
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

00
6 

67
3

A
1

TEPZZ¥ZZ667¥A_T
(11) EP 3 006 673 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
13.04.2016 Bulletin 2016/15

(21) Application number: 14187914.8

(22) Date of filing: 07.10.2014

(51) Int Cl.:
F01D 5/22 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Siemens Aktiengesellschaft
80333 München (DE)

(72) Inventor: Batt, Stephen
Lincoln, LN4 2DZ (GB)

(74) Representative: Maier, Daniel Oliver et al
Siemens AG 
Postfach 22 16 34
80506 München (DE)

(54) Method for and arrangement for measuring shrouded blade interlock wear

(57) A pair of circumferentially adjacent blades 80 for
a rotor assembly, each blade comprises a root portion
50, an aerofoil 54 and a shroud 56. Each shroud 56 de-
fines at least one boss 84, 90 having an interlock surface
86, 94 and the interlock faces of the adjacent blades are
arranged to contact one another in sliding frictional con-
tact to damp relative movement between the adjacent
blades. Each boss 84, 90 further defines a datum surface
88, 92, the datum surfaces 88, 92 are arranged parallel
to one another. A method of maintaining the pair of cir-
cumferentially adjacent blades comprises the steps of
assembling the blades adjacent one another, measuring
a parameter between the two datum surfaces to obtain
a datum parameter, operating the blades, measuring the
parameter between the two datum surfaces 88, 92 to
obtain a second parameter, and calculating the differ-
ence between the datum parameter and the second pa-
rameter to give a wear value for the pair of blades. Where
the wear value is less than a first predetermined value,
scheduling a maintenance event or the wear value is
greater than the first predetermined value, servicing at
least one of the blades.
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Description

FIELD OF INVENTION

[0001] The present invention relates to a method of
measuring the wear on abutting surfaces of blades of a
gas turbine for example and scheduling maintenance.
The present invention also relates to an arrangement of
a pair of blades.

BACKGROUND OF INVENTION

[0002] Blades, for example of a turbine section of a
gas turbine engine, which have interlocked shrouded tips
are subjected to vibrations which are damped by the use
of a sliding surface contact between the interlock faces.
Damping is controlled by the level of force between each
pair of interlock faces. The contact and sliding of these
interlock faces results in wear of the surfaces. As wear
increases, the interlock surface coating thickness de-
creases, or in the case of no coating, the parent material
is reduced. The force on the interlock faces is provided
by twist in the blades during operation and as surface
material is worn away the level of twist reduces and hence
the force also reduces. As the level of force on the inter-
lock faces reduces the damping affect reduces. This wear
can result in a loss of damping which is unacceptable
and may cause resonances to occur which may damage
the blades and/or affect engine performance. The
amount of wear of these interlock faces is not easily as-
sessed when in situ as a bladed disc assembly, because
the interlock surfaces of the blades are in full contact, i.e.
the level of force between the pair of interlock faces are
at its maximum, when the engine is not in operation and
hence surface wear cannot be visually inspected.
[0003] Previously, this problem has been solved by re-
moval of a single blade, followed by visual and dimen-
sional inspection. In the case of interlocked blades which
are in contact when the engine is not in operation, total
dismantling of the bladed disc is necessary in order to
access the interlock surfaces.

SUMMARY OF INVENTION

[0004] One objective of the present invention is to de-
termine wear of interlock surfaces. Another objective is
to maintain the interlock surfaces or replace the blades.
Another objective is to prevent or reduce vibrations be-
tween adjacent blades and/or the blade assembly. An-
other objective is to improve performance of the blade
assembly and/or the engine. Another objective is to main-
tain a minimum level of vibration damping. Another ob-
jective is to increase the life of the blades by repairing
the interlock surfaces. Another objective is to design
blades with sufficient life and minimum damping perform-
ance to last between scheduled maintenance events for
the turbine engine. Another objective is to reduce or elim-
inate unscheduled engine shutdown caused by loss of

vibration damping caused by wear of the interlock sur-
faces of the blade. Another objective is to provide the
operator with a more controlled and predictable servicing
or maintenance scheduling of the engine. Another objec-
tive is to reduce inventory by virtue of preventing un-
scheduled replacement of blades.
[0005] For these and other objectives and advantages
there is provided a pair of circumferentially adjacent
blades for a rotor assembly, each blade comprises a root
portion, an aerofoil and a shroud, each shroud defines
at least one boss having an interlock surface and the
interlock faces of the adjacent blades are arranged to
contact one another in sliding frictional contact to damp
relative movement between the adjacent blades, each
boss further defines a datum surface, the datum surfaces
are arranged parallel to one another.
[0006] Each boss is specifically provided for the pur-
pose of measuring a dimension to determine the amount
of wear of the interlock surfaces. The dimension can be
a distance from one datum surface to the other datum
surface or an angle between the planes of the datum
surfaces. The angular measurement can be suitable for
determining uneven wear between the interlock surfac-
es. Both the distance and angular measurements can be
taken before operating the blades and after operating the
blade and the difference at these two measurements
gives wear characteristics. It is even possible to measure
the change in angle of one or both datum surfaces to
give the degree of twist or untwist of the blade caused
by wear. From any one of these measurement it is pos-
sible to correlate or calculate the force between the in-
terlock surfaces at any given time.
[0007] The datum surfaces may be parallel to the in-
terlock surfaces. Alternatively, the datum surfaces may
be non-parallel to the interlock surfaces.
[0008] The datum surfaces may be arranged such that
a line normal to the datum surfaces passes through the
interlock surfaces.
[0009] Each blade may comprise a radially outwardly
extending fin and all of the datum surfaces are located
on one side of the fin.
[0010] The blade(s) may comprise two fins which are
parallel to one another, the datum surfaces are located
outside either fin.
[0011] In another aspect of the present invention there
is provided a method of maintaining a pair of circumfer-
entially adjacent blades as described above, the method
comprises the steps of assembling the blades adjacent
one another, measuring a parameter between the two
datum surfaces to obtain a datum parameter, operating
the blades, measuring the parameter between the two
datum surfaces to obtain a second parameter, and cal-
culating the difference between the datum parameter and
the second parameter to give a wear value for the pair
of blades and where the wear value is less than a first
predetermined value, scheduling a maintenance event
or the wear value is greater than the first predetermined
value, servicing at least one of the blades.
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[0012] The parameter may be a dimension. The dimen-
sion is the distance the datum surfaces are apart. A single
measurement can be taken for example at the centre of
each datum surface. The measurement point(s) on each
surface are preferably at the same locations each meas-
urement taken. Alternatively, a number of measurements
can be taken for example three or four at spaced apart
locations on each surface. Not only can the total amount
of wear be calculated from these multiple measurements,
but by trigonometry, any uneven wear can be determined
by virtue of different changes of the dimension across
the whole surface. Furthermore, wear two or more meas-
urements are taken across each datum surface, the rel-
ative angle of the two datum surfaces can be determined
again by simple trigonometry.
[0013] The parameter may be an angle. The angular
measurement can be made to determine whether uneven
or non-parallel wear has taken place. The angular meas-
urement can also ensure that the datum surfaces are
parallel or approximately parallel on unworn blades. The
angular measurement can be made to verify any calcu-
lation of the relative angle of the datum surfaces calcu-
lated from the multiple dimensions measured.
[0014] The wear value may be any one of a simple
dimension or may have a coefficient applied to it.
[0015] The coefficient may be derived from any one or
more in-service characteristics from the group compris-
ing number of engine starts, the number of accelerations
and decelerations of rotational speeds, the amount of
time at certain engine conditions and the vibration history.
[0016] Servicing or maintenance of at least one of the
blades comprises at least one of the group comprising
replacing a coating on the interlock surface, refurbishing
the parent material of the interlock surface, for example
by welding or laser deposition of substrate, or replace-
ment of one or more blades.
[0017] In another aspect of the present invention there
is provided a method of maintaining an annular array of
blades having pairs of circumferentially adjacent blades
as described above, the steps of measuring a parameter
between the two datum surfaces to obtain a datum pa-
rameter is completed on at least two pairs of blades, and
measuring the parameter between the two datum sur-
faces to obtain a second parameter is completed on at
least two pairs of blades, calculating the difference be-
tween the datum parameter and the second parameter
to give the wear value for annular array blades, and where
the wear value is less than a first predetermined value,
scheduling a maintenance event or the wear value is
greater than the first predetermined value, servicing all
of the blades in the array of blades.
[0018] The step of averaging the calculated difference
between the datum parameter and the second parameter
to give an average wear value for each pair of blades
may include comparing the average wear value to the
predetermined value.
[0019] Where two or more sets of datum and second
parameters are measured these can be used to calculate

when the wear limit will be reached.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Further features, properties and advantages of
the present invention will become clear from the following
description of embodiments in conjunction with the ac-
companying drawings.

FIG. 1 shows part of a turbine engine in a part sec-
tional view in which the present invention may be
incorporated,

FIG. 2 is a view on a tip of a conventional blade look-
ing in a generally circumferential direction,

FIG. 3 is a view looking in a radially inward direction
on the tips of parts of two circumferentially adjacent
blades in accordance with the present invention;
each tip comprises an interlock surface and a datum
surface. The interlock surfaces are abutting one an-
other and the datum surfaces are parallel to one an-
other and in this first embodiment the datum surfaces
are parallel to the interlock surfaces,

FIG. 4 is a view looking in a radially inward direction
on the tips of parts of two circumferentially adjacent
blades in accordance with the present invention;
each tip comprises an interlock surface and a datum
surface. The interlock surfaces are abutting one an-
other and the datum surfaces are parallel to one an-
other and in this second embodiment the datum sur-
faces are not parallel to the interlock surfaces,

FIG.5 is a view looking in a radially inward direction
on the tips of parts of two circumferentially adjacent
blades in accordance with the present invention as
shown in FIG.4, but here the interlock surfaces are
in a worn condition,

FIG.6 is a view on the interlock joint between the
shrouds of two circumferentially adjacent blades and
showing uneven or non-parallel wear of the interlock
surfaces,

FIG.7 is an enlarged view of part of FIG.4 showing
the interlock joint in more details and in particular
showing a coating applied to one of the interlock sur-
faces. The coating may be applied to either interlock
surface or to any one of the interlock surfaces.

DETAILED DESCRIPTION OF INVENTION

[0021] FIG. 1 shows an example of a twin-shaft gas
turbine engine 10 in a sectional view and generally ar-
ranged about a longitudinal axis 20. The gas turbine en-
gine 10 comprises, in flow series, an inlet 12, a compres-
sor section 14, a combustor section 16 and a turbine
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section 18 which are generally arranged in flow series
and generally in the direction of the longitudinal or rota-
tional axis 20. The gas turbine engine 10 further com-
prises 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 a high-
pressure turbine 17 of the turbine section 18 to the com-
pressor section 12.. The turbine section 18 also includes
a low-pressure turbine 19 drivingly connected to a load
(not shown) via a second shaft 23 of the twin-shaft ar-
rangement. The combustor section 16 comprises an an-
nular array of combustor units 16 only one of which is
shown.
[0022] 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 14 and delivered to the com-
bustion section or unit 16. The combustor unit 16 com-
prises a burner plenum 26, a pre-chamber 29, a com-
bustion chamber 28 defined by a double walled can 27
and at least one burner 30 fixed to each combustion
chamber 28. The pre-chamber 29, the combustion cham-
ber 28 and the burner 30 are located inside the burner
plenum 26. The compressed air 31 passing through the
compressor 12 enters a diffuser 32 and is discharged
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 and/or liquid fuel. The air/fuel mixture is then
burned and the resulting combustion gas 34 or working
gas from the combustion chamber is channelled via a
transition duct 35 to the turbine section 18.
[0023] The turbine section 18 comprises a number of
blade carrying rotor discs 36 attached to the shaft 22. In
the present example, both the high and low pressure tur-
bines 19,17 have two discs 36 each carrying an annular
array of turbine blades 38. However, the number of blade
carrying rotor discs could be different, i.e. only one disc
or more than two rotor discs. In addition, guiding vanes
may be fixed to a stator 42 of the gas turbine engine 10
and are disposed between the turbine blade stages 38.
Between the exit of the combustion chamber 28 and the
leading turbine blades 38 inlet guiding vanes 44 are pro-
vided.
[0024] The combustion gas 34 from the combustion
chamber 28 enters the turbine section 18 and drives the
turbine blades 38 which in turn rotates the shaft 22 to
drive the compressor section 12. The guiding vanes 44
serve to optimise the angle of the combustion or working
gas on to the turbine blades 38. The compressor section
12 comprises an axial series of guide vane stages 46
and rotor blade stages 48. After passing through the high-
pressure turbine 17, the hot working gas flow is directed
into the low-pressure turbine 19 which drives the load via
the second shaft 23. The low-pressure turbine 19 is gen-
erally arranged similarly to the high-pressure turbine 17
as is well known.
[0025] 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 circum-
ferential are made with reference to the rotational axis
20 of the engine unless otherwise stated.
[0026] FIG. 2 is a view of a tip 49 of a conventional
blade 51 looking in a generally circumferential direction.
The circumferential direction is shown by arrow A. Each
blade 51 has a root portion 50 (see FIG.1), an inner plat-
form 52 (see FIG.1), an aerofoil 54 and a shroud 56. The
aerofoil 54 has a suction surface 62 and a pressure sur-
face 64 which meet at a leading edge 58 and a trailing
edge 60. The shroud 56 has radially outwardly extending
first and second fins 66, 68 which along with the sur-
rounding casing seal against over tip leakage of hot work-
ing gases. The first fins 66 and second fins 68 align with
and abut to respective first and second fins on circum-
ferentially adjacent blades to form a circumferential ring
of first and second fins at certain blade twist conditions
dependant on rotational speed, temperature and blade
wear.
[0027] The second fins 68 have widened end surfaces
70, 72 and immediately adjacent blades have opposing
ends surfaces 70, 72 contacting or abutting one another.
These widened end surfaces 70, 72 are not parallel to
each other because they are optimised for manufactur-
ability and the minimum use of material. The widening
end surface 70, 72 is provided to distribute the contact
force/area. This contact area will wear during operation
and deform over time.
[0028] The shroud 56 has shaped circumferential ends
74 and 75, only one of which is shown, having three pla-
nar portions 78, 70, 76 which abut or have a minimum
gap between respective planar portions on the adjacent
blade shroud. These three planar portions are generally
aligned with the radial direction and are angled relative
to the rotational axis 20 in an orthogonal direction when
in situ. The three planar portions are angled to one an-
other such that their surfaces form a Z-shape when
viewed radially inwardly. The middle planar portion is the
widened end surface 70, 72. This type of shroud arrange-
ment can be referred to as an interlocked shrouded tip.
Where two blades 80 abut one another at their respective
circumferential end 74 and circumferential end 75, the
joint is referred to as an interlock joint. Thus the interlock
joint comprises the three planar portions 78, 70, 76.
[0029] It should be noted that blades may be designed
with the interlock joint having only planar portions 70.
Planar portions 76 and 78 need not be incorporated as
the function of these is normally to form a gas path and
can be non-functional in terms of blade damping.
[0030] During engine operation the blades and there-
fore shrouds are subjected to vibrations which are
damped by the action and friction of the surface contact
between the interlock faces or planar portions 78, 70, 76.
Damping is controlled by the level of force between each
pair of interlock faces. The contact and sliding of these
interlock faces results in wear of the surfaces. As wear
increases, the interlock surface coating thickness de-
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creases, or in the case of no coating, the parent material
is reduced. The force on the interlock faces, particularly
the widened end surface 70, 72, is provided by twist in
the blades during operation and as surface material is
worn away the level of twist reduces and hence the force
also reduces. As the level of force on the interlock faces
reduces the damping effectiveness reduces. This wear
can result in a loss of damping which is unacceptable
and may cause resonances to occur which may damage
the blades.
[0031] The amount of wear of these interlock faces is
not easily assessed when in situ as a bladed disc assem-
bly, because the blades are in full contact when the en-
gine is not in operation and hence surface wear cannot
be visually inspected. Previously, this problem has been
solved by removal of a single blade, followed by visual
and dimensional inspection. In the case of interlocked
blades which are in contact when the engine is not in
operation, total disassembly of the bladed disc is neces-
sary in order to access the interlock surfaces. Their total
disassembly is clearly costly and time consuming and for
the operator causes discontinuity of operation of the gas
turbine engine.
[0032] The present invention described now utilises a
new feature on each blade tip so that each pair of adjacent
and contacting blades provide a pair of parallel surfaces
across the interlock surfaces of adjacent blades. These
parallel surfaces are referred to as datum surfaces and
can be used to directly measure the wear of the interlock
surfaces between adjacent blades without the require-
ment of disassembling the blades from the disc. In par-
ticular, the present invention is now described with ref-
erence to a method of assessing the wear of the interlock
surfaces and is essentially a method of maintaining the
damping characteristics of a pair of blades and therefore
the annular array of blades. Briefly, during first build of
the engine or at least the rotor assembly the dimension
between parallel datum surfaces across the interlock sur-
faces is recorded and after a period in-service a subse-
quent measurement is compared with the first build to
assess the amount of wear. As the wear increases, the
blades further twist to take up the effective wear amount
or gap. The initial parallel datum surfaces also twist rel-
ative to each other but remain parallel due to the twist
being equal between the blade pairs.
[0033] In FIGS. 3-5 the same reference numerals have
been used to denote the same features as described with
reference to FIGS. 1 and 2.
[0034] FIG. 3 is a view looking in a radially inward di-
rection on the tips 49 of parts of two circumferentially
adjacent blades 80 configured in accordance with the
present invention. The pair of blades 80 is intended to
be located within the turbine of the gas turbine engine of
FIG.1 and as a number of pairs in the array of blades 37
and/or 38. Each tip 49 or shroud 56 of each blade 80 of
the pair of blades comprises a boss 84, 90 which define
a datum surface 88, 92 and an interlock surface 86, 94
respectively. The interlock surfaces 86, 94 are abutting

or contacting one another and the datum surfaces 88, 92
are parallel one another and in this first embodiment the
datum surfaces 88, 92 are also parallel to the interlock
surfaces 86, 94. The pair of parallel datum surfaces 88,
92 enable direct measurement of the dimension across
the interlock surfaces 86, 94. In this embodiment a line
normal to the interlock surfaces 86, 94 passes through
and is normal to the datum surfaces 88, 92.
[0035] It should be noted that any two circumferentially
adjacent blades 80 can be the pair of blades 80 herein
referred to. Here the interlock joint comprises the three
planar portions 78, 76 and the interlock surfaces 86, 94.
[0036] Each blade 80 comprises a radially outwardly
extending fin 68 and the datum surfaces 88, 92 are lo-
cated on one side of the fin 68. The blade 80 shown here
comprises two fins, a first fin 66 which is axially forward
of a second fin 68, which are generally parallel to one
another. The datum surfaces 88, 92 are located axially
rearward of the second fin 68 although the datum sur-
faces 88, 92 could be axially forward of the first fin 66 to
enable ease of access. In each of these cases the term
’outside’ can be used to denote that the datum surfaces
88, 92 are not between the two fins 66, 68. For a blade
80 with only one fin then the datum surfaces 88, 92 could
be either side of the fin.
[0037] In FIG.3 the interlock surfaces 86, 94 are shown
without wear and in a newly assembled condition. The
interlock surfaces 86, 94 are in full contact with one an-
other. The dimension A is measured across the two boss-
es 84, 90 from one datum surface to the other. The other
planar portions 78, 76 of opposing blade’s circumferential
ends 74 can be in contact although due to tolerances
only one of the planar portions 78 are shown in contact
with one another.
[0038] FIG. 4 is the same view as FIG.3, looking in a
radially inward direction on the tips 49 or shrouds 56 of
parts of two circumferentially adjacent blades 80 in ac-
cordance with the present invention. The interlock sur-
faces 86, 94 are abutting one another and the datum
surfaces 88, 92 are parallel one another and in this sec-
ond embodiment the datum surfaces 88, 92 are not par-
allel to the interlock surfaces 86, 94. In FIG.4 the interlock
surfaces 86, 94 are shown without wear and in a newly
assembled condition. The interlock surfaces 86, 94 are
in contact with one another. The dimension B is meas-
ured across the two bosses 84, 90 from one datum sur-
face to the other. The other planar portions 78, 76 of
opposing blade’s circumferential ends 74 can be in con-
tact although due to tolerances only one of the planar
portions 78 of adjacent blades are in contact with one
another.
[0039] FIG.5 is a view looking in a radially inward di-
rection on the tips 49 or shrouds 56 of parts of a pair of
circumferentially adjacent blades 80 in accordance with
the present invention and as shown in FIG.4, but here
the interlock surfaces 86, 94 are in a worn condition. The
dimension ’C’ is measured across the two bosses 84, 90
from one datum surface 88, 92 to the other. Here the
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dimension C is smaller than the dimension B and there-
fore is an indicator of wear. The change in twist due to
the wearing of the interlock surfaces 86, 94 can be seen
by the change in angle of the datum surfaces 88, 92. This
change in angle ϑ is shown relative to a pre-worn plane
96 of the datum surface 88 (FIG.4) and its worn equiva-
lent plane 97 in FIG.5. It should be appreciated that this
wearing of the interlock surfaces 86, 94, change of angle
ϑ and twist of the blades 80 and shroud 56 is also the
case for the first embodiment with reference to FIG.3.
[0040] The wearing of the interlock surfaces 86, 94 and
subsequent twist of the blades 80 can also be seen in
the misalignment of the shrouds 56 of adjacent blades
80. The misalignment of the shrouds 56 is indicated by
the dimension D. The direction of twist of the blades is
indicated by the arrows 98 and which can be seen to be
in the anticlockwise sense as viewed in FIG.5; that is
radially inwardly. For any given amount of wear of the
interlock surfaces 86, 94 the direction and angular
change ϑ of rotation of adjacent blades 80 is approxi-
mately the same. This does not matter whether both in-
terlock surfaces 86, 94 wear equally or whether one of
the interlock surfaces 86, 94 wears preferentially to the
other.
[0041] Thus the amount of wear of one or both the in-
terlock surfaces 86, 94 can be calculated by subtracting
the worn dimension C from the pre-wear dimension B.
The pre-wear dimension B can be referred to as the da-
tum dimension. This direct measurement of wear is
termed a wear value. Another parameter of wear may be
determined and used to calculate the wear value. In
FIG.6, uneven or non-parallel wear of the interlock sur-
faces 86, 94 has occurred and there is now an angular
difference or change in angle m between the datum faces
88, 92 which can be measured. The angle m between
the datum faces 88, 92 can be measured directly as an
angle or may be calculated from the change in distance
between reference point pairs 102A, 102B and 104A,
104B. The change in distance is the difference between
the datum measurement and a later worn measurement.
Thus any difference between the two reference point
pairs 102A, 102B and 104A, 104B will indicate uneven
or non-parallel wear. The angle m between the datum
faces 88, 92 may be calculated by simple trigonometry
where the distance between reference points 102A, 104A
and 102B, 104B respectively on the same datum surface
88, 92 are known. Further pairs of reference points may
be used to identify uneven wear in an orthogonal direc-
tion, radial for example, rather than in the plane of the
figure as shown in FIG.6.
[0042] The present invention also relates to a method
of maintaining the blades 80 and in particular a method
of maintaining the damping characteristics of pairs of cir-
cumferentially adjacent blades 80. Here the method in-
volves assembling the blades 80 adjacent one another
on the rotor disc and to form the annular array of blades
37, 38. An initial measurement of the dimension A or B
is made depending on the configuration of the bosses

84, 90. The measurement A or B is between the two
datum surfaces 88, 92 to obtain the datum dimension A
or B. This dimension is recorded for each blade pair
around the array of blades 37, 38. Note that to measure
all dimensions A, B or C of each blade pair will involve
two measurements of each blade’s two datum surface
which are located at opposite circumferential ends 74,
75 of the shroud 49. Alternatively, only a certain number
of blade pairs can be measured if they are representative
of the wear characteristics of all the blades 80 in the array
of blades 37, 38.
[0043] During normal operation of the engine 10, and
therefore operation of the blades 80, the engine is serv-
iced or inspected for any number of reasons. At these
service intervals, the dimension between the two datum
surfaces 88, 92 is measured to obtain the second or wear
dimension C. A wear value is calculated from the differ-
ence between the datum dimension and the second di-
mension. The wear value can be a simple value for the
difference between dimensions B and C in, for example,
millimetres or fractions of millimetres. Alternatively, the
wear value can be based on a coefficient derived from
the in-service life activity between obtaining the datum
dimension and the second dimension and multiplied by
the simple wear value. For example, wear might be de-
pendent on or influenced by a number of factors or in-
service characteristics including the number of engine
starts, the number of accelerations and decelerations of
rotational speeds, the amount of time at certain engine
conditions and importantly the vibration history.
[0044] It should be understood that the present inven-
tion can be extended to measuring the dimensions,
whether dimensions A, B, C or the angle m or the distance
between reference points 102A, 104A and 102B, 104B,
more than once during the life of the blades. Thus it is
possible to characterised the wear rates and either pre-
dict from theory or ascertain empirically the life from any
pair or set of datum and second measurements where
the interval and operation experience between measure-
ments is known.
[0045] Accelerations and decelerations will increase
and decrease centrifugal forces on the blades and force
them to twist and untwist, thereby loading and unloading
the interlock surfaces 86, 94 and causing them to move
across each other and wear more than at steady state
operating conditions with little or no vibration. Further,
certain engine operating points can give rise to different
levels of vibration. As vibration manifests itself as relative
movement of the two contacting interlock surfaces 86,
94, the vibration characteristics of the blade pair and/or
annular array of blade 37, 38 has a marked effect on the
wear characteristics of the blade and therefore it’s damp-
ing characteristics. The vibration history can include
modes of vibration, amplitude in any direction, duration
of any vibratory event including phase, excitation force,
oscillations in flow or speed etc.
[0046] Thus dependent on the wear value, whether
simple or with a coefficient applied, then either mainte-
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nance is carried out immediately or a maintenance/serv-
ice event is scheduled to be carried out later. This later
or future service event may be coordinated with the nor-
mal service intervals for other component of the gas tur-
bine engine. Similarly, dependent on the wear value,
whether simple or with a coefficient applied, where it is
greater than a predetermined value then either mainte-
nance is carried out or a maintenance event is scheduled
later to be carried out. Further, the wear value can be
compared to the in-service life expectancy, whether the
life expectancy is calculated or empirically determined,
and the amount of remaining life can be calculated to
establish a future maintenance/service event. Hence the
coefficient can be determined via an algorithm derived
from engine operational parameters and its measured
in-service performance. It should be appreciated that
each operator and installation of the gas turbine engine
may be quite different and therefore the life of the blades
may be markedly different also. Indeed, it is also possible
to program a particular future in-service operation to eval-
uate the potential life expectancy or wear characteristics
of the interlock surfaces 86, 94 and thus predetermined
inspections and measurements of the dimension C can
be scheduled.
[0047] If over time two or more measurements are re-
corded for the gas turbine together with number of oper-
ated hours (and starts) a better prediction can be made
(empirical or analytically) as to when the limit for the wear
value will be exceeded.
[0048] Therefore, where the wear value is less than a
first predetermined value the method includes schedul-
ing a future maintenance event or where the wear value
is greater than the first predetermined value immediately
service at least one of the blades.
[0049] This method of maintenance can be carried out
on a blade by blade approach and certain blades or blade
pairs can be maintained on an individual basis. However,
this method can be extended to maintaining an annular
assembly of pairs of circumferentially adjacent blades
where at least two dimensions between the two datum
surfaces 88, 92 of at least two blade pairs are measured
to obtain a set of datum dimensions A or B representative
of the blade assembly or annular array of blades. After
a period of operating the engine and therefore the blades,
the at least two dimensions C between the now relatively
worn two datum surfaces 88, 92 are measured to obtain
a set of second dimension C representative of the blade
assembly. Thus the method of maintenance of the an-
nular array of blades on the rotor assembly can be aver-
aged from the calculated difference between the datum
dimension A, B and the second or worn dimension C to
give an average wear value for the array of blades 37,
38 and the this average wear value is compared the pre-
determined value.
[0050] The future scheduled or immediate mainte-
nance or servicing event can first include remeasurement
and assessment of the wear value. Again if the wear val-
ue is greater than a predetermined value then at least

one of the blades, pair of blades or the annular array of
blades is serviced or maintained. The maintenance or
servicing can involve replacing a coating on the interlock
surface, refurbishing the parent material of the interlock
surface for example by welding or laser deposition of
substrate, or replacement of one or more blades 80.
[0051] In FIG.7 which is an enlarged view of the inter-
lock joint, a coating 100 is shown applied to the interlock
surface 94. The coating 100 can be a material that pref-
erentially wears so that maintenance of the blade in-
volves reapplying the coating rather than replacing the
blade or thickening the substrate. Alternatively, both in-
terlock surfaces 86, 94 can have a coating applied so
that neither blade requires replacement and only the
coating reapplied once worn. The coating 100 can be a
softer material to the blade’s base material so that the
coating is sacrificial. Furthermore, the coating material
can be selected to maximise or optimise frictional char-
acteristics to tailor specific damping requirements. The
coating may be applied to only one of the interlock sur-
faces 86, 94 or to both interlock surfaces 86, 94 and in
the latter case the coatings can be different to preferen-
tially wear one coating more than the other.
[0052] In one example, where the wear value is less
than the first predetermined value, a maintenance event
is scheduled. This maintenance event can be part of an
existing maintenance scheduling such as an engine serv-
ice or overhaul. The first predetermined value can be set
such that at the time of measuring the dimension C, the
remaining life of the interlock surfaces 86, 94 is sufficient
to last until a future scheduled maintenance event for the
engine.
[0053] The dimensions A, B and C may be measured
using known instruments such as callipers, dial gauges,
vernier scales or micrometer and can be analogue, digital
or electronic. It is also possible to measure the dimen-
sions A, B and C as well as the pairs of reference points
102A, 102B and 104A, 104B via a coordinate measuring
machine having a touch sensitive probe to measure the
datum faces and in the event of non-parallel wear the
angle m.The term ’parameter’ is used to denote a dimen-
sion, e.g. A, B, C or reference point pairs, or the angle
whether measured directly or calculated from another
measured value. The dimensions A, B and C are used
interchangeably for a single measurement point of the
datum surfaces or whether numerous measurement
points (for multiple pairs of reference points) are made.
Dimensions A and B are intended to be relative to the
two embodiments shown and described with reference
to FIG.3 and FIG.4 respectively. The method of main-
taining the annular array of blades 38 may be extended
so that two or more sets of datum and second parameters
are measured. A first set of measurements and resulting
wear values is taken. Here the datum parameter meas-
urement can be of unworn blades and the second pa-
rameter measurement are then in a worn condition. A
second set of datum and second parameters can then
be measured. Here the datum parameter measurement

11 12 



EP 3 006 673 A1

8

5

10

15

20

25

30

35

40

45

50

55

can be the original unworn datum measurement. Alter-
natively, the datum parameter measurement can be a
re-datum measurement and can even be the first second
measurement. Thus it’s is possible to evaluate the rate
of wear of the interlock surfaces. Thus through design /
theory or via empirical evaluation it is possible to calculate
when the wear limit will be reached and when mainte-
nance / servicing is required.
[0054] Indirectly the measurements here can be relat-
ed to the contact pressure between the two abutting sur-
faces 86, 94. The target value or lower limit of contact
pressure will depend on the specific application in par-
ticular, the size of the blade, the design of the shroud and
the maintenance intervals as well as the excitation levels,
just to mention a few factors. Where a minimum pressure
is achieved a preferable level of damping will exist.

Claims

1. A pair of circumferentially adjacent blades (80) for
a rotor assembly, each blade comprises
a root portion (50), an aerofoil (54) and a shroud (56),
each shroud (56) defines at least one boss (84, 90)
having an interlock surface (86, 94) and the interlock
faces of the adjacent blades are arranged to contact
one another in sliding frictional contact to damp rel-
ative movement between the adjacent blades,
each boss (84, 90) further defines a datum surface
(88, 92), the datum surfaces (88, 92) are arranged
parallel to one another.

2. A pair of circumferentially adjacent blades (80) as
claimed in claim 1 wherein
the datum surfaces (88, 92) are parallel to the inter-
lock surfaces (86, 94).

3. A pair of circumferentially adjacent blades as
claimed in claim 1 wherein
the datum surfaces (88, 92) are non-parallel to the
interlock surfaces (86, 94).

4. A pair of circumferentially adjacent blades as
claimed in any one of claims 1-3, wherein the datum
surfaces (88, 92) are arranged such that a line nor-
mal to the datum surfaces (88, 92) passes through
the interlock surfaces (86, 94).

5. A pair of circumferentially adjacent blades as
claimed in any one of claims 1-4, wherein each blade
comprises a radially outwardly extending fin (66, 68)
and all of the datum surfaces are located on one side
of the fin (66, 68).

6. A pair of circumferentially adjacent blades as
claimed in any one of claims 1-5, wherein the blade
comprises two fins which are parallel to one another,
the datum surfaces are located outside either fin (66,

68).

8. A method of maintaining a pair of circumferentially
adjacent blades as claimed in any one of claims 1-7,
the method comprises the steps of
assembling the blades adjacent one another,
measuring a parameter between the two datum sur-
faces (88, 92) to obtain a datum parameter (A, B, m),
operating the blades,
measuring the parameter between the two datum
surfaces (88, 92) to obtain a second parameter (C,
m), and
calculating the difference between the datum param-
eter and the second parameter to give a wear value
for the pair of blades and where
the wear value is less than a first predetermined val-
ue, scheduling a maintenance event or
the wear value is greater than the first predetermined
value, servicing at least one of the blades.

9. A method of maintaining a pair of circumferentially
adjacent blades as claimed in claim 8 wherein the
parameter is a dimension and/or an angle.

10. A method of maintaining a pair of circumferen-
tially adjacent blades as claimed in claim 8 wherein
the wear value is any one of a simple dimension or
has a coefficient applied.

11. A method of maintaining a pair of circumferen-
tially adjacent blades as claimed in claim 10 wherein
the coefficient is derived from any one or more in-
service characteristics from the group comprising
number of engine starts, the number of accelerations
and decelerations of rotational speeds, the amount
of time at certain engine conditions and the vibration
history.

12. A method of maintaining a pair of circumferen-
tially adjacent blades as claimed in any one of claims
8-11 wherein servicing at least one of the blades
comprises at least one of the group comprising re-
placing a coating (100) on the interlock surface, re-
furbishing the parent material of the interlock sur-
face, for example by welding or laser deposition of
substrate, or replacement of one or more blades
(80).

13. A method of maintaining an annular array of
blades (38) having pairs of circumferentially adjacent
blades as claimed in any one of claims 8-12, the
steps of
measuring a parameter between the two datum sur-
faces (88, 92) to obtain a datum parameter (A, B, m)
is completed on at least two pairs of blades (80), and
measuring the parameter between the two datum
surfaces (88, 92) to obtain a second parameter (C,
m) is completed on at least two pairs of blades (80),
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calculating the difference between the datum param-
eter (A, B, m) and the second parameter (C) to give
the wear value for annular array blades (38), and
where
the wear value is less than a first predetermined val-
ue, scheduling a maintenance event or
the wear value is greater than the first predetermined
value, servicing all of the blades (80) in the array of
blades (37, 38).

14. A method of maintaining an annular array of pairs
of circumferentially adjacent blades as claimed in
claim 13 wherein the method includes the step of
averaging the calculated difference between the da-
tum parameter and the second parameter to give an
average wear value for each pair of blades (80) and
comparing the average wear value to the predeter-
mined value.

15. A method of maintaining an annular array of
blades (38) where two or more sets of datum and
second parameters are measured to calculate when
the wear limit will be reached.

15 16 
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