in order to perform an in situ

repair thereon;

[0018] FIG. 7 illustrates a flow diagram of one embodimeind method for
repairing a bend in blade tip of a turbine blada tdirbine of a gas turbine engine

according to the present disclosure; and

[0019] FIG. 8 illustrates a flow diagram of another eminoeint of a method for
repairing a bend in blade tip of a turbine blada tdirbine of a gas turbine engine

according to the present disclosure.
DETAILED DESCRIPTION OF THE INVENTION

[0020] 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.

[0021] As used herein, the terms “first”, “second”, ankiifd” may be used
interchangeably to distinguish one component frowtlzer and are not intended to

signify location or importance of the individualmponents.

[0022] The terms “upstream” and “downstream” refer torilative direction
with respect to fluid flow in a fluid pathway. Ferample, “upstream” refers to the
direction from which the fluid flows, and “downsam” refers to the direction to

which the fluid flows.



[0023] Generally, the present disclosure is directed torgmoved system and
method for repairing a bend in a turbine blade. (@.the blade tip and/or the leading
or trailing edges) of a turbine of a gas turbingiea. The system includes an
articulating guide configured to fit into an accesst of the turbine and a repair tool
configured at a distal end of the articulating guidrurther, the repair tool is
configured to fit over the turbine blade. Thu® thpair tool is configured to bend or
shape the turbine blade to an unbent position whéeurbine blade is secured within

the turbine, i.e. in situ.

[0024] It should be appreciated that the disclosed syst@immethod may
generally be used to perform in situ repairs dbing blades located within any
suitable type of gas turbine engine, includingraiitetbased 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] Thus, the present disclosure provides many advastagt present in the
prior art. For example, when servicing a gas nel@ngine, some repair activities
require access to bending tools that are largeemure certain parts of the individual
gas turbine components to be removed from theughge assembly. Thus, the in
situ repairs of the present disclosure lower teise time and cost associated with
repairing damaged blades. More specifically, ttesent disclosure is configured to
perform restorative shaping in situ using intemralemporary grounding and force
application tools, which reduces the level of dseasbly that is required to field
service a gas turbine engine. As such, the presscibsure reduces time and labor
requirements associated with bent turbine bla#festher, the present disclosure
provides a simple repair method, thereby makingitun+epairs of turbine blades easy

and efficient.

[0026] 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@e@gas 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 ootesing 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 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 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) turbindd@2iriving 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 turles 28and 32, the combustion products
may be expelled from the core engineviatan exhaust nozzle 36 to provide

propulsive jet thrust.

[0027] Additionally, as shown in FIG. 1, the fan sectidhdf the engine 10 may
generally include a rotatable, axial-flow fan roémsembly 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 mured 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. Morgavelownstream
section 46f the fan casing 40 may extend over an outer gouf the core engine 14
S0 as to define a secondary, or by-pass, airflavdei 48 that provides additional

propulsive jet thrust.

[0028] 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 spe@dcteon 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 provideddmivany other suitable shafts

and/or spools within the engine 10 as desiredauired.

[0029] 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 thpasses through the fan bladesasd

splits into a first compressed air flow (indicatgdarrow 54) that moves through
conduit 48and a second compressed air flow (indicated bya8s®) which enters the
booster compressor 22. The pressure of the semmgressed air flow 56 then
increased and enters the high pressure compre$é4as 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.

[0030] 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 hadtthe turbines 28, 32. In several
embodiments, the access ports 62 may be spacedaaly 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 fathat 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 apadrmiferentially around each
compressor stage and/or turbine stage.

[0031] 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, suslwaincluding access ports 62 that
provide access within the combustor 26 and/or dhgrcsuitable component of the
engine 10.

[0032] Referring now to FIG. 2, a partial, cross-sectionaWw 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 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.

[0033] As indicated above, the turbine 28 may generaltjute any number of
turbine stages, with each stage including an anmautay 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.

[0034] Moreover, as shown in FIG. 2, a plurality of accesds 62A, 62B may be
defined through the turbine casing and/or framéh wach access port 62A, 62B
being configured to provide access to the intesfdhe turbine 28 at a different axial
location. Specifically, as indicated above, theess ports 62A, 62B may, in several
embodiments, be spaced apart axially such that@awdss port 62A, 62B is aligned
with or otherwise provides interior access to &dént stage of the turbine 28. For

instance, as shown in FIG. 2, a first access gAtiay be defined through the



turbine casing/frame to provide access to the siiage of the turbine 28 while a
second access port 62B may be defined throughutbane casing/frame to provide

access to the second stage of the turbine 28.

[0035] It should be appreciated that similar access @@ tnay also be provided
for any other stages of the turbine 28 and/or fyrtarbine 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.

[0036] Referring now to FIG. 3, an exemplary turbine bla@é of the gas turbine
engine 10 of FIG. 1 is illustrated. As shown, litede 100 is generally represented as
being adapted for mounting to a disk or rotor @taawn) within the turbine section of
the gas turbine engine 10. For this reason, tiente blade 100 is represented as
including a dovetail 102 for anchoring the blad® 1®a turbine disk by interlocking
with a complementary dovetail slot formed in theemference of the disk. As
represented in FIG. 2, the interlocking featurey malude protrusions referred to as
tangs 104 that engage recesses defined by theadalet. The blade 100 is further
shown as having a platform 106 that separatesrml 408 from a shank 105 on
which the dovetail 102 is defined. The turbinedield 00 also includes a blade tip 109
disposed opposite the platform 106, a leading 4@&e and a trailing edge 107. As
such, the blade tip 109 generally defines the Hydiaitermost portion of the blade
100 and, thus, may be configured to be positionkacant to a stationary shroud (not

shown) of the gas turbine engine 10.

[0037] During operation of the gas turbine engine 100estipn of various
substances (such as ice) into the HP or LP turl#8e82 can damage the turbine
blade 100. Further, because they are directlyestdl to hot combustion gases
during operation of the engine 10, the airfoil 1D®luding the leading and trailing
edges 105, 107), platform 106, and/or blade tipt¥pally have very demanding
material requirements. The platform 106 and tlaeléltip 109 are further critical



regions of the turbine blade 100 in that they @dlae inner and outer flowpath
surfaces for the hot gas path within the turbireise. In addition, the platform 106
creates a seal to prevent mixing of the hot conibnugfases with lower temperature
gases to which the shank 105, its dovetail 102 th@durbine disk are exposed.
Further, the blade tip 109 may be subjected topcdee to high strain loads and wear
interactions between it and the shroud surrounttisgdlade tips 109. The dovetail
102 is also a critical region in that it is subgetto wear and high loads resulting from
its engagement with a dovetail slot and the higtirdegal loading generated by the
blade 100. As such, the present disclosure istéideto an improved system and
method for repairing the turbine blades 100 indhent that the blade 100 is bent
during operation, e.g. via ingestion.

[0038] Referring now to FIG. 4, a simplified view of oneleodiment of a system
110 for performing an in situ repair of a turbidade 100 of a gas turbine engine 10
is illustrated according to the present disclosWare specifically, as shown, the
system 110 is configured to repair a bend in thedtip 109 or the leading and
trailing edges 105, 107 of the turbine blade 1BQrther, as shown, the system 110
includes an articulating guide configured to filoimn access port 62 of the turbine 28,
32 and a repair tool 112. The articulating guigelescribed herein may include any
suitable guide or arm configured to fit within vaus ports 62 and/or the inlet 52 of
the engine 10. For example, in one embodimentatteulating guide may include a
snake-arm robot. More specifically, the articulgtguide has a proximal end 116 and
distal end 118. Thus, as shown, the repair todlid tonfigured with the distal end
118 of the articulating guide 114 such that thé 1d@ can be easily inserted through
an access port 62 of the gas turbine engine 16, auany of the access ports 62
described above with reference to FIGS. 1-3, tmwaln in situ repair procedure to be
performed on the turbine blade 100. Further, asvahn FIGS. 4-6, the repair tool
112 may be configured to fit over the blade tip.108reover, the repair tool 112 is
configured to bend or reshape the turbine bladetd@8 original, unbent position
while the turbine blade 100 is secured within tmbine 28, 32, i.e. in-situ.

[0039] Referring now to FIG. 5, a detailed view of theddaip 109 of the turbine
blade 100 configured with one embodiment of thaeol 112 according to the

10



present disclosure is illustrated. In general répair tool 112 may correspond to any
suitable tool(s) and/or component(s) that may kertied through an access port 62 of
the gas turbine engine 10 and attach onto thenediade 100 to perform repair work
thereon. For example, as shown in FIGS. 4 andebrepair tool 112 may include a
repair fixture 120. In certain embodiments, thearefixture 120 may include a
working head 124 defining a first end 126 and sdaamd 128. Further, as shown in
FIG. 5, the first end 126 may be configured toeshaer the blade tip 109 of the
turbine blade 100 in a first direction, whereassbeond end 128 may be configured
with the articulating guide 114. More specificalas shown, the working body 124
may include a cavity 130 configured to receiveltsle tip 109 through a slot 132
thereof when the first end 126 is slid over thalbltip 109. Thus, to repair the tip,
the repair tool 112 is pulled in a second, oppdaditection so as to reshape the blade
tip 109, i.e. bend the blade tip 109 to its origjumabent position.

[0040] In alternative embodiments, as shown in FIG. 6 répair tool 112 may
include a repair clamp 122 that temporarily modatthe turbine blade 100, e.g. to
the blade tip 109. More specifically, as showse, tdpair clamp 122 may include a
slot 136 configured to receive the blade tip 168¢m. Further, as shown, the repair
clamp 122 may include a drive mechanism 134 cordigiio shape or bend the blade
tip 109 to its original position. For example certain embodiments, the drive
mechanism 134 may include an electrical drive meisiha, a hydraulic drive
mechanism, a pneumatic drive mechanism, or any sthtable drive mechanism.
Thus, the drive mechanism is configured to applgstoring force against the blade

tip 109 to realign the bent tip back in to service.

[0041] In addition, as shown in FIGS. 5 and 6, the systéthmay also include a
mounting component 138 for securing grounding délaot of the turbine blade 100
to a fixed location in the gas turbine engine Mbre specifically, in certain
embodiments, the fixed location may include a dikthe turbine 28, 32. Thus, the
mounting component 138 is configured to supply @oloal support to the blade 100
during the repair process such that the blade ®@8 dot move as the bend is being

repaired.

[0042] Referring to FIGS. 4-6, the repair tool 112 mayaiglude a heating
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element 140 at its working end to heat the turbiaele 100 before bending the tip
109. For example, the working head 122 may inclutieating component 140 to
locally heat the blade tip 109 before, during, andfter bending thereof. For
example, the heating component 140 may direct thleemergy into the blade tip 109.
Further, as shown in FIG. 4, the heating elementsdated by dashed lines 140) may

be provided in operative association within thécatating guide 114.

[0043] In general, the heating element(s) 140 may be gordd to generate heat
within the articulating guide 114. For examplepime embodiment, the heating
element(s) 140 may correspond to a resisting hggatement(s), such as one or more
resistance wires, that is integrated into or inocaped within a wall(s) of the
articulating guide 114. However, in another embatit, the heating element(s) 140
may correspond to any other suitable heat gengrdgemice(s) and/or component(s)

that may be used to provide heating within thecalditing guide 114.

[0044] Referring back to FIG. 4, the articulating guidel Ihay also include an
articulation assembly 138 that allows the orientabf the repair tool 112 to be
adjusted within the interior of the gas turbineieedlO. For example, the articulation
assembly 138 may allow for the repair tool 112dadtated or pivoted about a single
axis or multiple axes to adjust the orientatiohaf repair tool 112 relative to the
turbine blade 100. It should be appreciated tatrticulation assembly 138 may
generally have any suitable configuration and/oy malude any suitable
components that allow for adjustment of the oriBaiteof the repair tool 112 relative
to the turbine blade 100. For example, in one afimhent, a plurality of articulation
cables 140 may be coupled between the repair idbhhd one or more articulation
motors 142. In such an embodiment, by adjustiegéhsion of the cables 140 via
the motor(s) 142, the repair tool 112 may be rexdee within the gas turbine engine
10.

[0045] Referring now to FIG. 7, a flow diagram of one emlibeent of a method
200 for repairing a bend in a turbine blade 100ustrated. As shown at 202, the
method 200 includes inserting an articulating guidlé into an access port 62 of the
turbine 100, wherein the articulating guide 114 &aspair tool 112 at a distal end
118 thereof. For example, in such embodimentstdapair tool 122 may correspond
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to the repair fixture 120 of FIG. 5. Thus, as shat 204, the method 200 includes
positioning the repair tool 112 over the turbinada 100 in a first direction. As
shown at 206, the method 200 includes pulling &pair tool 112 along a chord of the
turbine blade 100 in a second, opposite directmassto bend the turbine blade 100

back to an unbent position.

[0046] Referring now to FIG. 8, a flow diagram of anotkerbodiment of a
method 300 for repairing a bend in a turbine bixd@ is illustrated. As shown at
302, the method 300 includes inserting an artiouyaguide 114 into an access port
62 of the turbine 28, 32, with the articulatingdgihaving a repair tool 112 at a distal
end thereof. For example, in such embodimentsiepbair tool 122 may correspond
to the repair clamp 122 of FIG. 6. Thus, as shaiB04, the method 300 also
includes mounting the repair tool 122 to the tueldlade 100. As shown at 306, the
method 300 includes applying force, via the refot 112, at the bend of the turbine
blade 100 so as to bend the blade 100 back teoigsal, unbent position, i.e. before

the tip was damaged.

[0047] This written description uses examples to disctheanvention, including
the best mode, and also to enable any persondskillidhe art to practice the
invention, including making and using any devicesystems and performing any
incorporated methods. The patentable scope aohtteation 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 ofldiens if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantifiéécences from the literal languages

of the claims.
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WHAT IS CLAIMED IS:

1. A system for repairing a bend in a turbine blade of a turbine of a gas turbine engine,
the system comprising:

an articulating guide configured to fit into an access port of the turbine, the
articulating guide comprising a proximal end and a distal end; and

a repair tool configured at a distal end of the articulating guide, the repair tool
comprising a first end having a through hole configured to slide over a blade tip of the turbine
blade, the through hole comprising side walls that abut against the blade tip of the turbine
blade so as to secure the repair tool to the blade tip, the repair tool further comprising a repair
arm configured to apply force in a linear direction to bend the turbine blade to an unbent
position while the turbine blade is secured within the turbine.

2. The system of claim 1, wherein the bend is located in one of the blade tip, a leading

edge, or a trailing edge of the turbine blade.

3. The system of claim 1, further comprising a mounting component for securing a blade

root of the turbine blade to a fixed location in the gas turbine engine.

4. The system of claim 3, wherein the fixed location comprises a disk of the turbine.

5. The system of claim 2, wherein the repair tool comprises at least one of a repair

fixture or a repair clamp.

6. The system of claim 5, wherein the repair fixture comprises a working head defining a
first end and second end, the first end configured to slide over the blade tip of the turbine

blade in a first direction, the second end configured with the articulating guide.

7. The system of claim 6, wherein the working body further comprises a cavity
configured to receive the blade tip through a slot thereof when the first end is slid over the
blade tip.

8. The system of claim 5, wherein the repair clamp further comprises a drive

mechanism configured to drive the repair arm to bend the turbine blade to the unbent position.
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9. The system of claim 8, wherein the drive mechanism comprises at least one of an

electrical drive mechanism, a hydraulic drive mechanism, or a pneumatic drive mechanism.

10. A method for repairing a bend in blade tip of a turbine blade of a gas turbine engine,
the method comprising:

inserting an articulating guide into an access port of the turbine, the articulating guide
having a repair tool at a distal end thereof, the repair tool having a first end having a through
hole;

inserting a blade tip of the turbine blade into the through hole and sliding the first end
of the repair tool over the blade tip so as to secure the repair tool to the blade tip, the through
hole having side walls that abut against the blade tip of the turbine blade;

applying linear force, via a repair arm of the repair tool, at the bend of the turbine

blade so as to bend the turbine blade back to an unbent position.
11.  The method of claim 10, further comprising securing a blade root of the turbine blade
to a fixed location in the gas turbine engine, wherein the fixed location comprises a disk of

the turbine.

12.  The method of claim 11, wherein the repair tool comprises a drive mechanism
configured to drive the repair arm to bend the turbine blade to the unbent position.

13.  The method of claim 12, wherein the drive mechanism comprises at least one of an

electrical drive mechanism, a hydraulic drive mechanism, or a pneumatic drive mechanism.
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