EP 3 179 055 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
14.06.2017 Bulletin 2017/24

(21) Application number: 15198558.7

(22) Date of filing: 09.12.2015

(11) EP 3179 055 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:
FO1D 17/04 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(71) Applicant: Ansaldo Energia IP UK Limited
London W1G 9DQ (GB)

(72) Inventor: von Planta, Martin Andrea
8955 Oetwil a.d. Limmat (CH)

(74) Representative: Bernotti, Andrea et al
Studio Torta S.p.A.
Via Viotti, 9
10121 Torino (IT)

(54)

(57)  The invention concerns a gas turbine part (10)
comprising a lifetime indicator (30). The lifetime indicator
comprises at least one protrusion (32) protruding from a
surface (28) of the gas turbine part. The lifetime indicator
is configured and arranged to give an indication of the
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A GAS TURBINE PART COMPRISING A LIFETIME INDICATOR

remaining lifetime of the gas turbine part when the gas
turbine part is inspected during maintenance. Different
types of lifetime indicator and a method of inspecting a
gas turbine part including inspection of the lifetime indi-
cator are also described.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to gas turbine
parts, and particularly to gas turbine parts comprising a
lifetime indicator.

BACKGROUND OF THE INVENTION

[0002] In today’s gas turbines, various parts are sub-
ject to extreme loads and temperatures, and as a result
it is necessary to undertake regular gas turbine mainte-
nance to carry out inspection, repairs and replacement
of parts.

[0003] For certain parts, it is impractical to ascertain
when the part needs to be replaced, and it is therefore
common practice to replace these parts based on a fixed
schedule, such as after a certain number of hours of use
or a certain number of use cycles.

[0004] In some parts, it is possible to see roughly how
much remaining lifetime a part has by visual assessment,
butthis visual assessment is subjective and itis generally
necessary to err on the side of caution when replacing
parts to avoid part failure.

[0005] In both these scenarios, parts are often re-
placed significantly earlier than is actually necessary. An
improvement in the assessment of remaining lifetime
could lead to a reduction of such lifetime waste, which in
turn can lead to various benefits such as reductions in
cost, service frequency and turbine outage time.

SUMMARY OF THE INVENTION

[0006] The invention is defined in the appended inde-
pendent claims to which reference should now be made.
Advantageous features of the invention are set forth in
the dependent claims.

[0007] A first aspect provides a gas turbine part com-
prising a lifetime indicator comprising at least one pro-
trusion protruding from a surface of the gas turbine part,
wherein the lifetime indicator is configured and arranged
to give an indication of the remaining lifetime of the gas
turbine part when the gas turbine partis inspected during
maintenance. This can help improve part lifetime assess-
ment in various gas turbine parts and can help reduce
costs associated with unnecessarily early part replace-
ment.

[0008] In one embodiment, the lifetime indicator com-
prises two or more protrusions. In one embodiment, two
or more protrusions are of a different length and/or a dif-
ferent width to one another. In one embodiment, the in-
dication of the remaining lifetime is given by the number
of protrusions that remain when the gas turbine part is
inspected during maintenance. In one embodiment, the
lifetime indicator comprises a protrusion with an inden-
tation. These embodiments, either alone or in combina-
tion, can help improve lifetime assessment. An indenta-
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tion can provide a weakness at which deterioration oc-
curs more quickly whenin use, compared to deterioration
of another part of the protrusion. The protrusion will nor-
mally fail at the point of the indentation first.

[0009] In one embodiment, the lifetime indicator gives
an indication of the remaining lifetime based on deterio-
ration due to at least one of creep, oxidation and low
cycle fatigue. This can help improve assessment of part
deterioration based on these factors.

[0010] In one embodiment, the lifetime indicator pro-
trudes less than 5 mm, less than 3 mm or less than 1 mm
from the surface of the gas turbine part.

[0011] Inoneembodiment,the gasturbine partismade
using selective laser melting or casting. This can provide
a lifetime indicator of appropriate size and proportions.
In one embodiment, the gas turbine part is made as a
single integral part.

[0012] In one embodiment, the gas turbine part is a
gas turbine blade, a gas turbine vane, a gas turbine heat
shield or a gas turbine combustor wall.

[0013] A second aspect provides a gas turbine com-
prising a gas turbine part as described above.

[0014] A third aspect provides a method of manufac-
turing a gas turbine part, comprising the step of manu-
facturing a gas turbine part comprising a lifetime indicator
comprising at least one protrusion protruding from a sur-
face of the gas turbine part, wherein the lifetime indicator
is configured and arranged to give an indication of the
remaining lifetime of the associated gas turbine part
when the gas turbine part is inspected during mainte-
nance.

[0015] In one embodiment, the lifetime indicator and
the gas turbine part are manufactured together as a sin-
gleintegral part. In one embodiment, the lifetime indicator
is manufactured using selective laser melting or casting.
This can provide features with the necessary size, shape
and tolerances (accuracy of manufacture).

[0016] A fourth aspectprovides a method of inspecting
a gas turbine part, the gas turbine part comprising a life-
time indicator comprising at least one protrusion protrud-
ing from a surface of the gas turbine part, wherein the
lifetime indicator is configured and arranged to give an
indication of the remaining lifetime of the associated gas
turbine part when the gas turbine partis inspected during
maintenance, the method comprising the steps of in-
specting the lifetime indicator, estimating the remaining
lifetime of the part based on the deterioration of the life-
time indicator, and ascertaining whether the gas turbine
part needs repair or replacement based on the estimate
of the remaining lifetime.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Anembodiment of the invention will now be de-
scribed by way of example only and with reference to the

accompanying drawings in which:

Figure 1 shows a cross-section of a gas turbine
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blade;

Figure 2 shows a cross-section of the tip of the gas
turbine blade of Figure 1 with a lifetime indicator;
Figure 3 shows a cross-section of the tip of the gas
turbine blade of Figure 1 with an alternative lifetime
indicator;

Figure 4 shows a cross-section of the trailing edge
of the gas turbine blade of Figure 1 with a lifetime
indicator.

Figures 5A, 5B, 5C, 5D, 5E and 5F show side-view
cross-sections through various lifetime indicators;
and

Figure 6 shows a perspective view of a fin-shaped
lifetime indicator.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0018] Figure 1 shows a gas turbine blade 10 with an
aerofoil 12, a platform 14 and a root 16. The aerofoil
portion has a leading edge 20, a trailing edge 22 and a
tip 24.

[0019] Figure 2 shows the area around the tip 24 of
the gas turbine blade 10 in greater detail. In a recess 26
in the tip, a lifetime indicator 30 is arranged. The lifetime
indicator protrudes from the surface 28 of the tip. In this
embodiment, a lifetime indicator comprising three conical
pins 32 of different lengths and different base widths is
shown.

[0020] Figure 3 shows an alternative embodiment in
which the three pins 32 are of the same length and of
different widths. Indentations can be seen in the pins;
these indentations are explained in more detail below
with reference to Figure 5C.

[0021] Figure 4 shows an alternative embodiment in
which two pins 32 of the same length and different widths
are attached to the surface of the trailing edge 22 of the
blade 10.

[0022] Figures 5A to 5E show examples of lifetime in-
dicators on a cross-section in the x-z plane, where the
plane x-y contains a surface 28 to which the lifetime in-
dicator is attached. Each lifetime indicator comprises one
or more protrusions, such as pins and/or fins.

[0023] Figure 5A shows three pins 32 with different
base widths and different lengths. Each pin 32 extends
from a base 40 that is attached to the surface to an end
42 distal from the surface. The pins are truncated cones
(frusto-conical) with rounded ends. The number of pins
that have deteriorated (for example, the number that has
deteriorated completely and therefore disappeared)
gives an indication of lifetime.

[0024] Figures 5B shows three pins 32 with the same
length, different widths and square ends. In such an ex-
ample, the pin with the narrowest width (on the left) would
disappear first, with the widest pin lasting longest.
[0025] Figure 5C shows two pins 32 with the same
length, the same width and indentations 44. The inden-
tations reduce the width for a portion of the length of the
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pin. The two pins are the same; providing duplicate pins
can provide redundancy and/or greater confidence in the
lifetime assessment. Providing an indentation in the pin
can provide a lifetime indicator that gives an indication
of creep, by visible narrowing of the width of the pin at
the indentation and/or by the complete failure of the pin
at the point of the indentation, resulting in the loss of the
part of the pin above the indentation.

[0026] Figure 5D shows another type of protrusion,
namely a fin 46. Unlike the pins described above, which
generally have the same or a similar width in both the x
and y directions (so in a plane parallel to the plane of the
surface), the fin extends considerably more in the x di-
rection than in the y direction. The fin contains a hole 48.
Asthe hole provides a point of weakness in the fin, cracks
may form between the hole and the end of the fin, which
can gived an indication of low cycle fatigue (LCF).
[0027] Figure 5E shows a pin of a somewhat different
shape, namely a stepped pyramid shape. Deterioration,
either by loss of layers of the pyramid starting with the
end 42 and/or by a smoothing of the sharp corners of the
pyramid shape, can give an indication of lifetime.
[0028] Figure 5F shows a lifetime indicator combining
the principles of the lifetime indicators of Figures 5C and
5E. Two indentations are provided on the same pin along
with a graduated overall pin structure (pyramidal in this
case). The width of the pin is smaller at the end 42 than
at the base 40. One of the indentations is on the wider
portion of the pin near the base and the other indentation
is on the narrower portion of the pin.

[0029] Figure 6 shows a perspective view of a lifetime
indicator made up of a fin rather than a pin, similar to the
embodiment in Figure 5D. The fin extends significantly
further (e.g. atleast 2, 3 or 5 times further) in the y direc-
tion compared to in the x direction.

[0030] In a method of manufacturing a lifetime indica-
tor, the lifetime indicator is manufactured as an integral
piece of a part, for example using selective laser melting
(SLM) or a casting method such as precision casting.
The lifetime indicator could also be manufactured sepa-
rately, for example using casting or SLM, and then at-
tached to a part, for example using brazing or welding.
[0031] Alifetimeindicator could be added to an existing
part as part of a retrofit or reconditioning method. A life-
time indicator could also be added to an existing part,
such as a repaired part, to replace a worn out lifetime
indicator. In such a case, it may be appropriate to replace
the worn out lifetime indicator with a replacement lifetime
indicator thatis the same as the original lifetime indicator,
or it may be preferable to provide a different lifetime in-
dicator.

[0032] Ina method of maintaining a gas turbine, a life-
time indicator can be inspected so as to estimate the
remaining lifetime of the part based on the deterioration
of the lifetime indicator, and to ascertain whether the gas
turbine part needs repair or replacement based on the
estimate of the remaining lifetime. In general, the lifetime
indicator can be in any location that can be made acces-
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sible during maintenance, be it by inspection in situ or by
inspection after partially dismantling the gas turbine for
inspection. Various methods of inspection could be used,
including visual inspection (either direct or indirect, for
example using a borescope) or inspection using tools to
provide measurements of the deterioration.

[0033] During inspection, deterioration of the lifetime
indicator can be assessed in various ways depending on
the type of lifetime indicator. Different lifetime indicators
will show deterioration in different ways, for example one
or more of a reduction in lifetime indicator length, a re-
duction in lifetime indicator width, a reduction in the
number of pins remaining in the lifetime indicator, and
cracking of the lifetime indicator.

[0034] A certain level of deterioration can be equated
to an estimate of lifetime. For example, in a lifetime indi-
cator with three pins, disappearance of the first, second
and third pins may respectively indicate that 25%, 50%
and 75% of the lifetime of the part has elapsed. In another
example, disappearance of the first, second and third
pins may respectively indicate that 65%, 85% and 100%
of the lifetime of the part has elapsed. Disappearance of
two of the three pins may be an indicator that enough of
the lifetime has elapsed, and that part repair or replace-
ment is needed. In a basic example, disappearance
(complete deterioration) of the lifetime indicator (perhaps
a lifetime indicator with just a single pin) could indicate
that the part requires repair or replacement, and the part
is not repaired or replaced until the lifetime indicator has
disappeared.

[0035] When a lifetime is estimated, the resulting esti-
mated lifetime could be a percentage of the lifetime of
the part that has been used or the percentage of the
lifetime of the part that remains. Using this, an estimate
of the remaining lifetime, which is generally the most use-
ful measure in practical terms, can be provided in terms
of variables such as time and/or number of load cycles,
based on the amount of time that the part has already
been in use and/or the number of load cycles the part
has already been subjected to.

[0036] Refinement of the remaining lifetime can also
be carried outbased on the prior and expected conditions
of use. For example, if the part has been subject to a
large number of load cycles or along period of sustained
use at low load operation, but the part is subsequently
used in a period of sustained full load operation, the re-
maining lifetime of the part may be adjusted to account
for the difference in operating conditions.

[0037] The determination of the level of lifetime indica-
tor deterioration that corresponds to a given lifetime
would generally be carried out during a development
phase, for example by testing and/or by using computer
modelling. For example, data on parameters such as ox-
idation, creep and cycle fatigue could be useful during
this calibration.

[0038] The estimate of the remaining lifetime can then
be used to ascertain whether the gas turbine part needs
repair or replacement. Based on this, a decision can be
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made as to whether (and when) a part should be replaced
or repaired. For example, upon deterioration of the life-
time indicator to a certain level, it could either be neces-
sary to immediately repair or replace the part, or it could
be ascertained that the part needs to be repaired or re-
placed after a certain amount of subsequent use, for ex-
ample a number of hours of further use or a number of
further load cycles.

[0039] The embodiments shown above describe life-
time indicators on the tip and the aerofoil trailing edge of
a gas turbine blade. Lifetime indicators can also be
placed in various other locations on a gas turbine blade,
such as elsewhere on the aerofoil or on the platform, for
example on the platform trailing edge. Lifetime indicators
could also be used in various other places in a gas tur-
bine. A gas turbine comprises a compressor, a combus-
tor downstream of the compressor and a turbine down-
stream of the compressor. Possible locations for lifetime
indicators in a gas turbine include on a rotor cover, on a
gas turbine combustor wall, and on a heat shield, for ex-
ample a turbine heat shield adjacent to a blade root or a
vane root. Locations without a thermal barrier coating
may be preferable. In general, lifetime indicators could
be useful in many locations where conditions in the gas
turbine lead to deterioration, particularly in locations sub-
ject to high temperatures or corrosive environments,
such as in places exposed to hot gases. Lifetime indica-
tors could be particularly useful in lifetime critical areas.
[0040] More than one lifetime indicator (either identical
lifetime indicators or different ones) can be placed in the
same gas turbine and/or on the same gas turbine part.
For example, a gas turbine blade similar to the one in
Figure 1 could be provided with the lifetime indicators of
Figures 2 and 4, Figures 3 and 4 or even Figures 2, 3
and 4. Providing multiple lifetime indicators can provide
redundancy (providing multiple measurements for the
same part), extra information on lifetime (indicating
whether one area is deteriorating more rapidly than an-
other), and/or indications regarding more than one type
of deterioration (for example creep and oxidation).
[0041] Generally, the lifetime indicator is made of the
same material as gas turbine part to which it is attached,
although part or all of the lifetime indicator could also be
made of a different material to the gas turbine part.
[0042] Asdescribedabove, alifetimeindicator cangive
an indication of the level of deterioration based on one
or more deterioration factors such as oxidation, low cycle
fatigue or creep. For example, the lifetime indicator
shown in Figure 5A or 5B might give an indication of
lifetime based primarily on oxidation, whereas the lifetime
indicator in Figure 5C might give an indication of lifetime
based primarily on creep. Two or more deterioration fac-
tors might be relevant in the same lifetime indicator, for
example in the lifetime indicator in Figure 3 where both
creep and oxidation could be relevant.

[0043] The surface 28 may be planar or substantially
planar (such as in Figures 2 and 3) or may be non-planar,
such as a curved surface or an irregularly shaped sur-
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face. The trailing edge 22 shown in Figure 4, forexample,
would not normally have a planar surface and would gen-
erally be curved (at least in the direction not shown in the
cross-section of Figure 4). The surface is generally an
external surface of the part; this allows for ease of access
during maintenance.

[0044] The lifetime indicator is for estimating the re-
maining lifetime of the gas turbine part. As such, the life-
time indicator 30 is normally a non-structural element,
and is generally placed in a position where it can be ac-
cessed for visual inspection during maintenance. This
can help with ease of use. The lifetime indicator is nor-
mally configured and arranged such that during use of
the gas turbine part, the lifetime indicator is subject to
the same or substantially the same conditions as the sur-
face of the gas turbine part. If the lifetime indicator were
subject to different conditions, then the lifetime indicator
would generally deteriorate in a different way or at a dif-
ferent speed, potentially limiting the usefulness of the
measurement. One particular considerationin this regard
is to ensure that there is clearance between the lifetime
indicator and any adjacent parts, as rubbing against an
adjacent part would provide very different conditions
when compared to a surface of the part thatis not rubbing
against adjacent components. To achieve this, the life-
time indicator is normally arranged to remain spaced
apart from other parts during use, so that the lifetime
indicator does not rub on other parts.

[0045] The description above gives a number of exam-
ples of lifetime indicators to provide an idea of the various
options available. Various combinations and alterations
may be made to provide lifetime indicators for different
situations. Some of the variables that can be altered are
now described.

[0046] The size and shape of lifetime indicator, that is
parameters such as the width, length, height, and surface
shape, can be varied. For example, protrusions could be
cuboid, cylindrical, conical, pyramidal, blade-shaped or
anotherregularorirregular shape. Ends could be square,
rounded or pointed. Many other variations in size and
shape are possible, with the Figures showing just a few
examples. Variations in size (and shape) can help tailor
a lifetime indicator to a particular part by varying the
length of time that the lifetime indicator lasts; for example,
increasing protrusion size to provide a longer-lasting life-
time indicator.

[0047] The difference between adjacent protrusions
can be varied. Two or more protrusions (pins or fins) of
different thicknesses or lengths can be provided, and
multiple identical protrusions can be provided for redun-
dancy. Adjacent protrusions can be spaced apart, or ad-
jacent protrusions can be directly touching one another,
at least at the base. The number of protrusions can be
varied. In some cases, one protrusion will be sufficient,
and the part will be replaced based on when the protru-
sion deteriorates. In other cases, multiple protrusions are
provided (either identical protrusions or different protru-
sions), and the number of protrusions remaining gives
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an indication of the level of deterioration. Providing mul-
tiple protrusions of varying size, shape or properties can
provide better lifetime indication than a single protrusion.
Providing multiple identical protrusions (identical within
given manufacturing tolerances) can also improve life-
time indication by improving the confidence in the meas-
urements, as even protrusions that are theoretically the
same are likely to be somewhat different and to deterio-
rate at slightly different rates.

[0048] Other features such as indentations and holes
can be added; these would generally be features that
can incite deterioration. Where indentations are provid-
ed, one or more indentations may be provided, either
extending part way or all of the way around the protrusion.
Indentations could be various shapes, such as graduated
indentations (such as the curved shape shown in Figure
5C) or stepwise indentations. Various options are avail-
able with holes as well, including various shapes. For
example, one or more holes of the same or differing sizes
can be provided in a protrusion, such as that shown in
Figure 5D, or multiple protrusions can be provided, each
with a different sized hole and/or a different depth of hole
(in the y direction as shown in Figure 6).

[0049] The lifetime indicator will typically be small rel-
ative to the gas turbine and to the part it is attached to.
For example, the lifetime indicator will typically protrude
less than 5 mm, 3 mm or 1 mm from the surface. Typically,
the lifetime indicator will also protrude at least 0.1 mm,
0.5 mm or 1 mm from the surface. In one example, three
pins such as those shown in Figure 5A are provided, with
heights (distance from base to tip) of 1 mm, 2 mm and 3
mm respectively and widths (in the x and y directions) of
0.3, 0.5 and 0.7 mm respectively. In another example, a
pyramid structure like the one shown in Figure 5E is pro-
vided, in which the total height is 4 mm, with each step
of the pyramid being 1 mm high and 0.5 mm wide and
the total width of the pyramid (in the x and y directions)
being 4 mm. In another example, a fin is provided ex-
tending 2mm from the surface, extending 5 mm in length
(x direction) and extending 0.5 mm in width (y direction)
with a circular hole 48 of 0.5 mm in diameter (in the x
direction).

[0050] Various modifications to the embodiments de-
scribed are possible and will occur to those skilled in the
art without departing from the invention which is defined
by the following claims.

REFERENCE NUMERALS
10 gas turbine blade 28 surface

12 aerofoil 30 lifetime indicator
14 platform 32 protrusion

16 root 40 base

20 leading edge 42 end

22 trailing edge 44 indentation

24 tip 46 fin

26 recess 48 hole
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low cycle fatigue
selective laser melting
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A gasturbine part (10) comprising a lifetime indicator
(30) comprising at least one protrusion (32) protrud-
ing from a surface (28) of the gas turbine part, where-
in the lifetime indicator is configured and arranged
to give an indication of the remaining lifetime of the
gas turbine part when the gas turbine part is inspect-
ed during maintenance.

The gas turbine part of claim 1, wherein the lifetime
indicator comprises two or more protrusions.

The gas turbine part of claim 2, wherein the two or
more protrusions are of a different length and/or a
different width to one another.

The gas turbine part of claim 2 or 3, wherein the
indication of the remaining lifetime is given by the
number of protrusions that remain when the gas tur-
bine part is inspected during maintenance.

The gas turbine part of any one of claims 1 to 4,
wherein the lifetime indicator comprises a protrusion
with an indentation (44).

The gas turbine part of claim 1, wherein the lifetime
indicator gives an indication of the remaining lifetime
based on deterioration due to at least one of creep,
oxidation and low cycle fatigue.

The gas turbine part of any one of claims 1 to 6,
wherein the lifetime indicator protrudes less than 5
mm, less than 3 mm or less than 1 mm from the
surface of the gas turbine part.

The gas turbine part of any one of claims 1 to 7,
wherein the gas turbine part is made using selective
laser melting or casting.

The gas turbine part of any one of claims 1 to 8,
wherein the gas turbine part is made as a single in-
tegral part.

The gas turbine part of claim 1, wherein the gas tur-
bine part is a gas turbine blade, a gas turbine vane,
a gas turbine heat shield or a gas turbine combustor
wall.

A gas turbine comprising a gas turbine part accord-
ing to claim 1.

A method of inspecting a gas turbine part (10), the
gas turbine part comprising a lifetime indicator (30)
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comprising at least one protrusion (32) protruding
from a surface (28) of the gas turbine part, wherein
the lifetime indicator is configured and arranged to
give an indication of the remaining lifetime of the gas
turbine part when the gas turbine part is inspected
during maintenance, the method comprising the
steps of

inspecting the lifetime indicator,

estimating the remaining lifetime of the part based
on the deterioration of the lifetime indicator, and
ascertaining whether the gas turbine part needs re-
pair or replacement based on the estimate of the
remaining lifetime.
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