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TITLE

Methods, apparatus, computer programs, and non-transitory computer readable

storage mediums for repairing aerofoils of gas turbine engines

TECHNOLOGICAL FIELD

The present disclosure concerns methods, apparatus, computer programs, and
non-transitory computer readable storage mediums for repairing aerofoils of gas

turbine engines.

BACKGROUND

Gas turbine engines include various aerofoils for directing a flow of gas through
the gas turbine engine and/or for extracting torque from the flow of gas. For
example, gas turbine engines usually include the following aerofoils: compressor
blades, turbine blades, nozzle guide vanes, and stator vanes. Such aerofoils are
usually mounted between radially inner platforms and radially outer platforms
and the area defined by the trailing edges of two adjacent aerofoils and the

radially inner and outer platforms may be referred to as a ‘throat area’.

Aerofoils for gas turbine engines are usually coated to help protect the aerofoils
from the relatively hostile environment in which they operate. For example, the
coating on an aerofoil may help protect the aerofoil from high temperatures,

contamination and erosion.

In operation of the gas turbine engine, the coatings on aerofoils may become
damaged due to the above mentioned hostile environment. Current repair
techniques involve machining the aerofoil and then providing a coating to the
machined aerofoil to replace the coating removed by machining. However, the
machining of the aerofoil may remove material from the aerofoil (in addition to
the coating) which may increase the throat area defined by the machined

aerofoil and thereby reduce the performance of the gas turbine engine.
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BRIEF SUMMARY

According to various, but not necessarily all, embodiments of the invention there
is provided a method of repairing an aerofoil of a gas turbine engine, the method
comprising: controlling machining of at least one of: a first aerofoil and a second
aerofoil; the machining causing an increase in a throat area defined by the first
aerofoil, the second aerofoil, a first platform and a second platform, the first
aerofoil and the second aerofoil being arranged to couple to the first platform
and to the second platform; and controlling provision of a coating to at least one
of the first platform and the second platform subsequent to controlling machining

to reduce the throat area.

The coating may comprise a thermal barrier coating. The coating may comprise
yttria-stabilised zirconia.

Additionally or alternatively, the coating comprises a bond coating. The coating
may comprise: platinum, or platinum aluminide, or MCrAl, where M is one or any

combination of nickel, cobalt and iron.

The coating may have a thickness greater than two hundred and fifty
micrometers. The coating may have a thickness greater than three hundred
micrometers. The coating may have a thickness greater than four hundred

micrometers.

The method may further comprise: receiving information on the positioning of the
first aerofoil, the second aerofoil, the first platform and the second platform
subsequent to controlling machining; and determining the throat area using the

received information.

The method may further comprise controlling provision of a coating to at least
one of the first aerofoil and the second aerofoil subsequent to controlling

machining to reduce the throat area.
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The method may further comprise controlling provision of an object to the first
platform, and/or the second platform, and/or the first aerofoil, and/or the second

aerofoil.

Controlling provision of the object may be performed prior to controlling provision
of the coating. The method may further comprise controlling provision of the
coating to the object.

The object may be provided to the first platform, and/or the second platform,
and/or the first aerofoil, and/or the second aerofoil to cause wakes within gas
flow between the first aerofoil, the second aerofoil, the first platform, and the

second platform.

The first aerofoil, the second aerofoil, the first platform, and the second platform
may form part of a compressor of a gas turbine engine, or may form part of a

turbine of a gas turbine engine.

The first aerofoil and the second aerofoil may be one of: compressor blades;

nozzle guide vanes; stator vanes; and turbine blades.

According to various, but not necessarily all, embodiments of the invention there
is provided apparatus for repairing an aerofoil of a gas turbine engine, the
apparatus comprising: a controller to perform the method as described in any of

the preceding paragraphs.

According to various, but not necessarily all, embodiments of the invention there
is provided a computer program that, when read by a computer, causes

performance of the method as described in any of the preceding paragraphs.

According to various, but not necessarily all, embodiments of the invention there

is provided a non-transitory computer readable storage medium comprising
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computer readable instructions that, when read by a computer, cause

performance of the method as described in any of the preceding paragraphs.

According to various, but not necessarily all, embodiments of the invention there
is provided a platform for receiving an aerofoil of a gas turbine engine, the
platform comprising a coating having a thickness greater than two hundred and

fifty micrometers.

The coating may have a thickness greater than three hundred micrometers. The

coating may have a thickness greater than four hundred micrometers.

The coating may comprise a thermal barrier coating. The coating may comprise
yttria-stabilised zirconia. Additionally or alternatively, the coating may comprise
a bond coating. The coating may comprise platinum, or platinum aluminide, or

an alloy of MCrAl, where M is one or any combination of nickel, cobalt and iron.

The platform may be arranged to retain a compressor blade, a turbine blade, or

a nozzle guide vane.

According to various, but not necessarily all, embodiments of the invention there
is provided a gas turbine engine comprising one or more platforms as described

in any of the preceding paragraphs

The skilled person will appreciate that except where mutually exclusive, a
feature described in relation to any one of the above aspects may be applied
mutatis mutandis to any other aspect. Furthermore except where mutually
exclusive any feature described herein may be applied to any aspect and/or

combined with any other feature described herein.

BRIEF DESCRIPTION

Embodiments will now be described by way of example only, with reference to

the Figures, in which:



10

15

20

25

30

Fig. 1 illustrates a schematic diagram of apparatus for repairing aerofoils

according to various examples;

Fig. 2 illustrates a flow diagram of a method of repairing aerofoils according to

various examples;

Fig. 3 illustrates a perspective diagram of a part of a gas turbine engine

according to various examples;

Fig. 4 illustrates a further perspective diagram of the part of the gas turbine

engine illustrated in Fig. 3;

Figs. 5A, 5B and 5C illustrate cross sectional diagrams of a platform during

stages of repair of an aerofoil according to various examples;

Figs. 6A, 6B, 6C illustrate cross sectional diagrams of an aerofoil during repair

according to various examples; and

Fig. 7 illustrates a cross sectional side view of a gas turbine engine according to

various examples.

DETAILED DESCRIPTION

In the following description, the terms ‘connected’ and ‘coupled’ mean
operationally connected and coupled. It should be appreciated that there may
be any number of intervening components between the mentioned features,

including no intervening components.

Fig. 1 illustrates a schematic diagram of an apparatus 10 for repairing an aerofoll
of a gas turbine engine according to various examples. The apparatus 10
includes a controller 12, machine tool 14, a sensor 16, and coating apparatus
18. In some examples, the apparatus 10 may be a module. As used herein, the

wording ‘module’ refers to a device or apparatus where one or more features are
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included at a later time, and possibly, by another manufacturer or by an end
user. For example, where the apparatus 10 is a module, the apparatus 10 may
only include the controller 12, and the remaining features (such as the machine
tool 14, the sensor 16 and the coating apparatus 18) may be added by another

manufacturer, or by an end user.

The controller 12, the machine tool 14, the sensor 16, and the coating apparatus
18 may be coupled to one another via a wireless link and may consequently
comprise radio frequency circuitry (such as a transceiver) and one or more
antennas. Additionally or alternatively, the controller 12, the machine tool 14,
the sensor 16, and the coating apparatus 18 may be coupled to one another via
a wired link and may consequently comprise interface circuitry (such as a
Universal Serial Bus (USB) socket). It should be appreciated that the controller
12, the machine tool 14, the sensor 16, and the coating apparatus 18 may be

coupled to one another via any combination of wired and wireless links.

The controller 12 may comprise any suitable circuitry to cause performance of
the methods described herein and as illustrated in Fig. 2. The controller 12 may
comprise: at least one application specific integrated circuit (ASIC); and/or at
least one field programmable gate array (FPGA); and/or single or multi-
processor architectures; and/or sequential (Von Neumann)/parallel architectures;
and/or at least one programmable logic controllers (PLCs); and/or at least one
microprocessor; and/or at least one microcontroller; and/or a central processing

unit (CPU); and/or a graphics processing unit (GPU), to perform the methods.

By way of an example, the controller 12 may comprise at least one processor 20
and at least one memory 22. The memory 22 stores a computer program 24
comprising computer readable instructions that, when read by the processor 20,
causes performance of the methods described herein, and as illustrated in Fig.
2. The computer program 24 may be software or firmware, or may be a

combination of software and firmware.

The processor 20 may include at least one microprocessor and may comprise a
single core processor, may comprise multiple processor cores (such as a dual
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core processor or a quad core processor), or may comprise a plurality of
processors (at least one of which may comprise multiple processor cores). The
processor 20 may be located at a single location or may be located across

multiple locations.

The memory 22 may be any suitable non-transitory computer readable storage
medium, data storage device or devices, and may comprise a hard disk and/or
solid state memory (such as flash memory). The memory 22 may be permanent
non-removable memory, or may be removable memory (such as a universal
serial bus (USB) flash drive or a secure digital (SD) card). The memory 22 may

be located at a single location or may be located across multiple locations.

The computer program 24 may be stored on a non-transitory computer readable
storage medium 26. The computer program 24 may be transferred from the
non-transitory computer readable storage medium 26 to the memory 22. The
non-transitory computer readable storage medium 26 may be, for example, a
USB flash drive, a secure digital (SD) card or an optical disc (such as a compact
disc (CD), a digital versatile disc (DVD) or a Blu-ray disc). In some examples,
the computer program 24 may be transferred to the memory 22 via a signal 28

(which may be a wireless signal or a wired signal).

The machine tool 14 may comprise any suitable tool or tools for removing
material from a component of a gas turbine engine. For example, the machine
tool 14 may comprise a blending tool, and/or a milling tool, and/or a water jet,
and/or an electrical discharge machining (EDM) tool, and/or an ultrasonic
machining tool. In some examples, the machine tool 14 may comprise chemical
etching apparatus. The controller 12 is configured to control the operation of the

machine tool 14.

The sensor 16 may comprise any suitable device or devices for measuring a
throat area between two aerofoils of a gas turbine engine. For example, the
sensor 16 may comprise a three dimensional (3D) scanner, which may be a
contact three dimensional scanner (such as a Co-ordinate Measuring Machine
(CMM)) or a non-contact three dimensional scanner (such as a light, ultrasound
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or x-ray scanner). The controller 12 is configured to control the operation of the

sensor 16 and to receive information from the sensor 16.

The coating apparatus 18 may comprise any suitable device for providing a
coating to a component of a gas turbine engine. For example, the coating
apparatus 18 may comprise thermal spray apparatus, air plasma spray
apparatus, electroplating apparatus, electron beam physical vapour deposition
apparatus, high velocity oxygen fuel coating apparatus. The coating apparatus
18 may be configured to provide a thermal barrier coating (such as yttria-
stabilised zirconia) and/or to provide a bond coating such as platinum, platinum
aluminide, or an alloy of MCrAlY, where M is one or any combination of nickel,
cobalt and iron (such as CoNiCrAlY). The controller 12 is configured to control
the operation of the coating apparatus 18 to provide one or more layers of
coating to a component of a gas turbine engine.

Fig. 2 illustrates a flow diagram of a method of repairing aerofoils according to
various examples. The method illustrated in Fig. 2 is described with reference to
Figs. 3, 4, 5A, 5B, 5C, 6A, 6B, and 6C.

Fig. 3 illustrates a perspective view of a part 29 of a gas turbine engine that
includes a first aerofoil 30, a second aerofoil 32, a first platform 34, and a second
platform 36. The part 29 may be a portion of a compressor of a gas turbine
engine or a portion of a turbine of a gas turbine engine. The first aerofoil 30 may
be any one of: a compressor blade, a turbine blade, a stator vane or a nozzle
guide vane. The second aerofoil 32 may be any one of. a compressor blade, a
turbine blade, a stator vane, or a nozzle guide vane. The gas turbine engine
may include a plurality of the parts 29 which may be integral or separate to one
another. Additionally, it should be appreciated that the part 29 may include any
number of aerofoils retained on the first platform 34 and the second platform 36.
For example, the part 29 may have three or four aerofoils retained on the first

platform 34 and the second platform 36.

The first platform 34 may be arranged to receive and retain the first aerofoil 30
and the second aerofoil 32. For example, the first platform 34 may comprise
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cavities (such as ‘fir tree’ cavities) for receiving roots (such as ‘fir tree’ roots) of
the first and second aerofoils 30, 32. Alternatively, the first and second aerofoils
30, 32 may be integral with the first platform 34 (for example, the first and
second aerofoils 30, 32 may be diffusion bonded to the first platform 34). The
second platform 36 may be arranged to receive and retain the first aerofoil 30
and the second aerofoil 32. Alternatively, the first and second aerofoils 30, 32
may be integral with the second platform 36 (for example, the first and second
aerofoils 30, 32 may be joined to the platforms 34, 36 via brazing, welding or
may form a mechanical joint where an aerofoil is joined to a platform via a cast-

in mechanical lock).

The trailing edge 38 of the first aerofoil 30, the trailing edge 40 of the second
aerofoil 32, the first platform 34 and the second platform 36 define a throat area
42 (indicated by dotted lines in Fig. 3). It should be appreciated that a gas
turbine engine includes a plurality of such throat areas between the various

aerofoils and the platforms to which they are coupled.

Fig. 5A illustrates a cross sectional side view of the first platform 34 at the throat
area 42 prior to the performance of the method illustrated in Fig. 2. The first
platform 34 includes a body 44 having a thickness D1 (where D1 is of the order
of a few millimeters) and a coating 46 having a thickness D2 (where D2 is less
than two hundred micrometers). The body 44 and the coating 46 may
comprise different materials. For example, the body 44 may comprise a nickel
superalloy such as CM247LC, MarM002, or a single-crystal alloy such as
CMSX-3, CMSX-4, and so on and the coating 46 may comprise a thermal barrier
coating (such as yttria-stabilised zirconia) and/or a bond coating such as
platinum, platinum aluminide, or an alloy of MCrAlY, where M is one or any

combination of nickel, cobalt and iron (such as CoNiCrAlY)..

Fig. 6A illustrates a cross sectional side view of the first aerofoil 30 at the throat
area 42 prior to the performance of the method illustrated in Fig. 2. The first
aerofoil 30 includes a body 48 having a thickness D3 (where D3 is of the order of
a few millimetres) and a coating 50 having a thickness D5 (where D4 is less than
two hundred micrometers). The body 48 and the coating 50 may comprise
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different materials. For example, the body 48 may comprise a nickel superalloy
such as CM247LC, MarM002, or a single-crystal alloy such as CMSX-3, CMSX-
4, and so on, and the coating 50 may comprise a thermal barrier coating (such
as yttria-stabilised zirconia) and/or a bond coating such as platinum, platinum
aluminide, or an alloy of MCrAlY, where M is one or any combination of nickel,
cobalt and iron (such as CoNiCrAlY).

At block 52, the method includes controlling machining of at least one of: the first
aerofoil 30 and the second aerofoil 32. For example, the controller 12 may
control the machine tool 14 to machine the first aerofoil 30 and/or the second
aerofoil 32. The method may also include controlling machining of the first

platform 34 and/or the second platform 36 at block 52.

Prior to controlling machining, the controller 12 may control the sensor 16 to
inspect the first aerofoil 30, the second aerofoil 32, the first platform 34, and the
second platform 36 to generate information on the condition of the first aerofoil
30, the second aerofoil 32, the first platform 34 and the second platform 36. The
controller 12 may use the generated information to create a machining path
along which the machine tool 14 may be moved to machine the first aerofoil 30,
the second aerofoil 32, the first platform 34 and the second platform 36 at block
52.

Fig. 5B illustrates a cross sectional side view of the first platform 34 at the throat
area 42 subsequent to the performance of block 52 (that is, after machining has
been performed). The body 44 has a thickness D1’ that is less than the
thickness D1 of the body 44 prior to the performance of block 52. The coating

46 has been removed by the performance of block 52.

Fig. 6B illustrates a cross sectional side view of the first aerofoil 30 at the throat
area 42 subsequent to the performance of block 52. The body 48 has a
thickness D3’ that is less than the thickness D3 of the body 48 prior to the
performance of block 52. The coating 46 has been removed by the performance
of block 52.
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At block 54, the method includes controlling the sensor 16 to sense the
positioning of the first aerofoil 30, the second aerofoil 32, the first platform 34
and the second platform 36. For example, the controller 12 may control the
operation of the sensor 16 to sense the position of the surfaces of the first
aerofoil 30, the second aerofoil 32, the first platform 34 and the second platform
36.

At block 56, the method includes receiving information on the positioning of the
first aerofoil 30, the second aerofoil 32, the first platform 34 and the second
platform 36. For example, the controller 12 may receive information on the
positioning of the first aerofoil 30, the second aerofoil 32, the first platform 34
and the second platform 36 and store the received information in the memory
22. The received information may include co-ordinates for a plurality of points
on the surfaces of the first aerofoil 30, the second aerofoil 32, the first platform
34 and the second platform 36. In some examples, the controller 12 may use
the received information to generate a two dimensional model or a three
dimensional model of the part 29. The generated model of the part 29 may be
stored in the memory 22 and displayed to an engineer via an output device of
the apparatus 10 such as a liquid crystal display (LCD) or a light emitting diode
(LED) display.

At block 58, the method includes determining the throat area 42 using the
information received at block 56. For example, the controller 12 may read the
received information from the memory 22 to obtain the co-ordinates of the
surfaces defining the throat area 42 and then determine the size of the throat
area 42 using the obtained co-ordinates. The controller 12 may use the
determined size of the throat area 42 and an optimal size for the throat area 42
(stored in the memory 22) to determine what addition of material may be used to
reduce the size of the throat area 42 and thereby bring the size of the throat area
42 towards, or equal to, the optimal size for the throat area 42.

At block 60, the method may include controlling provision of one or more objects
to the first platform 34, and/or the second platform 36, and/or the first aerofoil 30,

and/or the second aerofoil 32. The objects may have any suitable shape or
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shapes (such as pips, lines, chevrons, arcs, rectangles and so on). The objects
are arranged to reduce the throat area 42 and/or to cause wakes in the flow of
gas through the part 29 and thereby reduce the capacity of the part 29 to
compensate for the increase in the throat area 42 caused by the machining
performed at block 52.

The objects may be formed through the addition of braze and/or weld and/or
ceramics to the part 29. Additionally or alternatively, the objects may be pre-
formed (through sintering for example) and then coupled to the part 29 through
welding or brazing for example. The design and location of the objects may be
generated using the determined addition of material from block 58. The
controller 12 may be configured to control the provision of the one or more
objects to the part 29 (for example, through controlling the machine tool 14 to
provide the objects).

Fig. 4 illustrates a further perspective diagram of the part 29 illustrated in Fig. 3
including a plurality of objects 62 on the part 29 in accordance with block 60. In
more detail, the part 29 includes a first object 62; having a line shape, a second
object 62, having a chevron shape, a third object 623 having a rectangular
shape, and a fourth object 624 having a triangular shape. The first object 62; is
provided on the second aerofoil 32, the second object 62, is provided on the
second aerofoil 34, the third object 625 is provided on the first aerofoil 30, and

the fourth object 624 is provided on the first platform 34.

At block 64, the method includes controlling provision of a coating to at least one
of the first platform 34 and the second platform 36 to reduce the throat area 42.
For example, the controller 12 may control the coating apparatus 18 to provide a
coating to the first platform 34 and/or to the second platform 36. In some
examples, the controller 12 may use the determined addition of material from
block 58 to determine the thickness coating to apply to the first platform 34
and/or the second platform 36 at the throat area 42. In other examples, the
controller 12 may control the coating apparatus 18 to provide a fixed thickness of

coating to the first platform 34 and/or the second platform 36.
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Additionally, the method may include controlling provision of a coating to at least
one of the first aerofoil 30 and the second aerofoil 32 at block 64 to reduce the
throat area. Where the method includes controlling provision of one or more
objects to the part 29 at block 60, the method may include controlling provision
of the object prior to controlling provision of the coating (that is, block 60 may be
performed prior to block 64), and the method may include controlling provision of
the coating to the one or more objects. In other examples, block 60 may be
performed subsequent to block 64 (that is, the one or more objects are coupled
to the part 29 subsequent to the provision of coating to the part 29).

Fig. 5C illustrates a cross sectional side view of the first platform 34 at the throat
area 42 subsequent to the performance of block 64 in Fig. 2. The body 44 has a
thickness D1’ that is less than the thickness D1 of the body 44 prior to the
performance of block 52. The coating 46 added by block 64 has a thickness D2’
that is greater than the thickness D2 of the coating prior to the machining
performed in block 52. The thickness D2’ of the coating 46 may be equal to or
greater than two hundred and fifty micrometers, may be equal to or greater than
three hundred micrometers, or may be equal to or greater than four hundred
micrometers. The thickness D2’ of the coating 46 may have an upper limit of
one millimeter. In some examples, the coating 46 may have an upper limit of six

hundred micrometers.

It should be appreciated that where the coating 46 is not removed in block 52 (or
is only partially removed), the coating 46 provided in block 64 may be provided
on the existing coating of the first platform 34 to provide a coating having a depth
of D2'.

The application of a relatively thick layer of coating on one or both of the
platforms 34, 36 at the throat area 42 is advantageous because the platforms
34, 36 may suffer less from delamination of the coating 46 due to the flow of gas
than the first and second aerofoils 30, 32. In particular, the platforms 34, 36 are
located in regions of the gas path that may have lower temperatures and cause
less erosion, relative to the regions in which the aerofoils 30, 32 are located.
Additionally, the increase in thickness of the coating 46 on one or both of the
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platforms 34, 36 may increase the longevity of the throat area 42 and thus

increase the service life of the part 29.

Fig. 6C illustrates a cross sectional side view of the first aerofoil 30 at the throat
area 42 subsequent to the performance of block 64. The body 48 has a
thickness D3’ that is less than the thickness D3 of the body 48 prior to the
performance of block 52. The coating 50 provided in block 64 has a thickness of
D4’ which may be equal to (or similar to) the thickness D4 of the coating 50 prior

to machining in block 52.

The method may then proceed to block 66 and end. In other examples, the
method may return to block 54 to determine whether the coating applied to the
part 29 has sufficiently reduced the throat area 42. For example, where the
throat area 42 is measured to be outside of a range of throat areas centred on
the stored optimal throat area 42, the method may proceed again through blocks
60 and 62 to apply additional coating to the first platform 34 and/or the second

platform 36 to further reduce the throat area 42.

The method illustrated in Fig. 2 and described above is advantageous in that the
application of a relatively thick layer of coating to one or both of the first and
second platforms 34, 36 may enable the throat area 42 to be restored despite
material being removed during the repair of one or both of the aerofoils 30, 32.
The restoration of the throat area 42 may advantageously enable a greater
percentage of aerofoils 30, 32 to be repaired instead of being discarded and may
consequently reduce the cost of servicing a gas turbine engine. Additionally, the
restoration of the throat area 42 may result in the operational performance of the

gas turbine engine being maintained.

Fig. 7 illustrates a cross sectional side view of a gas turbine engine 110
according to various examples. The gas turbine engine 110 has a principal and
rotational axis 111 and comprises, in axial flow series, an air intake 112, a
propulsive fan 113, an intermediate pressure compressor 114, a high-pressure
compressor 115, combustion equipment 116, a high-pressure turbine 117, and

intermediate pressure turbine 118, a low-pressure turbine 119 and an exhaust
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nozzle 120. A nacelle 121 generally surrounds the engine 110 and defines both

the intake 112 and the exhaust nozzle 120.

The gas turbine engine 110 operates so that air entering the intake 112 is
accelerated by the fan 113 to produce two air flows: a first air flow into the
intermediate pressure compressor 114 and a second air flow which passes
through a bypass duct 122 to provide propulsive thrust. The intermediate
pressure compressor 114 compresses the air flow directed into it before
delivering that air to the high pressure compressor 115 where further

compression takes place.

The compressed air exhausted from the high-pressure compressor 115 is
directed into the combustion equipment 116 where it is mixed with fuel and the
mixture is combusted. The resultant hot combustion products then expand
through, and thereby drive the high, intermediate and low-pressure turbines 117,
118, 119 before being exhausted through the nozzle 120 to provide additional
propulsive thrust. The high 117, intermediate 118 and low 119 pressure turbines
drive respectively the high pressure compressor 115, intermediate pressure

compressor 114 and fan 113, each by suitable interconnecting shaft.

The gas turbine engine 110 includes one or more parts 29 repaired according to
the method illustrated in Fig. 2 and described in the above paragraphs.
Consequently, the gas turbine engine 110 includes one or more platforms having
a relatively thick layer of coating (that is, greater than two hundred and fifty
micrometers, or greater than three hundred micrometers, or greater than four

hundred micrometers) that at least partially restores an adjacent throat area.

Other gas turbine engines to which the present disclosure may be applied may
have alternative configurations. By way of example such engines may have an
alternative number of interconnecting shafts (e.g. two) and/or an alternative
number of compressors and/or turbines. Further the engine may comprise a

gearbox provided in the drive train from a turbine to a compressor and/or fan.
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It will be understood that the invention is not limited to the embodiments above-
described and various modifications and improvements can be made without
departing from the concepts described herein. Except where mutually exclusive,
any of the features may be employed separately or in combination with any other
features and the disclosure extends to and includes all combinations and sub-

combinations of one or more features described herein.

I/we claim:
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CLAIMS

1. A method of restoring a throat area in a gas turbine engine, the method

comprising:

controlling machining of at least one of: a first aerofoil and a second aerofoil;
the machining causing an increase in a throat area defined by the first aerofoil,
the second aerofoil, a first platform and a second platform, the first aerofoil and
the second aerofoil being arranged to couple to the first platform and to the
second platform, the first platform including a body and a coating, the first
platform having a first thickness;

receiving information on the positioning of the first aerofoil, the second
aerofoil, the first platform and the second platform subsequent to controlling
machining;

determining the throat area using the received information; and

controlling provision of a coating to at least the first platform subsequent to
controlling machining to provide the first platform with a second thickness and to
bring the size of the throat area towards, or equal to, a stored optimal throat
area, the second thickness being greater than the first thickness.

2. A method as claimed in claim 1, wherein the coating comprises a thermal

barrier coating.

3. A method as claimed in claim 2, wherein the coating comprises yttria-

stabilised zirconia.

4. A method as claimed in any of the preceding claims, wherein the coating

comprises a bond coating.

5. A method as claimed in claim 4, wherein the coating comprises: platinum, or
platinum aluminide, or MCrAlY, where M is one or any combination of nickel,
cobalt and iron.



10

15

20

25

30

35

18

6. A method as claimed in any of the preceding claims, wherein the step of
controlling provision of a coating provides the first platform with a coating
having a thickness greater than two hundred and fifty micrometers.

7. A method as claimed in any of the preceding claims, wherein the step of
controlling provision of a coating provides the first platform with a coating

having a thickness greater than three hundred micrometers.

8. A method as claimed in any of the preceding claims, wherein the step of
controlling provision of a coating provides the first platform with a coating
having a thickness greater than four hundred micrometers.

9. A method as claimed in any of the preceding claims, further comprising
controlling provision of a coating to at least one of the first aerofoil and the
second aerofoil subsequent to controlling machining to reduce the throat

area.

10.A method as claimed in any of the preceding claims, further comprising
controlling provision of an object to the first platform, and/or the second

platform, and/or the first aerofoil, and/or the second aerofoil.

11. A method as claimed in claim 10, wherein controlling provision of the object
is performed prior to controlling provision of the coating, and further
comprising controlling provision of the coating to the object.

12. A method as claimed in claim 10 or 11, wherein the object is provided to the
first platform, or the second platform, or the first aerofoil, or the second
aerofoil to cause wakes within gas flow between the first aerofoil, the second

aerofoil, the first platform, and the second platform.

13. A method as claimed in any of the preceding claims, wherein the first
aerofoil, the second aerofoil, the first platform, and the second platform form
part of a compressor of a gas turbine engine, or form part of a turbine of a
gas turbine engine.
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14. A method as claimed in any of the preceding claims, wherein the first
aerofoil and the second aerofoil are one of: compressor blades; nozzle guide

vanes; stator vanes; and turbine blades.

15. Apparatus for restoring a throat area in a gas turbine engine, the apparatus
comprising: a controller configured to perform the method as claimed in any

of the preceding claims.

16. A computer program that, when read by a computer, causes performance of
the method as claimed in any of claims 1 to 14.

17. A non-transitory computer readable storage medium comprising computer
readable instructions that, when read by a computer, cause performance of

the method as claimed in any of claims 1 to 14.



