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(67)  The invention relates to a method and an ar-
rangement for aligning an inner casing (40) of a steam
turbine (10) that has aninner casing (40) thatis adjustably
mounted on the foundation (60) by means of an adjust-
able mounting (42) that enable axial adjustment of inner

Method and apparatus for controlling a steam turbine axial clearance

casing (40) relative to the rotor (30). During operation of
the steam turbine (10) the axial clearance between the
inner casing (40) and rotor (30) is measured and then
the axial clearance between the rotor and the inner casing
(40) is adjusted.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the control of
the axial clearance between rotor blades and inner cas-
ing blades of a steam turbine.

BACKGROUND INFORMATION

[0002] The outer shell of a steam turbine low-pressure
section is generally called the exhaust hood. The primary
function of an exhaust hood is to divert the steam from
the last stage blade of an inner shell to the condenser
with minimal pressure loss. Usually the lower half of the
exhaust hood supports an inner casing of the steam tur-
bine while the upper exhaust hood typically is a cover
that guides steam to the lower half of the hood. The rotor
itself is independent from the exhaust hood and support-
ed on bearing pedestals next to the exhaust hood. The
hood for large double-flow low-pressure steam turbines
is of substantial size and weight and so is usually assem-
bled only in the field. In some steam turbines, the inner
casing of the steam turbine has an encompassing ex-
haust hood having a vertical split that extends along op-
posite sides and ends of the turbine. As the rotor and the
inner casing are fixed by the fact that the exhaust hood
acts as a support for the inner casing, large axial clear-
ance between blades of the rotor and the inner casing
must be tolerated to take into account thermal expansion
and contraction, as the steam turbine changes to different
loads from standby to an operating state.

[0003] Largeraxial clearances between blades and ro-
tors may result in an excessive amount of steam passing
between blade shrouds and the inner casing thereby re-
ducing the efficiency of the turbine. This is, however, pref-
erably to the contrary where contact is made between
blade elements and the inner casing as such contact may
result in damage to the components. The problems
caused by large axial clearances can in part be ad-
dressed through measurement. For example, U.S. Pat.
No0.4876505A discusses measuring the clearance be-
tween a plurality of turbine blade shroud segments using
proximity sensors discussed in U.S. Pat. No. 4,644,270.
This allows an operator to take action if a critical clear-
ance condition occurs. Other than the discussed meas-
urement means, other known blade tip clearance meas-
urement methods used in gas turbines maybe adapted
for use in steam turbines. Such measurement methods
include fibre optic laser Doppler distance sensors, as dis-
cussed in Thorsten Pfister et al, "Fiber opticlaser Doppler
distance sensor for in-situ tip clearance and vibration
monitoring of turbo machines" 14th Int Symposium on
applications of Laser techniques to Fluid Mechanics Lis-
bon, Portugal, 07-10 July, 2008, as well as other sensors
such as capacitive probes, inductive probes, optical
measurement systems based on triangulation, optical
coherence tomograph and time-of-flight measurements.
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While these solutions provide a means of alerting an op-
erator to the approach to a potentially undesirable con-
dition, the corrective action, which typically may result in
change in load, typically requires the steam turbine to be
operated away from a desired operating point.

[0004] The convention arrangement of the lower ex-
haust hood supporting the inner casing can further lead
to misalignment of the steam path rotor parts and in the
end resulting in bearing tilt. This may further invariably
lead to an undesirable change in blade/inner casing
clearances. U.S Pat No. 8,403.638B2 discusses a solu-
tion to this problem that involves supporting the inner
casing directly by a foundation. U.S Pat Appl. No.
20120282089 provides another similar solution that in-
volves supporting the inner casing directly on an external
foundation at a mounting location below the longitudinal.
Both these solution, however, only provide partial solu-
tions to the problem of excessive clearance between
blades and the inner casing.

SUMMARY

[0005] Providedis amethod and apparatus for aligning
an inner casing of a steam turbine with rotating blades
during operation of the steam turbine. The method is in-
tended to provide a solution to the problem how to min-
imise performance losses of a steam turbine due to inner
casing / blade clearance.

[0006] Thisproblemisaddressed by means of the sub-
ject matter of the independent claims. Advantageous em-
bodiments are given in the dependent claims.

[0007] An aspect provides a method for aligning an
inner casing of a steam turbine with a rotor operation of
the steam turbine. This aspect include first providing a
steam turbine that has a lower hood connected directly
to the condenser and without a fixation to the foundation,
a rotor adjustably mounted on the bearing and an inner
casing mounted on a foundation by an adjustable mount-
ing thatis axial adjustably wherein the inner casing, which
encases a portion of the rotor, is adjustably mounted on
the foundation by means of an adjustable mounting that
enables axial adjust of the inner casing relative to the
rotor. The aspect further includes measuring an axial
clearance between the inner casing and the rotor and
then adjusting the mounting of the inner casing and the
inner casing based on the measured axial clearance.
[0008] In a further aspect wherein rotor has a plurality
of rotating blades extending therefrom and the measuring
of axial clearance includes measuring a clearance be-
tween the inner casing and one of the rotating blades.
[0009] Inafurther aspect measuring of axial clearance
includes measurement a clearance between the inner
casing and a rotating blade including by optical sensing
means.

[0010] Another aspect comprises a double-flow steam
turbine that has a foundation, a lower hood mounted to
the condenser and without a fixation to the foundation, a
rotor adjustably mounted on the bearing, a plurality of
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blades extending from rotor and an inner casing with one
or more axial adjustably mountings between the inner
casing and a foundation. In this aspect the inner casing
encases the plurality of blades and is further partially en-
cased by the lower hood while the mountings of the inner
casing and the rotor are configured and arranged to in-
dependently adjust the mounting of the inner casing and
the rotor respectively. The aspect further includes a sen-
sor for measuring an axial clearance between the inner
casing and the rotor and a controller that is configured
to adjust, by means of the adjustable mountings, the
mounting of the inner casing, based on the sensor. The
steam turbine may have four adjustable mounts or further
have the adjustable mountings arranged in a convex
quadrilateral formation to enhance the adjustment.
[0011] Itisafurther object of the invention to overcome
or at least ameliorate the disadvantages and shortcom-
ings of the prior art or provide a useful alternative.
[0012] Other aspects and advantages of the present
disclosure will become apparent from the following de-
scription, taken in connection with the accompanying
drawings which by way of example illustrate exemplary
embodiments of the present invention

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] By way of example, an embodiment of the
present disclosure is described more fully hereinafter
with reference to the accompanying drawings, in which:

Figure 1 is a schematic a double flow steam turbine
to which an exemplary embodiment of the disclosure
has been applied;

Figure 2 is a sectional view in Fig 1 which an upper
hood section of the steam turbine has been removed
to show inner casing supports; and

Figure 3 is an expanded schematic view of an inner
casing support of the steam turbine of Figs 1 and 2.

DETAILED DESCRIPTION

[0014] Exemplary embodiments of the present disclo-
sure are now described with references to the drawings,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth to provide a thorough understanding of the disclo-
sure. However, the present disclosure may be practiced
without these specific details, and is not limited to the
exemplary embodiment disclosed herein.

[0015] Fig. 1 shows an exemplary steam turbine 10 of
double-flow type, to which an exemplary embodiment
may be applied. The steam turbine 10 is directly fixed to
a condenser (not shown). and has a hood 20 comprising
an upper hood 22 and a lower hood 24. An inner casing
40 encases the rotor 30 while the hood 20 at least partially

10

15

20

25

30

35

40

45

50

55

encases the inner casing 40 thus enabling the inner cas-
ing 40 it be independently mounted on the foundation 60
by means of an adjustable mounting 42.

[0016] In the exemplary embodiment shown in Fig. 1
the upper hood 22 and the lower hood 24 are defined
primary by a longitudinal split line at which the two hood
20 sections can be joined with stubs. In an alternate, not
shown exemplary embodiment, the upper hood 22 and
the lower hood 24 are formed as a single piece. In this
arrangement the upper hood 22 and the lower hood 24
are defined by the relative position with the foundation
60, wherein the lower hood 24 is located towards or with-
in, either partially or totally, the foundation 60.

[0017] The foundation itself may take any form known
inthe artand thus may be a concrete structure comprising
one or multiple parts, or else be a welded or otherwise
formed structure.

[0018] As shownin Fig. 1 the hood 20 at least partially
encases the inner casing and in so doing performs the
function of an outer casing. The inner casing 40, which
is at least partially encased by the hood 20, is adjustably
mounted on a foundation 60 independently of the mount-
ing of the lower hood 24. The configuration of the mount-
ing and the fact that the mounting is independent of the
mounting of the lower hood 24 and rotor 30 enables the
axial alignment of the inner casing 40 to be adjusted in-
dependently of the axial alignment of the rotor 30.
[0019] As shownin Fig. 2 the inner casing 40 encases
the rotor 30 so as to form an elongated cavity between
the inner casing 40 and the rotor 30. Therein, extending
from the rotor 30 towards the inner casing 40 are blades
(not shown) of the type known in the field of steam tur-
bines. The gap formed between tips of the blades, distal
from the rotor 30 and the inner casing 40 defines the axial
clearance between the inner casing 40 and the rotor 30.
In an exemplary embodiment, a sensor (not shown), is
used to either measure or estimate this axial clearance
as is known in the art. Such known sensors included op-
tical sensing means.

[0020] AsshowninFig.2in anexemplary embodiment
the inner casing has four adjustable mounts located in a
convex quadrilateral formation, preferably arranged to
form a trapezoid to provide precise axial alignment ad-
justment.

[0021] Fig. 3 shows an exemplary embodiment of one
possible adjustable mounting 42 that is configured as
that enable axial adjustment through two dimensional
movements within the mounting. Although the inner cas-
ing is adjustably mounted, preferably with a plurality of
adjustable mountings, each of the mounts may be con-
figured with limited axial movement. The configuration of
the adjustable mounting 42 shown in Fig. 3 is one such
example. In addition, in exemplary embodiments with a
plurality of mounts, as least some of the mounts may be
configured to with constrained axial movement to differ-
ing degrees.

[0022] An exemplary method that may be applied to
any of the aforementioned exemplary embodiments and
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variations thereof, includes measuring an axial clearance
between the inner casing 40 and rotor 30, using known
methods, while the steam turbine 10 is in operation, for
example while rotor 30 is rotating at operating speed,
and adjusting the adjustable mounting of the inner casing
40 based on the measured axial clearance while the
steamturbineremains online. The adjustment may either
by manual adjustment, for example by a technician or
else by automated means via, for example, by a control-
ler.

[0023] Although the disclosure has been herein shown
and described in what is conceived to be the most prac-
tical exemplary embodiment, it will be appreciated by
those skilled in the art that the present disclosure can be
embodied in other specific forms without departing from
the spirit or essential characteristics thereof. The pres-
ently disclosed embodiments are therefore considered
in all respects to be illustrative and not restricted. The
scope of the disclosure is indicated by the appended
claims rather that the foregoing description and all chang-
es that come within the meaning and range and equiva-
lences thereof are intended to be embraced therein.

REFERENCE NUMBERS
[0024]

10  Steam Turbine

20 Hood

22  Upper hood

24 Lower hood

30 Rotor

40 Inner casing

42  Adjustable mounting

60 Foundation

Claims

1. A method for adjusting an axial clearance of a steam
turbine (10) during operation of the steam turbine
(10), including the steps of:

providing a steam turbine (10) having:

a rotor (30);

a foundation (60)

an inner casing (40) encasing a portion of
the rotor (30) wherein the inner casing (40)
is adjustably mounted on the foundation
(60) by means of an adjustable mounting
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(42) that enables axial adjustment of inner
casing (40) relative to the rotor (30);

measuring an axial clearance between the inner
casing (40) and rotor (30); and

adjusting the adjustable mounting (42) based on
the measured axial clearance thereby changing
the axial clearance.

The method of claim 1 wherein the rotor (30) has a
plurality of rotating blades extending therefrom and
the measuring of axial clearance involves measuring
between the inner casing (40) and one of the rotating
blades.

The method of claim 1 wherein the measurement is
by optical sensing means.

A double-flow steam turbine (10) comprising:

a foundation (60);

a rotor (30);

an inner casing (40) mounted on the foundation
(60) with one or more axial adjustably mountings
that enable enables axial adjustment of inner
casing (40) relative to the rotor (30) ;

a sensor configured and arranged to measure
an axial clearance between the inner casing (40)
and the rotor (30); and

a controller configured to adjust, by means of
the adjustable mounting (42), based on meas-
urements from the sensor, the axial clearance.

The steam turbine (10) of claim 4 comprising four
adjustable mounts (42).

The steam turbine (10) of claim 5 wherein the ad-
justable mountings (42) that are arranged in a con-
vex quadrilateral formation.

The steam turbine (10) of any one of claims 4 to 6
further including a lower hood (24) that partially en-
casing the inner casing (40) thereby enabling the
inner casing (40) to be found on the foundation (60).

The steam turbine of any one of claims 4 to 7 wherein
the rotor (30) has a plurality of rotating blades ex-
tending therefrom wherein the axial clearance be-
tween the rotor (30) and the inner casing (40) is be-
tween one of the rotating blades and the inner casing
(40).
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