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(57) ABSTRACT

A method of setting a clearance between a rotor and a stator
of a rotor assembly for a turbine engine. The rotor assembly
has a plurality of rotor-to-stator stages and the stator has a
nominal centreline. Typically the stator is a casing or an array
of vane tips. The method includes (i) correlating in-service
rotor-to-stator rub patterns for a rotor-to-stator stage of a
number of turbine engines, (ii) setting a position of a machin-
ing centreline relative to the nominal centreline of the stator,
the position being towards a heavy rub, (iii) machining the
stator about the machining centreline, (iv) repeating steps (i)
to (ii) for each rotor-to-stator stage of the plurality of the
rotor-to-stator stages, wherein the machined stator having
been formed by at least two machining steps having different
centre-lines.
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ROTOR TIP CLEARANCE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the US National Stage of Inter-
national Application No. PCT/EP2014/059650 filed 12 May
2014, and claims the benefit thereof. The International Appli-
cation claims the benefit of Great Britain Application No. GB
1309580.7 filed 29 May 2013. All of the applications are
incorporated by reference herein in their entirety.

FIELD OF INVENTION

[0002] The present invention relates to minimising clear-
ance between a rotor and a stator for a turbine engine and in
particular machining casings and aerofoils to minimise clear-
ance.

BACKGROUND OF INVENTION

[0003] A compressor (or turbine) of a gas turbine engine
comprises rotor components, including rotor blades and a
rotor drum, and stator components, including stator vanes and
a stator casing. The compressor is arranged with a number of
alternating rotor blade and stator vane stages as is well
known. The efficiency of the compressor is influenced by the
running clearances or radial gap between its rotor and stator
components. The radial gap or clearance between the rotor
blades and stator casing and between the stator vanes and the
rotor drum are set to be as small as possible to minimise over
tip leakage of working gases.

[0004] Typically, the minimum clearance that can be set is
determined by the transient variations of the clearance during
engine operation. However, when engine demand changes the
transient conditions cause the components to experience dif-
ferent thermal gradients and thermal lag. Along with changes
of rotational speeds that influence radial position of compo-
nents and different component materials the clearances are
significantly affected during these transient engine condi-
tions. In some locations the rotor and stator components are
allowed to lightly touch, transiently, leaving a rub mark that
can be seen.

[0005] In addition, rotor components can rotate eccentri-
cally or ‘wobble’ about the engine’s rotational axis. This
eccentricity can contribute to rotor and stator rubbing. In
particular, a rotor-stator rub can occur in only a discrete
circumferential region. Also, when the engine is shutdown,
and then restarted before it is fully cooled, the casings and
rotor can be thermally distorted when the engine is restarted,
causing rubs at some circumferential locations and not others.
[0006] Minimising the clearances has conventionally been
by virtue of selecting the appropriate clearance for all engine
operational points and transient variations. The nominal
geometry is subject to manufacturing and build tolerances,
thus to ensure a clearance around the whole rotor assembly
accommodating the tolerances increases the overall tip clear-
ance area.

[0007] Conventional manufacturing of the compressor
components involves machining the whole stator casing and
all the stator vane tips concentrically and axisymmetrically
about the nominal engine or compressor centreline. The
diameter of the machining operation is set to avoid any heavy
rub that might damage the components.

[0008] Therefore, conventional manufacture of compressor
(or turbine) components compromises the efficiency because
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each stage’s machined diameter is axisymmetric about a
single engine centreline, and the cold build clearance between
rotor and stator of each stage is based on accommodating the
worst case rub at any local point around the circumference.
[0009] U.S. Pat. No. 6,409,471 discloses a method of
machining an inner surface of a shroud assembly extending
generally circumferentially around a central axis of a gas
turbine aircraft engine. The method includes determining
pre-machined radial clearances during flight between tips of
rotor blades in the engine and the inner surface of the shroud
assembly at each of a plurality of circumferentially spaced
locations around the shroud assembly. The inner surface of
the shroud assembly is machined based on the pre-machined
radial clearances to provide a generally uniform post-ma-
chined radial clearance during flight between the tips of the
rotor blades and the inner surface of the shroud assembly at
each of the circumferentially spaced locations around the
shroud assembly.

SUMMARY OF INVENTION

[0010] To address the problems of known compressors and
turbines described above and for the advantages described
below, there is provided a method of setting a clearance
between a rotor and a stator of a rotor assembly for a turbine
engine, the rotor assembly having a plurality of rotor-to-stator
stages, the stator having a nominal centreline, the method
comprising the steps of (i) correlating in-service rotor-to-
stator rub patterns for a rotor-to-stator stage of a number of
turbine engines, (ii) setting a position of a machining centre-
line relative to the nominal centreline of the stator, the posi-
tion being towards a heavy rub, (iii) machining the stator
about the machining centreline, (iv) repeating steps (i) to (ii)
for each rotor-to-stator stage of the plurality of the rotor-to-
stator stages, wherein the machined stator having been
formed by at least two machining steps at different axial
positions having different centre-lines.

[0011] The machined stator can be formed by at least two
machining steps where a first machining step is at a first axial
position and a second step is at a second axial position, thus
the machining steps at different axial positions have different
centre-lines. The first and second axial position can corre-
spond to a first rotor-to-stator stage and a second rotor-to-
stator stage.

[0012] The method can comprise more than two machining
steps at different axial positions or rotor-to-stator stages hav-
ing different centre-lines. The different centre-lines can be
parallel or non-parallel, but the at least two or different cen-
trelines are intended mean that the two centrelines are not
coaxial with one another.

[0013] The stator may have anominal diameter; the method
may comprise the step of setting a machining diameter of the
stator relative to the nominal diameter of the stator.

[0014] The method may include the step of setting a
machining diameter of the stator relative to the nominal diam-
eter of the stator is completed only where there are no oppos-
ing light rub marks.

[0015] The method may include the step of setting a
machining diameter of the stator relative to the nominal diam-
eter of the stator involves a reduction in the machining diam-
eter.

[0016] The method may include the step of machining the
stator an axial extent based on the axial extent of the rotor-
to-stator rub.
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[0017] The method may include the step of machining the
stator an axial extent based the axial extent of the rotor or
stator stage.

[0018] The method may include the step of machining the
stator includes machining a smooth blend between the two
machining steps having different centre-lines.

[0019] The method refers to a rotor assembly that may
comprise a rotor having an array or radially extending blades
and a casing, the clearance is defined between the blades and
the casing.

[0020] The method refers to a rotor assembly that comprise
a rotor having a rotor drum and the stator having an array of
radially extending stator vanes, the clearance is defined
between the rotor drum and the stator vanes.

[0021] The method refers to a stator that may be any one or
both a casing or a stator vane.

[0022] One advantage of the present invention is to mini-
mise the overall clearance area of any one stage of a rotor
assembly to improve efficiency of the rotor assembly.
[0023] Another advantage of the present invention is to
independently minimise the clearance area of more than one
stage of a rotor assembly to improve efficiency of the rotor
assembly.

[0024] Another advantage of the present invention is to
minimise heavy contact or rubbing between rotating and sta-
tionary components of a rotor assembly to prevent damage or
accelerated wear.

[0025] Another advantage of the present invention is to
accommodate eccentric orbits of rotor components caused by
any one or more of tolerances, out-of-balance and thermal
gradients and thermal distortions.

[0026] Another advantage of the present invention is to
minimise clearances during transient engine conditions.
[0027] Another advantage of the present invention is to
form a rotor-to-stator stage having a more constant clearance
distance around the circumference of the rotor and/or stator.
Yet another advantage of the present invention is to form rotor
assembly having each rotor-to-stator stage having a more
constant clearance distance around the circumference of the
rotor and/or stator.

[0028] Another advantage of the present invention is mini-
mising over-tip leakage of gases between a rotor and a stator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above mentioned attributes and other features
and advantages of this invention and the manner of attaining
them will become more apparent and the invention itself will
be better understood by reference to the following description
ofembodiments of the invention taken in conjunction with the
accompanying drawings, wherein

[0030] FIG. 1 shows part of a turbine engine in a sectional
view and in which the present invention is incorporated,
[0031] FIG. 2. shows an enlarged view of part of a com-
pressor of the turbine engine and which shows the present
invention in greater detail,

[0032] FIG. 3. is a key for FIGS. 4-6 and indicates the
general areas where rub marks might occur and relative direc-
tions or movements of a machining centreline relative to a
geometric centreline of an in-service stator, in this example a
casing,

[0033] FIG. 4-6 show first, second and third examples of
rub patterns of an in-service rotor or stator stage of a rotor
assembly and the position of a machining centreline relative
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to a geometric centreline of the in-service casing and relative
machining diameter in accordance with the present invention,
and

[0034] FIG. 7 is a schematic illustration of an example of a
rotor assembly in accordance with the present invention and
having a number of off-set machined rotor or stator stages.

DETAILED DESCRIPTION OF INVENTION

[0035] FIG. 1 shows an example of a gas turbine engine 10
in a sectional view. The gas turbine engine 10 comprises, in
flow series, an inlet 12, a compressor section 14, a combustor
section 16 and a turbine section 18 which are generally
arranged in flow series and generally in the direction of a
longitudinal or rotational axis 20. The gas turbine engine 10
further comprises a shaft 22 which is rotatable about the
rotational axis 20 and which extends longitudinally through
the gas turbine engine 10. The shaft 22 drivingly connects the
turbine section 18 to the compressor section 12.

[0036] In operation of the gas turbine engine 10, air 24,
which is taken in through the air inlet 12 is compressed by the
compressor section 12 and delivered to the combustion sec-
tion or burner section 16. The burner section 16 comprises a
burner plenum 26, one or more combustion chambers 28 and
at least one burner 30 fixed to each combustion chamber 28.
The combustion chambers 28 and the burners 30 are located
inside the burner plenum 26. The compressed air passing
through the compressor 12 enters a diffuser 32 and is dis-
charged from the diffuser 32 into the burner plenum 26 from
where a portion of the air enters the burner 30 and is mixed
with a gaseous or liquid fuel. The air/fuel mixture is then
burned and the combustion gas 34 or working gas from the
combustion is channelled through the combustion chamber
28 to the turbine section 18.

[0037] The turbine section 18 comprises a number of blade
carrying discs 36 attached to the shaft 22. In the present
example, two discs 36 each carry an annular array of turbine
blades 38. However, the number of blade carrying discs could
be different, i.e. only one disc or more than two discs. In
addition, guiding vanes 40, which are fixed to a stator 42 of
the gas turbine engine 10, are disposed between the turbine
blades 38. Between the exit of the combustion chamber 28
and the leading turbine blades 38 inlet guiding vanes 44 are
provided.

[0038] The combustion gas from the combustion chamber
28 enters the turbine section 18 and drives the turbine blades
38 which in turn rotate the shaft 22. The guiding vanes 40, 44
serve to optimise the angle of the combustion or working gas
on the turbine blades 38.

[0039] Theturbine section 18 drives the compressor section
12. The compressor section 12 comprises an axial series of
guide vane stages 46 and rotor blade stages 48. The rotor
blade stages 48 comprise a rotor disc supporting an annular
array of blades. The compressor section 12 also comprises a
casing 50 that surrounds the rotor stages and supports the
guide vane stages 48. The guide vane stages include an annu-
lar array of radially extending vanes that are mounted to the
casing 50. The guide vanes are provided to present gas flow at
an optimal angle for the blades at a given engine operational
point. Some of the guide vane stages have variable vanes,
where the angle of the vanes can be adjusted for angle accord-
ing to air flow characteristics at different engine operations
conditions.

[0040] The casing 50 defines a radially outer surface 52 of
the passage 56 of the compressor 12. A radially inner surface
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54 of the passage 56 is at least partly defined by a rotor drum
53 of the rotor which is partly defined by the annular array of
blades 48 and will be described in more detail below.

[0041] The present invention is described with reference to
the above exemplary turbine engine having a single shaft or
spool connecting a single, multi-stage compressor and a
single, one or more stage turbine. However, it should be
appreciated that the present invention is equally applicable to
two or three shaft engines and which can be used for indus-
trial, aero or marine applications. The term ‘rotor assembly’
refers to a compressor or a turbine. The term rotor or rotor
assembly is intended to include rotating components, includ-
ing rotor blades and a rotor drum. The term stator or stator
assembly is intended to include stationary or non-rotating
components, including stator vanes and a stator casing. Thus
the term rotor-to-stator is intended to relate a rotating com-
ponent to a stationary component such as a rotating blade and
stationary casing or a rotating casing and a stationary blade or
vane. The rotating component can be radially inward or radi-
ally outward of the stationary component.

[0042] The terms upstream and downstream refer to the
flow direction of the airflow and/or working gas flow through
the engine unless otherwise stated. The terms forward and
rearward refer to the general flow of gas through the engine.
The terms axial, radial and circumferential are made with
reference to the rotational axis 20 of the engine.

[0043] Referringto FIG. 2, the compressor 14 of the turbine
engine 10 includes alternating rows of stator guide vanes 46
and rotatable rotor blades 48 which each extend in a generally
radial direction into or across the passage 56.

[0044] The rotor blade stages 49 comprise rotor discs 68
supporting an annular array of blades 48. The rotor blades 48
are mounted between adjacent discs 68 as shown here, but
each annular array of rotor blades 48 could otherwise be
mounted on a single disc 68. In each case the blades 48
comprise a mounting foot or root portion 72, a platform 74
mounted on the foot portion 72 and an aerofoil 70 having a
leading edge 76, a trailing edge 78 and a blade tip 80. The
aerofoil 70 is mounted on the platform 74 and extends radially
outwardly therefrom towards the surface 52 of the casing 50
to define a blade tip gap or blade clearance 82.

[0045] The radially inner surface 54 of the passage 56 is at
least partly defined by the platforms 74 of the blades 48 and
compressor discs 68. In the alternative arrangement men-
tioned above, where the compressor blades 48 are mounted
into a single disc the axial space between adjacent discs may
be bridged by a ring 84, which may be annular or circumfer-
entially segmented. The rings 84 are clamped between axially
adjacent blade rows 48 and are facing the tip of the guide
vanes 46. In addition as a further alternative arrangement a
separate segment or ring can be attached outside the compres-
sor disc shown here as engaging a radially inward surface of
the platforms.

[0046] FIG. 2 shows two different types of guide vanes,
variable geometry 46V and fixed geometry 46F. The variable
geometry guide vanes 46V are mounted to the casing 50 or
stator via conventional rotatable mountings 60. The guide
vanes comprise an aerofoil 62, a leading edge 64, a trailing
edge 66 and atip 58. The rotatable mounting 60 is well known
in the art as is the operation of the variable stator vanes and
therefore no further description is required.
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[0047] The guide vanes 46 extend radially inwardly from
the casing 50 towards the radially inner surface 54 of the
passage 56 to define a vane tip gap or vane clearance 83
therebetween.

[0048] The term ‘clearance’ is used herein refers to a dis-
tance, usually a radial distance, between the rotor and stator.
The term ‘clearance area’ is used herein refers to a total area
of the clearance or gap between and around the rotor and
stator at any given engine operational condition. The term
‘average clearance’ can also be used to denote the average
distance between the rotor blades and casing and between the
stator vanes and the rotor drum for one stage of the rotor
assembly.

[0049] In-service engines have been inspected for tip rub
patterns in an attempt to understand and improve stator-rotor
clearances. Evaluation of the rub patterns on a fleet of each
engine type has revealed a correlation. Rub patterns on any
single engine are different from one rotor/stator stage to
another rotor/stator stage; however, the rub patterns on the
same rotor/stator stage of a first and a second engine are very
similar. From this analysis of rub patterns between engines, it
is possible, for any one engine, to optimise the design and
manufacture of each rotor and/or stator stage independently.
This optimisation reduces clearance where there is no heavy
rub mark, and maintains or increases clearance where there is
a heavy rub mark. In this way the average clearance for each
stage can be reduced without any increased risk of damage
from heavy rubs between rotor and stator. This means that the
average increase in tip clearance for the whole rotor assembly
is reduced and the efficiency of the compressor is increased to
a higher level than would be possible by the known process of
machining all rotor/stator stages axisymmetrically around the
engine centre-line.

[0050] The term ‘light rub’ is used to denote a contact
between rotor and stator components that does not cause
unacceptable damage to either component. The term ‘heavy
rub’ is used to denote a contact between rotor and stator
components that causes unacceptable damage to either or
both components. A light rub and a heavy rub can be distin-
guished by virtue of the circumferential extent or length of the
rub mark. In general, the longer the circumferential extent the
heavier the rub has been. Thus when inspecting a casing for
example, the locations of the ends of the rub are recorded. For
example, and referring to a clock face to describe circumfer-
ential locations, a rub mark on a casing might start in the 2
O’clock position and end at the 6 O’clock position. This rub
length is approximately Y5 of the complete circumferential
length of the casing and because of the relative subscribed
rotor path and casing curvature this length will indicate a
heavy rub has occurred and approximately across the middle
of'the rub mark (the 4 O’clock position). From experience, a
heavy rub can be determined by a rub mark length greater
than a predetermined rub length. Rub marks below the pre-
determined length are deemed light rubs. Thus in correlating
rub marks across related engines and stages, the circumfer-
ential position of the start and the end of rub marks is mea-
sured and recorded.

[0051] The present invention is a method of machining the
stator to achieve the minimal clearance area around each rotor
and/or stator stage. The machining of the stator comprises
machining either or both the casing and the stator vane tips.
The method is applied on a stage by stage basis, such that the
resultant casing or a circumference defined by the stator vane
tips is formed by at least two stages or regions having differ-
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ent machining centre lines. In addition, the resultant casing or
a circumference defined by the stator vane tips is formed by at
least two stages or regions having different nominal diam-
eters.

[0052] The different machining centre lines for at least two
stages are off-set from one another when viewed along the
engine’s rotational axis 20 for example. The different
machining centre lines for each stage or group of stages are
effectively arranged along the engine’s axis 20 although they
do not need to be immediately adjacent to one another. For
example, two or more adjacent stages could have machining
centre lines that are in-line with each other and the next
stage’s machining centreline could then be off-set. The term
‘different machining centre lines’ means that one stage’s
machining centre-line might be concentric with the engine’s
rotational axis and/or the casing’s nominal centreline, but
another stage’s machining centre-line is different or off-set
from and therefore not concentric with the engine’s rotational
axis and/or the casing’s nominal centreline.

[0053] For a better understanding of the present invention,
three examples are described with reference to their figures. It
should be appreciated that the machining centre-lines are
applicable equally to the casing or the circumference defined
by the stator vane tips. For convenience only the casing is
discussed below.

[0054] Considering a casing, inspected after operation. The
ideal situation for a minimum clearance area is a light rub
mark on the casing caused by the blade tips all the way round
the casing circumference. This means that the blades have
touched the casing everywhere at some time, but have never
suffered a heavy rub which could damage the blades. In this
situation, the clearance cannot be reduced without causing a
heavy rub, and the clearance should not be increased because
this would cause increased over tip leakage and hence
reduced efficiency.

[0055] However this ideal situation does not always occur.
The examples described below show an in-service rub pattern
on the left and in accordance with the present invention the
adjustments to the machining centre-line on the right for a
newly manufactured casing.

[0056] FIG. 3 is a key for FIGS. 4-6 and indicates the
general areas where rub marks might occur and relative direc-
tions or movements of a machining centreline relative to a
geometric centreline of an in-service casing or the circumfer-
ence defined by the stator vane tips. In these examples, the
geometric centrelines and rotational axis 20 of the engine is
generally horizontal to the ground.

[0057] Example 1is shownin FIG. 4. The in-service casing
501 has a rub pattern about a single rotor stage (blade tip
against casing surface 54) comprising a heavy rub mark 90 at
the bottom, light rub marks at both sides 92, 94 and no rub
marks at the top. The in-service casing 501 has a geometric
centre-line 96 and a diameter 98. In other words, the geomet-
ric or nominal centre-line 96 has a geometric or nominal
diameter 98. In this example and for the same rotor stage, the
casing machined with a machining centre-line 100 relative to
the geometric centre-line 96, which is downward (arrow 101)
or towards the heavy rub. This adjustment of the machining
centre line position creates or increases the clearance at the
bottom of the new casing 50N in the location of the heavy rub.
The clearance at the top of the casing is reduced and there is
no change in the clearance at the sides. In this example, there
is no change in the machining diameter 102, which is the
same as the original or in-service diameter 98.
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[0058] Depending on the amount of downward movement
of the machining centre-line 100, when operated in-service
this new casing 50N will incur light-rubs at the bottom, sides
and is likely to have no rub or a light rub at the top. In addition,
the risk of damage to the rotor blades and stator vanes is
reduced by avoiding the heavy rub, while maintaining the
same casing diameter.

[0059] Example 2 is shown in FIG. 5 where like elements
have the same reference numbers as in FIG. 3. The in-service
casing 501 has a rub pattern about a single rotor stage com-
prising a light rub 104 at the bottom, no rub marks at the top
and no rub marks at the sides. In this example, the necessary
adjustments to reduce clearances are to reduce machining
diameter 102 and hence areduction of the internal diameter of
the new casing 50N compared to an in-service casing. In
addition, the machining centreline 100 is moved downward
(arrow 106) or towards the light rub mark 104 so that the
clearance at the bottom is not changed. In this example, the
downward movement corresponds to the reduction in halfthe
reduction in diameter. Depending on the amount of down-
ward movement of the machining centre-line 100 and the
reduction in machining diameter 102, when operated in-ser-
vice this new casing 50N will incur a light rub 108 at the
bottom and is likely to have no rub or a light rub at the top and
the sides. The tip clearance area is therefore reduced, increas-
ing the efficiency of the compressor, without causing a heavy
rub with risk of damage to the rotating blades.

[0060] Example 3 is shown in FIG. 6 where like elements
have the same reference numbers as in FIGS. 3 and 4. The
in-service casing 501 has a rub pattern about a single rotor
stage comprising a light rub 110 at the bottom, a heavy rub 1
12 on the left, no rub on the right and no rub at the top. In this
example, the necessary adjustments to reduce clearances are
a reduction in the machining diameter 102 relative to the
in-service casing diameter 98 and a combination of a down-
ward movement (arrow 1 14) and a left-ward movement (ar-
row 1 16) of the machining centreline 100. This combination
of adjustments will leave the clearance at the bottom
unchanged (a light rub) and the clearance at the top being
reduced. Also the combination of adjustments will move the
machining centreline to the left so the clearance on the left is
increased and the clearance on the right is reduced. Thus
depending on the amount of movement of the machining
centre-line 100 and the reduction in machining diameter 102,
when operated in-service this new casing 50N will incur a
light rub 108 at the bottom and the left side, but is likely to
result in no rub or a light rub at the top and the right side.

[0061] It should be understood that the amount of displace-
ment of the machining centre-line 100 relative to the geomet-
ric centre-line 96 and where required the reduction in the
machining diameter 102 relative to the in-service casing
diameter 98 will each depend on a number of factors. These
factors will include the circumferential extent of a rub mark,
how heavy the rub mark is and the statistical confidence of the
in-service rub-mark correlation. For example, it could be
found that the middle stages of a compressor show a heavy
rub at the bottom of the casing and no rub at the top. This
could be due to a temperature gradient between the top and
bottom halves of the casing, which occurs when the engine
stops. Such a temperature gradient can causes a thermal dis-
tortion or bending of the rotor and/or casing between the
bearings supporting the shaft. This could cause a temporary
condition where the radial tip clearance at the bottom of the
engine is small, about halfway between the bearings. If the
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engine is restarted in this condition, a heavy rub could occur
only at the middle stages. The rotor and stator are concentric
at the bearings, so no heavy rub is seen at the first or last
compressor stages. To apply the present invention to this
observed condition, the machining centreline of the casing for
the middle compressor stages could be moved downwards,
which would prevent the heavy rub at the bottom and reduce
the tip clearance at the top of the compressor. It could also be
beneficial to reduce the overall internal machined diameter of
the new casing, depending on any observed rub on the left or
right side of casings returned from operation.

[0062] FIG. 7 is a schematic illustration of an example of a
rotor assembly in accordance with the present invention and
having a number of oft-set machined rotor or stator stages.
The rotor assembly, for example the compressor 12, is
arranged about shaft 22. Shaft 22 is held by a first bearing 120
and a second bearing 122; the shaft 22 extends through the
second bearing 122. The dashed elliptical lines indicate
machining circumferences. These machining circumferences
are those for the new casing 50N.

[0063] Inthis example, the shaft 22 and associated rotating
components of an in-service engine set, has formed an arcuate
rotor blade tip path causing heavy rubbing generally at the top
of the casing 50I. For example, this could be caused by
thermal gradients as described above. At the bottom 50Nj of
the casing 50N, in-service rub pattern analysis has indicated
only slight rubs or no rubs. At the top 50NB of the casing SON,
in-service rub pattern analysis has indicated heavy rubs. In
series order from the first bearing 120, machining cutter or
turning paths have diameters 102A-D increasing and their
machining centrelines 100A-D have been translated
upwardly by increasing amounts; and then the diameters from
102D to 102G decrease and machining centrelines from
100D to 100G decrease in distance from the nominal or
geometric centreline of the casing at the second bearing 122.
[0064] Thus as has been described the present invention is
amethod of setting a clearance between a rotor and a stator of
a compressor or turbine assembly. Where a fleet of in-service
engines is found to have consistent rub patterns, these rub
patterns are correlated. From the correlated rub patterns, a
position of a machining centreline relative to the nominal
centreline of the stator is determined and set. The machining
centreline is generally moved or positioned towards a heavy
rub. As each rotor-to-stator stage is machined about its
machining centreline, a machined stator is formed by at least
two machining steps having different centre-lines. In other
words the machined stator has been formed by at least two
machining steps at different axial positions having different
centre-lines. The machined stator can be formed by at least
two machining steps where a first machining step is at a first
axial position and a second step is at a second axial position,
thus the machining steps at different axial positions have
different centre-lines. The first and second axial position can
correspond to a first rotor-to-stator stage and a second rotor-
to-stator stage. The method can comprise more than two
machining steps at different axial positions or rotor-to-stator
stages having different centre-lines. The different centre-
lines can be parallel or non-parallel, but the at least two or
different centrelines are intended mean that the two (ma-
chined) centrelines are not coaxial with one another.

[0065] This method could produce a casing having a
stepped surface. Having steps in an aerodynamic surface can
be undesirable for aerodynamic reasons and therefore the
method further includes machining a smooth blend across
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and/or between two axially adjacent machining steps that
have different centre-lines and/or diameters. A smooth blend
may be introduced on the surface 54 from one stage to the next
stage downstream thereof. The smooth blend may occur over
all or part of the axial space 51, 53 (see FIG. 2) between rotor
stages and the adjacent stator vanes, so even if each individual
stage is optimised for tip clearance according to the invention,
it is always possible to shape the casing between each rotor
stage and the adjacent stators so that there are no sharp steps.

[0066] In addition or instead the smooth blend may extend
across each stage. Smoothly blending between stage posi-
tions on a casing is further advantageous where the casing
walls 52, 54 are frusto-conical in shape, as shown, rather than
a cyclindrical because a frusto-conical casing may include
varying conical angles which might exacerbate any two axi-
ally adjacent machining steps that have different centre-lines
and/or diameters. Similarly, grinding stator vane tips across
their chord lengths will advantageously involve a smooth
transition from the vane’s leading to trailing edges.

[0067] Furthermore, it should be appreciated that the diam-
eter of a stage is intended to be representative to a potentially
varying diameter across that stage’s axial extent. As can be
seen in FIG. 2 the gas passage is bounded by the conical walls
52, 54, which mean that the diameter of one stage is not
constant between an upstream and a downstream part of the
stage.

[0068] It is known to use abradable coatings on casing
which are designed to operate with the minimum tip clear-
ance by virtue of allowing the rotor and stator to rub. In FIG.
2 an abradable coating 55 is applied to the casing radially
outwardly of the blades 48 and defines the clearance 82 with
the tip 80 of the blade. Thus in correlating in-service rotor-
to-stator rub patterns, setting machining centreline off-set
positions and setting a machining diameter, account is made
of whether the stage has an abradable coating or lining. Thus
the present invention is further enhanced by having the step of
reducing the clearance on stages with an abradable coating
than on stages without an abradable coating.

[0069] Still further in the correlation of in-service rotor-to-
stator rub patterns, setting machining centreline oft-set posi-
tions and setting a machining diameter to determine a radial
clearance, account is made of the conical angle of the walls.
The conical angle is defined as the angle between the geo-
metric centreline of the stator and the surface of the gas
passage 52, 54. It is possible that shallow conical angles allow
smaller radial tip clearances because relative axial move-
ments between rotor and stator do not open or close the gap or
clearance as much as where there are steeper conical angles of
the walls 52, 54. Steeper conical angles can be seen on the
upstream stages in FIG. 2 and shallower conical angles can be
seen on the downstream stages.

[0070] In a further aspect of the present invention, it is
possible to change the angle of the cone in the casing where a
deeper or heavier rub is found adjacent and between the
leading edge and trailing edge of the rotor blade. For example,
there may be a heavier rub at the leading and a shallower rub
at the trailing edge. This change to the conical angle may be
made in accordance with the present invention and by virtue
of'a varying the diameter adjustment or setting across a stage
in association with setting a position of a machining centre-
line relative to the nominal centreline of the stator.

[0071] While the invention has been illustrated and
described in detail for a preferred embodiment the invention
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is not limited to these disclosed examples and other variations
can be deducted by those skilled in the art in practicing the
claimed invention.

1. A method of setting a clearance between a rotor and a
stator of a rotor assembly for a turbine engine, the rotor
assembly having a plurality of rotor-to-stator stages, the sta-
tor having a nominal centreline, the method comprising:

(1) correlating in-service rotor-to-stator rub patterns for a

rotor-to-stator stage of a number of turbine engines,

(ii) setting a position of a machining centreline relative to

the nominal centreline of the stator, the position being
towards a heavy rub,

(ii1) machining the stator about the machining centreline,

(iv) repeating steps (i) to (ii) for each rotor-to-stator stage

of the plurality of the rotor-to-stator stages,

wherein the machined stator having been formed by at least

two machining steps at different axial positions having
different centre-lines.

2. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 1,

wherein the stator has a nominal diameter,

the method further comprises:

setting a machining diameter of the stator relative to the
nominal diameter of the stator.

3. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 2,

wherein the step of setting a machining diameter of the

stator relative to the nominal diameter of the stator is
completed only where there are no opposing light rub
marks.

4. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 2,

wherein the step of setting a machining diameter of the

stator relative to the nominal diameter of the stator
involves a reduction in the machining diameter.

5. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 1, wherein the
method further comprises:

machining the stator an axial extent based on the axial

extent of the rotor-to-stator rub.

6. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 1, wherein the
method further comprises:
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machining the stator an axial extent based the axial extent
of the rotor or stator stage.
7. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 1,
wherein the step of machining the stator includes machin-
ing a smooth blend between the two machining steps
having different centre-lines.
8. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 1,
wherein the rotor assembly comprises a rotor having an
array or radially extending blades and a casing, the clear-
ance is defined between the blades and the casing.
9. The method of setting a clearance between a rotor and a
stator of a rotor assembly as claimed in claim 1,
wherein the rotor assembly comprises a rotor having a rotor
drum and the stator having an array of radially extending
stator vanes, and the clearance is defined between the
rotor drum and the stator vanes.
10. The method of setting a clearance between a rotor and
a stator of a rotor assembly as claimed in claim 1,
wherein the stator is any one or both a casing or a stator
vane.
11. The method of setting a clearance between a rotor and
a stator of a rotor assembly as claimed in claim 8,
wherein the casing comprises an abradable coating at least
in a location radially outwardly of the rotor,
the method further comprising:
reducing the clearance on stages with an abradable coat-
ing to a greater extent than on stages without an abrad-
able coating.
12. The method of setting a clearance between a rotor and
a stator of a rotor assembly as claimed in claim 1,
wherein the step of correlating in-service rotor-to-stator
rub patterns includes recording the circumferential posi-
tions of the start and the end of a rub to determine a rub
length.
13. The method of setting a clearance between a rotor and
a stator of a rotor assembly as claimed in claim 12,
wherein the step of correlating in-service rotor-to-stator
rub patterns includes setting a predetermined rub length
where a rub length greater than the predetermined length
is indicative of a heavy rub.
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