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(54) Self-adjusting device for controlling the clearance between rotating and stationary 
components of a turbomachine

(57) The invention relates to a self-adjusting device
(25) for controlling the clearance (C), especially in radial
direction, between rotating and stationary components
(21, 23) of a thermally loaded turbo machine, which clear-
ance (C) changes in a linear and/or non-linear way during
transition of the machine between standstill and steady-
state operation.

A simple and effective control is achieved even in

the case of a nonlinear variation of the clearance during
transitional operation by said self-adjusting device (25)
comprising at least two different driving elements (A, B)
to move the rotating and fixed components (21, 23) rel-
ative to each other in order to change the clearance (C)
between them, and by the different driving elements (A,
B) being configured to be activated at different times dur-
ing the transition of the machine.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the technology
of turbo machines like compressors or gas turbines, or
others. It refers to a self-adjusting device for controlling
the clearance, especially in radial direction, between ro-
tating and stationary components of a thermally loaded
turbo machine according to the preamble of claim 1.

PRIOR ART

[0002] Minimization of clearances, particularly radial
ones between stationary and rotating parts of a turbo
machine, like e.g. steam- or gas turbines, jet-engines,
compressors, and turbochargers, during operation is es-
sential for minimizing flow-losses and subsequently max-
imizing the efficiency of such engines.
[0003] For illustrative purposes, Fig. 1 shows an ex-
ample of a turbine configuration, said turbo machine
stage 10 comprising a blade 14 and a vane 15, mounted
to a rotating shaft 12 (rotating with rotational velocity Ω
around an axis 11) and a housing part 13, respectively,
whereby a fluid channel (hot gas channel for gas turbines)
16 is defined between the shaft 12 and the housing 13.
By minimizing the radial clearances Cb (blade clearance)
and Cv (vane clearance) leakage flows across the blade-
and vane-tips and subsequently flow-losses can be re-
duced. Radial clearances may be formed by cylindrical
or conical surfaces of the - respective rotor and stator
components. However, although having basically cylin-
drical or conical shape every part might have additional
shape features.
[0004] Due to the relative movement, e.g. between the
blade tip of blade 14 and the housing 13, it is not possible
to set the radial clearance Cb to zero. Contact between
these parts during operation may lead to damage or even
destruction of the entire engine.
[0005] In general, by designing such an engine, the
radial clearance during operation ("hot-clearance") is de-
termined by a number of factors, which need to be con-
sidered with respect to the assembly clearances ("cold
clearances" under standstill conditions for a "cold" engine
usually meaning ambient temperature):

d Manufacturing tolerances
d Assembly tolerances
d Deformation of shaft 12 and housings 13 under
steady-state operation conditions (e.g. ovalization of
the casing from the demand circular shape)
d Blade/Vane expansion during operation due to
thermal growth and centrifugal forces
d Time-dependent deformations and relative move-
ments during engine transient operation, like start-up
and shut-down of the engine.

[0006] The latter two factors, transient and steady state

thermal expansions are driven by the temperature differ-
ences within the engine. The typical temperature distri-
bution within, e.g. a turbine, leads to a non-constant tem-
perature profile at a certain axial position with respect to
the radial direction (temperature gradient in the radial
direction). The highest temperature is assumed to be in
the fluid channel 16, where the blades 14 and vanes 15
are placed. The ambient temperature is TA. Fig. 3 shows
the spatial (radial, i.e. dependent on the radius R) tem-
perature distributions within a turbine at different points
in time (t1-t6).
[0007] Radial sections in Fig. 3 are defined by con-
structional features of the turbine, namely the shaft 12,
the blade 14, the housing 13, the foot 17 of the blade 14,
a heat shield 18 opposite the tip of blade 14, a chamber
19 behind heat shield 18, and the outer surface 20 of the
machine. The upper part of Fig. 3 shows possible varia-
tion of the temperature distribution T(R) along the radial
direction R during cooling (T↓) at instants t3-t6 in the time
domain t. The lower part of Fig. 3 shows the possible
variation of the temperature distribution T(R) during heat-
ing (T↑) at instants t1-t3. In both cases a transformation
temperature range is illustrated by a shadowed bar in
Fig. 3. It can be seen that the variation in time of the
temperature during transient operation (heating/cooling)
is a maximum at the blades 14 in the fluid channel 16.
[0008] Especially, the time-dependent deformations
and relative movements of the main components during
engine transient operations are of significance for deter-
mining the cold standstill clearances Css and for the re-
sulting steady-state hot or nominal clearances Cnom. The
design target is to determine the cold clearances so that,
during steady-state conditions, the resulting hot clear-
ances Cnom are minimized. However, due to the different
geometrical dimensions, materials and heat capacities
of blading, housings and shafts during warm-up (start-
up) or cool-down (shut-down) of the engine, the minimum
hot clearance may not appear at the hot steady-state
condition, where the minimum clearances are desirable.
Furthermore, taking into account that the engine may al-
so experience rapid load-changes or may be started,
when major components are still hot from a previous op-
eration period, the minimum possible clearances during
operation ("pinch-point", Cpp in Fig. 2) may appear some-
times during the transient engine operation (in a start-up
condition S-U but not in a steady-state condition S-S, see
Fig. 2(a)). In that case, it is necessary to further increase
the cold-clearances to avoid "hard" contact between sta-
tionary and rotating parts during such transient operation,
which then results in a larger than desired hot clearance
under steady-state conditions.
[0009] For example, during start-up of the engine, the
thermal expansion of the blading is typically much faster
than that the ones of casing parts or shaft, which has
higher thermal inertia due to the bigger mass in compar-
ison to the blading. Thus, heating up and thermal expan-
sion of shaft or structural parts (dash-dotted line in Fig.
2(b)) continue even after the working fluid temperature
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(dotted line in Fig. 2(b)) reached the nominal level Tn, to
finally reach a nominal (metal) level Tmn.
[0010] Furthermore, the casings and shafts are typi-
cally not directly exposed to the hot gases. This fact leads
to so called pinch-point, which means the time instant,
when the radial clearance reaches its minimal value
(Cpp). Therefore, for the nominal steady-state operation
condition, the resulting nominal clearance Cnom must in-
volve a clearance value covering pinch-point and further
thermal expansions, which are analytically determined
based on thermal boundary conditions, dimensions and
material properties of the rotating and stationary compo-
nents.
[0011] Known measures to minimize the flow-losses
caused by remaining hot-clearances are e.g. introducing
shrouds on the tips of the blade and vane airfoils. In order
to minimize the flow through the annular gap formed by
shroud and casing or rotor, rows of fins are applied onto
the rotating part, while the surface of the stationary part
may be flat or stepped, overall forming a labyrinth seal.
[0012] Furthermore, honeycombs may be attached on
the surface of the stationary part, allowing the fins to cut
into the honeycombs during transient operation, thus
forming a stepped labyrinth and further reducing leakage
flows during steady-state operation. A further known
measure to minimize the hot clearances is to use so
called leaf- or brush-seals attached to the stationary part,
which can accommodate some variation in the clearance
during transient operation.
[0013] Finally, the use of a combination of abrasive
features and abradable coatings on the opposite part can
be used to mitigate the effect of circumferential clearance
variations, e.g. caused by ovalization of structural parts
or some eccentricity of the shaft within the casing.
[0014] While all the above mentioned solutions are
purely passive systems, which allow minimizing hot
clearances without any adjustment to the temperature,
pressure and other loadings during operation, there are
also a number of other active clearance reduction meas-
ures known.
[0015] A system has been described, where the com-
plete rotor of a gas turbine is shifted axially after the en-
gine has reached its steady-state condition. In combina-
tion with a conical fluid flow path, this allows actively min-
imizing the hot turbine clearances and can be combined
with any of the above mentioned passive measures.
However, since the whole rotor train needs to be moved,
this also results in some increase of clearances on the
compressor side. Therefore, this measure will only be
beneficial as long as the gains in the turbine outweigh
the additional losses on the compressor side.
[0016] Instead of a general axial shaft movement, so-
lutions for every turbine stage have been proposed by
controlling either the radial thermal blade/vane expan-
sion or a spring system, which allows for an additional
radial movement of the heat shield (see for example US
7,596,954 B2).
[0017] Document US 2009/0226327 A1 describes a

sleeve made of shape memory alloys, which is assem-
bled in the rotor disc. In terms of the surrounding tem-
perature, the sleeve throat controls the coolant flow mass
into the turbine blade. By getting less coolant, the blade
expends thermally to reduce a gap between its airfoil tip
and a casing. By providing more coolant, the blade con-
tract to increase a radial gap of the turbine stage.
[0018] Document GB 2 354 290 A determines the
shape memory alloy valve mounted within cooling pas-
sage of the gas turbine blade. This shape memory alloy
valve allows regulating the use of coolant in response to
the temperature of the component. However, GB 2 354
290 A does not claim solution for clearance control for
the rotating blade and stationary vanes.
[0019] Document US 7,686,569 B2 presents a system
for the axial movement of the blade ring driven by a pres-
sure differential supplied across the blade ring, the ther-
mal expansion and/or contraction of a linkage or by a
piston. A shape memory alloy can also trigger the re-
quired movement.
[0020] In general, different passive, semi-active, and
active system can be considered for clearance manage-
ment between the blade 14 and housing 13 as well the
vane 15 and rotor or shaft 12. Clearance Cb or Cv (Fig.
1) denotes a relative distance between the rotating and
stationary component, that varies with different rates dur-
ing transient operation conditions, like the start-up or
shut-down of the engine, due to the different thermal in-
ertia of the various engine components, depending on
their volumes, exposure to hot or cold fluids and the ther-
mal properties of the alloys involved.
[0021] Because of these differences, a " hot" clear-
ance Cnom under the steady-state operation condition
needs to include the transient contribution Cnom-Cpp cor-
responding to the difference of the thermal expansions
of the rotating and stationary components during tran-
sient operation of the engine. This difference has to be
taken into account during the definition of cold-built clear-
ance, worsening the aerodynamical efficiency of the tur-
bo machine. The ultimate target is to keep always the
radial clearance as small as Cpp during the whole time
of the engine operation.

SUMMARY OF THE INVENTION

[0022] It is an object of the present invention to provide
a self-adjusting device for controlling the clearance,
which avoids the disadvantages of prior art devices, is
of simple construction and allows the safe control of clear-
ances even in cases where the clearance runs through
a minimum during transitional operation of the machine.
[0023] This and other objects are obtained by a self-ad-
justing device according to claim 1.
[0024] The self-adjusting device according to the in-
vention is characterised in that it comprises at least two
different driving elements to move the rotating and fixed
components relative to each other in order to change the
clearance between them, and that the different driving
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elements are configured to be activated at different times
during the transition of the machine.
[0025] An embodiment of the invention is character-
ised in that the clearance runs through a minimum during
transition of the machine between standstill and
steady-state operation, and one of the at least two differ-
ent driving elements is configured to reduce the distance
between said rotating and stationary components, and
another of the at least two different driving elements is
configured to increase the distance between said rotating
and stationary components when activated.
[0026] According to another embodiment of the inven-
tion the at least two different driving elements are auto-
matically activated when a predefined activation temper-
ature is reached.
[0027] Especially, the at least two different driving el-
ements have the same activation temperature but are
arranged within the self-adjusting device such that they
reach their activation temperature at different times dur-
ing the transition of the machine.
[0028] Alternatively, the at least two different driving
elements have different activation temperatures and are
arranged within the self-adjusting device such that they
see the same or nearly the same temperature conditions
during the transition of the machine.
[0029] According to another embodiment of the inven-
tion the self-adjusting device is configured to effect a
movement of the rotating and stationary components rel-
ative to each other in the radial and/or axial direction.
[0030] Another embodiment of the invention is charac-
terised in that said rotating and stationary components
comprise rotating blades and/or stationary vanes, espe-
cially of a compressor or gas turbine, said rotating blades
and/or stationary vanes being provided with respective
blade/vane tips, and associated heat shields, which are
arranged opposite to the respective blade/vane tips, and
the self-adjusting device is, either directly or via a me-
chanical transmission, drivingly connected to at least one
of said associated heat shields.
[0031] Just another embodiment of the invention is
characterised in that said driving elements comprise bi-
metal and/or a shaped memory alloy systems and/or any
other material, which deforms in an elastic, super elastic
or pseudo elastic manner above a threshold value of tem-
perature, pressure or mechanical loading.
[0032] According to another embodiment of the inven-
tion said driving elements directly sense a temperature
at the turbo machine and are activated when said sensed
temperature reaches their activation temperature.
[0033] Another embodiment of the invention is charac-
terised in that a temperature at the turbo machine is
sensed by means of a separate temperature sensor and
said driving elements are activated by and activation
mechanism or circuit, when said sensed temperature
reaches their activation temperature.
[0034] According to another embodiment of the inven-
tion the driving elements are in the form of a spring or
other devices that possessing capability to store and re-

lease of the potential energy.
[0035] Especially, the driving elements are combined
with return springs acting in a direction opposite to the
respective driving element.
[0036] According to another embodiment of the inven-
tion the component to be moved is moveably supported
in a support and the driving elements are arranged be-
tween the component to be moved and the support.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The present invention is now to be explained
more closely by means of different embodiments and with
reference to the attached drawings.

Fig. 1 shows part of the turbo machine stage with
blades and vanes and the fluid channel de-
fined between a rotating shaft and a stationary
housing;

Fig. 2 shows an exemplary curve of the time-de-
pendent clearance of a turbo machine stage
during transitional operation (Fig. 2(a)) and the
difference in time-dependency of the temper-
atures of the working fluid and metal parts of
the turbo machine during transitional opera-
tion (Fig. 2(b));

Fig. 3 shows the radial variation of temperature of a
turbo machine during cooling and heating for
various points in time;

Fig. 4 shows the principle scheme of a self-adjusting
device according to an embodiment of the in-
vention with two different driving elements A
and B in comparison with a non-controlled
clearance in the standstill condition (a), under
transient condition (b), and in the nominal op-
eration condition (c);

Fig. 5 shows a gap adjustment with respect to the
thermal and/or centrifugal expansion by
means of radially movable heat shields;

Fig. 6 shows a gap adjustment with respect to the
thermal and/or centrifugal expansion by
means of axially movable heat shields;

Fig. 7 explains the effective clearance for a sloped
contact between casing and blade;

Fig. 8 shows schematically a radially movable heat
shield with two different driving elements A
and B made of a shaped memory alloy (SMA),
or other materials showing similar properties,
according to an embodiment of the invention;

Fig. 9 shows schematically an axially and radially

5 6 



EP 2 570 615 A1

5

5

10

15

20

25

30

35

40

45

50

55

movable heat shield with two different driving
elements A and B made of a shaped memory
alloy (SMA), or other materials showing similar
properties, and return springs D according to
another embodiment of the invention; and

Fig. 10 shows schematically an axially movable heat
shield with two different driving elements A
and B made of a shaped memory alloy (SMA),
or other materials showing similar properties,
according to another embodiment of the in-
vention.

DETAILED DESCRIPTION OF DIFFERENT EMBODI-
MENTS OF THE INVENTION

[0038] The present invention is directed to the appli-
cation of a self-adjusting device or system (SAS), com-
prising bimetal and/or a shaped memory alloy (SMA) sys-
tems and/or any other material, which deforms in an elas-
tic, super elastic or pseudo elastic manner above a
threshold value of temperature, pressure or mechanical
loading. The systems may be actively or passively trig-
gered. They are installed within the assembly section of
a turbine- or a compressor blade, a stator- or a rotor heat-
shield, a vane-carrier or other rotating or stationary com-
ponents assembled to the rotor or outer casing of a turbo
machine aiming to minimize the clearances during oper-
ation.
[0039] In the following, the assembly of a turbine stator
heat shield within a stator is chosen as an exemplary
application of the disclosed innovation, but the disclosure
is not limited to heat shields only.
[0040] The compensation of thermal expansions in-
side the engine is carried out by attaching driving ele-
ments or SAS members to the heat shields surrounding
the turbine blades and vanes. Once the activation tem-
perature of a driving element or SAS member is reached,
the attached heat shield performs a movement away from
or towards the engine axis 11.
[0041] This principle is illustrated in Fig. 4 by compar-
ison of conventional state-of-the-art clearances behav-
iour (upper part of Fig. 4) with SAS controlled clearance
behaviour (lower part of Fig. 4). Shown in Fig. 4 is the
relative distance between blade/vane tip 21 and an as-
sociated stationary heat shield 21 (upper part of Fig. 4)
or a moveable and controllable heat shield 23 of a self-
adjusting device 25 (lower part of Fig. 4).
[0042] When the turbine starts to operate, the temper-
ature within the turbine is increasing up to its operating
point. Due to the lower heat capacity of the blades with
respect to the rotor, the blades expands thermally before
the rotor is axially displaced relatively to the stator due
to the difference in the thermal expansions of the rotor
and stator. This means that the heat shields 23 must be
moved in a way to increase the stator parts’ radius at this
certain axial location in a first step (a) -> (b) in order to
keep the clearance C between the rotor blades (blade

tips 21) and casing (heat shield 23) constant. In the sec-
ond step (b) -> (c) the heat shields 23 must be moved to
reduce the stator parts’ radius at this certain axial loca-
tion, since the rotor blades have an inclined outer surface
in the axial direction and since the rotor is axially dis-
placed relatively to the stator due to the difference in the
thermal expansions of the rotor and stator.
[0043] The number of such operational steps is not lim-
ited to two and can be as numerous as required by op-
erational and design considerations.
[0044] The two-step movement explained above can
be performed by an agonist-antagonist configuration of
two or more different driving elements or SAS packages
A and B shown in Fig. 4, which could be for instance
shape memory alloy (SMA) members. These members
could be composed out of one or more springs of arbitrary
shape, for example coil or leaf springs; an arbitrary shape
of the spring can be used. The heat shield 23 is moveably
mounted within a support 24 in a kind of piston-cylinder
arrangement. Driving elements A and B are provided to
move the heat shield 23 in the support in opposite direc-
tions.
[0045] With increasing temperatures of the engine
components, also the temperature of the driving ele-
ments A and B starts to rise, due to heat transfer proc-
esses around the location of the driving elements A and
B. This temperature increase can drive a shape change
of the SMA driving elements A and B.
[0046] The agonist driving element or SMA package
A, when expanding, increases the radius of the inner sur-
face of the heat shields 23 (Fig. 4(b)), while the antagonist
driving element or SMA package B, when expanding,
decreases the radius of the inner surface of the heat
shields 23 (Fig. 4(c)). Thereby, the agonist driving ele-
ment or SMA package A is activated at lower temperature
or at earlier time during up-heating of the casing and the
antagonist driving element or SMA package B is activat-
ed at higher temperature or at later time during up-heating
of the casing. Any of members A or B or others could be
made of parallel or serial spring systems or their combi-
nation due to design requirements. Every spring could
be made of the same or different material with respect
to other springs.
[0047] The shape of the self-adjusting device can be
arbitrary and may generally depend on the available de-
sign space. The crucial matter in the shape of the self-ad-
justing device is the dimension, enabling to move a heat
shield 23 away from a blade or vane tip 21 by the differ-
ence of Cnom-Cpp, as shown in Fig. 4.
[0048] Several embodiments of self-adjusting devices
according to the invention are described below. These
descriptions based on the SMA properties are useful to
understand the principle of the disclosure. Nevertheless,
the self-adjusting devices may use other materials and
be arranged in other configurations.
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SMA driving elements or packages with identical trans-
formation (activation) temperatures

[0049] Several driving elements made of the same
SMA are placed at different positions with regard to the
radial distance. Due to the thermal gradient within the
housing (see Fig. 3), the driving elements or SMA devices
will be activated at distinct times when the temperature
within the turbine is increasing and heating the housing.
One driving element or SMA package is placed in the
radial distance in such a manner that it is activated at
time t=t2. Another driving element or SMA package is
placed in a greater radial distance compared to the first
package and is activated at time t=t3 (see Fig. 3).

SMA driving elements or packages with different trans-
formation (activation) temperatures

[0050] Several SMA packages are applied in series,
where the SMA within the particular packages has the
same transformation temperatures but the SMA of differ-
ent packages have different transformation tempera-
tures. Therefore, the particular packages are activated
at different temperatures and perform an incremental dis-
placement.
[0051] According to Fig. 5, when the blades 14 expand
thermally in the radial direction, the heat shields 26 are
moved in the same radial direction, in order to keep the
clearance between rotor blades and heat shields con-
stant (Fig. 5, central part). When the blades 14 are moved
axially due to the thermal expansion of the rotor, the heat
shields 26 are moved backwards in the radial direction
(Fig. 5, right part).
[0052] According to Fig. 6, when the blades 14 expand
thermally in the radial direction, the heat shields 26’ are
moved in the axial direction in order to keep the clearance
between the rotor blades 14 and heat shields 26’ constant
(Fig. 6, central part). When the blades 14 are moved ax-
ially due to the thermal expansion of the rotor, the heat
shields 26’ are moved backwards in the axial direction
(Fig. 6, right part).
[0053] The required axial displacement "s" (see Fig. 7)
of the heat shields depends on the change of radius "δ"
of the outer surface of the blades and the angle "α" of
the oblique outer surface of the blades with respect to
the rotor axis (see also Fig. 6).
[0054] Figs. 8-10 illustrate some other possible config-
urations.

Radial movement with bidirectional force (Fig. 8)

[0055] An increase of the gap by a relative axial move-
ment of the rotor in the x-direction can be eliminated by
a radial movement of the heat shield 28 with its conical
surface 29 in R-direction. In the embodiment shown in
Fig. 8, the self-adjusting device 27 with an agonist-an-
tagonist configuration of different SMA driving elements
A and B between the heat shield 28 and its support 30

generates a radial movement of the heat shield 28 by
means of bidirectional forces (Fig. 8).

Axial movement with bidirectional force (Fig. 10)

[0056] Another embodiment, illustrated in Fig. 10, uses
the same agonist-antagonist configuration within the
self-adjusting device 36 with driving elements A and B
and a support 38, as described in the embodiment of Fig.
8, but for axial movements of the heat shield 37. In this
way, the gaps between adjacent heat shields are not im-
pacted by movement.

Combined radial/axial movement (Fig. 9)

[0057] Besides an exclusively radial or exclusively ax-
ial movement of heat shields, also a combined radial/ax-
ial movement is possible.
[0058] The embodiment shown in Fig. 9, which com-
prises a self-adjusting device 31 with a heat shield 28, a
first, movable support 32 with an axial guidance 33, a
second, stationary support 35 for the first support 32, a
third support 34 and driving elements A and B and return
springs D, can generate a planar movement by two driv-
ing elements or SMA packages A and B, which are ar-
ranged within a certain angle (90° in the example shown)
to each other. In the configuration of Fig. 9 each of the
driving elements or SMA packages A and B requires an
additional return spring D for resetting.
[0059] In the embodiments shown so far the force and
stroke of the driving elements or SMA actuation devices
A and B acted directly upon the heat shield to be moved.
However, it is within the scope of the invention that the
force and stroke of the driving elements can be adapted
by a lever mechanism (not shown) to the required per-
formance for actuation of the heat shields.

Place of installation

[0060] Up to now, the available SMAs based on NiTi
(where Ni and Ti mean Nickel and Titanium, respectively)
cannot withstand the high temperatures existing at the
heat shields of a gas turbine. Therefore, the self-adjusting
SMA actuation device should be placed in a distance to
the hot spot.
[0061] By placement of a high temperature sen-
sor/switch adjacent to the heat shields, a signal can be
generated for activation of the driving elements or SMA
devices. The activation can be realized by switching an
electric current for Joule heating of the SMA or by ma-
nipulating a hot fluid flow to the SMA.
[0062] In this disclosure, different shape memory al-
loys, bimetals and/or other materials showing the re-
quired behaviour, are taken into consideration. Their
manufacturing and assembly into the component are not
discussed here in detail, but they correspond to the state
of the art the shape memory alloys and bimetal research
and manufacturing.
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[0063] For instance, NiTi-based shape memory alloys,
whose allowable operation temperature is up to 200°C,
can be considered within the hot root section of the blades
by providing secondary airflow cooling available in the
gas turbine engines.
[0064] Ternary high temperature NiTiX-alloys, where
X can be Hafnium (Hf), Palladium (Pd), Gold (Au), Zirco-
nium (Zr) or Platinum (Pt) extend the activation temper-
ature to up to 800°C and higher, als well as Iron (Fe)-
and Copper (Cu)-based shape memory alloys.

LIST OF REFERENCE NUMERALS

[0065]

10 turbo machine
11 axis
12 shaft
13 housing
14 blade
15 vane
16 fluid channel
17 foot
18 heat shield
19 chamber
20 outer surface
21 blade/vane tip
22,23,26,26’ heat shield
24,30,32 support
25,27,31,36 self-adjusting device
28,37 heat shield
29 conical surface
33 guidance
34,35,38 support
A,B driving element
C clearance
Cb blade clearance (radial)
Cv vane clearance (radial)
Cpp pinch-point clearance
Css standstill clearance
Cnom nominal clearance
D return spring
R radius
S-U start-up condition
S-S steady-state condition
t time
T temperature
TA ambient temperature
Tn nominal gas temperature
Tmn nominal metal temperature
x axial distance (arbitrary)

Claims

1. Self-adjusting device (25, 27, 31, 36) for controlling
the clearance (C), especially in radial direction, be-
tween rotating and stationary components (14, 15,

21, 23, 26, 26’, 28, 37) of a thermally loaded turbo
machine (10), which clearance (C) changes in a non-
linear way during transition of the machine between
standstill and steady-state operation, characterised
in that said self-adjusting device (25, 27, 31, 36)
comprises at least two different driving elements (A,
B, D) to move the rotating and fixed components (14,
15, 21, 23, 26, 26’, 28, 37) relative to each other in
order to change the clearance (C) between them,
and that the different driving elements (A, B, D) are
configured to be activated at different times during
the transition of the machine.

2. Self-adjusting device according to claim 1, charac-
terised in that the clearance (C) runs through a min-
imum (Cpp) during transition of the machine between
standstill and steady-state operation, and one of the
at least two different driving elements (A, B) is con-
figured to reduce the distance between said rotating
and stationary components (14, 15, 21, 23, 26, 26’,
28, 37), and another of the at least two different driv-
ing elements (A, B) is configured to increase the dis-
tance between said rotating and stationary compo-
nents (14, 15, 21, 23, 26, 26’, 28, 37) when activated.

3. Self-adjusting device according to claim 1 or 2, char-
acterised in that the at least two different driving
elements (A, B) are automatically activated when a
predefined activation temperature is reached.

4. Self-adjusting device according to claim 3, charac-
terised in that the at least two different driving ele-
ments (A, B) have the same activation temperature
but are arranged within the self-adjusting device
such that they reach their activation temperature at
different times during the transition of the machine.

5. Self-adjusting device according to claim 3, charac-
terised in that the at least two different driving ele-
ments (A, B) have different activation temperatures
and are arranged within the self-adjusting device
such that they see the same or nearly the same tem-
perature conditions during the transition of the ma-
chine.

6. Self-adjusting device according to one of the claims
1 to 5, characterised in that the self-adjusting de-
vice (25, 27, 31, 36) is configured to effect a move-
ment of the rotating and stationary components (14,
15, 21, 23, 26, 26’, 28, 37) relative to each other in
the radial and/or axial direction.

7. Self-adjusting device according to one of the claims
1 to 6, characterised in that said rotating and sta-
tionary components (14, 15, 21, 23, 26, 26’, 28, 37)
comprise rotating blades (14) and/or stationary
vanes (15), especially of a compressor or gas tur-
bine, said rotating blades (14) and/or stationary
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vanes (15) being provided with respective blade/
vane tips (21), and associated heat shields (23, 26,
26’, 28, 37), which are arranged opposite to the re-
spective blade/vane tips (21), and the self-adjusting
device (25, 27, 31, 36) is, either directly or via a me-
chanical transmission, drivingly connected to at least
one of said associated heat shields (23, 26, 26’, 28,
37).

8. Self-adjusting device according to one of the claims
1 to 7, characterised in that said driving elements
(A, B) comprise bimetal and/or a shaped memory
alloy (SMA) systems and/or any other material,
which deforms in an elastic, super elastic or pseudo
elastic manner above a threshold value of tempera-
ture, pressure or mechanical loading.

9. Self-adjusting device according to one of the claims
1 to 8, characterised in that said driving elements
(A, B) directly sense a temperature at the turbo ma-
chine (10) and are activated when said sensed tem-
perature reaches their activation temperature.

10. Self-adjusting device according to one of the claims
1 to 8, characterised in that a temperature at the
turbo machine (10) is sensed by means of a separate
temperature sensor and said driving elements (A, B)
are activated by and activation mechanism or circuit,
when said sensed temperature reaches their activa-
tion temperature.

11. Self-adjusting device according to one of the claims
1 to 10, characterised in that the driving elements
(A, B) are possessing the capability to store and re-
lease potential energy.

12. Self-adjusting device according to claim 11, charac-
terised in that the driving elements (A, B) are in the
form of a spring.

13. Self-adjusting device according to claim 11 or 12,
characterised in that the driving elements (A, B)
are combined with return springs (D) acting in a di-
rection opposite to the respective driving element (A,
B).

14. Self-adjusting device according to one of the claims
1 to 13, characterised in that the component (23,
28, 37) to be moved is moveably supported in a sup-
port (24, 30, 32, 38) and the driving elements (A, B)
are arranged between the component (23, 28, 37)
to be moved and the support (24, 30, 32, 38).
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