SYSTEM FOR MACHINING THE ABRADABLE MATERIAL OF A
TURBOFAN ENGINE

FIELD
[0001] The present subject matter relates generally tabih@dable material of a
turbofan engine, more particularly, to systems assbciated methods for machining

a contour of the abradable material of a turbofagires.

BACKGROUND
[0002] A turbofan engine generally includes a fan andra eoranged in flow
communication with one another. Additionally, twe of the turbofan engine
generally includes, in serial flow order, a compogssection, a combustion section, a
turbine section, and an exhaust section. In ojperadir is provided from the fan to
an inlet of the compressor section where one oeragral compressors progressively
compress the air until it reaches the combusticti@e Fuel is mixed with the
compressed air and burned within the combustioticseto provide combustion
gases. The combustion gases are routed from thbugiion section to the turbine
section. The flow of combustion gases throughtanigine section drives the turbine
section and is then routed through the exhausiose@.g., to atmosphere. Turbofan
gas turbine engines typically include a fan assgriiat channels air to a core
assembly, such as an inlet to the compressor seetnal to a bypass duct. Turbofan
engines generally include fan cases surroundirag @a$sembly including the fan
blades.
[0003] In most turbofan engines, the fan is contained fanacase that includes a
shroud. The shroud circumscribes the fan and ecadf to the tips of the fan blades.
The shroud serves to channel incoming air throbglfdn so as to ensure that most of
the air entering the engine will be compressedchkeyfan. A small portion of the air is
able to bypass the fan blades through a radiapgagent between the tips of the fan
blades and the shroud. The radial gap is very nasteh that the amount of air that is
able to bypass the fan through the gap is limitée: efficiency of the engine can be

significantly improved in this way.



[0004] Because the gap is narrow, the fan blades mayheibhroud during the
normal operation of an aircraft turbofan enginen abradable material is configured
into the shroud for this purpose. Accordingly, the and shroud are manufactured to
assure close tolerances in order to minimize tas drypically during manufacture
the surface of the abradable material is groundachined to the same contour as the
fan blade. Generally, the abradable materialasigg using a cutter, such as a router
bit, which machines a small portion that must bestéd axially, radially, and
circumferentially by hand. However, such a magtarprocess may be time
consuming, labor intensive, and subject to disarejlgs between operators of the
machine.

[0005]  As such, a need exists for an improved system ssaceated methods for
machining a contour of the abradable material didtan engines that reduces the

machining time as well as increases consistenaydst machining operations.

BRIEF DESCRIPTION
[0006] Aspects and advantages will be set forth in patténfollowing
description, or may be obvious from the descriptmmmay be learned through
practice of the invention.
[0007] In one aspect, the present subject matter is duecta method of
machining an abradable material of a gas turbiggnerutilizing a system including a
frame, a first arm extending from a central locatod the frame, and a cutting
apparatus. The cutting apparatus is coupled iistedistal end of the first arm and
includes a rotating shaft and a plurality of cugtoisks coupled to the rotating shaft
such that the cutting disks define a helical cgtpnofile. As such, the method
includes securing the frame of the system to &t l@dan rotor of the gas turbine
engine utilizing an attachment structure of theeyscoupled to the frame at the
central location. The method further includes atiljiig the cutting apparatus in an
axial direction of the gas turbine engine utilizeag axial adjuster coupled between
the first distal end of the first arm and the atapparatus such that the cutting
apparatus is axially aligned with the abradableeni@t The method also includes
driving the rotating shaft of the cutting apparagush that the plurality of cutting
disks rotates about the axial direction. Additibnahe method includes adjusting



the cutting apparatus in a radial direction ofghs turbine engine utilizing a radial
adjuster coupled between the first distal end effitst arm and the cutting apparatus
such that at least one of the cutting disks costthe abradable material in order to
machine the abradable material.

[0008] In one embodiment, the abradable material may dechurepaired portion.
In an additional embodiment, the method may furthelude rotating the system
around a circumferential direction of the gas tmebengine such that the cutting
apparatus machines at least a portion of the abladzaterial along the
circumferential direction. In another embodiméhg system may further include a
second arm extending from the central locatiorhefftame and an axially aligned
measurement assembly including a measurement poapted to a second distal end
of the second arm. In such an embodiment, theadetiay include inspecting a
contour of the abradable material by adjusting sitfm of the measurement probe
along the axial direction. In a further embodimemjusting the position of the
measurement probe may include rotating an adjustmiesel coupled to a threaded
rod operable with the measurement probe in ordadjiost the measurement probe
axially forward or aft.

[0009] In another embodiment, adjusting the cutting apparen the axial
direction may include rotating an axial adjustm&hteel drivingly coupled to a
threaded rod of the axial adjuster extending atlpartially along the axial direction.
Moreover, the threaded rod may be operable wittcthing apparatus such that the
cutting apparatus is adjusted at least partialiy@axial direction. In a further
embodiment, adjusting the cutting apparatus irraéldél direction may include
rotating a radial adjustment wheel operable wit onmore jacks of the radial
adjuster. As such, the jack(s) may be configuoeeixtend and retract the cutting
apparatus at least partially in the radial diracttod the gas turbine engine.

[0010] In another aspect, the present subject matterastéid to a system for
machining an abradable material of a gas turbiggnen The system includes a
frame including a first arm extending from a cehlivpaation. The system further
includes an attachment structure coupled to thadrat the central location.
Moreover, the attachment structure is configurecotaple to at least a fan rotor of the
gas turbine engine. Additionally, the system idelsia cutting apparatus coupled to a



first distal end of the first arm opposite the cahlocation. The cutting apparatus
includes a rotating shaft and plurality of cuttoigks coupled to the rotating shatft.
Further, the plurality of cutting disks define dita cutting profile configured to
machine a contour within the abradable materialgementary to at least one fan
blade of the gas turbine engine.

[0011] In one embodiment, the plurality of cutting diskaynbe configured to
extend along a total length of the abradable nmelterian axial direction of the gas
turbine engine. In a further embodiment, the &ttaent structure may include a
support ring configured to be coupled to at lelastfan rotor of the gas turbine
engine. In additional embodiments, the system melyde an air motor drivingly
coupled to the rotating shatft of the cutting apperand configured to rotate the
plurality of cutting disks.

[0012] In another embodiment, the frame may further inelacdecond arm
extending from the central location. In such arbediment, a measurement
assembly may be coupled to a second distal erfteafdcond arm opposite the
central location. Moreover, the measurement asisemddy be configured to inspect
the contour of the abradable material. Additionathe measurement assembly may
include a threaded rod configured to extend at lgaially along an axial direction
of the gas turbine engine, a measurement probedirtgfrom and operable with the
threaded rod, and an adjustment wheel configuredtéde the threaded rod such that
the measurement probe is adjusted at least pyiitiathe axial direction of the gas
turbine engine.

[0013] In another embodiment, the system may further gelan adjustment
mechanism coupled between the first distal enth@fitst arm and the cutting
apparatus. The adjustment mechanism may be coefiga adjust a position of the
cutting apparatus along an axial direction anddatalirection of the gas turbine
engine. In one such embodiment, the adjustmenhamem may include an axial
adjuster including a threaded rod operable withctlitéing apparatus and configured
to extend at least partially along an axial di@ttof the gas turbine engine. The
adjustment mechanism may further include an axipisiment wheel configured to
rotate the threaded rod such that the cutting appsiuis adjusted at least partially in
the axial direction. In a further embodiment, #tfustment mechanism may include



a radial adjuster including at least one jack dpleravith the cutting apparatus and a
radial adjustment wheel configured to extend amgcethe cutting apparatus at least
partially in the radial direction of the gas turbiengine.

[0014] In an additional embodiment, the rotating shaft nmajude a key
extending along a length of the rotating shaft.ditidnally, each cutting disk of the
plurality of cutting disks may include a notch ogigle with the key such that the
plurality of cutting disks defines the helical engf profile. In a further embodiment,
the plurality of cutting disks may include two opra cutting disks defining different
diameters. In another embodiment, the pluralitgudfing disks may include between
18 and 46 cutting disks. In an additional emboditnine plurality of cutting disks of
the cutting apparatus may be configured to rothteiaan axial direction of the gas
turbine engine. It should be further understood tia system may further include
any of the additional features as described herein.

[0015] These and other features, aspects and advantaljpsaame better
understood with reference to the following desaoiptand appended claims. The
accompanying drawings, which are incorporated oh@mstitute a part of this
specification, illustrate embodiments of the invemtand, together with the

description, serve to explain certain principleshaf invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] A full and enabling disclosure of the present ii@n including the best
mode thereof, directed to one of ordinary skilthe art, is set forth in the
specification, which makes reference to the app@®Rd€S., in which:
[0017] 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, particularly illustratihg ggas turbine engine configured as a
high-bypass turbofan jet engine;
[0018] FIG. 2 illustrates a cross-sectional view of the $action of FIG. 1 in
accordance with aspects of the present subjecematrticularly illustrating an
abradable material of a fan section of the turbefiagine;
[0019] FIG. 3 illustrates one embodiment of a system facihming the abradable
material of a turbofan engine in accordance witheats of the present subject matter,



particularly illustrating the system inserted withihe fan section and coupled to a fan
rotor;

[0020] FIG. 4 illustrates a closer view of a first distald of a first arm of the
system of FIG. 3 in accordance with aspects optleeent subject matter, particularly
illustrating an adjustment mechanism coupled betvike first distal end of the first
arm and a cutting apparatus;

[0021] FIG. 5illustrates an exploded view of a portiortleé cutting apparatus of
FIGS. 3 and 4 in accordance with aspects of thegpmtesubject matter, particularly
illustrating a rotating shaft and cutting disksté cutting apparatus;

[0022] FIG. 6 illustrates a closer view of a second distad of a second arm of
the system of FIG. 3 in accordance with aspecteepresent subject matter,
particularly illustrating a measurement assemblypbed to the second distal end and
a measurement probe extending radially outward; and

[0023]  FIG. 7 illustrates a flow diagram of one embodimeind method of
machining an abradable material of a turbofan engiraccordance with aspects of
the present subject matter.

[0024] Repeat use of reference characters in the pregedifisation and

drawings is intended to represent the same or goatofeatures or elements of the

present invention.

DETAILED DESCRIPTION
[0025] Reference now will be made in detail to embodimeftse invention,
one or more examples of which are illustrated endhawings. Each example is
provided by way of explanation of the inventiont himitation of the invention. In
fact, it will be apparent to those skilled in thetaat various modifications and
variations can be made in the present inventiohowit departing from the scope of
the invention. For instance, features illustratedescribed 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.



[0026]  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.

[0027]  The terms “upstream” and “downstream” refer torlative 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.

[0028] The terms “coupled,” “fixed,” “attached to,” andethike refer to both
direct coupling, fixing, or attaching, as well aslirect coupling, fixing, or attaching
through one or more intermediate components ouffest unless otherwise specified
herein.

[0029] The terms “communicate,” “communicating,” “commuative,” and the
like refer to both direct communication as welirgdirect communication such as
through a memory system or another intermediariesys

[0030] A system for machining an abradable material afrbdfan engine is
generally provided. For instance, the system neaythized to machine an abradable
coating surrounding fan blades in a fan sectioa wfrbofan engine. The system may
include a frame including a first arm extendingifira central location. Further, the
frame may be attached to a fan rotor of the tunbefagine at the central location
utilizing an attachment structure. The system foayner include a cutting apparatus
coupled to a first distal end of the first arm ogpip@ the central location.
Additionally, the cutting apparatus may includetating shaft and a plurality of
cutting disks coupled to the rotating shaft. Mme the cutting disks may define a
helical cutting profile configured to machine a tmur within the abradable coating
complementary to one or more of the fan blades@turbofan engine. In certain
embodiments, the cutting disks may extend theldulyth of the abradable material
and the system may be rotated around a circumfateintection of the turbofan
engine in order to machine the entire abradablérgpaithout the need to axially
adjust the system and/or the cutting apparatusthé&i the helical cutting profile of
the cutting disks may reduce the number of teeth@tutting disks machining the
abradable material at any one instant. As suehtdigue required to operate the
cutting apparatus may be reduced.



[0031] Referring now to the drawings, FIG. 1 illustratesra@ss-sectional view of
one embodiment of a gas turbine engine that maiytilieed within an aircraft in
accordance with aspects of the present subjecemattore particularly, for the
embodiment of FIG. 1, the gas turbine engine igjh-bypass turbofan jet engine
(turbofan engine 10), with the turbofan engine &hf shown having a longitudinal
or axial centerline axis 12 extending therethroalgimg an axial direction A for
reference purposes. The turbofan engine 10 fudéknes a radial direction R
extending perpendicular from the centerline 12rttar, a circumferential direction C
(shown in/out of the page in FIG. 1) extends pedprrar to both the centerline 12
and the radial direction R. Although an exemplanpofan embodiment is shown, it
is anticipated that the present disclosure camgbally applicable to turbomachinery
in general, such as an open rotor, a turboshaklofet, or a turboprop configuration,
including marine and industrial turbine engines auoxgliliary power units.

[0032] In general, the turbofan engine 10 includes a assembly (indicated
generally by reference character 14) and a fanoset6 positioned upstream thereof.
The core assembly 14 generally includes a subatbmtibular outer casing 18 that
defines an annular inlet 20. In addition, the patesing 18 may further enclose and
support a low pressure (LP) compressor 22 for agirg the pressure of the air that
enters the core assembly 14 to a first pressuss. lev multi-stage, axial-flow high
pressure (HP) compressor 24 may then receive gssgrzed air from the LP
compressor 22 and further increase the presswgecbfair. The pressurized air
exiting the HP compressor 24 may then flow to alwastor 26 within which fuel is
injected into the flow of pressurized air, with tfesulting mixture being combusted
within the combustor 26. The high energy combunstiooducts 60 are directed from
the combustor 26 along the hot gas path of theotarbengine 10 to a high pressure
(HP) turbine 28or driving the HP compressor 24a a high pressure (HP) shaft or
spool 30, and then to a low pressure (LP) turbBdriving the LP compressor
22 and fan section 1@a a low pressure (LP) drive shaft or spooki34t is generally
coaxial with HP shaft 30. After driving each oftiines 28and 32, the combustion
products 60 may be expelled from the core assefi¥blya an exhaust nozzle 36 to

provide propulsive jet thrust.



[0033] Additionally, as shown in FIGS. 1 and 2, the faatie® 16 of the turbofan
engine 10 generally includes a rotatable, axiaiflan rotor 38onfigured to be
surrounded by an annular fan casing 40. In pdai@mbodiments, the LP shaft 34
may be connected directly to the fan rotor 38 torrdisk 39, such as in a direct-drive
configuration. In alternative configurations, thié shaft 34 may be connected to the
fan rotor 38 via a speed reduction device 37 sschr@duction gear gearbox in an
indirect-drive or geared-drive configuration. Swgeed reduction devices may be
included between any suitable shafts/spools witiénturbofan engine 10 as desired
or required. Additionally, the fan rotor 38 andfotor disk 39 may be enclosed or
formed as part of a fan hub 41.

[0034] It should be appreciated by those of ordinary skithe art that the fan
casing 40 may be configured to be supported reldatithe core assembly b§ a
plurality of substantially radially-extending, ainmferentially-spaced outlet guide
vanes 42. As such, the fan casing 40 may endhestah rotor 3&nd its
corresponding fan rotor blades (fan blades 44) redeer, a downstream section

46 of the fan casing 40 may extend over an outer o the core assembly 14 so
as to define a secondary, or by-pass, airflow ciiruthat provides additional
propulsive jet thrust.

[0035] During operation of the turbofan engine 10, it dddae appreciated that
an initial airflow (indicated by arrow 50) may entke turbofan engine 10 through an
associated inlet 52 of the fan casing 40. Théair 50 thenpasses through the fan
blades 44nd splits into a first compressed air flow (indéchby arrow 54) that
moves through the by-pass conduite48l a second compressed air flow (indicated by
arrow 56) which enters the LP compressor 22. Thssure of the second
compressed air flow 56 then increased and enters the HP compress@s24 (
indicated by arrow 58). After mixing with fuel abe&ing combusted within the
combustor 26, the combustion producte&@ the combustor 2énd flow through the
HP turbine 28. Thereafter, the combustion prod@6tfow through the LP turbine
32and exit the exhaust nozzle @6provide thrust for the turbofan engine 10.

[0036] Referring now particularly to FIG. 2, the turbofamgine 10 may include
an abradable containment structure 62 circumsgitiia fan blades 44. Further, the
exemplary containment structure 62 of FIG. 2 m&jyude a forward fan case 64. The



forward fan case 64 may have an inner fan casing&gs usually made of
aluminum, surrounded by an aluminum honeycomb saded by a graphite epoxy
outer fan casing 68 surrounded by a KEVLAR® cou@rThe inner fan casing 66
may include a fan shroud 72 that defines an innaular surface 74. The inner
annular surface 74 may have a generally circulasszsection and define an inner
diameter of the inner fan casing 66. The fan shit®ichay be configured to channel
the initial airflow flow 50 through the fan sectid® so as to ensure that the fan
blades 44 will compress the bulk of the air entgtime turbofan engine 10. By way of
example and not limitation, the forward fan casefd the inner fan casing 66 can be
made of the following: a metal, aluminum, a comf®aiaterial, and a combination
thereof. Additionally, a small radial gap 76 maygresent between tips 78 of the fan
blades 44 and the inner annular surface 74. Giynebee radial gap 76 may be
minimized in order to promote the efficiency of tiaebofan engine 10.

[0037] As shown in FIG. 2, the fan shroud 72 may include or more abradable
structures defining the inner annular surface Fdr instance, in certain
embodiments, the abradable structure may be adatiematerial such as an
abradable coating 80. The abradable material reayegion against which the fan
blades 44 may occasionally rub throughout engireain. A typical abradable
material may include an epoxy with phenolic mici@dzns disposed in and
supported by an annular plastic honeycomb struchameded by adhesive to an
annular layer of fiberglass, bonded by adhesiwbécan inner annular groove 82 on
the inner fan casing 66. However, the abradablema&may be any suitable light
weight material of the type known and used in thergrt, including composite
materials, or the like. The abradable material lm@aprovided in the form of one or
more solid panels or formed from a loose mateffadr instance, the abradable
material may generally comprise any low-densitytagtic film epoxy suitable for
use in a clearance control application that carebistant to damage from ice impact
and can be easily repaired/replaced throughowtehace life time of the fan casing,
as explained herein below. One example of a deitalaterial for use as an abradable
layer is Hysol® EA 9890, though the embodiment®imeshould not be limited to
such. In alternative or additional embodiments,abradable material may include
one or more of epoxy and phenolic microspheres, &@rcore, silicone with hollow
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glass microspheres, silicone polymer, porous T&He#P TFE plastic, epoxy with
thermoplastic microspheres and polyether ethemee(tBEEK) fiber, two-part flame
retardant epoxy with glass microspheres, epoxy thighmoplastic microspheres and
nylon/PEEK fiber, or any combination thereof.

[0038] In order to achieve desirable aerodynamic effigemassociated with
maintaining a small radial gap 76 between the immewular surface 74 of the
abradable material and the fan blades 44, the mmaular surface 74 may define a
contour that matches a contour of the tips 78 ef@nmore of the fan blades 44, such
as all of the fan blades 44. Typically, fan shrod@@snay be manufactured to assure
close tolerances in order to minimize this radeg) 6. For example, as shown in
FIG. 2, the surface of the abradable coating 80 beaground or machined to a
complementary contour to the contour the tip(sp7the fan blades 44. During
operation, when the fan blade(s) 44 rub the abtadadating 80, the inner annular
surface 74 of the abradable coating 80 may be aodfor broken away from the
remainder of the abradable material and/or therifarecasing 66. As such, by
removing material from the abradable coating 8@alge and wear may be reduced
on the fan blades 44 themselves and/or the otimepaoents of the containment
structure 62.

[0039] Referring now to FIG. 3, one embodiment of a sysi®&@ for machining
an abradable material of a turbofan engine istifited according to aspects of the
present disclosure. More particularly, FIG. 3sthates the system 100 inserted
within a fan section 16 and coupled to the fann8& For instance, the system 100
may be utilized for machining the abradable coafii@s described generally in
regard to FIG. 2. However, it should be apprediditat the system 100 may be
utilized to machine any suitable abradable maténit may be utilized with a gas
turbine engine, such as the turbofan engine 10ritbescgenerally in regard to FIGS.
1-2 or further suitable configurations of a gabiie engine.

[0040] As shown in FIG. 3, the system 100 may be insern&xdthe fan section 16
of the turbofan engine 10 and attached to thed&or B8, such as the rotor disk 39.
However, in other embodiments, the system 100 neagolipled to the fan rotor 38
through the fan hub 41 and/or over the fan hubAllernatively, the fan hub 41 may
be removed in order to attach the system 100 téatineotor 38. The system 100 may
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include a frame 102 including a number of frame fMers 104. Additionally, the
system 100 includes a first arm 106 extending feooentral location 108 of the
frame 102. For instance, the central location m@§ be configured to align with the
centerline 12 of the turbofan engine 10. The farsh 106 may generally be formed
from one or more of the frame members 104 extenflorg the central location 108
to a first distal end 110. Further, the system M@y include a cutting apparatus 112
coupled to the first distal end 110 of the firghak06. The cutting apparatus 112 may
include a rotating shaft 114 and two or more cgttirsks 116 coupled to the rotating
shaft 114 such that the cutting disks 116 defiheleal cutting profile 120. Further,
the helical cutting profile 120 may be configurechtachine a contour within the
abradable coating 80 complementary to one or mioifeedan blades 44 of the
turbofan engine 10, such as complementary to omeooe of the tips 78 of the fan
blades 44 (FIG. 2).

[0041] Generally, as shown in FIG. 3, the system 100 neasotated in the
circumferential direction C of the turbofan engik&such that the cutting apparatus
112 machines at least a portion of the abradaldergp80 along the circumferential
direction C. For instance, the system 100 may madfe portion of the abradable
coating 80 located radially outward from the cuytapparatus 112. In one
embodiment, as illustrated, the fan rotor 38 maydbated along the circumferential
direction C such that the system 100 coupled tdaheotor 38 is also rotating along
the circumferential direction C. Further, the mgtdisks 116 may be configured to
extend along the full length of abradable coatifigrBthe axial direction A. As such,
rotating the system 100 360 degrees along theroienential direction C may
machine all of the inner annular surface 74. ¢tk be recognized that the abradable
coating 80 may be a new abradable coating 80 ¢gaiines machining in order to
match and/or complement the contour of the tip8spfithe fan blade(s) 44. In
another situation, the abradable coating 80 mdwydieca repaired portion 118 that
requires machining in order to match and/or compleinthe contour of the tip(s) 78
of the fan blade(s) 44. In still another situatithe system 100 may be utilized to
remove the innermost layer of the inner annulaiaser74 of the abradable coating 80
so that a repair procedure may subsequently berpsetl on a newly machined inner

annular surface 74.
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[0042] As shown in FIG. 3, the system 100 may be attathdiae fan rotor 38 or
the rotor disk 39 (see FIGS. 1 and 2) via an attett structure 122. The attachment
structure 122 may generally be located at the akluitation 108 such that the system
100 may be rotated along the circumferential dioec€ about the centerline 12 of
the turbofan engine 10. For instance, the attaohsteucture 122 may be coupled to
the frame 102 at the central location 108. In heoarrangement, the attachment
structure 122 may include one or more of the frameenbers 104 also forming the
frame 102. As illustrated in FIG. 3, the attachtrstructure 122 may include a
support ring 124 configured to be coupled to thrertaor 38 or rotor disk 39 and to
the frame 102. For example, the support ring 124 be removably coupled to the
fan rotor 38 or rotor disk 39 using a suitabledast, such as one or more nuts, bolts,
screws, etc.

[0043]  As shown, the system 100 may include a motor cardigj to rotate the
rotating shaft 114 and thus the cutting disks 1flifi® cutting apparatus 112. For
example, in the illustrated embodiment, an air ma&6 may be drivingly coupled to
the rotating shaft 114 in order to rotate the ogttlisks 116 of the cutting apparatus
112. However, it should be appreciated that theommoay generally have any other
suitable configuration such as an electric motaromternal combustion engine. As
further illustrated, the air motor 126 may be cgufed to rotate the rotating shaft 114
about the axial direction A. More specificallyethir motor 126 may rotate the
rotating shaft 114 about the axial direction A stiwdt the cutting disks 116 rotate
about the axial direction A (e.g., the cutting gidk6 may rotate in the
circumferential direction C of the turbofan engik®.

[0044] Referring still to the exemplary embodiment of FB5the system 100

may include an adjustment mechanism 128 configtoredljust the position of the
cutting apparatus 112 along the axial directiomd/ar the radial direction R of the
turbofan engine 10. For instance, the adjustmedhanism 128 (described in more
detail in regard to FIG. 4) may be coupled betwiberfirst distal end 110 of the first
arm 106 and the cutting apparatus 112. As suehadjustment mechanism 128 may
be utilized to adjust the cutting apparatus 11theaxial direction A in order to align
the cutting apparatus 112 with the abradable cg&ih Further, the adjustment
mechanism 128 may be used to extend the cuttingrapys 112 in the radial
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direction R such that the cutting disks 116 of¢bting apparatus 112 contact the
inner annular surface 74 of the abradable coatinigp ®rder to machine the abradable
coating 80. It should be appreciated that, inatersituations, the adjustment
mechanism 128 may be used to sequentially extendutting apparatus 112 radially
outwardly after each circumferential pass abouttmerline 12 in order to machine
more material from the abradable coating 80.

[0045]  As further illustrated in FIG. 3, the frame 102 magiude a second arm
130 extending from the central location 108, aredystem 100 may include a
measurement assembly 132 configured to inspeadhiur of the inner annular
surface 74 of the abradable coating 80. It shbaldppreciated that the measurement
assembly 132 may be utilized to inspect the conmbbtine inner annular surface 74 in
order to ensure the contour of the inner annuledasa 74 matches and/or
complements the contour of the tip(s) 78 of thelfle(s) 44 of the turbofan engine
10. More particularly, in the illustrated embodimiehe second arm 130 may include
one or more of the frame members 104 extending thententral location 108 to a
second distal end 134 of the second arm 130. l4striated, the measurement
assembly 132 may be coupled to the second distial 84 of the second arm 130 and
configured to extend in the radial direction R stltdit the measurement assembly
132 may inspect the contour of the abradable cgp&th

[0046] Referring now to FIG. 4, a closer view of the fidsstal end 110 of the

first arm 106 of the system 100 of FIG. 3 is ilhased in accordance with aspects of
the present disclosure. More particularly, FIGIuktrates the adjustment mechanism
128 coupled between the first distal end 110 offitisearm 106 and the cutting
apparatus 112. The adjustment mechanism 128 mhdman axial adjuster 136
configured to adjust the cutting apparatus 11héaxial direction A (see, e.g., FIG.
3) of the turbofan engine 10. Additionally, thgueiment mechanism 128 may
include a radial adjuster 138 configured to adjnstcutting apparatus 112 in the
radial direction R (see, e.g., FIG. 3) of the tddmoengine 10. As such, the radial and
axial adjusters 136, 138 may be used in combinati@djust the position of the
cutting apparatus 112 to align the cutting disk8 With the abradable coating 80
(FIG. 3) in the axial direction A and to adjust theting apparatus 112 radially
outward to machine the inner annular surface #etbradable coating 80.
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[0047]  As shown in FIG. 4, the axial adjuster 136 mayudel an axial
adjustment wheel 140 operable with the cutting egtpa 112 and configured adjust
the cutting apparatus 112 at least partially inakial direction A (see, FIG. 3)
forward or aft when the axial adjustment wheel Ei®tated. For instance, the axial
adjustment wheel 140 may be drivingly coupled tbraaded rod 142 of the axial
adjuster 136 configured to extend at least paytathng the axial direction A of the
turbofan engine 10 when the system 100 is insevitdn the fan section 16. For
example, the cutting apparatus 112 may includevatdd 144 in engagement with
the threads of the threaded rod 142 such thaimgtdtie axial adjustment wheel 140
moves the cutting apparatus 112 at least partther forward or aft along the axial
direction A depending on the direction of rotatafrthe axial adjustment wheel 140.
As such, it should be appreciated that the axigistishent wheel 140 may be rotated
in order to align the cutting apparatus 112 with ébradable coating 80 in the axial
direction A. More particularly, the axial adjustmievheel 140 may allow fine axial
adjustments in order to align the cutting apparaissuch that each of the cutting
disks 116 are positioned within forward and afiakioundaries of the abradable
coating 80.

[0048]  As further shown in regard to the exemplary embedinof FIG. 4, the
radial adjuster 138 may include a radial adjustmérgel 146 operable with the
cutting apparatus 112 and configured to extendaandtract the cutting apparatus
112 at least partially in the radial direction R€sFIG. 3) when the radial adjustment
wheel 146 is rotated. For instance, the radialstdjent wheel 146 may be drivingly
coupled to one or more jacks 148 operable witlcthigng apparatus 112 in order to
extend and/or retract the cutting apparatus 11&aat partially along the radial
direction R when the system 100 is inserted witheafan section 16. For instance,
rotating the radial adjustment wheel 146 may diinesjack(s) 148 to extend or retract
the cutting apparatus 112 at least partially inritkal direction R depending on the
direction of rotation of the radial adjustment whbé6. As such, it should be
appreciated that the radial adjustment wheel 146 lmpaotated in order to extend the
cutting apparatus 112 such that at least one dfutieng disks 116 contacts and/or
engages the inner annular surface 74 of the abiedahting 80 in order to machine
the abradable coating 80.
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[0049]  As further illustrated in FIG. 4, the cutting apgiaus 112 may include a
number of cutting disks 116 defining the helicditicly profile 120. More

particularly, the cutting apparatus 112 may inclatikeast as many cutting disk 116
as required in order to ensure cutting apparatddssiable to machine the entire inner
annular surface 74 of the abradable coating 8Giposd radially outward from the
cutting apparatus 112. As such, it should be aygiedd that rotating the cutting
apparatus 112 (e.g., by rotating the fan rotor@#dted to the attachment structure
122 as shown in FIG. 3) about the centerline lthéncircumferential direction C may
allow the cutting apparatus 112 to machine theemntner annular surface 74 in order
to define the desirable contour of the abradabégicg 80. For instance, in certain
embodiments, the cutting apparatus 112 may indbhetd@een 18 and 60 cutting disks
116. More particularly, the cutting apparatus ti# include between 30 and 46
cutting disks 116. In one particular embodimeme, ¢utting apparatus 112 may
include 46 cutting disks 116. Generally, the nunddecutting disks 116 required to
extend along the full length of the abradable ec@p80 in the axial direction A may
be determined by the axial length of the abradebéging 80 and the axial cutting
profile of each of the cutting disks 116.

[0050] Additionally, the cutting apparatus 112 may inclie or more cutting
disks 116 defining different diameters in ordentachine a contour within the
abradable coating 80 that is not radially const&r instance, as shown in FIG. 3,
the inner annular surface 74 of the abradable mgp@&® may generally taper between
a forward end 149 and an aft end 150 of the abtadaating 80. As such, one or
more of the cutting disks 116 configured to be fased toward the forward end 149
of the abradable coating 80 may define a largandiar than one or more of the
cutting disks 116 configured to be positioned tahe aft end 150 of the abradable
coating 80. However, in other embodiments, theiramnular surface 74 may define
a constant radial contour. As such, each of tiiengudisks 116 may define the same
or approximately the same diameter. Still furttiee, inner annular surface 74 may
generally expand in the radial direction at onenore locations along the axial
direction A. As such, one or more of the cuttigkd 116 configured to be

positioned toward the forward end 149 of the alldeoating 80 may define a
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smaller diameter than one or more of the cuttisffgliL 16 configured to be positioned
toward the aft end 150 of the abradable coating 80.

[0051] Referring now to FIG. 5, an exploded view of a ortof the cutting
apparatus 112 of FIGS. 3 and 4 is illustrated poetance with aspects of the present
disclosure. More particularly, FIG. 5 illustratée rotating shaft 114 and several of
the cutting disks 116 configured to define thedalcutting profile 120. In certain
embodiments, the rotating shaft 114 may be a sbiadt. Further, though several
cutting disks 116 are illustrated in the embodin@r&IG. 5 for clarity, it should be
appreciated that the cutting apparatus 112 mawydeciore or less cutting disks
116—such as 46 or more cutting disks 116. Genetak cutting apparatus 112
defining the helical cutting profile 120 may redube number of teeth 152 of the
cutting disks 116 that contact and/or engage theriannular surface 74 of the
abradable coating 80. For example, teeth 152eo€titting disk 116 that form a helix
or spiral down the length of the rotating shaft bidy stagger the teeth 152 of
adjacent cutting disks 116 such that only one tdéih of adjacent cutting disks 116
is positioned to machine the abradable coatingt @Xiane while the rotating shaft
114 is rotated. Generally, reducing the numbeeeth 152 actively machining the
abradable coating 80 at any one instant may retthécpower output required from
the motor drivingly coupled to the rotating shafé(e.g., the air motor 126 of FIGS.
3 and 4). As such, a smaller motor and/or a mwtthr a lower maximum torque
rating may be used to drive the rotating shaft hbdentially leading to increased
efficiency of the system 100.

[0052] As illustrated in FIG. 5, the rotating shaft 114ymaclude a notch 157
(e.q., a standard size key wedge) operable wittyalk4 (such as groove or tongue)
extending along the length of the rotating sha#t.1However, in other embodiments,
the key 154 may be formed integrally with the rotgshaft 114. As shown, the key
154 may extend along the length of the rotatindgtstigl. As shown, each cutting
disk 116 may define a bore hole 156 such that eatting disk 116 may be received
by the rotating shaft 114 and slid down the lergjtthe rotating shaft 114. Further,
each of the cutting disks 116 may define a notéhdgerable with the key 154 in
order to define the helical cutting profile 120orfexample, each cutting disk 116
may be slid along the length of the rotating sha#t such that the notch 158 engages
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the key 154 and aligns each of the cutting disl&itiio the helical cutting profile
120. More particular, as shown, each cutting dik& may define an angle 159
between the notch 158 and a tooth 152. Furtheratigle 159 of each subsequent
cutting disk 116 in the aft direction may be largeorder offset the teeth 152 of
adjacent cutting disks 116 into the helical cutjimgfile 120 due to the clocked
arrangement of the notches 158. Moreover, thé tEe2 of each of the cutting disks
116 may be secured into the helical cutting prdf2€ due to the clocked
arrangement of the each notch 158 with respecidhb eutting disk 116. For
example, one or more of the cutting disks 116 neagdupled to the rotating shaft
114 in order to secure the cutting disk(s) 11theorbtating shaft 114. In several
embodiments, at least one of the cutting disksrhag be coupled to the rotating
shaft 114 using a fastener such as a pin, scrawygbo. (not shown).

[0053] It should be appreciated that, in the illustratetbediment, one
configuration of the rotating shaft 114 and cuttitigks 116 is shown in order to
define the helical cutting profile 120. However,ather embodiments, alternative
and/or additional configurations may be utilizednder to define the helical cutting
profile 120. For instance, each of the cuttingsli¥16 may individually be secured
to the rotating shaft 114 (e.g., by use of fast®neithout a key 154 such that the
teeth 152 of the cutting disks 116 define the la¢kutting profile 120. Further, other
configurations and arrangements of the rotatindt 9z and cutting disks 116 may
occur to one of ordinary skill in the art to defithe helical cutting profile 120. In the
illustrated embodiment, each cutting disk 116 idelifour teeth 152. In other
embodiments, each cutting disk 116 may include motess than four teeth 152. It
should also be appreciated that the number of tEg2may be determined by the
desirable number of teeth 152 engaging the abradafaiting 80. For instance,
including more than four teeth 152 may increasentivaber of teeth 152 that contact
and/or engage the abradable coating 80 at anyimee #As such, cutting disks 116
with more teeth 152 may reduce the time requiraddchine the abradable coating
80 but may also require a motor with a higher terqutput to drive the rotating shaft
114. Contrarily, reducing the number of teeth @62ach cutting disk 116 may
require a lower torque output from the motor drgvthe rotating shaft 114 but may
also increase the time required to machine thedabta coating 80.
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[0054] Referring now to FIG. 6, a closer view of the satdistal end 134 of the
second arm 130 is illustrated in accordance wigeets of the present disclosure.
More particularly, FIG. 6 illustrates the measuratreessembly 132 coupled to the
second distal end 134 such that a measurement fififbis configured to extend
radially outward to inspect the contour of the inaenular surface 74 of the
abradable coating 80 when the system 100 is irtswiitéin the turbofan engine 10
(see, e.g., FIG. 3). As such, it should be apptedithat the measurement assembly
132 may be used to inspect the inner annular seii#ddo ensure the cutting
apparatus 112 machines a desirable contour witleabradable coating 80. Further,
data communicated from the measurement assemblind@2tive of the contour of
the inner annular surface 74 may indicate furthacimming of the abradable coating
80 is required to achieve the desired contour @fither annular surface 74.

[0055]  As shown in FIG. 6, the measurement assembly 132imctude a
threaded rod 162 configured to extend at leasighigralong the axial direction A
(see, e.g., FIG. 3) of the turbofan engine 10 wthersystem 100 is inserted within
the fan section 16. The measurement probe 16Comayperable with the threaded
rod 162 and configured to extend generally in #Hual direction R (FIG. 3) when the
system 100 is inserted within the turbofan engidénlorder to inspect the contour of
the abradable coating 80. Additionally, the measwant assembly 132 may include
an adjustment wheel 164 configured to rotate thesaited rod 162 such that the
measurement probe 160 is adjusted at least pwitiethe axial direction A. For
instance, the measurement probe 160 may includeetall (not shown) in
engagement with threads of the threaded rod 162 that rotation of the threaded rod
162 moves the measurement probe 160 at leastlpeeither forward or aft along the
axial direction A depending on the direction ofatain of the threaded rod 162.
Further, the adjustment wheel 164 may be drivirglypled to the threaded rod 162
such that rotating the adjustment wheel 164 indirection moves the measurement
probe 160 forward in the axial direction A, whitgating the adjustment wheel 164 in
the opposite direction moves the measurement gr60eaft in the axial direction A.
As such, the position of the measurement probeni®pbe adjusted along the axial
direction A in order to inspect the contour of Hiwadable coating 80 positioned
radially outward from the measurement assembly BR#ther, the system 100 may
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be rotating circumferentially about the centerlir®e(see, e.g., FIG. 3) in order to
inspect the contour of the abradable coating &bfigrent circumferential locations
within the fan section 16.

[0056] Referring now to FIG. 7, a flow diagram of one emlibeent of a method
200 of machining an abradable material of a gdsitarengine utilizing a system
including a frame, a first arm extending from atcalnocation of the frame, and a
cutting apparatus is illustrated in accordance a#ipects of the present disclosure. In
general, the method 200 will be described hereth véference to the turbofan engine
10 and system 100 described above in referencéx8.A-6. For instance, the
cutting apparatus 112 may be coupled to a firsgadend 110 of the first arm 106 and
include a rotating shaft 114 and a plurality ofticwgt disks 116 coupled to the rotating
shaft 114 such that the cutting disks 116 defieehilical cutting profile 120. In one
embodiment, the abradable material may includebnadable coating 80 as
described in regard to FIGS. 2 and 3. Furtheratiradable coating 80 may include a
repaired portion 118, a new abradable coating BaAnexisting abradable coating 80
requiring machining of the innermost layer of theer annular surface 74 in order to
perform a repair procedure.

[0057] However, it should be appreciated by those of @giskill in the art that
the disclosed method 200 may generally be utilipetiachine any abradable material
in connection with any gas turbine engine having autable configuration and/or
any system having any suitable system configuratloraddition, although FIG. 7
depicts steps performed in a particular order toppses of illustration and
discussion, the methods discussed herein aremib¢dl to any particular order or
arrangement. One skilled in the art, using theldstires provided herein, will
appreciate that various steps of the methods diedlberein can be omitted,
rearranged, combined, and/or adapted in various watyout deviating from the
scope of the present disclosure.

[0058] As depicted in FIG. 7, the method 200 may inclu2@2] securing the
frame 102 of the system 100 to at least a fan @Baof the turbofan engine 10
utilizing the attachment structure 122 of the sysf®0 coupled to the frame 102 at
the central location 108. The method 200 may &irrthclude (204) adjusting the
cutting apparatus 112 in the axial direction Ahaf turbofan engine 10 utilizing the
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axial adjuster 136 coupled between the first distal 110 of the first arm 106 and the
cutting apparatus 112 such that the cutting appsirkt 2 is axially aligned with the
abradable material, e.g., the abradable coatingr8@nother embodiment, adjusting
the cutting apparatus 112 in the axial directiomdy include rotating the axial
adjustment wheel 140 drivingly coupled to the theshrod 142 of the axial adjuster
136 extending at least partially along the axiabction A. Moreover, the threaded
rod 142 may be operable with the cutting apparalizssuch that the cutting
apparatus 112 is adjusted at least partially irattial direction A.

In certain embodiments, the method 200 may inc{@0é) driving the
rotating shaft 114 of the cutting apparatus 11hghbat the plurality of cutting disks
116 rotates about the axial direction A. Additibyaas show in FIG. 7, the method
200 may include (208) adjusting the cutting appexratl2 in the radial direction R of
the turbofan engine 10 utilizing the radial adjudi88 coupled between the first distal
end 110 of the first arm 106 and the cutting apjpara12 such that at least one of the
cutting disks 116 contacts the abradable materiatder to machine the abradable
material, such as the abradable coating 80. umthdr embodiment, adjusting the
cutting apparatus 112 in the radial direction R nmajude rotating the radial
adjustment wheel 146 operable with one or moresjdel8 of the radial adjuster 138.
As such, the jack(s) 148 may be configured to ekterd retract the cutting apparatus
112 at least partially in the radial direction Riloé turbofan engine 10.
[0059] In an additional embodiment, the method 200 math@rrinclude rotating
the system 100 around the circumferential direcGoof the turbofan engine 10 such
that the cutting apparatus 112 machines at lepstteon of the abradable material
along the circumferential direction C. In anotbarbodiment, the system 100 may
further include a second arm 130 extending fronctréral location 108 of the frame
102 and an axially aligned measurement assemblyntBaling a measurement
probe 160 coupled to a second distal end 134 odebend arm 130. For example,
the measurement assembly 132 may include the #daad 162 extending at least
partially along the axial direction A of the turlbofengine 10 and the measurement
probe 160 extending from the measurement assemBlyelg., at least partially in the
radial direction R of the turbofan engine 10).stich an embodiment, the method 200
may include inspecting a contour of the abradaldéemal by adjusting the position
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of the measurement probe 160 along the axial dreét of the turbofan engine 10.
In a further embodiment, adjusting the positionhef measurement probe 160 may
include rotating the adjustment wheel 164 couptethé threaded rod 162 operable
with the measurement probe 160 in order to adpestrieasurement probe 160 axially
forward or aft.

[0060]  This written description uses exemplary embodimentiisclose the
invention, including the best mode, and also tdnany person skilled in the art to
practice the invention, including making and usamy devices or systems and
performing any incorporated methods. The pateatatbpe of the invention is
defined by the claims, and may include other exasfiiat occur to those skilled in
the art. Such other examples are intended to tiensthe scope of the claims if they
include structural elements that do not differ frtbra literal language of the claims,
or if they include equivalent structural elementgwinsubstantial differences from

the literal languages of the claims.
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WHAT ISCLAIMED IS:

1. A method (200) of machining an abradable material of a gas turbine
engine utilizing a system (100) including aframe (102), afirst arm (106) extending
from a central location (108) of the frame (102), and a cutting apparatus (112)
coupled to afirst distal end (110) of thefirst arm (106) and including a rotating shaft
(114) and aplurality of cutting disks (116) coupled to the rotating shaft (114) such
that the cutting disks (116) define ahelical cutting profile (120), the method (200)
comprising:

(202) securing the frame (102) of the system (100) to at |least afan rotor (38)
of the gas turbine engine utilizing an attachment structure (122) of the system (100),
the attachment structure (122) coupled to the frame (102) at the central location (108);

(204) adjusting the cutting apparatus (112) in an axia direction of the gas
turbine engine utilizing an axia adjuster (136) coupled between the first distal end
(110) of the first arm (106) and the cutting apparatus (112) such that the cutting
apparatus (112) is axially aligned with the abradable material;

(206) driving the rotating shaft (114) of the cutting apparatus (112) such that
the plurality of cutting disks (116) rotates about the axia direction; and

(208) adjusting the cutting apparatus (112) in aradial direction of the gas
turbine engine utilizing aradial adjuster (138) coupled between the first distal end
(110) of the first arm (106) and the cutting apparatus (112) such that at least one of
the cutting disks (116) contacts the abradable material in order to machine the
abradable material.

2. The method (200) of claim 1, further comprising:

rotating the system (100) around a circumferential direction of the gas turbine
engine such that the cutting apparatus (112) machines at least a portion of the
abradable material along the circumferentia direction.

3. The method (200) of claim 1, wherein the system (100) further
includes a second arm (130) extending from the central location (108) of the frame
(102) and an axially aligned measurement assembly (132) including a measurement
probe (160) coupled to a second distal end (134) of the second arm (130), the method
(200) further comprising:
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inspecting a contour of the abradable material by adjusting a position of the
measurement probe (160) along the axial direction.

4. The method (200) of claim 3, wherein adjusting the position of the
measurement probe (160) comprises rotating an adjustment wheel (164) coupled to a
threaded rod (162) operable with the measurement probe (160) in order to adjust the
measurement probe (160) axially forward or aft.

5. The method (200) of claim 1, wherein adjusting the cutting apparatus
(112) in the axial direction comprises rotating an axia adjustment wheel (140)
drivingly coupled to athreaded rod (142) of the axial adjuster (136) extending at least
partially along the axia direction, the threaded rod (142) operable with the cutting
apparatus (112) such that the cutting apparatus (112) is adjusted at least partialy in
the axial direction.

6. The method (200) of claim 1, wherein adjusting the cutting apparatus
(112) in theradia direction comprises rotating aradia adjustment wheel (146)
operable with one or more jacks (148) of the radial adjuster (138), the one or more
jacks (148) configured to extend and retract the cutting apparatus (112) at least
partialy in the radial direction of the gas turbine engine.

7. The method (200) of claim 1, wherein the abradable material
comprises arepaired portion (118).

8. A system (100) for machining an abradable material of a gas turbine
engine, the system (100) comprising:

aframe (102) including afirst arm (106) extending from a central location
(108);

an attachment structure (122) coupled to the frame (102) at the central location
(108), the attachment structure (122) configured to coupleto at |east afan rotor (38)
of the gas turbine engine; and

acutting apparatus (112) coupled to afirst distal end (110) of thefirst arm
(106) opposite the central location (108), the cutting apparatus (112) including a
rotating shaft (114) and plurality of cutting disks (116) coupled to the rotating shaft
(114), wherein the plurality of cutting disks (116) define ahelical cutting profile
(120),
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wherein the helical cutting profile (120) is configured to machine a contour
within the abradable material complementary to at least one fan blade (44) of the gas
turbine engine.

0. The system (100) of claim 8, wherein the plurality of cutting disks
(116) are configured to extend along atotal length of the abradable material in an
axial direction of the gas turbine engine.

10.  Thesystem (100) of claim 8, wherein the frame (102) further includes
asecond arm (130) extending from the central location (108), the system (100) further
comprising:

ameasurement assembly (132) coupled to a second distal end (134) of the
second arm (130) opposite the central location (108), wherein the measurement
assembly (132) is configured to inspect the contour of the abradable material.

11.  Thesystem (100) of claim 10, wherein the measurement assembly
(132) comprises athreaded rod (162) configured to extend at least partially along an
axial direction of the gas turbine engine, a measurement probe (160) extending from
and operable with the threaded rod (162), and an adjustment wheel (164) configured
to rotate the threaded rod (162) such that the measurement probe (160) is adjusted at
least partially in the axia direction of the gas turbine engine.

12.  Thesystem (100) of claim 8, further comprising:

an adjustment mechanism (128) coupled between the first distal end (110) of
the first arm (106) and the cutting apparatus (112), wherein the adjustment
mechanism (128) is configured to adjust a position of the cutting apparatus (112)
along an axial direction and aradial direction of the gas turbine engine.

13.  Thesystem (100) of claim 12, wherein the adjustment mechanism
(128) comprises an axia adjuster (136) including athreaded rod (142) operable with
the cutting apparatus (112) and configured to extend at least partially along an axial
direction of the gas turbine engine and an axial adjustment wheel (140) configured to
rotate the threaded rod (142) such that the cutting apparatus (112) is adjusted at least
partialy in the axial direction.

14.  The system (100) of claim 12, wherein the adjustment mechanism
(128) comprises aradia adjuster (138) including at least one jack (148) operable with
the cutting apparatus (112) and aradial adjustment wheel (146) configured to extend

25



and retract the cutting apparatus (112) at least partially in theradia direction of the
gas turbine engine.

15.  Thesystem (100) of claim 8, wherein the rotating shaft (114) includes
akey (154) extending along alength of the rotating shaft (114), and wherein each
cutting disk (116) of the plurality of cutting disks (116) includes a notch operable with
the key (154) such that the plurality of cutting disks (116) define the helical cutting
profile (120).
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