SYSTEM AND METHOD FOR IN SITU REPAIR
OF GAS TURBINE ENGINE CASING CLEARANCE

FIELD OF THE INVENTION
[0001] The present invention relates generally to gagriarengines, and more
specifically, to systems and methods for in-sifpareof gas turbine fan/compressor

casing clearance.

BACKGROUND OF THE INVENTION
[0002] A gas turbine engine generally includes, in sdloal order, a fan section,
a compressor section, a combustion section, aneidgction and an exhaust section.
In operation, air enters an inlet of the compressation where one or more axial or
centrifugal compressors progressively compressithentil it reaches the combustion
section. Fuel is mixed with the compressed airtaumded within the combustion
section to provide combustion gases. The combugtses are routed from the
combustion section through a hot gas path definddmthe turbine section and then
exhausted from the turbine section via the exhsestion.
[0003] In particular configurations, the turbine sectianludes, in serial flow
order, a high pressure (HP) turbine and a low pres@.P) turbine. The HP turbine
and the LP turbine each include various rotatalolieime components such as a rotor
shaft, rotor disks mounted or otherwise carriedhgyrotor 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 terbomponents at least partially
define the hot gas path through the turbine sectior example, the gas turbine
buckets or blades generally have an airfoil shagstgded to convert the thermal and
kinetic energy of the flow path gases into mechalniatation of the rotor. As the
combustion gases flow through the hot gas pathnthleenergy is transferred from
the combustion gases to the rotatable and stajidndsine components. Such gas
turbine engines are commonly employed on an aircraf
[0004] In addition, the fan section generally includestatable, axial-flow fan

rotor assemblyhat is configured to be surrounded by an annalarchsing. Thus, the



fan casing may enclose the fan rotor asserabtyits corresponding fan rotor blades.
Further, the compressor section includes a plyraficompressor stages, with each
stage including both an annular array of compregaoes fixed to an outer casing
and an annular array of rotatable compressor blaDesing operation, it is common
for the fan and/or compressor casings to includedsble materials (e.g. rubber) to
help control the gap or clearance between thecgias turbine parts and the rotating
blades.

[0005] Over time, such abradable materials can locallyl sp#éose material due
to erosion or the ingestion of materials into ths turbine engine. Conventional
methods for repairing the abradable materials fiamesed on a full strip and
recoating of the abradable material, which candib bme-consuming and
expensive.

[0006] Inview of the aforementioned, an improved systeich method for in-situ
(i.e. on-wing) repairing of such abradable matenabuld be advantageous. More
specifically, a system and method for repairinggdheadable material of the fan
and/or compressor casing using a local in-situireépal would be desired in the art.

BRIEF DESCRIPTION OF THE INVENTION
[0007] Aspects and advantages of the invention will béaéh in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0008] In one aspect, the present disclosure is direct@dstystem for repairing an
abradable material coated on a casing of a gam&dmgine. The system includes an
articulating guide configured to fit into an accesst of the gas turbine engine.
Further, the articulating guide has a proximal and a distal end. The system also
includes a repair tool configured at a distal ehthe articulating guide. The repair
tool includes a body having a proximal end andapseH distal end, with the shaped
distal end extending away from the body. Thussteped distal body is configured
to trench out an area of the abradable materiahoung a defect. The system also
includes a filler material for filling the trenchedt area.
[0009] In another aspect, the present disclosure is éideict a method for

repairing an abradable material coated on a cadiagyas turbine engine. The



method includes inserting an articulating guide iam access port of the gas turbine
engine, with the articulating guide having a repadl at a distal end thereof. The
method also includes positioning the repair toa@rreedefect of the abradable
material. More specifically, the repair tool hasaly with a proximal end and a
shaped distal end, with the shaped distal end dixtgraway from the body. Thus,
the method also includes plunging the shaped disidliinto the abradable material at
the defect so as to trench out the defect, thefiainying a trenched out area. Further,
the method includes filling the trenched out aréth & filler material.

[0010] These and other features, aspects and advantatfespresent 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
[0011] The subject matter which is regarded as the ingans particularly
pointed out and distinctly claimed in the concludpart of the specification. The
invention, however, may be best understood by eefs 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 aftm accordance with aspects of the
present subject matter;
[0013] FIG. 2 illustrates a partial, cross-sectional vidvone embodiment of a
compressor suitable for use within the gas turkbimgine shown in FIG. 1,
particularly illustrating the gaps or clearancenssn the compressor blades and the
compressor casing;
[0014] FIG. 3 illustrates a partial, cross-sectional visvone embodiment of a
fan casing suitable for use within the gas turl@ngine shown in FIG. 1, particularly
illustrating the abradable material within a gagl@arance between the fan blade and
the fan casing;
[0015] FIG. 4 illustrates a simplified view of one emboeim of a system for
repairing an abradable material coated on a cadiagyas turbine engine according



to the present disclosure, particularly illustrgtanrepair tool inserted through an
access port of the engine to access a defect afttaelable material;

[0016] FIG. 5 illustrates a perspective view of one embuatit of a repair tool
repairing an abradable material according to tlesgmt disclosure;

[0017] FIG. 6 illustrates a perspective view of one embuadit of a repaired
defect of an abradable material according to tlesgnt disclosure; and

[0018] FIG. 7 illustrates a flow diagram of one embodimeind method for
repairing an abradable material coated on a cadiagyas turbine engine according

to the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION
[0019] 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 theétaat 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.
[0020]  As used herein, the terms “first”, “second”, anklifd” 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 torglative 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]  Generally, the present disclosure is directed torgmoved system and
method for repairing an abradable material coated casing of a gas turbine engine.
The system includes an articulating guide configucefit into an access port of the
gas turbine engine. The system also includesarragol configured at a distal end

of the articulating guide. More specifically, ttepair tool includes a body having a



proximal end and a shaped distal end, with theesthdgstal end extending away from
the body. Thus, the shaped distal body is conéiguo trench out an area of the
abradable material comprising a defect. The systsmincludes a filler material for
filling the trenched out area.

[0023] It should be appreciated that the disclosed sysi@irmethod may
generally be used to perform in situ repairs oftgasine engines, including aircraft-
based turbine engines and land-based turbine es)gegardless of the engine’s
current assembly state (e.g., fully or partiallgeaabled). Additionally, with
reference to aircraft engines, it should be apptedithat the present subject matter
may be implemented on-wing or off-wing.

[0024]  Thus, the present disclosure provides many advastagt present in the
prior art. For example, when servicing a gas nel@ngine, some repair activities
have focused on a full strip and recoat of the @ddoe material. Thus, the in situ
repairs of the present disclosure lower the semuice and cost associated with
repairing damaged blades. More specifically, bpgia set of specifically shaped
tools that have the ability to be heated througistance heating or sharpened to form
a set of cutting edges, the repair tool of the gmedisclosure can be used to trench
out a section of the existing abradable materiaugh mechanical displacement or
rotation, and may be assisted by including ultraseiration. As such, the repair
tool provides a region that new filler material d@bonded into place. Thus, the
present disclosure provides a simple repair mettin@ieby making in-situ repairs of
turbine blades easy and efficient.

[0025] Referring now to the drawings, FIG. 1 illustratesr@ss-sectional view of
one embodiment of a gas turbine engine 10 thatbmaytilized within an aircraft in
accordance with aspects of the present subjecemaiith the engine 10 being shown
having a longitudinal or axial centerline axis X2emding therethrough for reference
purposes. In general, the engine 10 may includ@eagas turbine engine (indicated
generally by reference character 14) and a fanoset6 positioned upstream thereof.
The core engine 14 may generally include a subathntubular outer casing 18 that
defines an annular inlet 20. In addition, the patesing 18 may further enclose and
support a booster compressor 22 for increasingtdesure of the air that enters the

core engine 14 to a first pressure level. A higkspure, multi-stage, axial-flow



compressor 24 may then receive the pressurizdtbairthe booster compressor 22
and further increase the pressure of such air. pféssurized air exiting the high-
pressure compressor 24 may then flow to a comb@starithin which fuel is injected
into the flow of pressurized air, with the resudtimixture being combusted within the
combustor 26. The high energy combustion prodaresiirected from the combustor
26 along the hot gas path of the engine 10 tosa(figh pressure) turbine &

driving the high pressure compressonia first (high pressure) drive shaft 30, and
then to a second (low pressure) turbind@ariving 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.

[0026]  Additionally, as shown in FIG. 1, the fan sectidhdf the engine 10 may
generally include a rotatable, axial-flow fan rotmsembly 38hat is configured to be
surrounded by an annular fan casing 40. It shbaldppreciated by those of ordinary
skill in the art that the fan casing 40 may be 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. Morgavelownstream
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 spegalcten 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 thmsses through the fan bladesasd



splits into a first compressed air flow (indicatgdarrow 54) that moves through
conduit 48and a second compressed air flow (indicated bya8®) which enters the
booster compressor 22. The pressure of the semongdressed 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 sedarnine 32and exit the exhaust
nozzle 3@&o provide thrust for the engine 10.

[0029] The gas turbine engine 10 may also include a plyrafl 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 FIghelengine 10 may include a
plurality of access ports 62 (only four of whicle @hown) defined through the outer
casing 18 for providing internal access to oneathlof the compressors 22, 24. In
several embodiments, the access ports 62 may bedppart axially along the core
engine 14. For instance, the access ports 62 mapdced apart axially along each
compressor 22, 24 such that at least one accets62 i located at each compressor
stage for providing access to the internal comptmlecated at such stage(s). In
addition, the access ports 62 may also be spa@tamumferentially around the
core engine 14. For instance, a plurality of asgests 62 may be spaced apart
circumferentially around each compressor 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, the gas turbine engine 10 ncyde access ports 62 providing
access to any suitable internal location of theren0, such as by including access
ports 62 that provide access within the combussoti# turbines 28, 32, and/or any
other suitable component of the engine 10.

[0031] Referring now to FIG. 2, 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 compressor vaéeixed to a compressor casing
25 (only one of which is shown for each stage) am@nnular array of rotatable



compressor blades 82 (only one of which is showr#&zh stage) that rotate within
the compressor casing 25. Each row of compressws/80 is generally configured
to direct air flowing through the compressor 24he row of compressor blades 82
immediately downstream thereof.

[0032] Moreover, the compressor 24 may include a pluralitjgccess 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@digvith or otherwise provides
interior access to a different stage of the congme®4. For instance, as shown in
FIG. 2, first, second, third and fourth access$68&a, 62b, 62c, 62d are illustrated
that provide access to four successive stagesctgply, of the compressor 24.
[0033] It should be appreciated that similar access @ tmay 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 appeediaat, in addition to the axially
spaced access ports 62 shown in FIG. 3, accessgrhay be also provided at
differing circumferentially spaced locations. Hastance, in one embodiment, a
plurality of circumferentially spaced access pontsy be defined through the
compressor casing/frame at each compressor stggyeuiale interior access to the
compressor 24 at multiple circumferential locatiansund the compressor stage.
[0034] During operation of the gas turbine engine 10 dommon for the fan
casing 40 and/or the compressor casing 25 to iecildadable materials (e.g. rubber)
to help control the gap (e.g. gaps 66, 68) or aeleee between the static gas turbine
parts and the rotating blades, i.e. fan bladeswvddcampressor blades 82,
respectively. For example, as shown in FIG. 3gtaited, cross-sectional view of one
embodiment of a portion of the fan casing 40 issiitated, particularly illustrating an
abradable material 70 within the gap 66 betweerfiaheasing 40 and the fan blade
44. Over time, the abradable material 70 can lpsplall or lose material due to
erosion or the ingestion of materials into the tgaline engine 10. As such, the
present disclosure is directed to an improved systed method for repairing such
abradable materials in the event that the matebed®me damaged.

[0035] More specifically, as shown in FIG. 4, a simplifi@éw of one



embodiment of a system 100 for repairing an abiadalaterial coated on a casing of
a gas turbine engine 10 according to the pressaoladiure is illustrated. In certain
embodiments, the casing may include a fan casing 40mpressor casing 18, or any
other casing of the gas turbine engine 10 contgiamabradable coating 70. Further,
the abradable material may include any suitableer@ton a surface of the casing,
including but not limited to a resin obtained bpmotemperature vulcanization
(RTV), rubber, aluminum-bronze with polyester, alnam-silicone with polyester,
felt metal, alloy Y and lucite, or similar. Thuss shown, the system 100 is
configured to repair a defect 72 in the abradatdéenal 70 of the gas turbine engine
10. Further, as shown, the system 100 includestaulating guide 102 configured
to fit into an access port 62 of the compressainga®5 and/or an inlet 52 of the gas
turbine engine 10. The articulating guide 102 escdbed 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 embodimentarttieulating guide 102 may
include a snake-arm robot. In addition, as shdthasystem 100 includes a repair
tool 104. More specifically, the articulating gaid02 has a proximal end 106 and
distal end 108. Thus, as shown, the repair todlid@onfigured with the distal end
108 of the articulating guide 102 such that the 104 can be easily inserted through
an access port 62 of the gas turbine engine 10, auany of the access ports 62
described above with reference to FIGS. 1-2, tmwahlin in situ repair procedure to be
performed within the gas turbine engine 10.

[0036]  Further, as shown in FIGS. 4-5, the repair tool i@fudes a body 110
having a proximal end 112 and a shaped distal éddwith the shaped distal end
114 extending away from the body 110. In certantbediments, the body 110 of the
repair tool 104 may be a wire. Thus, the shapstildboody 114 is configured to
trench out an area of the abradable material 7€agong the defect 72. More
specifically, as shown, the shaped distal end 14y include a varying cross-section
having a first portion 116 and second portion Mi#) the first portion 116 having a
larger cross-sectional area than the second pdtti8n As such, when the repair tool
104 is plunged into the abradable material 70fiteeportion 116 of the shaped distal
end 114 is configured to create a trenched ardanite abradable material 70 for a
filler material that cannot escape from the trenictieea, which will be described in



more detail below.

[0037]  More particularly, in certain embodiments, the dfthdistal end 114 may
include a unique cross-section having any suitaalging shape, such as for
example, an I-shaped cross-section, a T-shaped-saasion, a V-shaped cross-
section, an L-shaped cross-section, or similar. ekample, as generally shown in the
figures, the shaped distal end 114 has a T-shaped-section. In additional
embodiments, the shaped distal end 114 may aldadmsharpened edges configured
to cut the abradable material 70 when insertecethesugh. Thus, the defected
material may be removed through mechanical displac¢ and/or rotation and may
be assisted by including ultrasonic vibration.

[0038] In certain embodiments, the body 110, i.e. the wiray be heated and/or
vibrated such that the wire can be easily plungéulthe abradable material 70. For
example, as shown, in FIG. 4, the articulating gui62 may include a heating or
vibrating element 122 configured to locally heatirate the repair tool 104 before,
during, and/or after plunging the wire into theadable material 70. For example,
the heating element 122 may direct thermal enartyythe repair tool 104. Further,
as shown in FIG. 4, the heating elements (indichtedashed lines 122) may be
provided in operative association within the attatimg guide 102.

[0039] In general, the heating element(s) 122 may be goréd to generate heat
within the articulating guide 102. For examplepime embodiment, the heating
element(s) 122 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 102. However, in another embught, the heating element(s) 122
may correspond to any other suitable heat gengrdemice(s) and/or component(s)
that may be used to provide heating within thecalditing guide 102. Thus, the
heated wire is configured to heat the abradablemna0 as the shaped distal end
114 trenches out the area of the abradable matena&ining the defect 72.

[0040]  After trenching out the area of the abradable nedt@0 containing the
defect 72, the system 100 also includes a filletenia 120 for filling the trenched
area 125 as shown in FIG. 6. For example, in omeogliment, the system 100 may
deliver the filler material 120 via the articulagiguide 102 or similar tubing, i.e. by
removing the repair tool 104 and replacing the i with a filler head (not shown).
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More specifically, in certain embodiments, theefilmaterial 120 may include any
suitable replacement material, including but noitied to a resin obtained by room-
temperature vulcanization (RTV), rubber, aluminurarze with polyester,
aluminume-silicone with polyester, felt metal, allgyand lucite, or similar. Further, it
should be understood that the filler material 120/ipe the same or different than the
original abradable material.

[0041] Referring still to FIG. 4, the articulating guidéZLmay also include an
articulation assembly 124 that allows the orientabf the repair tool 104 to be
adjusted within the interior of the gas turbineieedlO. For example, the articulation
assembly 124 may allow for the repair tool 104éadtated or pivoted about a single
axis or multiple axes to adjust the orientationhaf repair tool 104 relative to the
abradable material 70. It should be appreciatatittte articulation assembly 124
may generally have any suitable configuration anaifay include any suitable
components that allow for adjustment of the origaiteof the repair tool 104 relative
to the abradable material 70. For example, in@nbodiment, a plurality of
articulation cables may be coupled between therépa 104 and one or more
articulation motors 126. In such an embodimentadijysting the tension of the
cables via the motor(s) 126, the repair tool 104 bereoriented within the gas
turbine engine 10.

[0042] Referring now to FIG. 7, a flow diagram of one emlibeent of a method
200 for repairing an abradable material coated oasing of a gas turbine engine 10
is illustrated. As shown at 202, the method 2@Quitkes inserting an articulating
guide 102 into an access port 62 of the gas turanggne 10, with the articulating
guide 102 having a repair tool 104 at a distal #d@lthereof. As shown at 204, the
method 200 includes positioning the repair tool h6dr a defect 72 of the abradable
material 70 (FIG. 4). More specifically, as mengd, the repair tool 104 has a body
110 with a proximal end 112 and a shaped distallddd with the shaped distal end
114 extending away from the body 110. Thus, asvehat 206, the method 200
includes plunging the shaped distal end 114 intcatbradable material 70 at the
defect 72 so as to trench out the defect 72, tlyeiarining a trenched out area 125.
As shown at 208, the method 200 includes filling ttenched out area 125 with a
filler material (FIG. 6).
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[0043] In one embodiment, as shown in FIG. 5 (middle),nteehod 200 may
include dragging the repair tool 104 through theadbble material 70 after plunging
the shaped distal end 114 into the abradable rahtekiternatively or in addition, the
method 200 may include rotating the repair tool &Ddlace in the abradable material
70 after plunging the shaped distal end into thaddible material, for example, as
shown in FIG. 5 (left). Thus, the defected matariay be removed through
mechanical displacement and/or rotation, and magsbested though including
ultrasonic vibration.

[0044] In another embodiment, wherein the body 110 ofépair tool 114 is
constructed of a wire, the method 200 may incluekgihg, via a heating element 122,
the wire of the repair tool 104, and heating theadhble material 70 via the heated
wire as the shaped distal end 114 is plunged hre@bradable material 70.

[0045]  This written description uses examples to disctbednvention, 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 aohtleation is defined by the claims,
and may include other examples that occur to tekslked in the art. Such other
examples are intended to be within the scope ofldiens if they include structural
elements that do not differ from the literal langeaf the claims, or if they include
equivalent structural elements with insubstantiéiécences from the literal languages

of the claims.
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WHAT ISCLAIMED IS:

1. A system (100) for repairing an abradable material (70) coated on a
casing of a gas turbine engine (10), the system (100) comprising:

an articulating guide (102) configured to fit into an access port (62) of the gas
turbine engine (10), the articulating guide (102) comprising a proximal end (106) and
adistal end (108); and

arepair tool (104) configured at the distal end (108) of the articulating guide
(102), the repair tool (104) comprising a body (110) having a proximal end (112) and
a shaped distal end (114), the shaped distal end (114) extending away from the body
(110) and configured to trench out an area of the abradable material (70) comprising a
defect (62); and

afiller material (120) for filling the trenched out area (125).

2. The system (100) of claim 1, wherein the shaped distal end (114)
comprises a varying cross-section having afirst portion and second portion, wherein
the first portion comprises alarger cross-sectional areathan the second portion.

3. The system (100) of claim 2, wherein the shaped distal end (114)
comprises at |east one of an I-shaped cross-section, a T-shaped cross-section, a V-
shaped cross-section, or an L-shaped cross-section.

4, The system (100) of claim 1, wherein the shaped distal end (114)
comprises sharpened edges configured to cut the abradable materia (70).

5. The system (100) of claim 1, further comprising at least one of a
heating element (122) or avibration element configured to heat or vibrate the body
(110) of therepair tool (104), wherein the body (110) of the repair tool (104)
comprises awire.

6. The system (100) of claim 5, wherein the heated wire is configured to
heat the abradable material (70) as the shaped distal end (114) trenches out the area of
the abradable material (70) comprising the defect (62).

7. The system (100) of claim 1, wherein the abradable material (70)
comprises at |east one of aresin obtained by room-temperature vulcanization (RTV),
rubber, aluminum-bronze with polyester, auminum-silicone with polyester, felt
metal, or alloy Y and lucite.

8. The system (100) of claim 1, wherein the filler material (120)
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comprises at |east one of aresin obtained by room-temperature vulcanization (RTV),
rubber, auminum-bronze with polyester, auminum-silicone with polyester, felt
metal, or alloy Y and lucite.

0. The system (100) of claim 1, wherein the casing comprises at least one
of afan casing (40) or a compressor casing (25) of the gas turbine engine (10).

10. A method (200) for repairing an abradable material (70) coated on a
casing of a gas turbine engine (10), the method (200) comprising:

inserting an articulating guide (102) into an access port (62) of the gas turbine
engine (10), the articulating guide (102) having arepair tool (104) at adistal end
thereof;

positioning the repair tool (104) near a defect (62) of the abradable material
(70), the repair tool (104) having a body (110) with a proximal end and a shaped
distal end (114), the shaped distal end (114) extending away from the body (110);

plunging the shaped distal end (114) into the abradable materia (70) at the
defect (62) so asto trench out the defect (62), thereby forming atrenched out area
(125); and

filling the trenched out area (125) with afiller material (120).

11.  Themethod (200) of claim 10, further comprising after plunging the
shaped distal end (114) into the abradable material (70), dragging the repair tool (104)
through the abradable material (70).

12.  Themethod (200) of claim 10, further comprising after plunging the
shaped distal end (114) into the abradable material (70), rotating the repair tool (104)
in place in the abradable materia (70).

13.  Themethod (200) of claim 10, wherein the shaped distal end (114)
comprises at |east one of an I-shaped cross-section, a T-shaped cross-section, or an L-
shaped cross-section.

14.  Themethod (200) of claim 10, wherein the shaped distal end (114)
comprises sharpened edges configured to cut the abradable material (70) when
plunging the shaped distal end (114) into the abradable materia (70).

15.  Themethod (200) of claim 10, further comprising:

heating, via a heating element (122), the body (100) of the repair tool (104),
the body (110) of the repair tool (104) comprising awire, and
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heating, viathe heated wire, the abradable material (70) as the shaped distal
end (114) is plunged into the abradable material (70).
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