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Machining Tool

The present disclosure relates to a machiningftwahachining the surface of an attrition
liner that may be provided radially outward of aafefan blades in a gas turbine engine.
An attrition liner in a gas turbine engine may bevided around the fan blades with a
small gap between the fan blade tip and the attriiner. Minimising the gap may
minimise over-tip leakage and thus maximise aeradyo performance of the fan blades.
In order to minimise the gap between the fan btggdaend the attrition liner, the attrition
liner may be thicker than required at installatzomd then machined to the required
thickness as part of the installation process.

It should be appreciated that the present disoboswury be applicable to circumstances in
which a single section of attrition liner is beirgplaced. In such an arrangement, the new
section of attrition liner may be machined untih@s the same thickness as the sections of
the attrition liner on either side that are to b&ined. The present disclosure may also
relate to circumstances in which the entire adimifiner, namely corresponding to the
complete circumference of the fan case aroundahélades, is to be replaced. This may

occur, for example, when an engine is first insthlbr during a major engine overhaul.

The previously known arrangements for machininglpémstalled attrition liners or
sections of attrition liners may have drawbacker éxample, in particular for the
replacement of a single section of attrition liners known to machine the attrition liner to
the desired thickness using a hand-held machioiolg tHowever, such an arrangement
requires a highly skilled operator to produce #guired shape. Alternatively or
additionally, the process may produce a large anoiugust that poses a health and safety
risk to the operator. Alternatively or additioryalthe process may require the operator to
be in an uncomfortable position, for example kmeglfor up to four hours in order to
machine a single section of the attrition lindrthe section of attrition liner to be replaced

is around the top dead center of the fan casqrtheess may be very difficult to carry out.

For the machining of an entire attrition linerisiknown to provide dedicated tooling.

However, the known equipment is heavy and is tloeeed large floor-standing piece of
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equipment to provide stability. It may be centoedthe low pressure compressor shaft and
then cuts the attrition liner to a pre-set depg#towever, such equipment is very large and
relatively expensive. Accordingly, it may only S&tioned at an engine overhaul facility.
Furthermore, for the known equipment to be cerstealion the low pressure compressor
shatft, it requires the removal of the low pressum@pressor fan disk, namely the fan blade
mount that rotates on the low pressure compres$sdt. sSThis may undesirable because
once the low pressure compressor disk is remohede ts a risk of the mating faces of the

low pressure compressor disk and the low pressumpressor shaft starting to corrode.

It is desirable to provide an arrangement for maialgi attrition liners within a gas turbine

engine that may at least reduce some of the disgalyes discussed above.

According to an aspect, there is provided an mttriiner machining tool that is
configured to machine the surface of an attritioer provided radially outward of a set of
plurality of fan blades in a gas turbine engingvhrich the tool comprises at least one
rotating machine tool having a connector at a éred and a cutter at a second end. The
connector may be configured to rigidly connect totating fan blade mount of the gas
turbine engine that supports the fan blade durpeyation of the gas turbine engine. The
cutter may be configured to be able to machinattréion liner. Furthermore, the at least
one rotating machine tool may be configured suel, thhen it is connected to the rotating
fan blade mount and the rotating fan blade mourdteted, the cutter passes across the
surface of the attrition liner such that the cuttery machine the attrition liner. The
connector may be configured to match a connectarfah blade such that it can be
received in a complementary connector of the nogaftan blade mount that is used to

secure a fan blade during use of the gas turbigmen

According to an aspect, the attrition liner macahgiiool may further comprise a counter-
weight having a connector that is also configureddidly connect to the rotating fan

blade mount of the gas turbine engine and has a s&acted to balance the mass of the at
least one rotating machine tool when they are nemltd the rotating fan blade mount.
Accordingly, for example, the attrition liner macing tool may be comprised of a single

rotating machine tool and a single counter-weight have balancing masses. In use, the
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rotating machine tool and the counter-weight maynoeinted on opposite sides of the

rotating fan blade mount.

According to an aspect, the attrition liner macahgniool may comprise two of the rotating
machine tools, having substantially the same conditions as each other. In such an
arrangement, the first and second rotating madioiols may be mounted on opposite sides
of the rotating fan blade mount from each othehdbat the mass of one balances the
mass of the other.

According to an aspect, the attrition liner macah@niool may also include a support frame
that may be rigidly connected to the rotating féadb mount of the gas turbine engine.
The support frame may also connect to and provgie support to, the one or more
rotating machine tools of the attrition liner matghg tool and any counter-weight, where

used.

According to an aspect, the attrition liner machgniool may be configured to manually
rotate on the rotating fan blade mount of the gasitie engine by a manual operation, for

example under the control of and as a result ofeefapplied by the operator.

According to an aspect, the attrition liner macahgniool may further comprise a base
frame that is configured to be mounted to the haysi the gas turbine engine and a
motor system that is configured to rotate the supfpame relative to the base frame. By
rotating the support frame, that is rigidly secut@the rotating fan blade mount, the motor
system may be used to rotate the at least onengtatchine tool relative to the base

frame. The motor system may, for example, compvi®eopposing torque motors.

According to an aspect, the one or more rotatinghime tools may comprise a radial
adjustment mechanism that, when the rotating madoial is rigidly connected to the
rotating fan blade mount, can adjust the distarfi¢ckeocutter from the axis of rotation of
the rotating fan blade mount. In other words,rdmial adjustment mechanism may be
used to adjust the depth of cut into the attritioar in order to provide a desired gap

between the finished attrition liner and the faadd tips.
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According to an aspect, the at least one rotatiaghime tool may comprise an axial
adjustment mechanism that, when the rotating madoial is rigidly connected to the
rotating fan blade mount, can adjust the distarfi¢keocutter from an edge of the attrition
liner in a direction parallel to the axis of rotatiof the rotating fan blade mount. Such an
axial adjustment mechanism may be used in ordeictementally adjust the position of
the cutter of the rotating machine tool in the clilen that has a component that is parallel
to (for example parallel to, substantially paralteland/or a direction with a major
component that is parallel to) the axis of rotatdnhe rotating fan blade mount such that
each time the rotating machine tool is rotated abweiaxis of rotation of the rotating fan

blade mount, it cuts successive sections of thgiaitt liner.

According to an aspect, the at least one rotatiaghime tool may be provided with an
extractor that is configured to remove debris malkénat is machined from the attrition

liner by the cutter.

According to an aspect, there is provided a metifodachining a surface of an attrition
liner in a gas turbine engine that includes a sfapstalling an attrition liner machining
tool as discussed and/or claimed herein to théughse engine. The step of installing the
attrition liner machining tool may comprise conregtat least one rotating machine tool

to a rotating fan blade mount of the gas turbingiremin place of a fan blade.

According to an aspect, the operator may manuathte the at least one rotating machine
tool together with the rotating fan blade mountaoise the cutter to be passed across

surface of the attrition liner.

According to an aspect, a motor system may be tgrera order to rotate the at least one
rotating machine tool together with the rotating BdJade mount in order to cause the cutter
to be passed across the surface of the attritiamn. li

According to an aspect, there is provided a metifadstalling an attrition liner to a gas

turbine engine including steps of securing antattriliner to the gas turbine engine and
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machining a surface of the attrition liner using arf the above methods and/or using an
attrition liner machining tool as described abaveider to achieve a desired thickness of
the attrition liner section. The attrition linexcdion may be a complete attrition liner of a
gas turbine engine or may be a portion thereof.

Examples of the disclosure will now be describgdwly of non-limiting example only,

with reference to the accompanying drawings, inciwhi

Figure 1 shows a cross-section through a gas widngine;

Figure 2 depicts an attrition liner machining taotording to an example of the present

disclosure;

Figure 3 depicts a possible connection mechanisrodionecting part of an attrition liner

machining tool to a rotating fan blade mount oa turbine engine;

Figure 4 depicts a motor system according to amei@of the present disclosure;

Figure 5 depicts an adjustment mechanism accotdiag example of the present

disclosure;

Figure 6 depicts an adjustment mechanism accotdiag example of the present

disclosure;

Figure 7 depicts an extraction system accordirantexample of the present disclosure;

and

Figure 8 depicts an attrition liner machining tactording to an example of the present

disclosure.

With reference to Figure 1, a ducted fan gas terleimgine generally indicated at 10 has a

principal and rotational axis X-X. The engine I0nprises, in axial flow series, an air
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intake 11, a compressive fan 12 (which may alseefesred to as a low pressure
compressor), an intermediate pressure compressarHigh-pressure compressor 14,
combustion equipment 15, a high-pressure turbin@déntermediate pressure turbine 17,
a low-pressure turbine 18 and a core exhaust nd2zlel'he engine also has a bypass duct

22 and a bypass exhaust nozzle 23.

The gas turbine engine 10 works in a conventioraimar so that the air entering the
intake 11 is accelerated by the fan 12 to prodweedir flows; a first air flow A into the
intermediate pressure compressor 13 and a secofiovaB which passes through the
bypass duct 22 to provide propulsive thrust. Tiiermediate pressure compressor 13
compresses the air flow A directed into it befoediwering that air to the high pressure
compressor 14 where further compression takes .plalse compressed air exhausted from
the high-pressure compressor 14 is directed ird@tmbustion equipment 15 where it is
mixed with fuel and the mixture combusted. Theiltgsg hot combustion products then
expand through, and thereby drive the high, inteliate and low-pressure turbines 16, 17
and 18 before being exhausted through the nozzte ffovide additional propulsive
thrust. The high, intermediate and low-pressureibes 16, 17, 18 respectively drive the
high and intermediate pressure compressors, 1dnd3he fan 12 by suitable

interconnecting shafts.

As shown in Figure 1, the fan 12 comprises a pilyraf fan blades. The fan blades are
mounted to a rotating low pressure shaft 25 by meda rotating fan blade mount, that
may also be referred to as a low pressure comprdsdo Radially outward from the fan
12, the gas turbine engine may be provided withtattion liner 26. The attrition liner 26
may be configured to abrade in the event of coritativeen a fan blade tip and the
attrition liner 26. In order words, part of thériion liner 26 may be rapidly removed.
Desirably, this may occur without causing damagéofan blades. In addition, the
attrition liner 26 may be configured to ensure that material is not gradually worn away.
This may reduce damage that may be caused torti@dde if the liner were worn down

which may, for example, generate significant hegatin
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As discussed above, it is desirable for the gapédat the fan blade tips and the attrition
liner 26 to be minimised. Accordingly, at the poafi installation, each section of the
attrition liner 26 may be thicker than requirecheTsection of attrition liner may then be
machined in order to reduce it to the desired tigsls.

Figure 2 schematically depicts an attrition linexanining tool according to the present
disclosure. In the configuration shown, the attniliner machining tool 30 has first and
second rotating machine tools 31, 32. For useehttrition liner machining tool, the first
and second rotating machine tools 31, 32 are seéd¢arhe rotating fan blade mount 33
that, when the gas turbine engine is in operasapports the fan blades of the fan 12.
Prior to use of the attrition liner machining toat,least some of the fan blades may be
detached from the rotating fan blade mount 33, emgathe rotating machine tools 31, 32
to be connected in their place. In practice, Bthe fan blades may be removed before
mounting the attrition liner machining tool 30 tetrotating fan blade mount 33, for

example in order to minimise the risk of any damtagany fan blades.

At a first end of each of the rotating machine $a8l, 32, the rotating machine tools are
connected to the rotating fan blade mount by aeesge connector 34. At a second end of
the rotating machine tools 31, 32, opposite trst &nd, there is provided a respective
cutter 35 that is configured to machine the attnifiner 26. Between the connector 34 and
the cutter 35, the rotating machine tool may havelangate shaft 36 configured to
provide substantially the desired separation batviiee rotating fan blade mount 33 and
the surface of the attrition liner 26. The elomgstaft 36 may be formed from, for
example, a composite material in order to providgd-higidity without excessive mass. It
may be desirable to minimise the mass of the iattritner machining tool in order to
facilitate the use of the tool and/or in order toydde an attrition liner machining tool that
is capable of being transported to a required locaif use, namely is not limited to use

within, for example, an engine overhaul facility.

As discussed above, the connector 34 may be cartigo connect the rotating machine
tool 31 to the rotating fan blade mount of the abine engine. This may be desirable

because it may minimise the extent to which thetgdsne engine must be disassembled
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prior to installing an attrition liner or a sectiohan attrition liner. In particular, it may
therefore not be necessary to remove a rotatinglade mount, reducing the time taken to
perform the operation. Furthermore, as discusbedesa removing a rotating fan blade
mount may expose the mating surface between thémgtfan blade mount 33 and the

low-pressure compressor shaft 25, which may inerdas risk of corrosion.

Figure 3 depicts in cross-section a connector 3dare detail. The connector 34 of the
rotating machine tool 31 may be configured to csposd to the connector used to connect
a fan blade to the rotating fan blade mount 33other words, the connector 34 of the
rotating machine tool 31 may have the same shapfeannectors provided on the fan
blades to connect them to the rotating fan bladenhoAccordingly, the connector 34 of
the rotating machine tool 31 may be inserted iheodomplementary connector within the
rotating fan blade mount 33, known as the fan dsketail slots, that are used to secure
and support the fan blades during operation ofjigeturbine engine. Utilising the same
connection mechanism for the rotating machine 3dohs is used for supporting the fan
blade may ensure that the rotating machine toa atcurately centred on the axis of
rotation of the low pressure compressor shaftRbthermore, it may minimise the
requirement to provide additional components to mau support the attrition liner

machining tool.

As shown in Figure 3, a support frame 40 may beideal. This may provide additional
support for the at least one rotating machine 3dolfor example in order to minimise any
movement of the rotating machine tool 31 relatwéhie rotating fan blade mount 33. The
support frame 40 may be mounted to the rotatingofade mount 33 and may be secured
to the first end of the rotating machine tool 31dmg or more fixings such as bolts 41 in
order to provide a ridged connection. Optionatlg support frame 40 may be rigidly
connected to the rotating fan blade mount 33, xangle by one or more fixings 42 such
as bolts.

In order to machine the surface of the attritioreti26 once the attrition liner machining

tool has been installed to the rotating fan blademh of the gas turbine engine, the
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assembly of the rotating fan blade mount and atgtiray machine tool mounted thereon

may be rotated about the axis of rotation of thatnog fan blade mount 33.

In the arrangement depicted in Figure 2, the mttriiner machining tool 30 has two
rotating machine tools 31, 32 mounted on opposiessof the rotating fan blade mount
33. Accordingly, the mass of the two rotating maehools 31, 32 balances each other
facilitating the rotation attrition liner machinirigol about the axis of rotation of the fan
blade mount.

As the attrition liner machining tool rotates, thdters 35 may cut a cut line through the
surface of the attrition liner 26 along an arc tlsatentred on the axis of rotation of the
rotating fan blade mount 33. Accordingly, an aatelly cut curve may be provided to the
surface of the attrition liner 26. This may beieatan previously known systems for
machining an attrition liner 26, which may haveeélon the skill of an operator to

provide a desired surface shape.

The attrition liner machining tool may be configdrguch that the operator may manually
rotate the at least one rotating machine tool 21t@&ether with the rotating fan blade
mount 33. Alternatively or additionally, the ditvn liner machining tool 30 may be
provided with a motor system 45 that may be usedttte the at least one rotating
machine tool 31, 32 and the rotating fan blade rm8@rrelative to the attrition liner 26.
Figure 4 depicts in greater detail an example ohsumotor system 45. The motor system
45 may be configured to act between the suppandra4 and a base frame 46 that is
secured in a fixed position relative to the atintliner 26. For example, the base frame 46

may be rigidly connected to mounting points prodide the gas turbine engine housing.

In an arrangement, the motor system 45 may indwdeopposing torque motors that are
configured to drive the inner diameter of the supframe 40. It will be appreciated,
however, that other motor systems may easily bd@rmag, for example motor systems

comprising just a single motor.
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Each of the rotating machine tools 31, 32 may idela radial adjustment mechanism 50,
such as schematically depicted in Figure 5. Thaladjustment mechanism 50 may be
provided in order to adjust the distance betweerctliter 35 and the axis of rotation of
rotating fan blade mount 33. Accordingly, durirgeof the attrition liner machining tool,
the radial adjustment mechanism may be used irr twdmntrol the depth of cut by the
cutter 35. This in turn may control the positidritee final surface of the attrition liner 26
relative to the axis of rotation of the rotating falade mount, enabling control of the size
of gap between the surface of the finished attritioer 26 and the fan blade tip.

The radial adjustment mechanism 50 may be formmad finy suitable mechanical or
electro-mechanical system. For example, as depittmay be based upon a rotating
threaded bar 51 used in conjunction with a slidettat is moved up and down the
threaded bar 51 as it rotates. Alternatively,goample, the mechanism may be based on a

rack and pinion mechanism.

In either case, the radial adjustment mechanism&pbe configured to be manually
adjusted such that the operator can directly setjaired position for the cutter 35 relative

to the axis of rotation of the rotating fan bladeunt 33.

Alternatively or additionally, the radial adjustmienechanism 50 may be adjusted by way
of an actuator under the control of a central airdystem. Such an arrangement may be
appropriate if it is desirable to adjust the pasitof the cutter during use rather than setting
the position of the cutter 35 to a single fixedale relative to the axis of rotation of the
rotating fan blade mount 33. For example, adjustrdaring use may be desired if the
surface of the attrition liner 26 is to be cut toan-circular shape, for example in order to
compensate for a small deformation of the shapgkeofan casing when the gas turbine

engine is unloaded due to the removal of the fadds.

In order to control machining to a non-circular giathe attrition liner machining tool
may comprise sensors to measure the position datheasing relative to the axis of
rotation of the rotating fan blade mount 33 andistifhe position of the cutter 35

accordingly. Alternatively or additionally, the @tibn liner machining tool 31, 32 may
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comprise one or more sensors to determine theigosit the rotating machine tool 31, 32
as they are rotated and apply an offset to theaetepiosition of the cutter 35 based on the
known behaviour of the gas turbine engine, nanteymanner in which components
deform, when it is unloaded due to the removaheffan blades.

In an arrangement, the attrition liner machiningl tmay include an axial adjustment
mechanism 60 that may be used to adjust the dstainbhe cutter 35 from an edge 26a of
the attrition liner 26 in a direction that is pdeato the axis of rotation of the rotating fan
blade mount 33. Accordingly, the rotating machioa 31, 32 may be successively
advanced across the surface of the attrition Réempermitting the machining of adjacent
strips of the attrition liner 26 until the entinerface of the attrition liner 26 has been
machined to the required thickness.

As with the radial adjustment mechanism 50 disalisk®ve, the axial adjustment
mechanism 60 may be configured such that it magdpgsted manually by the operator
and/or may be configured such that it can be ctatrdy an actuator under the control of
a central controller. Similarly, the axial adjustmh mechanism 60 may, as depicted, be
based on a rotating threaded bar 61 that engagjetiray component 62. However, other
mechanisms may also be employed to control theipof the cutter 35, for example
based on a rack and pinion mechanism or any oteehamical and/or electro-mechanical

system.

As shown in Figure 6, the desired surface of th&iah liner 26 may not be parallel to the
axis of rotation of the rotating fan blade mouht.that case, the axial adjustment
mechanism 60 may be provided at an inclined angth that the movement of the cutter
35 by the axial adjustment mechanism 60 adjustpalséion of the cutter 35 parallel to

the desired surface of the attrition liner 26.

In use, the axial adjustment mechanism 60 may éé ttsmove the position of the cutter
35 by successive increments between each pass ofitter across the surface of the
attrition liner 26. The axial adjustment mechan&dmmay be controlled or configured to

ensure that the incremental movement ensures & evealap between the successive cuts
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in order to ensure that no ridges of material rem&or example, the increments in the
direction parallel to the axis of rotation of tlwtating fan blade mount 33 may be

equivalent to approximately 90% of the size of¢h#ing head on the cutter 35.

In an arrangement, each of the rotating machiniks ®ibmay be provided with an extractor
70 that is configured to remove debris material mvaed from the attrition liner 26 by the
cutter 35. Such an arrangement is depicted inr€igu The extractor 70 may be arranged
to rotate with the rotating machine tool 31, foasple may be mounted to the elongate
shaft 36.

The extractor 70 may include an extraction opefiihghat is provided adjacent to the
cutter 35 and into which debris material may bewttaThe extractor, for example,
include a conduit 72 that connects the extractipening 71 to a vacuum source, ensuring
a flow of air into the extraction system 70, dragvin the debris material. In such an
arrangement, the extraction opening 71 may be geaMvin a fixed position relative to the
cutter 35 as the rotating machine tool rotates athmuaxis of rotation of the rotating fan

blade mount.

The extraction system 70 may be configured sudhtligaposition of the extraction
opening 71 is adjusted by the operation of a raigistment mechanism 50, such as that
discussed above, in order to maintain the posafdhe extraction opening 71 relative to
the cutter 35 when the position of the cutter 3&dgisted by the radial adjustment
mechanism 50. In an alternative arrangement, tiséipn of the extraction opening 71
may not be adjusted by the operation of the raialstment mechanism 50 adjusting the
position of the cutter 35. In such an arrangentémetextraction opening 71 may have a
sufficient size and may be appropriately arrangeth shat the extractor 70 is effective for

all positions of the cutter 35 that can be providgdhe radial adjustment mechanism 50.

The attrition liner machining tool has been disedlsabove in the context of an
arrangement having two rotating machine tools 21, Bowever, it should be appreciated
that the present disclosure is not limited to salclarrangement. In particular, a greater

number of rotating machine tools may be used. eikample, this may be desirable if an
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entire attrition liner is to be machined as thisyreaable faster operation. In the event of a
greater number of rotating machine tools being ugedll be appreciated that the
arrangement of the rotating machine tools aroueddatating fan blade mount 33 may be
selected in order to balance the masses arourakithef rotation of the rotating fan blade

mount.

In an arrangement of the present disclosure, ati@ttliner machining tool may be
provided that includes a single rotating machired 81. Such an arrangement is
schematically depicted in Figure 8. This may pdevan attrition liner machining tool that
is especially portable. It may therefore be capaiblbeing used in any location in which it

may be desired to replace a section of an attritrar.

As shown, in such an arrangement of an attritinerlmachining tool, in order to facilitate
the rotation of the rotating machine tool aboutdikes of rotation of the rotating fan blade
mount 33, a counter-weight 80 may be provided. ddenter-weight 80 may include a
connector 81 for connecting the counter-weightdthe rotating fan blade mount 33. As
with the connector 34 of the rotating machine @ihlthe connector 81 of the counter-
weight 80 may be configured to connect to the nogafian blade mount 33 using the same
connection system as the fan blades. Althouglsinaivn in Figure 8 for clarity, a support
frame 40 may be provided to which both the rotatmaghine tool 31 and the counter-
weight 80 may be secured in order to reduce angilpesmovement of the rotating

machine tool 31 and/or the counter-weight 80 re¢atd the rotating fan blade mount 33.

It should be appreciated that in an arrangemengusisingle rotating machine tool, such
as that depicted in Figure 8, a counter-weight matybe required. In an arrangement,
when the fan blades are detached from the roté&imdéplade mount in order to attach the
rotating machine tool, one or more fan blades nmeagebained to function as a counter-
weight. For example, one or more fan blades ompp®site side of the axis of rotation of
the rotating fan blade mount from the location htol the rotating machine tool is
attached may be retained. The mass of the rotatanghine tool and/or its mass

distribution may be selected such that it is badanzy the one or more retained fan blades.
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It should be appreciated that the cutter 35 usdd tlve attrition liner machining tool of the
present disclosure may be any suitable cuttercdrabe used to machine the surface of the
attrition liner 26 in particular, the cutter 35 miaglude an electric motor configured to
rotate a cutter head. If the attrition liner maahg tool is to be controlled by the operator,
a dead man’s switch may be provided to stop thinguthead if the control handle is
released. Optionally, the cutting head may beiganéd to stop instantly if the dead

man’s switch is released rather than scrolled dmaanslow stop.

In general, the attrition liner machining tool bétpresent disclosure may be provided as a
kit of parts to be temporarily installed to a gabine engine after removal of at least one
fan blade. The kit may contain one or more ofrtftating machine tools described above
and optionally may contain a counter-weight. Therlay be provided to operate in a
single configuration, for example only with two atihg machining tools, or may be
configured to be capable of being used in multgalefigurations, for example additionally

in a configuration of one rotating machine tooldige conjunction with a counter-weight.
An attrition liner machining tool of the presensdisure may be configured for use with

one specific design of gas turbine engine. Altevedy it may be configured to be capable

of being installed to any of a plurality of desigrfgyas turbines engines.

14



10

15

20

25

30

CLAIMS

1. An attrition liner machining tool (30), configed to machine the surface of
an attrition liner (26) provided radially outwarflaset of a plurality of fan blades in a gas
turbine engine (10), the tool comprising:

at least one rotating machine tool (31, 32) haamgnnector (34) at a first end and
a cutter (35) at a second end,;

wherein the connector is configured to rigidly ceanto a rotating fan blade mount
(33) of the gas turbine engine that, in use ofgé® turbine engine, supports the fan blades;

the cutter is configured to machine the attritimet; and

the at least one rotating machine tool is conédwsuch that, when it is connected
to said rotating fan blade mount of a gas turbmgiree, the cutter is passed across the

surface of the attrition liner when said rotatiag blade mount is rotated.

2. An attrition liner machining tool accordingdtaim 1, wherein the
connector is configured to fit a complementary atar in the rotating fan blade mount
that, in use of the gas turbine engine, is conéduo securely receive a connector of a fan
blade.

3. An attrition liner machining tool accordingataim 1 or 2, further
comprising a counter-weight (80) having a connef@aj) configured to rigidly connect to
the rotating fan blade mount of the gas turbindremgnd having a mass selected to
balance the mass of the at least one rotating mad¢bol when mounted to the rotating fan
blade mount.

4, An attrition liner machining tool accordingday one of claims 1 to 3,
further comprising a second rotating machine t8al 32) having the same configuration
as the first rotating machine tool.

5. An attrition liner machining tool accordingadtaim 3 or 4, further
comprising a support frame (40), configured toib&lly connected to the rotating fan

blade mount of the gas turbine engine and to sugp@tating machine tool and a counter-
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weight or a first and second rotating machine tooespective locations on the rotating

fan blade mount.

6. An attrition liner machining tool accordingdtaim 5, further comprising:

a base frame (46), configured to be mounted tgé#seturbine engine in a fixed
position relative to the attrition liner; and

a motor system (45), configured to rotate the sugpame relative to the base

frame.

7. An attrition liner machining tool as claimedalaim 6, wherein the motor

system comprises two opposing torque motors.

8. An attrition liner machining tool as claimedany one of the preceding
claims, wherein the at least one rotating machonédomprises a radial adjustment
mechanism (50) that is configured such that, wherrdtating machine tool is rigidly
connected to the rotating fan blade mount, it ajost the distance of the cutter from the

axis of rotation of the rotating fan blade mount.

9. An attrition liner machining tool as claimedany one of the preceding
claims, wherein the at least one rotating machaoédomprises an axial adjustment
mechanism (60) that is configured such that, wherrdtating machine tool is rigidly
connected to the rotating fan blade mount, it ajost the distance of the cutter from an
edge of the attrition liner in a direction that lrasomponent that is parallel to the axis of
rotation of the rotating fan blade mount.

10.  An attrition liner machining tool as claimedany one of the preceding
claims, wherein the at least one rotating machooéfurther comprises an extractor (70),

configured to remove debris material machined fthenattrition liner by the cutter.

11.  An attrition liner machining tool accordingdlaim 10, wherein the

extractor is configured such that an extractionnaqep (71) into which debris material is
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drawn is provided at a fixed position relative he tutter when the cutter is moved in

operation of the attrition liner machining tool.

12. An assembly comprising a gas turbine engifg éhd an attrition liner
machining tool (30) according to any one of thecpting claims, wherein the at least one
rotating machine tool of the attrition liner madhigptool is connected to the rotating fan

blade mount of the gas turbine engine in placefahalade.

13. A method of machining a surface of an atifioer (26) in a gas turbine
engine, comprising installing an attrition liner chaning tool according to any one of
claims 1 to 11 to the gas turbine engine;

wherein installing the attrition liner machiningpt comprises connecting at least
one rotating machine tool to a rotating fan blaarin of the gas turbine engine in place

of a fan blade.

14. A method of machining a surface of an attifioer in a gas turbine engine
according to claim 12 when not dependent from cldian 7, wherein an operator
manually rotates the at least one rotating madaktogether with the rotating fan blade

mount to cause the cutter to be passed acrossittaes of the attrition liner.

15. A method of machining a surface of an atniioer in a gas turbine engine
according to claim 12 when dependent from clainm 8,avherein the motor system is
operated to rotate the support frame relative édotlise frame such that the at least one
rotating machine tool rotates together with thatiog fan blade mount to cause the cutter

to be passed across the surface of the attritiem. li

16. A method of installing an attrition liner sectto a gas turbine engine,
comprising:

securing an attrition liner section to the gabiue engine; and

machining a surface of the attrition liner usihg tmethod of any one of claims 13
to 15 and/or the apparatus of any one of claiml1tto achieve a desired thickness of the

attrition liner section.
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