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Machining Tool 

 

The present disclosure relates to a machining tool for machining the surface of an attrition 

liner that may be provided radially outward of a set of fan blades in a gas turbine engine.  

An attrition liner in a gas turbine engine may be provided around the fan blades with a 5 

small gap between the fan blade tip and the attrition liner.  Minimising the gap may 

minimise over-tip leakage and thus maximise aerodynamic performance of the fan blades.  

In order to minimise the gap between the fan blade tip and the attrition liner, the attrition 

liner may be thicker than required at installation and then machined to the required 

thickness as part of the installation process.   10 

 

It should be appreciated that the present disclosure may be applicable to circumstances in 

which a single section of attrition liner is being replaced.  In such an arrangement, the new 

section of attrition liner may be machined until it has the same thickness as the sections of 

the attrition liner on either side that are to be retained.  The present disclosure may also 15 

relate to circumstances in which the entire attrition liner, namely corresponding to the 

complete circumference of the fan case around the fan blades, is to be replaced.  This may 

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

 

The previously known arrangements for machining newly installed attrition liners or 20 

sections of attrition liners may have drawbacks.  For example, in particular for the 

replacement of a single section of attrition liner, it is known to machine the attrition liner to 

the desired thickness using a hand-held machining tool.  However, such an arrangement 

requires a highly skilled operator to produce the required shape.  Alternatively or 

additionally, the process may produce a large amount of dust that poses a health and safety 25 

risk to the operator.  Alternatively or additionally, the process may require the operator to 

be in an uncomfortable position, for example kneeling, for up to four hours in order to 

machine a single section of the attrition liner.  If the section of attrition liner to be replaced 

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

 30 

For the machining of an entire attrition liner, it is known to provide dedicated tooling.  

However, the known equipment is heavy and is therefore a large floor-standing piece of 
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equipment to provide stability.  It may be centred on the low pressure compressor shaft and 

then cuts the attrition liner to a pre-set depth.  However, such equipment is very large and 

relatively expensive.  Accordingly, it may only be stationed at an engine overhaul facility.  

Furthermore, for the known equipment to be centralised on the low pressure compressor 

shaft, it requires the removal of the low pressure compressor fan disk, namely the fan blade 5 

mount that rotates on the low pressure compressor shaft.  This may undesirable because 

once the low pressure compressor disk is removed, there is a risk of the mating faces of the 

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

 

It is desirable to provide an arrangement for machining attrition liners within a gas turbine 10 

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

 

According to an aspect, there is provided an attrition liner machining tool that is 

configured to machine the surface of an attrition liner provided radially outward of a set of 

plurality of fan blades in a gas turbine engine in which the tool comprises at least one 15 

rotating machine tool having a connector at a first end and a cutter at a second end.  The 

connector may be configured to rigidly connect to a rotating fan blade mount of the gas 

turbine engine that supports the fan blade during operation of the gas turbine engine.  The 

cutter may be configured to be able to machine the attrition liner.  Furthermore, the at least 

one rotating machine tool may be configured such that, when it is connected to the rotating 20 

fan blade mount and the rotating fan blade mount is rotated, the cutter passes across the 

surface of the attrition liner such that the cutter may machine the attrition liner.  The 

connector may be configured to match a connector of a fan blade such that it can be 

received in a complementary connector of the rotating fan blade mount that is used to 

secure a fan blade during use of the gas turbine engine. 25 

 

According to an aspect, the attrition liner machining tool may further comprise a counter-

weight having a connector that is also configured to rigidly connect to the rotating fan 

blade mount of the gas turbine engine and has a mass selected to balance the mass of the at 

least one rotating machine tool when they are mounted to the rotating fan blade mount.  30 

Accordingly, for example, the attrition liner machining tool may be comprised of a single 

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

rotating fan blade mount.   

 

According to an aspect, the attrition liner machining tool may comprise two of the rotating 

machine tools, having substantially the same configurations as each other.  In such an 5 

arrangement, the first and second rotating machine tools may be mounted on opposite sides 

of the rotating fan blade mount from each other such that the mass of one balances the 

mass of the other.   

 

According to an aspect, the attrition liner machining tool may also include a support frame 10 

that may be rigidly connected to the rotating fan blade mount of the gas turbine engine.  

The support frame may also connect to and provide rigid support to, the one or more 

rotating machine tools of the attrition liner machining tool and any counter-weight, where 

used.   

 15 

According to an aspect, the attrition liner machining tool may be configured to manually 

rotate on the rotating fan blade mount of the gas turbine engine by a manual operation, for 

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

 

According to an aspect, the attrition liner machining tool may further comprise a base 20 

frame that is configured to be mounted to the housing of the gas turbine engine and a 

motor system that is configured to rotate the support frame relative to the base frame.  By 

rotating the support frame, that is rigidly secured to the rotating fan blade mount, the motor 

system may be used to rotate the at least one rotating machine tool relative to the base 

frame.  The motor system may, for example, comprise two opposing torque motors.   25 

 

According to an aspect, the one or more rotating machine tools may comprise a radial 

adjustment mechanism that, when the rotating machine tool is rigidly connected to the 

rotating fan blade mount, can adjust the distance of the cutter from the axis of rotation of 

the rotating fan blade mount.  In other words, the radial adjustment mechanism may be 30 

used to adjust the depth of cut into the attrition liner in order to provide a desired gap 

between the finished attrition liner and the fan blade tips.   
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According to an aspect, the at least one rotating machine tool may comprise an axial 

adjustment mechanism that, when the rotating machine tool is rigidly connected to the 

rotating fan blade mount, can adjust the distance of the cutter from an edge of the attrition 

liner in a direction parallel to the axis of rotation of the rotating fan blade mount.  Such an 5 

axial adjustment mechanism may be used in order to incrementally adjust the position of 

the cutter of the rotating machine tool in the direction that has a component that is parallel 

to (for example parallel to, substantially parallel to, and/or a direction with a major 

component that is parallel to) the axis of rotation of the rotating fan blade mount such that 

each time the rotating machine tool is rotated about the axis of rotation of the rotating fan 10 

blade mount, it cuts successive sections of the attrition liner.   

 

According to an aspect, the at least one rotating machine tool may be provided with an 

extractor that is configured to remove debris material that is machined from the attrition 

liner by the cutter.   15 

 

According to an aspect, there is provided a method of machining a surface of an attrition 

liner in a gas turbine engine that includes a step of installing an attrition liner machining 

tool as discussed and/or claimed herein to the gas turbine engine.  The step of installing the 

attrition liner machining tool may comprise connecting at least one rotating machine tool 20 

to a rotating fan blade mount of the gas turbine engine in place of a fan blade.    

 

According to an aspect, the operator may manually rotate the at least one rotating machine 

tool together with the rotating fan blade mount to cause the cutter to be passed across 

surface of the attrition liner.   25 

 

According to an aspect, a motor system may be operated in order to rotate the at least one 

rotating machine tool together with the rotating fan blade mount in order to cause the cutter 

to be passed across the surface of the attrition liner.  

 30 

According to an aspect, there is provided a method of installing an attrition liner to a gas 

turbine engine including steps of securing an attrition liner to the gas turbine engine and 
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machining a surface of the attrition liner using one of the above methods and/or using an 

attrition liner machining tool as described above in order to achieve a desired thickness of 

the attrition liner section.  The attrition liner section may be a complete attrition liner of a 

gas turbine engine or may be a portion thereof.   

 5 

Examples of the disclosure will now be described, by way of non-limiting example only, 

with reference to the accompanying drawings, in which:  

 

Figure 1 shows a cross-section through a gas turbine engine;  

 10 

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

disclosure;  

 

Figure 3 depicts a possible connection mechanism for connecting part of an attrition liner 

machining tool to a rotating fan blade mount of a gas turbine engine;  15 

 

Figure 4 depicts a motor system according to an example of the present disclosure;  

 

Figure 5 depicts an adjustment mechanism according to an example of the present 

disclosure;  20 

 

Figure 6 depicts an adjustment mechanism according to an example of the present 

disclosure;  

 

Figure 7 depicts an extraction system according to an example of the present disclosure; 25 

and  

 

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

disclosure.  

 30 

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

principal and rotational axis X-X.  The engine 10 comprises, in axial flow series, an air 
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intake 11, a compressive fan 12 (which may also be referred to as a low pressure 

compressor), an intermediate pressure compressor 13, a high-pressure compressor 14, 

combustion equipment 15, a high-pressure turbine 16, an intermediate pressure turbine 17, 

a low-pressure turbine 18 and a core exhaust nozzle 19.  The engine also has a bypass duct 

22 and a bypass exhaust nozzle 23.   5 

 

The gas turbine engine 10 works in a conventional manner so that the air entering the 

intake 11 is accelerated by the fan 12 to produce two air flows; a first air flow A into the 

intermediate pressure compressor 13 and a second air flow B which passes through the 

bypass duct 22 to provide propulsive thrust.  The intermediate pressure compressor 13 10 

compresses the air flow A directed into it before delivering that air to the high pressure 

compressor 14 where further compression takes place.  The compressed air exhausted from 

the high-pressure compressor 14 is directed into the combustion equipment 15 where it is 

mixed with fuel and the mixture combusted.  The resulting hot combustion products then 

expand through, and thereby drive the high, intermediate and low-pressure turbines 16, 17 15 

and 18 before being exhausted through the nozzle 19 to provide additional propulsive 

thrust.  The high, intermediate and low-pressure turbines 16, 17, 18 respectively drive the 

high and intermediate pressure compressors, 14, 13 and the fan 12 by suitable 

interconnecting shafts.   

 20 

As shown in Figure 1, the fan 12 comprises a plurality of fan blades.  The fan blades are 

mounted to a rotating low pressure shaft 25 by means of a rotating fan blade mount, that 

may also be referred to as a low pressure compressor disk.  Radially outward from the fan 

12, the gas turbine engine may be provided with an attrition liner 26.  The attrition liner 26 

may be configured to abrade in the event of contact between a fan blade tip and the 25 

attrition liner 26.  In order words, part of the attrition liner 26 may be rapidly removed.  

Desirably, this may occur without causing damage to the fan blades.  In addition, the 

attrition liner 26 may be configured to ensure that the material is not gradually worn away.  

This may reduce damage that may be caused to the fan blade if the liner were worn down 

which may, for example, generate significant heating.   30 
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As discussed above, it is desirable for the gap between the fan blade tips and the attrition 

liner 26 to be minimised.  Accordingly, at the point of installation, each section of the 

attrition liner 26 may be thicker than required.  The section of attrition liner may then be 

machined in order to reduce it to the desired thickness.   

 5 

Figure 2 schematically depicts an attrition liner machining tool according to the present 

disclosure.  In the configuration shown, the attrition liner machining tool 30 has first and 

second rotating machine tools 31, 32.  For use of the attrition liner machining tool, the first 

and second rotating machine tools 31, 32 are secured to the rotating fan blade mount 33 

that, when the gas turbine engine is in operation, supports the fan blades of the fan 12.  10 

Prior to use of the attrition liner machining tool, at least some of the fan blades may be 

detached from the rotating fan blade mount 33, enabling the rotating machine tools 31, 32 

to be connected in their place.  In practice, all of the fan blades may be removed before 

mounting the attrition liner machining tool 30 to the rotating fan blade mount 33, for 

example in order to minimise the risk of any damage to any fan blades.   15 

 

At a first end of each of the rotating machine tools 31, 32, the rotating machine tools are 

connected to the rotating fan blade mount by a respective connector 34.  At a second end of 

the rotating machine tools 31, 32, opposite the first end, there is provided a respective 

cutter 35 that is configured to machine the attrition liner 26.  Between the connector 34 and 20 

the cutter 35, the rotating machine tool may have an elongate shaft 36 configured to 

provide substantially the desired separation between the rotating fan blade mount 33 and 

the surface of the attrition liner 26.  The elongate shaft 36 may be formed from, for 

example, a composite material in order to provide high-rigidity without excessive mass.  It 

may be desirable to minimise the mass of the attrition liner machining tool in order to 25 

facilitate the use of the tool and/or in order to provide an attrition liner machining tool that 

is capable of being transported to a required location of use, namely is not limited to use 

within, for example, an engine overhaul facility.    

 

As discussed above, the connector 34 may be configured to connect the rotating machine 30 

tool 31 to the rotating fan blade mount of the gas turbine engine.  This may be desirable 

because it may minimise the extent to which the gas turbine engine must be disassembled 
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prior to installing an attrition liner or a section of an attrition liner.  In particular, it may 

therefore not be necessary to remove a rotating fan blade mount, reducing the time taken to 

perform the operation.  Furthermore, as discussed above, removing a rotating fan blade 

mount may expose the mating surface between the rotating fan blade mount 33 and the 

low-pressure compressor shaft 25, which may increase the risk of corrosion.   5 

 

Figure 3 depicts in cross-section a connector 34 in more detail.  The connector 34 of the 

rotating machine tool 31 may be configured to correspond to the connector used to connect 

a fan blade to the rotating fan blade mount 33.  In other words, the connector 34 of the 

rotating machine tool 31 may have the same shape as the connectors provided on the fan 10 

blades to connect them to the rotating fan blade mount.  Accordingly, the connector 34 of 

the rotating machine tool 31 may be inserted into the complementary connector within the 

rotating fan blade mount 33, known as the fan disk dovetail slots, that are used to secure 

and support the fan blades during operation of the gas turbine engine.  Utilising the same 

connection mechanism for the rotating machine tool 31 as is used for supporting the fan 15 

blade may ensure that the rotating machine tool 31 is accurately centred on the axis of 

rotation of the low pressure compressor shaft 25.  Furthermore, it may minimise the 

requirement to provide additional components to mount or support the attrition liner 

machining tool.   

 20 

As shown in Figure 3, a support frame 40 may be provided.  This may provide additional 

support for the at least one rotating machine tool 31, for example in order to minimise any 

movement of the rotating machine tool 31 relative to the  rotating fan blade mount 33.  The 

support frame 40 may be mounted to the rotating fan blade mount 33 and may be secured 

to the first end of the rotating machine tool 31 by one or more fixings such as bolts 41 in 25 

order to provide a ridged connection.  Optionally, the support frame 40 may be rigidly 

connected to the rotating fan blade mount 33, for example by one or more fixings 42 such 

as bolts.   

 

In order to machine the surface of the attrition liner 26 once the attrition liner machining 30 

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

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

 

In the arrangement depicted in Figure 2, the attrition liner machining tool 30 has two 

rotating machine tools 31, 32 mounted on opposite sides of the rotating fan blade mount 5 

33.  Accordingly, the mass of the two rotating machine tools 31, 32 balances each other 

facilitating the rotation attrition liner machining tool about the axis of rotation of the fan 

blade mount.   

 

As the attrition liner machining tool rotates, the cutters 35 may cut a cut line through the 10 

surface of the attrition liner 26 along an arc that is centred on the axis of rotation of the 

rotating fan blade mount 33.  Accordingly, an accurately cut curve may be provided to the 

surface of the attrition liner 26.  This may be easier than previously known systems for 

machining an attrition liner 26, which may have relied on the skill of an operator to 

provide a desired surface shape.   15 

 

The attrition liner machining tool may be configured such that the operator may manually 

rotate the at least one rotating machine tool 31, 32, together with the rotating fan blade 

mount 33.  Alternatively or additionally, the attrition liner machining tool 30 may be 

provided with a motor system 45 that may be used to rotate the at least one rotating  20 

machine tool 31, 32 and the rotating fan blade mount 33 relative to the attrition liner 26.  

Figure 4 depicts in greater detail an example of such a motor system 45.  The motor system 

45 may be configured to act between the support frame 34 and a base frame 46 that is 

secured in a fixed position relative to the attrition liner 26.  For example, the base frame 46 

may be rigidly connected to mounting points provided on the gas turbine engine housing.   25 

 

In an arrangement, the motor system 45 may include two opposing torque motors that are 

configured to drive the inner diameter of the support frame 40.  It will be appreciated, 

however, that other motor systems may easily be employed, for example motor systems 

comprising just a single motor. 30 
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Each of the rotating machine tools 31, 32 may include a radial adjustment mechanism 50, 

such as schematically depicted in Figure 5.  The radial adjustment mechanism 50 may be 

provided in order to adjust the distance between the cutter 35 and the axis of rotation of 

rotating fan blade mount 33.  Accordingly, during use of the attrition liner machining tool, 

the radial adjustment mechanism may be used in order to control the depth of cut by the 5 

cutter 35.  This in turn may control the position of the final surface of the attrition liner 26 

relative to the axis of rotation of the rotating fan blade mount, enabling control of the size 

of gap between the surface of the finished attrition liner 26 and the fan blade tip.   

 

The radial adjustment mechanism 50 may be formed from any suitable mechanical or 10 

electro-mechanical system.  For example, as depicted, it may be based upon a rotating 

threaded bar 51 used in conjunction with a slider 52 that is moved up and down the 

threaded bar 51 as it rotates.  Alternatively, for example, the mechanism may be based on a 

rack and pinion mechanism.   

 15 

In either case, the radial adjustment mechanism 50 may be configured to be manually 

adjusted such that the operator can directly set a required position for the cutter 35 relative 

to the axis of rotation of the rotating fan blade mount 33.   

 

Alternatively or additionally, the radial adjustment mechanism 50 may be adjusted by way 20 

of an actuator under the control of a central control system.  Such an arrangement may be 

appropriate if it is desirable to adjust the position of the cutter during use rather than setting 

the position of the cutter 35 to a single fixed distance relative to the axis of rotation of the 

rotating fan blade mount 33.  For example, adjustment during use may be desired if the 

surface of the attrition liner 26 is to be cut to a non-circular shape, for example in order to 25 

compensate for a small deformation of the shape of the fan casing when the gas turbine 

engine is unloaded due to the removal of the fan blades.   

 

In order to control machining to a non-circular shape, the attrition liner machining tool 

may comprise sensors to measure the position of the fan casing relative to the axis of 30 

rotation of the rotating fan blade mount 33 and adjust the position of the cutter 35 

accordingly. Alternatively or additionally, the attrition liner machining tool 31, 32 may 
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comprise one or more sensors to determine the position of the rotating machine tool 31, 32 

as they are rotated and apply an offset to the desired position of the cutter 35 based on the 

known behaviour of the gas turbine engine, namely the manner in which components 

deform, when it is unloaded due to the removal of the fan blades.   

 5 

In an arrangement, the attrition liner machining tool may include an axial adjustment 

mechanism 60 that may be used to adjust the distance of the cutter 35 from an edge 26a of 

the attrition liner 26 in a direction that is parallel to the axis of rotation of the rotating fan 

blade mount 33.  Accordingly, the rotating machine tool 31, 32 may be successively 

advanced across the surface of the attrition liner 26, permitting the machining of adjacent 10 

strips of the attrition liner 26 until the entire surface of the attrition liner 26 has been 

machined to the required thickness.    

 

As with the radial adjustment mechanism 50 discussed above, the axial adjustment 

mechanism 60 may be configured such that it may be adjusted manually by the operator 15 

and/or may be configured such that it can be controlled by an actuator under the control of 

a central controller.  Similarly, the axial adjustment mechanism 60 may, as depicted, be 

based on a rotating threaded bar 61 that engages a sliding component 62.  However, other 

mechanisms may also be employed to control the position of the cutter 35, for example 

based on a rack and pinion mechanism or any other mechanical and/or electro-mechanical 20 

system.   

 

As shown in Figure 6, the desired surface of the attrition liner 26 may not be parallel to the 

axis of rotation of the rotating fan blade mount.  In that case, the axial adjustment 

mechanism 60 may be provided at an inclined angle such that the movement of the cutter 25 

35 by the axial adjustment mechanism 60 adjusts the position of the cutter 35 parallel to 

the desired surface of the attrition liner 26.   

 

In use, the axial adjustment mechanism 60 may be used to move the position of the cutter 

35 by successive increments between each pass of the cutter across the surface of the 30 

attrition liner 26.  The axial adjustment mechanism 60 may be controlled or configured to 

ensure that the incremental movement ensures a small overlap between the successive cuts 
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in order to ensure that no ridges of material remain.  For example, the increments in the 

direction parallel to the axis of rotation of the rotating fan blade mount 33 may be 

equivalent to approximately 90% of the size of the cutting head on the cutter 35.   

 

In an arrangement, each of the rotating machine tools 31 may be provided with an extractor 5 

70 that is configured to remove debris material machined from the attrition liner 26 by the 

cutter 35.  Such an arrangement is depicted in Figure 7.  The extractor 70 may be arranged 

to rotate with the rotating machine tool 31, for example may be mounted to the elongate 

shaft 36.   

 10 

The extractor 70 may include an extraction opening 71 that is provided adjacent to the 

cutter 35 and into which debris material may be drawn.  The extractor, for example, 

include a conduit 72 that connects the extraction opening 71 to a vacuum source, ensuring 

a flow of air into the extraction system 70, drawing in the debris material.  In such an 

arrangement, the extraction opening 71 may be provided in a fixed position relative to the 15 

cutter 35 as the rotating machine tool rotates about the axis of rotation of the rotating fan 

blade mount.   

 

The extraction system 70 may be configured such that the position of the extraction 

opening 71 is adjusted by the operation of a radial adjustment mechanism 50, such as that 20 

discussed above, in order to maintain the position of the extraction opening 71 relative to 

the cutter 35 when the position of the cutter 35 is adjusted by the radial adjustment 

mechanism 50.  In an alternative arrangement, the position of the extraction opening 71 

may not be adjusted by the operation of the radial adjustment mechanism 50 adjusting the 

position of the cutter 35.  In such an arrangement, the extraction opening 71 may have a 25 

sufficient size and may be appropriately arranged such that the extractor 70 is effective for 

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

 

The attrition liner machining tool has been discussed above in the context of an 

arrangement having two rotating machine tools 31, 32.  However, it should be appreciated 30 

that the present disclosure is not limited to such an arrangement.  In particular, a greater 

number of rotating machine tools may be used.  For example, this may be desirable if an 
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entire attrition liner is to be machined as this may enable faster operation.  In the event of a 

greater number of rotating machine tools being used, it will be appreciated that the 

arrangement of the rotating machine tools around the rotating fan blade mount 33 may be 

selected in order to balance the masses around the axis of rotation of the rotating fan blade 

mount. 5 

 

In an arrangement of the present disclosure, an attrition liner machining tool may be 

provided that includes a single rotating machine tool 31.  Such an arrangement is 

schematically depicted in Figure 8.  This may provide an attrition liner machining tool that 

is especially portable.  It may therefore be capable of being used in any location in which it 10 

may be desired to replace a section of an attrition liner.  

 

As shown, in such an arrangement of an attrition liner machining tool, in order to facilitate 

the rotation of the rotating machine tool about the axis of rotation of the rotating fan blade 

mount 33, a counter-weight 80 may be provided.  The counter-weight 80 may include a 15 

connector 81 for connecting the counter-weight 80 to the rotating fan blade mount 33.  As 

with the connector 34 of the rotating machine tool 31, the connector 81 of the counter-

weight 80 may be configured to connect to the rotating fan blade mount 33 using the same 

connection system as the fan blades.  Although not shown in Figure 8 for clarity, a support 

frame 40 may be provided to which both the rotating machine tool 31 and the counter-20 

weight 80 may be secured in order to reduce any possible movement of the rotating 

machine tool 31 and/or the counter-weight 80 relative to the rotating fan blade mount 33.   

 

It should be appreciated that in an arrangement using a single rotating machine tool, such 

as that depicted in Figure 8, a counter-weight may not be required.  In an arrangement, 25 

when the fan blades are detached from the rotating fan blade mount in order to attach the 

rotating machine tool, one or more fan blades may be retained to function as a counter-

weight.  For example, one or more fan blades on the opposite side of the axis of rotation of 

the rotating fan blade mount from the location at which the rotating machine tool is 

attached may be retained.  The mass of the rotating machine tool and/or its mass 30 

distribution may be selected such that it is balanced by the one or more retained fan blades. 
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It should be appreciated that the cutter 35 used with the attrition liner machining tool of the 

present disclosure may be any suitable cutter that can be used to machine the surface of the 

attrition liner 26 in particular, the cutter 35 may include an electric motor configured to 

rotate a cutter head.  If the attrition liner machining tool is to be controlled by the operator, 

a dead man’s switch may be provided to stop the cutting head if the control handle is 5 

released.  Optionally, the cutting head may be configured to stop instantly if the dead 

man’s switch is released rather than scrolled down to a slow stop.   

 

In general, the attrition liner machining tool of the present disclosure may be provided as a 

kit of parts to be temporarily installed to a gas turbine engine after removal of at least one 10 

fan blade.  The kit may contain one or more of the rotating machine tools described above 

and optionally may contain a counter-weight.  The kit may be provided to operate in a 

single configuration, for example only with two rotating machining tools, or may be 

configured to be capable of being used in multiple configurations, for example additionally 

in a configuration of one rotating machine tool used in conjunction with a counter-weight.   15 

 

An attrition liner machining tool of the present disclosure may be configured for use with 

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

of being installed to any of a plurality of designs of gas turbines engines.
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CLAIMS 

 

 1. An attrition liner machining tool (30), configured to machine the surface of 

an attrition liner (26) provided radially outward of a set of a plurality of fan blades in a gas 

turbine engine (10), the tool comprising: 5 

 at least one rotating machine tool (31, 32) having a connector (34) at a first end and 

a cutter (35) at a second end; 

wherein the connector is configured to rigidly connect to a rotating fan blade mount 

(33) of the gas turbine engine that, in use of the gas turbine engine, supports the fan blades;  

the cutter is configured to machine the attrition liner; and 10 

 the at least one rotating machine tool is configured such that, when it is connected 

to said rotating fan blade mount of a gas turbine engine, the cutter is passed across the 

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

 

 2. An attrition liner machining tool according to claim 1, wherein the 15 

connector is configured to fit a complementary connector in the rotating fan blade mount 

that, in use of the gas turbine engine, is configured to securely receive a connector of a fan 

blade. 

 

 3. An attrition liner machining tool according to claim 1 or 2, further 20 

comprising a counter-weight (80) having a connector (81) configured to rigidly connect to 

the rotating fan blade mount of the gas turbine engine and having a mass selected to 

balance the mass of the at least one rotating machine tool when mounted to the rotating fan 

blade mount. 

 25 

 4. An attrition liner machining tool  according to any one of claims 1 to 3, 

further comprising a second rotating machine tool (31, 32) having the same configuration 

as the first rotating machine tool. 

 

 5. An attrition liner machining tool  according to claim 3 or 4, further 30 

comprising a support frame (40), configured to be rigidly connected to the rotating fan 

blade mount of the gas turbine engine and to support a rotating machine tool and a counter-
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weight or a first and second rotating machine tool in respective locations on the rotating 

fan blade mount. 

 

 6. An attrition liner machining tool according to claim 5, further comprising:  

 a base frame (46), configured to be mounted to the gas turbine engine in a fixed 5 

position relative to the attrition liner; and  

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

frame.  

 

 7. An attrition liner machining tool as claimed in claim 6, wherein the motor 10 

system comprises two opposing torque motors. 

 

 8. An attrition liner machining tool as claimed in any one of the preceding 

claims, wherein the at least one rotating machine tool comprises a radial adjustment 

mechanism (50) that is configured such that, when the rotating machine tool is rigidly 15 

connected to the rotating fan blade mount, it can adjust the distance of the cutter from the 

axis of rotation of the rotating fan blade mount. 

 

 9. An attrition liner machining tool as claimed in any one of the preceding 

claims, wherein the at least one rotating machine tool comprises an axial adjustment 20 

mechanism (60) that is configured such that, when the rotating machine tool is rigidly 

connected to the rotating fan blade mount, it can adjust the distance of the cutter from an 

edge of the attrition liner in a direction that has a component that is parallel to the axis of 

rotation of the rotating fan blade mount. 

 25 

 10. An attrition liner machining tool as claimed in any one of the preceding 

claims, wherein the at least one rotating machine tool further comprises an extractor (70), 

configured to remove debris material machined from the attrition liner by the cutter. 

 

 11. An attrition liner machining tool according to claim 10, wherein the 30 

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

operation of the attrition liner machining tool. 

 

 12. An assembly comprising a gas turbine engine (10) and an attrition liner 

machining tool (30) according to any one of the preceding claims, wherein the at least one 5 

rotating machine tool of the attrition liner machining tool is connected to the rotating fan 

blade mount of the gas turbine engine in place of a fan blade. 

 

 13. A method of machining a surface of an attrition liner (26) in a gas turbine 

engine, comprising installing an attrition liner machining tool according to any one of 10 

claims 1 to 11 to the gas turbine engine; 

 wherein installing the attrition liner machining tool comprises connecting at least 

one rotating machine tool to a rotating fan blade mount of the gas turbine engine in place 

of a fan blade. 
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 14. A method of machining a surface of an attrition liner in a gas turbine engine 

according to claim 12 when not dependent from claim 6 or 7, wherein an operator 

manually rotates the at least one rotating machine tool together with the rotating fan blade 

mount to cause the cutter to be passed across the surface of the attrition liner.  

 20 

 15. A method of machining a surface of an attrition liner in a gas turbine engine 

according to claim 12 when dependent from claim 6 or 7, wherein the motor system is 

operated to rotate the support frame relative to the base frame such that the at least one 

rotating machine tool rotates together with the rotating fan blade mount to cause the cutter 

to be passed across the surface of the attrition liner.  25 

 

 16. A method of installing an attrition liner section to a gas turbine engine, 

comprising: 

 securing an attrition liner section to the gas turbine engine; and 

 machining a surface of the attrition liner using the method of any one of claims 13 30 

to 15 and/or the apparatus of any one of claim 1 to 11 to achieve a desired thickness of the 

attrition liner section.  


