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Description

BACKGROUND OF THE INVENTION

[0001] This present application relates generally to
methods, systems, and apparatus for clearance between
a stationary component and a movable component of a
rotating machine. More specifically, but not by way of
limitation, the present application relates to methods,
systems, and apparatus pertaining to measuring blade
tip clearance between rotating turbine blades and sur-
rounding stationary structures in combustion turbine en-
gines, which, as used herein and unless specifically stat-
ed otherwise, is meant to include all types of turbine or
rotary engines, including gas turbine engines, aircraft en-
gines, steam turbine engines.
[0002] A gas turbine engine (which, as discussed be-
low, may be used to illustrate an exemplary application
of the current invention) includes a compressor, a com-
bustor, and a turbine. The compressor and turbine gen-
erally include rows of blades that are axially stacked in
stages. Each stage includes a row of circumferentially-
spaced stator blades, which are fixed, and a row of rotor
blades , which rotate about a central axis or shaft. In op-
eration, generally, the compressor rotor blades rotate
about the shaft, and, acting in concert with the stator
blades, compress a flow of air. The supply of compressed
air then is used in the combustor to combust a supply of
fuel. Then, the resulting flow of hot expanding gases from
the combustion, i.e., the working fluid, is expanded
through the turbine section of the engine. The flow of
working fluid through the turbine induces the rotor blades
to rotate. The rotor blades are connected to a central
shaft such that the rotation of the rotor blades rotates the
shaft. In this manner, the energy contained in the fuel is
converted into the mechanical energy of the rotating
shaft, which, for example, may be used to rotate the rotor
blades of the compressor, such that the supply of com-
pressed air needed for combustion is produced, and the
coils of a generator, such that electrical power is gener-
ated. During operation, because of the extreme temper-
atures of the hot-gas path, the velocity of the working
fluid, and the rotational velocity of the engine, rotor blades
become highly stressed with extreme mechanical and
thermal loads.
[0003] One of ordinary skill in the art will appreciate
that the efficiency of gas turbine engines is significantly
impacted by clearance between the outer radial tip of the
rotor blades and the surrounding stationary structure,
which is referred to herein as "tip clearance". It will be
appreciated that tighter clearances decrease the leakage
flow around the rotor blades, which improves engine ef-
ficiency. Tighter tip clearances, though, increase the risk
that rotating parts will make contact with or rub against
nonrotating parts during one of the engine’s several op-
erational modes, particularly considering the fact that tip
clearances generally vary based upon operating condi-
tions. Primarily, this is due to the different thermal expan-

sion characteristics of many of the engine components.
Of course, having rotating and stationary parts rub or
make contact during operation is highly undesirable be-
cause it can cause extensive damage to the engine or
failure of certain components. In addition, rubbing may
result in increased clearances once the event that caused
the rubbing passes. On the other hand, the engine may
be designed with looser clearances that decrease the
likelihood of rubbing parts. However, this is undesirable
because it generally allows for more leakage and, there-
by, decreases the efficiency of the engine.
[0004] Many newer gas turbines employ active clear-
ance control systems to manage the clearance during a
myriad of operating conditions so that a tight, non-rubbing
clearance is maintained. It will be appreciated that these
systems need regular, updated, and accurate tip clear-
ance data to realize the full benefit of the clearance con-
trol system.
[0005] EP 2004/204900 describes a method of moni-
toring radial clearances in a steam turbine including
measuring a temperature of the rotor shaft at a first time
and at a second time, measuring a temperature of the
rotor blade and of the shell at the first and second times,
calculating a shaft radial growth, a blade growth and a
shell radial growth between the first and second times
and determining a change in a radial gap between the
shell and a distal end of the rotor blade from the first time
to the second time using the equation: change in radial
gap = shell radial growth-shaft radial growth - blade
growth.
[0006] DE 10 2008 055593 describes a method for
controlling the clearances in a turbine comprising apply-
ing at least one operating parameter as an input to at
least one neural network model, modeling via the neural
network model a thermal expansion of at least one turbine
component and taking a control action based at least in
part on the modeled thermal expansion of the turbine
components.
[0007] JP 2001289006 describes a method of meas-
uring deformation of a turbine casing by dividing the cas-
ing into plural zones in the axial direction and measuring
the temperature and dimensions in each zone. The de-
formation can be determined at any time on the basis of
the temperature and dimension measurements and a co-
efficient of axial thermal expansion of a predetermined
condition previously obtained per each zone.
[0008] JP 2003042745 describes a method of predict-
ing the life of a rotor blade by measuring the clearance
between each rotor blade of rotating equipment and a
casing or the like in real time and obtaining the amount
of creep of each rotor blade on the basis of the measured
value.
[0009] EP 1972884 describes a multi sensor clearance
probe with at least longitudinally and transversely spaced
apart first and second sensors operable to measure first
and second distances respectively between the sensors
and a longitudinally spaced apart rotating rotor. The sen-
sors measure blade tip clearances between radially outer
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turbine blade tips and an annular stator shroud circum-
scribing the blade tips. The blade tips may be squealer
tips and the sensors operable to measure the distances
between the sensors and tops of squealer tip walls and
outwardly facing walls within cavities of the squealer tips.
The probe may be operably connected to a controller for
sending signals to the controller indicating the first and
second distances for controlling an air valve used for ac-
tive clearance control.
[0010] Conventional measurement systems measure
tip clearance with proximity sensors positioned in the hot-
gas path. Typically, these probes are positioned directly
over the rotor blades and measure the distance between
the probe and the blade tips of the rotor blades as the
blades pass.
[0011] The downside of positioning the sensors in this
manner is that the sensors are exposed to the extreme
temperatures of the hot gas flowpath. Sensors that are
able to withstand these conditions while providing accu-
rate measurements are expensive. Even so, because of
the extreme conditions of the hot-gas path, these sensors
have short life spans, which increase costs and mainte-
nance requirements. Also, these sensors typically re-
quire a supply of cooling air, which may be bled from the
compressor or supplied from an auxiliary source. It will
be appreciated that providing cooling air in this manner
adds complexity to engine systems and, because the air
supplied for cooling purposes reduces the supply of air
that may be used for combustion, decreases the efficien-
cy of the engine.
[0012] As a result, there is a need for improved appa-
ratus, methods and systems relating to the cost-effective
systems that accurately calculate and monitor tip clear-
ances in turbine engines.

BRIEF DESCRIPTION OF THE INVENTION

[0013] In a combustion turbine engine that includes an
inner turbine shell and an outer turbine shell, and a row
of rotor blades having blade tips and surrounding station-
ary structure that surrounds the row of rotor blades at a
position just outboard of the blade tips thereby defining
a tip clearance between the blade tips and the surround-
ing stationary structure, the present application de-
scribes a method of calculating the tip clearance during
operation of the combustion turbine engine. The method
may include the following steps: measuring a cold tip
clearance and a cold shell-to-shell distance while the
combustion turbine engine is not operating; while the
combustion turbine engine is operating, measuring a
temperature at a plurality of predetermined locations
within the turbine engine; while the combustion turbine
engine is operating, measuring a shell-to-shell distance
with a proximity sensor; calculating the tip clearance
based on the cold tip clearance measurement and the
plurality of temperature measurements; calculating the
shell-to-shell distance based on the cold shell-to-shell
distance measurement and the plurality of temperature

measurements; comparing the shell-to-shell distance
measurement of the proximity sensor with the shell-to-
shell distance calculation; and calibrating the calculated
tip clearance calculation based on the comparison be-
tween shell-to-shell distance measurement of the prox-
imity sensor and the shell-to-shell distance calculation.
[0014] In some embodiments, the plurality of temper-
ature measurements and the shell-to-shell distance
measurement approximately coincide in time. In some
embodiments, and the plurality of temperature measure-
ments include temperature measurements over at least
a plurality of different operating conditions of the com-
bustion turbine engine.
[0015] In some embodiments, the system further in-
cludes the steps of: positioning the proximity sensor in a
predetermined location on the outer turbine shell and
aiming the proximity sensor toward the inner turbine shell
so that the proximity sensor measures the shell-to-shell
distance; the shell-to-shell distance comprising the dis-
tance between the inner turbine shell and the outer tur-
bine shell; and forming a target surface 111 on the inner
turbine shell. The step of aiming the proximity sensor
toward the inner turbine shell includes aiming the prox-
imity sensor at the target surface 111. The target surface
111 includes a substantially planar surface that is sub-
stantially aligned in the axial direction. The measuring of
the cold tip clearance and of the cold shell-to-shell dis-
tance includes measuring a blade tip height, an inner
turbine shell diameter, and an outer turbine shell diam-
eter. And, the plurality of predetermined locations within
the combustion turbine engine at which the temperature
is measured including at least: one location relating to
the temperature of the inner turbine shell; one location
relating to the temperature of the outer turbine shell; and
one location relating to the temperature of a rotor disc on
which the rotor of rotor blades 16 is mounted.
[0016] In some embodiments, the system further in-
cludes the steps of: calculating an operating temperature
at a plurality of predetermined locations within the com-
bustion turbine engine based upon the plurality of meas-
ured temperatures; the predetermined locations includ-
ing at least: one location relating to the temperature of
the inner turbine shell; one location relating to the tem-
perature of the outer turbine shell; one location relating
to the temperature of a rotor disc on which the row of
rotor blades 16 is mounted; and one location relating to
the temperature of the row of rotor blades 16. In some
embodiments, the step of calculating the tip clearance
includes the steps of: based on the temperature of the
rotor disc, calculating a thermal growth of the rotor disc;
based on the temperature of the row of rotor blades 16
calculation, calculating the thermal growth of the row of
rotor blades 16; and based on the temperature of the
inner turbine shell calculation, calculating the thermal
growth of the inner shell diameter. In some embodiments,
the step of calculating the shell-to-shell distance includes
the step of: based on the temperature of the outer turbine
shell calculation, calculating the thermal growth of the
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outer shell diameter.
[0017] In some embodiments, the step of measuring
the shell-to-shell distance with a proximity sensor while
the combustion turbine engine is operating comprises
measuring a shell-to-shell distance with at least two prox-
imity sensors while the combustion turbine engine is op-
erating; and the at least two proximity sensors are spaced
around the circumference of the outer turbine shell at
approximately the same axial position; the circumferen-
tial spacing including an offset of approximately 90 de-
grees.
[0018] These and other features of the present appli-
cation will become apparent upon review of the following
detailed description of the preferred embodiments when
taken in conjunction with the drawings and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and other features of this invention will
be more completely understood and appreciated by care-
ful study of the following more detailed description of ex-
emplary embodiments of the invention taken in conjunc-
tion with the accompanying drawings, in which:

Figure 1 is a schematic representation of an exem-
plary turbine engine in which certain embodiments
of the present application may be used;

Figure 2 is a sectional view of the compressor section
of the gas turbine engine of Figure 1;

Figure 3 is a sectional view of the turbine section of
the gas turbine engine of Figure 1;

Figure 4 is a schematic illustration of a tip clearance
system according to conventional design;

Figure 5 is a schematic illustration of a tip clearance
system according to an exemplary embodiment of
the present application;

Figure 6 is a schematic illustration of a tip clearance
system according to an alternative embodiment of
the present application;

Figure 7 is a logic flow diagram in accordance with
an exemplary embodiment of the present applica-
tion; and

Figure 8 is a logic flow diagram in accordance with
an alternative embodiment of the present applica-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0020] As an initial matter, to communicate clearly the
invention of the current application, it may be necessary

to select terminology that refers to and describes certain
parts or machine components of a turbine engine and
related systems. Whenever possible, industry terminol-
ogy will be used and employed in a manner consistent
with its accepted meaning. However, it is meant that any
such terminology be given a broad meaning and not nar-
rowly construed such that the meaning intended herein
and the scope of the appended claims is unreasonably
restricted. Those of ordinary skill in the art will appreciate
that often a particular component may be referred to us-
ing several different terms. In addition, what may be de-
scribed herein as a single part may include and be ref-
erenced in another context as consisting of several com-
ponent parts, or, what may be described herein as in-
cluding multiple component parts may be fashioned into
and, in some cases, referred to as a single part. As such,
in understanding the scope of the invention described
herein, attention should not only be paid to the terminol-
ogy and description provided, but also to the structure,
configuration, function, and/or usage of the component,
as provided herein.
[0021] In addition, several descriptive terms may be
used regularly herein, and it may be helpful to define
these terms at this point. These terms and their definition
given their usage herein is as follows. The term "rotor
blade", without further specificity, is a reference to the
rotating blades of either the compressor or the turbine,
which include both compressor rotor blades 14 and tur-
bine rotor blades 16. The term "stator blade", without
further specificity, is a reference the stationary blades of
either the compressor or the turbine, which include both
compressor stator blades 15 and turbine stator blades
17. The term "blades" will be used herein to refer to either
type of blade. Thus, without further specificity, the term
"blades" is inclusive to all type of turbine engine blades,
including compressor rotor blades 14, compressor stator
blades 15, turbine rotor blades 16, and turbine stator
blades 17. Further, as used herein, "downstream" and
"upstream", as well as "forward" and "aft", are terms that
indicate a direction relative to the flow of working fluid
through the turbine. As such, the term "downstream" re-
fers to a direction that generally corresponds to the di-
rection of the flow of working fluid, and the term "up-
stream" or "forward" generally refers to the direction that
is opposite of the direction of flow of working fluid. The
terms "trailing" or "aft" and "leading" or "forward" gener-
ally refer to relative position in relation to the flow of work-
ing fluid. At times, which will be clear given the descrip-
tion, the terms "trailing" and "leading" may refer to the
direction of rotation for rotating parts. When this is the
case, the "leading edge" of a rotating part is the front or
forward edge given the direction that the part is rotating
and, the "trailing edge" of a rotating part is the aft or rear-
ward edge given the direction that the part is rotating.
[0022] The term "radial" refers to movement or position
perpendicular to an axis. It is often required to described
parts that are at differing radial positions with regard to
an axis. In this case, if a first component resides closer
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to the axis than a second component, it may be stated
herein that the first component is "radially inward" or "in-
board" of the second component. If, on the other hand,
the first component resides further from the axis than the
second component, it may be stated herein that the first
component is "radially outward" or "outboard" of the sec-
ond component. The term "axial" refers to movement or
position parallel to an axis. Finally, the term "circumfer-
ential" refers to movement or position around an axis.
[0023] By way of background, referring now to the fig-
ures, Figures 1 through 3 illustrate an exemplary gas
turbine engine in which embodiments of the present ap-
plication may be used. It will be understood by those
skilled in the art that the present invention is not limited
to this type of usage. As stated, the present invention
may be used in gas turbine engines, such as the engines
used in power generation and airplanes, steam turbine
engines, and other type of rotary engines. Figure 1 is a
schematic representation of a gas turbine engine 10. In
general, gas turbine engines operate by extracting ener-
gy from a pressurized flow of hot gas produced by the
combustion of a fuel in a stream of compressed air. As
illustrated in Figure 1, gas turbine engine 10 may be con-
figured with an axial compressor 11 that is mechanically
coupled by a common shaft or rotor to a downstream
turbine section or turbine 11, and a combustor 13 posi-
tioned between the compressor 11 and the turbine 12.
[0024] Figure 2 illustrates a view of an exemplary multi-
staged axial compressor 11 that may be used in the gas
turbine engine of Figure 1. As shown, the compressor 11
may include a plurality of stages. Each stage may include
a row of compressor rotor blades 14 followed by a row
of compressor stator blades 15. Thus, a first stage may
include a row of compressor rotor blades 14, which rotate
about a central shaft, followed by a row of compressor
stator blades 15, which remain stationary during opera-
tion. The compressor stator blades 15 generally are cir-
cumferentially spaced one from the other and fixed about
the axis of rotation. The compressor rotor blades 14 are
circumferentially spaced and attached to the shaft; when
the shaft rotates during operation, the compressor rotor
blades 14 rotate about it. As one of ordinary skill in the
art will appreciate, the compressor rotor blades 14 are
configured such that, when spun about the shaft, they
impart kinetic energy to the air or fluid flowing through
the compressor 11. The compressor 11 may have other
stages beyond the stages that are illustrated in Figure 2:
Additional stages may include a plurality of circumferen-
tial spaced compressor rotor blades 14 followed by a
plurality of circumferentially spaced compressor stator
blades 15.
[0025] Figure 3 illustrates a partial view of an exem-
plary turbine section or turbine 11 that may be used in
the gas turbine engine of Figure 1. The turbine 11 also
may include a plurality of stages. Three exemplary stages
are illustrated, but more or less stages may present in
the turbine 11. A first stage includes a plurality of turbine
buckets or turbine rotor blades 16, which rotate about

the shaft during operation, and a plurality of nozzles or
turbine stator blades 17, which remain stationary during
operation. The turbine stator blades 17 generally are cir-
cumferentially spaced one from the other and fixed about
the axis of rotation. The turbine rotor blades 16 may be
mounted on a turbine wheel (not shown) for rotation about
the shaft (not shown). A second stage of the turbine 11
also is illustrated. The second stage similarly includes a
plurality of circumferentially spaced turbine stator blades
17 followed by a plurality of circumferentially spaced tur-
bine rotor blades 16, which are also mounted on a turbine
wheel for rotation. A third stage also is illustrated, and
similarly includes a plurality of turbine stator blades 17
and rotor blades 16. It will be appreciated that the turbine
stator blades 17 and turbine rotor blades 16 lie in the hot-
gas path of the turbine 11. The direction of flow of the
hot gases through the hot-gas path is indicated by the
arrow. As one of ordinary skill in the art will appreciate,
the turbine 11 may have other stages beyond the stages
that are illustrated in Figure 3. Each additional stage may
include a row of turbine stator blades 17 followed by a
row of turbine rotor blades 16.
[0026] In use, the rotation of compressor rotor blades
14 within the axial compressor 11 may compress a flow
of air. In the combustor 13, energy may be released when
the compressed air is mixed with a fuel and ignited. The
resulting flow of hot gases from the combustor 13, which
may be referred to as the working fluid, is then directed
over the turbine rotor blades 16, the flow of working fluid
inducing the rotation of the turbine rotor blades 16 about
the shaft. Thereby, the energy of the flow of working fluid
is transformed into the mechanical energy of the rotating
blades and, because of the connection between the rotor
blades 16 and the shaft, the rotating shaft. The mechan-
ical energy of the shaft may then be used to drive the
rotation of the compressor rotor blades 14, such that the
necessary supply of compressed air is produced, and
also, for example, a generator to produce electricity.
[0027] Figure 4 illustrates a tip clearance system 20 in
accordance with conventional design that may be used
to determine tip clearance as the turbine engine oper-
ates. The system 20 may include one or more conven-
tional proximity sensors 22 spaced around the circum-
ference of a stage of turbine rotor blades 16. Specifically,
the proximity sensors 22 may be mounted in the station-
ary structure that surrounds the rotor blades from an out-
board position. In this manner, the proximity sensor 22
may be positioned so that it faces a stage of turbine rotor
blades 16 from an outwardly radial position. From this
position, the proximity sensors 22 may measure the dis-
tance from the proximity sensor 22 to the outboard tip of
the turbine rotor blade 16, which generally indicates the
clearance between the rotating parts (i.e., the rotor
blades 16) and the stationary structure that surrounds
them.
[0028] In use, the system 20 of Figure 4 may take reg-
ular measurements so that the distance between the out-
er radial tip of the turbine blade 16 and the stationary
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structure may be known or calculated. The data related
to these measurements may be sent to an active clear-
ance control system (not shown) where it might be used
to control or manipulate the blade tip clearance in a per-
formance enhancing manner. That is, given the meas-
urements taken by the proximity sensors 22, the clear-
ance control system may manage the clearance during
a myriad of operating conditions so that a tight, non-rub-
bing clearance is maintained. It will be appreciated that
clearance control system of this nature need regular, ac-
curate tip clearance measurements to realize the full ben-
efit of their usage.
[0029] The downside of positioning the proximity sen-
sors 22 in this manner is that the proximity sensors 22
are exposed to the high temperatures of the hot gas flow-
path. Sensors that are able to withstand these conditions
while providing accurate measurements are expensive.
Even so, because of the extreme conditions of the hot-
gas path, these sensors typically have short life spans,
which increases costs and maintenance requirements.
To increase the life span of the sensors, a supply of cool-
ing air may be provided to them to keep them cool. This
air might be provided from the compressor or from some
auxiliary source. It will be appreciated that providing cool-
ing air to the sensors adds complexity to the systems of
the engine and, because the air supplied for cooling pur-
poses reduces the supply of air that may be used for
combustion requires the operation of some auxiliary
source, its usage decreases the efficiency of the engine.
[0030] Figure 5 illustrates a tip clearance system 100
according to an embodiment of the present invention that
may be used to determine tip clearance as the turbine
engine operates. The tip clearance system 100 is shown
as it may be employed in a turbine of an exemplary com-
bustion turbine engine, which is shown in a partial cross-
sectional view. It will be appreciated that the tip clearance
system 100 may also be used in turbine engines having
different configurations and/or components. The tip
clearance system 100 may be used with a turbine archi-
tecture that includes at least an inner turbine shell 102
and an outer turbine shell 103.
[0031] As indicated, Figure 5 references several di-
mensions, which may be helpful in describing the oper-
ation of the system 100. The first dimension is referred
to herein and referenced in Figure 5 as "blade tip height
104". This dimension represents the distance from the
center axis 105 of the turbine to the outer radial tip of the
turbine rotor blade 16, which is referred to herein as the
"blade tip 106". It will be appreciated that blade tip height
104 typically is made up of the radius of a turbine wheel
107 (into which the turbine rotor blades 16 mount) and
the radial height of the rotor blade 16 (i.e., the extent to
which the rotor blade 16 extends beyond the turbine
wheel 107).
[0032] The second dimension is referred to herein and
referenced in Figure 5 as "tip clearance 108". As stated
above, tip clearance 108 is the distance between the
blade tip 106 the stationary structure that surrounds the

blade tip 106. The stationary structure that surrounds the
blade tip 106 is referred to herein and referenced on Fig-
ure 5 as "surrounding stationary structure 109", and is
intended to include any stationary component or struc-
ture that resides closest to the blade tip 106 from a po-
sition that is just outboard of the blade tip 106. As shown
in Figure 5, the surrounding stationary structure 109 may
comprise a stationary shroud. Accordingly, in the config-
uration shown in Figure 5, tip clearance 108 is the dis-
tance between the blade tip 106 and the stationary
shroud.
[0033] It will be appreciated that the tip clearance 108
between stationary and rotating components forms a
leakage path and that, generally, the blade tip 106 and
the surrounding stationary structure 109 are configured
to together form a seal that discourages leakage through
this channel. Because several different sealing strategies
exist for sealing this channel, the blade tip 106 and the
surrounding structure 109 may take many forms. As
such, it will be appreciated that many types of compo-
nents or structure may be present at the blade tip 106
and the surrounding stationary structure 109. For exam-
ple, in some cases, the rotor blade 16 may have a tip
shroud (not shown). In this case, an outermost region of
the tip shroud, which, in many cases would be a cutter
tooth, would form the blade tip 106. The outer flowpath
seal may include a stationary shroud that includes abrad-
able material into which the cutter tooth cuts and, thereby,
forms a seal. It will be appreciated that the present in-
vention is not limited to any particular blade tip 106 sur-
rounding stationary structure 109 assembly and may be
used with any of those described or shown in Figure 5,
as well as other structural configurations. In many cases,
tip clearance 108 is the minimum distance that exists
between the blade tip 106 and the surrounding stationary
structure 109. Tip clearance 108 also may be described
as the distance that the blade tip 106 and the surrounding
stationary structure 109 must move toward each other
before undesirable rubbing occurs between rotating and
stationary parts.
[0034] The third dimension is referred to herein and
referenced in Figure 5 as an inner shell thickness 110.
The inner shell thickness 110, as the name implies, is
the thickness of the inner turbine shell 102. As shown,
the inner shell thickness 110 typically comprises the dis-
tance between: a) the inner radial boundary of the sur-
rounding stationary structure 109; and b) a target surface
111 on an outer radial surface of the inner turbine shell
102. Depending on the particular configuration of the sur-
rounding stationary structure 109, the inner shell thick-
ness 110 may include the thickness of a stationary
shroud, as depicted in the exemplary configuration of Fig-
ure 5. The target surface 111, as discussed in more detail
below, may be any outer surface on the inner turbine
shell 102 (or outer radial surface of a component attached
to the inner turbine shell 102) against which a proximity
sensor 120 may be trained. In one embodiment, as
shown in Figure 5, the target surface 111 may include a
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flat surface that is aligned in the axial direction (i.e., a
surface that forms an angle of approximately 0° with a
reference line extending in the axial direction from the
same radial position). This type of target surface 111 may
be preformed in the inner turbine shell 102 or machined
into the inner turbine shell 102 so that it is integral to the
inner turbine shell 102, or the target surface 111 may be
an attached component that is configured to produce the
desired configuration and/or have surface characteristics
that promote accurate measurements by the proximity
sensor 120. It will be appreciated that, because of the
slight axial movement of the inner turbine shell 102 and
outer turbine shell 103 relative to each other during op-
eration, an axially aligned target surface 111 would im-
prove the accuracy of the system, whereas a slanted
surface may indicate that the inner turbine shell 102 and
the outer turbine shell 103 have moved toward or away
from each other when, in fact, it was axial movement that
caused this result.
[0035] A fourth dimension is referred to herein and ref-
erenced in Figure 5 as a shell-to-shell distance 112. The
shell-to-shell distance 112 generally represents the dis-
tance between the outer shell 103 and the inner turbine
shell 102. More particularly, as discussed in more detail
below and as shown in Figure 5, the shell-to-shell dis-
tance may represent the distance between a proximity
sensor 120 that is rigidly mounted to the outer turbine
shell 103 and the target surface 111 on the inner turbine
shell 102.
[0036] One or more other components or instruments
may be included in a system according to the present
invention. As illustrated in Figure 5, the system 100 may
include one or more proximity sensors 120. The proximity
sensors 120 may be rigidly mounted to the outer turbine
shell 103. The proximity sensors 120 may be mounted
through the shell 103 (as shown) or to the inner radial
surface of the shell 103. In this manner, the proximity
sensor 120 may be configured to aim toward the outer
radial surface of the inner shell 102 and/or a target sur-
face 111 formed thereon. The proximity sensors 120 then
may be aimed so that the sensor 120 measures the dis-
tance from the proximity sensor 120 to the inner shell
102, which, it will be appreciated, may be used to calcu-
late any relative changes in the distance between the
outer shell 103 and the inner shell 102 (i.e., the shell-to-
shell distance 112). The proximity sensor 120 may com-
prise any type of proximity sensory that may be used to
perform this function. In one preferred embodiment, the
proximity sensor 120 is a laser proximity probe. In other
embodiments, the proximity sensor 120 may be an eddy
current sensor, capacitive sensor, microwave sensor, or
any other similar type of device.
[0037] In some embodiments, a single proximity sen-
sor 120 may be used. This proximity sensor 120, as
shown in Figure 5, may be located at an axial position
that is in proximity to the axial position of a row of rotor
blades 16. This single proximity sensor 120 then may be
used as part of a system to calculate the tip clearance

108 for that particular row of rotor blades 16. It will be
appreciated that other proximity sensors 120 may be
present at axial positions that coincide with the other rows
of rotor blades 16 so that they may be used in relation to
the calculation of tip clearances 108 for these other rows
of rotor blades 16. In other embodiments, a single prox-
imity sensor 120 may be used in relation to a plurality of
rows of rotor blades 16. This arrangement may result in
a slight decrease in accuracy for the rows that are in
positions that are further away from the axial position of
the sensor 120.
[0038] In some embodiments, the tip clearance meas-
uring system 100 may include multiple proximity sensors
120 that are spaced around the circumference of the tur-
bine at the same approximate axial position. Placement
in this manner may increase the accuracy of the system,
particularly in larger turbines having a "half-shell" casing
configuration. In these types of turbines, the shell struc-
tures are typically configured to have a bolted horizontal
joint. As one of ordinary skill in the art will appreciate,
because of this horizontal joint, thermal growth causes
"ovalization". That is, the shell expands more along the
horizontal joints so that the joined shells form a slight
oval shape instead of staying circular. In this case, having
a proximity sensor that monitors the shell-to-shell dis-
tance along the horizontal joint (or near the horizontal
joint) and another proximity sensor monitoring the shell-
to-shell distance at a position 90 degrees from the hori-
zontal joint (or near this location) allows the ovalization
to be accounted for. This may be significant considering
the fact that the inner turbine shell heats (and thus
"ovals") at a greater rate than the outer turbine shell dur-
ing startup or other transient operational periods.
[0039] In addition, in one alternative embodiment, the
proximity sensor 120 may be mounted to the inner shell
102 so that the sensor 120 measures the shell-to-shell
distance 112 by measuring the distance between the lo-
cation of the sensor 120 on the inner turbine shell 102
and a target surface 111 on the outer turbine shell 103.
It will be appreciated that in either position, i.e., mounted
to the outer shell 103 or to the inner shell 102, the prox-
imity sensor 120 is not exposed to the harsh conditions
of the hot-gas path. The proximity sensors 120, thus,
would be exposed to much lower temperatures, which
would allow the sensors to be constructed less expen-
sively, extend the part-life of the sensor 120, and negate
or reduce the usage of cooling air to cool the sensors 120.
[0040] In some embodiments, the tip clearance meas-
uring system 100 may include one or more temperature
sensors 124, which may be a thermocouple or other de-
vice. The temperature sensors 124 may be used to obtain
data concerning the temperature of several components
within the turbine engine in the area at which the tip clear-
ance is being calculated and used in this calculation. For
example, the temperature sensors 124 may be posi-
tioned to determine the temperature of the outer shell
103, which may include temperature measurements
along one or both of the inner and outer radial surfaces
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of the outer shell 103, and the inner shell 102, which may
include temperature measurements along one or both of
the inner and outer radial surfaces of the inner shell 102.
A temperature of the cavity between the inner turbine
shell 102 and the outer turbine shell 103 also may be
taken by one of the temperature sensors 124.
[0041] Through conventional means the proximity sen-
sors 120 and/or the temperature sensors 124 may be
configured so that they are connected to a control system
125. These connections are indicated by dashed lines in
Figure 5. The control system 125 may be a computer-
implement device that communicates electronically to
the several sensors and is configured to make calcula-
tions based on programmed instructions and logic and
data it receives. For example, the control system 125
may be implemented as a single special purpose inte-
grated circuit, such as ASIC, having a main or central
processor section for overall, system-level control, and
separate sections dedicated performing various different
specific combinations, functions and other processes un-
der control of the central processor section. It will be ap-
preciated by those skilled in the art that the control system
also may be implemented using a variety of separate
dedicated or programmable integrated or other electronic
circuits or devices, such as hardwired electronic or logic
circuits including discrete element circuits or program-
mable logic devices, such as PLDs, PALs, PLAs or the
like. The control system 125 also may be implemented
using a suitably programmed general-purpose computer,
such as a microprocessor or microcontroller, or other
processor devices, such as a CPU or MPU, either alone
or in conjunction with one or more peripheral data and
signal processing devices.
[0042] In addition, as with many conventional compu-
terized control systems used to monitor and control the
operation of combustion turbine engines, the control sys-
tem 125 may include computerized models and applica-
tions that make calculations related to a plurality of op-
erating parameters. For example, the control system 125
may include programmed logic that calculates operating
temperatures through the turbine 12 based on operating
parameters such as load, ambient conditions, fuel char-
acteristics, and others. The control system 125 also may
include programmed models and logic that calculates the
thermal growth of the wheel 107, the rotor blades 16, the
thickness of the inner turbine shell 102, the thickness of
the outer turbine shell 103, the diameter of the inner tur-
bine shell 102, and/or the diameter of the outer turbine
shell 103. These calculations may be based on measured
temperatures or those temperatures calculated by the
control system 125 based on other measured operating
parameters and conditions, as one of ordinary skill in the
art will appreciate.
[0043] The control system 125 and the several sensors
120, 124 may be configured to communicate electroni-
cally. It will be appreciated that, in certain embodiments,
the control system 125 may receive, store and make cal-
culations based on the proximity data and temperature

data acquired from the proximity sensors 120 and the
temperature sensors 124, respectively. The control sys-
tem 125 also may be configured to operate in conjunction
with a conventional active tip clearance control system,
which may include the control of electro-mechanical sys-
tems that affect the tip clearance of rotor blades 16. In
this manner, tip clearance 108 calculations of the present
invention may be used by a conventional active tip clear-
ance control system to manipulate tip clearance in a per-
formance enhancing or desired manner.
[0044] In use, the tip clearance system 100 may be
used accurately to calculate tip clearance 108 data with-
out incurring the expense of continually operating prox-
imity sensors in the hot-gas path of the turbine. That is,
the tip clearance system 100 may be used to accurately
calculate tip clearance 108 data based on measurements
made by proximity sensors 120 that reside outside of the
hot-gas path of the turbine. The present invention takes
advantage of the discovery that tip clearance variation
can be more accurately calculated by measuring the
changes that occur in the distance between the outer
shell 103 and the inner shell 102. While measuring the
tip clearance directly within the hot-gas path (as prior art
systems teach) may yield slightly more accurate results,
the present invention strikes a balance between accuracy
and cost-effectiveness that makes it attractive and useful
in many types of applications. That is, given the cost-
savings the present invention provides (i.e., the use of
less-expensive proximity sensors, longer proximity sen-
sor part-life, the reduction or elimination of cooling air for
the proximity sensors, etc.), the tip clearance measuring
system according to the present invention often provides
an attractive alternative to system administrators that are
unwilling to pay the relatively high costs of operating prox-
imity sensors in the hot-gas path.
[0045] Figure 6 provides an alternative embodiment of
the present invention. As shown, Figure 6 includes a
proximity sensor 22 in the hot-gas path and a proximity
sensor 120 mounted to the outer turbine shell 103, both
of which may be configured and operate as described
above. The operation for this combined system is pro-
vided below in the discussion related to Figure 8.
[0046] The operation of two different embodiments of
the present invention is described in relation to the logic
flow diagrams of Figures 7 and 8. Referring to Figure 7,
process 200 may begin at block 202. At this initial step,
"cold" (i.e., non-operating and static) measurements of
relevant dimensions may be taken. It will be appreciated
that this step is generally already undertaken during con-
ventional turbine assembly and maintenance routines.
These measurements may include: a cold-measured
blade tip height 104, a cold-measured tip clearance 108,
a cold-measured inner shell thickness 110, and a cold-
measured shell-to-shell distance 112. The measurement
of these cold dimensions may be taken once and used
thereafter for an extended period. The measurement of
the cold dimensions also may be updated regularly when-
ever the turbine engine is not operating, which may im-
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prove the accuracy of the method.
[0047] From block 202, the process may proceed to a
block 204. At this step, the control system 125 may mon-
itor several operating parameters of the turbine engine
while it operates. These operating parameters may in-
clude any measurements made by any of the various
system sensors, which may include the proximity sensor
120, the temperature sensors 124 as well as others. Oth-
er operating parameters that may be measured and mon-
itored by the system may include, for example, load level,
ambient conditions, shell-to-shell distance, hot-gas path
temperatures, inner turbine shell temperatures, outer tur-
bine shell temperatures, fuel conditions, pressure levels,
and others.
[0048] From block 204, the process may proceed to a
block 206. At this step, the process may calculate other
turbine engine operating parameters based upon the
measured parameters from block 204. For example, tem-
perature levels through the turbine may be approximated
or calculated using conventional turbine operating pro-
grams and models, as described above, which have been
developed using known formulations, physical laws, ma-
terial properties, historical data of combustion turbine en-
gine operation, and other relevant information, as one of
ordinary skill in the art will appreciate. For instance, using
these conventional programs and models and the meas-
ured or known engine operating parameters, a change
in the blade tip height 104 may be calculated. Such a
calculation is typically based on the thermal growth of
the wheel 107 and the rotor blade 16 that is known to
result from the current and recent temperature levels
through the hot-gas path (i.e., the current and recent tem-
peratures experienced by the turbine wheel 107 and the
turbine rotor blades 16). In the same way, using actual
temperature data or temperature data based upon cal-
culations made given other measured turbine operating
characteristics, the thermal growth of the inner shell thick-
ness 110, the thermal growth of the diameter of the inner
turbine shell 102, the thermal growth of the thickness of
the outer turbine shell 103, and the thermal growth of the
diameter of the outer turbine shell 103 also may be cal-
culated at step 206. It will be appreciated that thermal
growth may be calculated using conventional methods.
In one such method, a material property related to ther-
mal growth includes a multiplier that when multiplied by
the degrees change in temperature, provides the dis-
tance of thermal growth for the particular component.
[0049] From block 206, the process may proceed to a
block 208. At this step, the process may calculate the
current tip clearance 108. It will be appreciated that, in
conventional systems, this calculation may be made giv-
en the measured cold dimensions and the calculated
thermal growth characteristics given measured and/or
calculated temperature data. In conventional systems,
this type of tip clearance 108 calculation is as accurate
as possible without the placement of proximity sensors
in the hot-gas path and the direct measurement of the
tip clearance 108 during engine operation. However, in

the present invention, according to one embodiment, the
tip clearance 108 calculation may be made while remov-
ing one of the most significant components of variation
in the calculation and replacing this component with a
real-time measurement. More particularly, the proximity
sensor 120 is used to provide a current and very accurate
measurement of the shell-to-shell distance 112, which,
of course, indicates precisely the change in position of
the inner turbine shell 102 in relation to that of the outer
turbine shell 103. In this manner, what before had to be
approximated using turbine engine models is directly and
accurately measured, which, it will be appreciated, may
be used to calibrate or increase the accuracy of tip clear-
ance calculations.
[0050] In one embodiment, the tip clearance calcula-
tions made at block 208 are calibrated given the predicted
shell-to-shell distance 112 and the measured shell-to-
shell distance 112. That is, the predicted change in the
inner turbine shell 102 in relation to the outer turbine shell
103 (i.e., that predicted using conventional systems) is
calibrated given the actual measurement of the distance
by the proximity sensor 120 on the outer turbine shell
103. It will be appreciated that this calibration (which re-
moves a significant level of uncertainty to the process)
may improve the accuracy of the ultimate tip clearance
108 calculation. Having calculated the tip clearance 108,
the process may return to block 204 and cycle through
the process again. In some embodiments (not shown),
the process may report the calculated tip clearance 108
to a conventional active tip clearance control system.
[0051] Referring now to Figure 8, logic diagram 300 is
provided, which describes an alternative embodiment of
the present application. This method uses the combined
system shown in Figure 6, i.e., a system that combines
a proximity sensor 22 that is positioned in the hot-gas
path to measure tip clearance 108 directly (as described
in relation to Figure 4) with a proximity sensor 120 that
is positioned to measure shell-to-shell distance 112 (as
described in relation to Figure 5). As described below, a
system of this nature may be used to develop or derive
a correlation between measured tip clearance 108 data
and measured shell-to-shell distance 112 data. This cor-
relation data may be developed in a single engine and
then applied to similarly designed engines. In this man-
ner, much of the improved accuracy related to having a
hot-gas path situated proximity sensor may be applied
to a large number of engines, while the costs of operating
hot-gas path sensors are incurred in only a single engine.
As stated above, the discovery that there is a strong cor-
relation between the changes in the shell-to-shell dis-
tance 112 and changes in tip clearance 108 make this
method possible.
[0052] The process 300 may begin at a block 302. At
this initial step, in a turbine engine having both a hot-gas
path proximity sensor 22 to measure directly the tip clear-
ance 108 and a proximity sensor 120 to measure the
shell-to-shell distance 112, is operated and data is col-
lected. This may include monitoring all types of operation
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parameters, such as those listed above, as well as, re-
cording the measurements taken by each of the proximity
sensors 22, 120. This may also include taking "cold"
measurements of the relevant dimensions, as described
above. From block 302, the process may continue to a
block 304.
[0053] At block 304, the process may determine a cor-
relation between the measured shell-to-shell distances
112 and the measured tip clearance 108 distances. As
part of this, the process may identify how different oper-
ating conditions may affect this correlation. It will be ap-
preciated that the accuracy of this correlation may be
improved by recording greater amounts of operational
data covering the range of operating conditions, as well
as, by gathering correlation data on more than one or
several turbine engines having similar or substantially
identical design.
[0054] At block 306, the process may apply the corre-
lation developed at block 304 to the turbine engine one
which it was gathered or one or more other turbine en-
gines to calculate tip clearance 108 during operation
based on measured shell-to-shell distance 112. In the
case of using the correlation on the same turbine on
which it was gathered, it will be appreciated that this may
be useful in that highly accurate results would be possible
without continued reliance on the operation of the prox-
imity sensor 22 in the hot-gas path. Thus, once the hot-
gas path proximity sensor 22 ceased to function, accu-
rate tip clearance data still could be generated using
shell-to-shell 112 measurements without the need of in-
curring costs replacing the proximity sensor 22 in the hot-
gas path. If desired, the proximity sensor 22 in the hot-
gas path could be replaced or reactivated periodically
and the correlation data updated so that the accuracy of
the system remained high. The correlation developed at
block 304 also may be applied to the operation of other
turbines engines. For greater accuracy, these turbines
should have designs that are similar. For greatest accu-
racy, these turbines should have designs that are sub-
stantially identical.
[0055] It will be appreciated that the process discussed
in relation to Figures 7 and 8 may be combined in whole
or in part such that a control system operates a combined
system that has elements of each. In this manner, the
system may include calculate tip clearance 108 during
operation based upon: 1) conventional models and pro-
grams that calculate certain operating parameters and
the measured shell-to-shell distance 112; and 2) the cor-
related data between tip clearance 108 and shell-to-shell
distance developed on a similar or identical engine.
[0056] As one of ordinary skill in the art will appreciate,
the many varying features and configurations described
above in relation to the several exemplary embodiments
may be further selectively applied to form the other pos-
sible embodiments of the present invention. For the sake
of brevity and taking into account the abilities of one of
ordinary skill in the art, all of the possible iterations is not
provided or discussed in detail, though all combinations

and possible embodiments embraced by the several
claims below or otherwise are intended to be part of the
instant application. In addition, from the above descrip-
tion of several exemplary embodiments of the invention,
those skilled in the art will perceive improvements,
changes and modifications. Such improvements, chang-
es and modifications within the skill of the art are also
intended to be covered by the appended claims. Further,
it should be apparent that the foregoing relates only to
the described embodiments of the present application
and that numerous changes and modifications may be
made herein without departing from the scope of the ap-
plication as defined by the following claims.

Claims

1. A method of calculating a tip clearance during oper-
ation of a combustion turbine engine (10) that in-
cludes an inner turbine shell (102) and an outer tur-
bine shell (103), and a row of rotor blades (16) having
blade tips (106) and a surrounding stationary struc-
ture (109) that surrounds the row of rotor blades (16)
at a position just outboard of the blade tips (106)
thereby defining a tip clearance between the blade
tips (106) and the surrounding stationary structure
(109), the method comprising the steps of:

measuring a cold tip clearance and a cold shell-
to-shell distance while the combustion turbine
engine (10) is not operating;
while the combustion turbine engine (10) is op-
erating, measuring the temperature at a plurality
of predetermined locations within the turbine en-
gine (10);
while the combustion turbine engine (10) is op-
erating, measuring a shell-to-shell distance with
a proximity sensor (22);
calculating the tip clearance based on the cold
tip clearance measurement and the plurality of
temperature measurements;
calculating the shell-to-shell distance based on
the cold shell-to-shell distance measurement
and the plurality of temperature measurements;
comparing the shell-to-shell distance measure-
ment of the proximity sensor (22) with the shell-
to-shell distance calculation; and
calibrating the calculated tip clearance calcula-
tion based on the comparison between shell-to-
shell distance measurement of the proximity
sensor (22) and the shell-to-shell distance cal-
culation.

2. The method according to claim 1, wherein the plu-
rality of temperature measurements and the shell-
to-shell distance measurement approximately coin-
cide in time; and
wherein the plurality of temperature measurements
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include temperature measurements over at least a
plurality of different operating conditions of the com-
bustion turbine engine (10).

3. The method according to claim 1 or 2, further com-
prising the steps of:

positioning the proximity sensor (22) in a prede-
termined location on the outer turbine shell (103)
and aiming the proximity sensor (22) toward the
inner turbine shell (102) so that the proximity
sensor (22) measures the shell-to-shell dis-
tance; the shell-to-shell distance comprising the
distance between the inner turbine shell (102)
and the outer turbine shell (103); and
forming a target surface (111) on the inner tur-
bine shell (102);
wherein the step of aiming the proximity sensor
(22) toward the inner turbine shell (102) includes
aiming the proximity sensor (22) at the target
surface (111);
wherein the target surface (111) includes a sub-
stantially planar surface that is substantially
aligned in the axial direction;
wherein the measuring the cold tip clearance
and the cold shell-to-shell distance includes
measuring a blade tip height, an inner turbine
shell (102) diameter, and an outer turbine shell
(103) diameter; and
wherein the plurality of predetermined locations
within the combustion turbine engine (10) at
which the temperature is measured include at
least: one location relating to the temperature of
the inner turbine shell (102); one location relat-
ing to the temperature of the outer turbine shell
(103); and one location relating to the tempera-
ture of a rotor disc on which the rotor of rotor
blades (16) is mounted.

4. The method according to claim 3, further including
the step of calculating an operating temperature at
a plurality of predetermined locations within the com-
bustion turbine engine (10) based upon the plurality
of temperature measurements; the predetermined
locations including at least: one location relating to
the temperature of the inner turbine shell 102; one
location relating to the temperature of the outer tur-
bine shell (103); one location relating to the temper-
ature of a rotor disc on which the row of rotor blades
(16) is mounted; and one location relating to the tem-
perature of the row of rotor blades (16);
wherein the step of calculating the tip clearance in-
cludes the steps of:

based on the temperature of the rotor disc, cal-
culating a thermal growth of the rotor disc;
based on the temperature of the row of rotor
blades (16) calculation, calculating the thermal

growth of the row of rotor blades (16); and
based the temperature of the inner turbine shell
(102) calculation, calculating the thermal growth
of the inner shell diameter; and

wherein the step of calculating the shell-to-shell dis-
tance includes the step of:

based the temperature of the outer turbine shell
(103) calculation, calculating the thermal growth
of the outer shell diameter.

5. The method according to claim 3, wherein the step
of measuring the shell-to-shell distance with a prox-
imity sensor (22) while the combustion turbine en-
gine (10) is operating comprises measuring a shell-
to-shell distance with at least two proximity sensors
(22) while the combustion turbine engine (10) is op-
erating; and
wherein the at least two proximity sensors (22) are
spaced around the circumference of the outer turbine
shell (103) at approximately the same axial position;
the circumferential spacing including an offset of ap-
proximately 90 degrees.

Patentansprüche

1. Verfahren zum Berechnen eines Spitzenspalts wäh-
rend des Betriebs eines Verbrennungs-Turbinen-
triebwerks (10), welches ein inneres Turbinenge-
häuse (102) und ein äußeres Turbinengehäuse
(103) sowie eine Reihe von Rotorschaufeln (16) mit
Schaufelspitzen (106) und eine umgebende festste-
hende Struktur (109) aufweist, welche die Reihe von
Rotorschaufeln (16) an einer Position unmittelbar
außerhalb der Schaufelspitzen (106) umgibt, so
dass ein Spitzenspalt zwischen den Schaufelspitzen
(106) und der umgebenden feststehenden Struktur
(109) gebildet wird, welches Verfahren die Schritte
enthält:

Messen eines Spitzenspalts im kalten Zustand
und eines Gehäuse-Gehäuse-Abstands im kal-
ten Zustand, während das Verbrennungs-Tur-
binentriebwerk (10) nicht in Betrieb ist;
Messen der Temperatur an einer Vielzahl von
vorbestimmten Stellen innerhalb des Turbinen-
triebwerks (10), während das Verbrennungs-
Turbinentriebwerk (10) in Betrieb ist;
Messen eines Gehäuse-Gehäuse-Abstands mit
einem Näherungssensor (23), während das
Verbrennungs-Turbinentriebwerk (10) in Be-
trieb ist;
Berechnen des Spitzenspalts auf der Grundlage
der Messung des Spitzenspalts im kalten Zu-
stand und der Vielzahl von Temperaturmessun-
gen;
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Berechnen des Gehäuse-Gehäuse-Abstands
auf der Grundlage der Messung des Gehäuse-
Gehäuse-Abstands im kalten Zustand und der
Vielzahl von Temperaturmessungen;
Vergleichen der Messung des Gehäuse-Ge-
häuse-Abstands des Näherungssensors (23)
mit der Berechnung des Gehäuse-Gehäuse-
Abstands; und
Kalibrieren der Berechnung des berechneten
Spitzenspalts auf der Grundlage des Vergleichs
zwischen der Messung des Gehäuse-Gehäuse-
Abstands des Näherungssensors (23) und der
Berechnung des Gehäuse-Gehäuse-Abstands.

2. Verfahren nach Anspruch 1, bei welchem die Viel-
zahl von Temperaturmessungen und die Messung
des Gehäuse-Gehäuse-Abstands zeitlich annä-
hernd zusammenfallen; und
wobei die Vielzahl von Temperaturmessungen Tem-
peraturmessungen über mindestens eine Vielzahl
von verschiedenen Betriebszuständen des Verbren-
nungs-Turbinentriebwerks (10) einschließt.

3. Verfahren nach Anspruch 1 oder 2, ferner enthaltend
die Schritte:

Positionieren des Näherungssensors (23) an ei-
ner vorbestimmten Stelle am äußeren Turbinen-
gehäuse (103) und Ausrichten des Näherungs-
sensors (22) auf das innere Turbinengehäuse
(102), so dass der Näherungssensor (22) den
Gehäuse-Gehäuse-Abstand misst, wobei der
Gehäuse-Gehäuse-Abstand den Abstand zwi-
schen dem inneren Turbinengehäuse (102) und
dem äußeren Turbinengehäuse (103) umfasst;
und
Bilden einer Zielfläche (111) auf dem inneren
Turbinengehäuse (102);
wobei der Schritt des Ausrichtens des Nähe-
rungssensors (23) auf das innere Turbinenge-
häuse (102) das Ausrichten des Näherungssen-
sors (22) auf die Zielfläche (111) umfasst;
wobei die Zielfläche (111) eine im Wesentlichen
ebene Oberfläche umfasst, die im Wesentlichen
in axialer Richtung ausgerichtet ist;
wobei die Messung des Spitzenspalts im kalten
Zustand und die Messung des Gehäuse-Ge-
häuse-Abstands im kalten Zustand das Messen
einer Schaufelspitzenhöhe, eines Durchmes-
sers des inneren Turbinengehäuses (102) und
eines Durchmessers des äußeren Turbinenge-
häuses (103) umfasst; und
wobei eine Vielzahl von vorbestimmten Stellen
innerhalb des Verbrennungs-Turbinentrieb-
werks (10), an welchen die Temperatur gemes-
sen wird, mindestens umfassen: eine Stelle, die
mit der Temperatur des inneren Turbinengehäu-
ses (102) in Zusammenhang steht; eine Stelle,

die mit der Temperatur des äußeren Turbinen-
gehäuses (103) in Zusammenhang steht; und
eine Stelle, die mit der Temperatur einer Rotor-
scheibe in Zusammenhang steht, an der der Ro-
tor aus Rotorschaufeln (16) angebracht ist.

4. Verfahren nach Anspruch 3, ferner enthaltend den
Schritt des Berechnens einer Betriebstemperatur an
einer Vielzahl von vorbestimmten Stellen innerhalb
des Verbrennungs-Turbinentriebwerks (10) basie-
rend auf der Vielzahl von Temperaturmessungen;
wobei die vorbestimmten Stellen mindestens umfas-
sen: eine Stelle, die mit der Temperatur des inneren
Turbinengehäuses (102) in Zusammenhang steht;
eine Stelle, die mit der Temperatur des äußeren Tur-
binengehäuses (103) in Zusammenhang steht; eine
Stelle, die mit der Temperatur einer Rotorscheibe in
Zusammenhang steht, an der die Reihe der Rotor-
schaufeln (16) angebracht ist; und eine Stelle, die
mit der Temperatur der Reihe der Rotorschaufeln
(16) in Zusammenhang steht;
wobei der Schritt des Berechnens des Spitzenspalts
die Schritte einschließt:

Berechnen einer thermischen Vergrößerung
der Rotorscheibe auf der Grundlage der Tem-
peratur der Rotorscheibe;
Berechnen der thermischen Vergrößerung der
Reihe von Rotorschaufeln (16) auf der Grund-
lage der Temperaturberechnung der Reihe von
Rotorschaufeln (16); und
Berechnen der thermischen Vergrößerung des
Durchmessers des inneren Gehäuses auf der
Grundlage der Temperaturberechnung des in-
neren Turbinengehäuses (102); und

wobei der Schritt des Berechnens des Gehäuse-Ge-
häuse-Abstands den Schritt einschließt:

Berechnen der thermischen Vergrößerung des
Durchmessers des äußeren Gehäuses auf der
Grundlage der Temperaturberechnung des äu-
ßeren Turbinengehäuses (103).

5. Verfahren nach Anspruch 3, bei welchem der Schritt
des Messens des Gehäuse-Gehäuse-Abstands mit
einem Näherungssensor (22) während des Betriebs
des Verbrennungs-Turbinentriebwerks (10) das
Messen eines Gehäuse-Gehäuse-Abstands mit
mindestens zwei Näherungssensoren (22) während
des Betriebs des Verbrennungs-Turbinentriebwerks
(10) umfasst; und
wobei die mindestens zwei Näherungssensoren (22)
über den Umfang des äußeren Turbinengehäuses
(103) an annähernd der gleichen axialen Position
beabstandet sind, wobei der Umfangsabstand einen
Versatz von annähernd 90° umfasst.
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Revendications

1. Procédé de calcul d’un dégagement de bout pendant
le fonctionnement d’une turbine à combustion (10)
qui comprend une enveloppe de turbine interne
(102) et une enveloppe de turbine externe (103), et
une rangée de pales de rotor (16) ayant des bouts
de pale (106) et une structure stationnaire environ-
nante (109) qui entoure la rangée de pales de rotor
(16) en une position juste à l’extérieur des bouts de
pale (106) définissant ainsi un dégagement de bout
entre les bouts de pale (106) et la structure station-
naire environnante (109), le procédé comprenant les
étapes consistant à :

mesurer un dégagement de bout à froid et une
distance à froid d’une enveloppe à une autre
pendant que la turbine à combustion (10) ne
fonctionne pas ;
pendant que la turbine à combustion (10) fonc-
tionne, mesurer la température en une pluralité
d’emplacements prédéterminés à l’intérieur de
la turbine (10) ;
pendant que la turbine à combustion (10) fonc-
tionne, mesurer une distance d’une enveloppe
à une autre avec un capteur de proximité (22) ;
calculer le dégagement de bout en se basant
sur la mesure de dégagement de bout à froid et
la pluralité de mesures de température ;
calculer la distance d’une enveloppe à une autre
en se basant sur la mesure de distance à froid
d’une enveloppe à une autre et la pluralité de
mesures de température ;
comparer la mesure de distance d’une envelop-
pe à une autre du capteur de proximité (22) au
calcul de distance d’une enveloppe à une autre ;
et
étalonner le calcul de dégagement de bout cal-
culé en se basant sur la comparaison entre la
mesure de la distance d’une enveloppe à une
autre du capteur de proximité (22) et le calcul
de distance d’une enveloppe à une autre.

2. Procédé selon la revendication 1, dans lequel la plu-
ralité de mesures de température et la mesure de
distance d’une enveloppe à une autre coïncident ap-
proximativement dans le temps ; et
dans lequel la pluralité de mesures de température
comprend des mesures de température dans au
moins une pluralité de différentes conditions de fonc-
tionnement de la turbine à combustion (10).

3. Procédé selon la revendication 1 ou 2, comprenant
en outre les étapes consistant à :

positionner le capteur de proximité (22) dans un
emplacement prédéterminé sur l’enveloppe de
turbine externe (103) et diriger le capteur de

proximité (22) vers l’enveloppe de turbine inter-
ne (102) de sorte que le capteur de proximité
(22) mesure la distance d’une enveloppe à une
autre ; la distance d’une enveloppe à une autre
comprenant la distance entre l’enveloppe de tur-
bine interne (102) et l’enveloppe de turbine ex-
terne (103) ; et
former une surface cible (111) sur l’enveloppe
de turbine interne (102) ;
dans lequel l’étape consistant à diriger le cap-
teur de proximité (22) vers l’enveloppe de turbi-
ne interne (102) comprend la sous-étape con-
sistant à diriger le capteur de proximité (22) au
niveau de la surface cible (111) ;
dans lequel la surface cible (111) comprend une
surface sensiblement plane qui est sensible-
ment alignée dans la direction axiale ;
dans lequel la mesure du dégagement de bout
à froid et la distance à froid d’une enveloppe à
une autre comprend la mesure d’une hauteur
de bout de pale, un diamètre de corps de turbine
interne (102) et un diamètre de corps de turbine
externe (103) ; et
dans lequel la pluralité d’emplacements prédé-
terminés à l’intérieur de la turbine à combustion
(10) auxquels la température est mesurée com-
prennent au moins : un emplacement relatif à la
température de l’enveloppe de turbine interne
(102) ; un emplacement relatif à la température
de l’enveloppe de turbine externe (103) ; et un
emplacement relatif à la température d’un dis-
que de rotor sur lequel le rotor de pales de rotor
(16) est monté.

4. Procédé selon la revendication 3, comprenant en
outre l’étape consistant à calculer une température
de fonctionnement en une pluralité d’emplacements
prédéterminés à l’intérieur de la turbine à combus-
tion (10) en se basant sur la pluralité de mesures de
température ; les emplacements prédéterminés
comprenant au moins : un emplacement relatif à la
température de l’enveloppe de turbine interne (102) ;
un emplacement relatif à la température de l’enve-
loppe de turbine externe (103) ; un emplacement re-
latif à la température d’un disque de rotor sur lequel
la rangée de pales de rotor (16) est montée ; et un
emplacement relatif à la température de la rangée
de pales de rotor (16) ;
dans lequel l’étape consistant à calculer le dégage-
ment de bout comprend les sous-étapes consistant
à :

en se basant sur la température du disque de
rotor, calculer une croissance thermique du dis-
que de rotor ;
en se basant sur le calcul de la température de
la rangée de pales de rotor (16), calculer la crois-
sance thermique de la rangée de pales de rotor
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(16) ; et
en se basant sur le calcul de la température de
l’enveloppe de turbine interne (102), calculer la
croissance thermique du diamètre d’enveloppe
interne ; et

dans lequel l’étape consistant à calculer la distance
d’une enveloppe à une autre comprend la sous-éta-
pe consistant à :

en se basant sur le calcul de la température de
l’enveloppe de turbine externe (103), calculer la
croissance thermique du diamètre d’enveloppe
externe.

5. Procédé selon la revendication 3, dans lequel l’étape
consistant à mesurer la distance d’une enveloppe à
une autre avec un capteur de proximité (22) pendant
que la turbine à combustion (10) fonctionne com-
prend la mesure d’une distance d’une enveloppe à
une autre avec au moins deux capteurs de proximité
(22) pendant que la turbine à combustion (10)
fonctionne ; et
dans lequel les au moins deux capteurs de proximité
(22) sont espacés autour de la circonférence de l’en-
veloppe de turbine externe (103) approximativement
en la même position axiale ; l’espacement circonfé-
rentiel comprenant un décalage d’approximative-
ment 90 degrés.
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