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Description
Field of invention

[0001] The present invention relates to a method for
manufacturing an adaptive stage for a turbine, in partic-
ular a steam turbine.

Art Background

[0002] An adaptive stage, also known as grid valve, is
a throttling device installed on the stationary part of in-
dustrial steam turbines for controlling the extraction pres-
sure. The main advantage of such a device with respect
to other throttling devices resides in its short axial length,
thus reducing the axial span of the complete turbine and
therefore reducing the overall costs.

[0003] According to the known prior art, an adaptive
stage typically comprises a swivel ring, which is rotatable
around an axis with respect to an integral collar.

The swivel ring comprises a plurality of leading portions
of arespective plurality of guide blades. The leading por-
tions radially extend from a first inner blade ring to a first
outer blade ring and comprise respective leading edges.
The integral collar comprises a plurality of trailing portions
of a respective plurality of guide blades. The trailing por-
tions of the guide blades radially extend from a second
inner blade ring to a second outer blade ring and com-
prise respective trailing edges.

The relative rotation of the swivel ring with respect to the
integral collar moves the leading portions and trailing por-
tions between an open position where they are aligned
to constitute the blades and a close position where the
leading portions are interposed between the trailing por-
tions to close the passages between the blades.

[0004] A plurality of intermediate positions is possible
between the open position and the close position. Each
intermediate position is characterised by a respective off-
set between the leading portions and trailing portions of
the blades. By controlling such offset it is possible regu-
late the extraction pressure of the steam turbine including
the adaptive stage.

[0005] To produce the adaptive stage above de-
scribed, the swivel ring and the integral collar are typically
manufactured separately and then assembled. This may
have a negative impact on the accuracy of the coupling
between final assembled components. For example, in
the close position, an offset may still exist between the
leading portions and the trailing portions, thus making
impossible to fully close the adaptive stage.

[0006] Therefore, there may be the need for a manu-
facturing method providing a better coupling between
componentsin the final adaptive stage, in order to provide
also a more precise control of the extraction pressure.
[0007] In addition, there may be the need for less ex-
pensive manufacturing method than the one above de-
scribed.
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Summary of the Invention

[0008] It may be an object of the present invention to
provide a method for manufacturing an adaptive stage
for a turbine, in particular a steam turbine, in order to
achieve, with respect to the prior art, an improved level
of accuracy in the coupling between rotary and stationary
components.

[0009] It may be a further object of the present inven-
tion to provide a cost effective method for manufacturing
an adaptive stage for a turbine, in particular a steam tur-
bine.

[0010] In order to achieve the objects defined above,
a method for manufacturing an adaptive stage for a tur-
bine is provided in accordance to the independent claim.
The dependent claims describe advantageous develop-
ments and modifications of the invention.

[0011] According to the present invention, a method
for manufacturing an adaptive stage fora turbine includes
arotatable swivel ring and a stationary integral collar, the
method comprising the steps of:

- manufacturing a plurality of blades, each blade in-
cluding a pressure side and a suction side extending
from a leading edge to a trailing edge,

- fixing each blade to an inner blade ring and an outer
blade ring, in order that the leading edge and the
trailing edge extend from one to the other of the inner
blade ring and the outer blade ring,

- fixing a first cover ring and a second cover ring be-
tween the inner blade ring and the outer blade ring,
the inner blade ring and the outer blade ring being
interposed between the first cover ring and the sec-
ond cover ring. Advantageously, this allows creating
an assembly which can to better handled and ma-
nipulated for further processing, for example for fur-
ther machining.

[0012] According to a possible embodiment of the
presentinvention, theinnerbladering and the outer blade
ring are coaxial and the first cover ring and the second
cover ring are orthogonal to a common axis of the inner
blade ring and the outer blade ring. Advantageously, this
allows having a semifinished product having the same
shape of the final adaptive stage.

[0013] According to another possible embodiment of
the present invention, the method further includes the
step of machining the inner blade ring and/or the outer
blade ring, for creating respective coupling surfaces. Ad-
vantageously, this permits to machine the inner and outer
surfaces of the inner and outer blade rings of the swivel
ring and the integral collar in a same operation, thus help-
ing in achieving a better coupling accuracy in the final
adaptive stage.

[0014] According to another possible embodiment of
the present invention, the method further includes the
step of cutting the assembly of blades, the inner blade
ring, outer blade ring, first cover ring and second cover
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ring along a plane intermediate between the first cover
ring and second cover ring, in order to:

- separate each blade into a leading portion including
the leading edge and a trailing portion including the
trailing edge,

- separate the inner blade ring into a first inner blade
ring and a second inner blade ring,

- separate the outer blade ring into a first outer blade
ring and a second outer blade ring, the leading por-
tions extending between the firstinner blade ring and
the first outer blade ring and the trailing portions ex-
tending between the second inner blade ring and the
second outer blade ring.

The cutting of the blades after they have been fixed to
the inner and outer blade rings assures the desired level
of accuracy in the coupling between rotary and stationary
components, i.e., in particular between leading portions
and trailing portions of the blades. This is achieved in by
means of a simple and cost-effective manufacturing pro-
cedure.

The step of cutting may be performed through Electro
Discharge Machining.

[0015] According to a further possible embodiment of
the presentinvention, the method also including the steps
of:

- attaching afirstinner couplingring to firstinner blade
ring and a first outer coupling ring to first outer blade
ring,

- attaching a second inner coupling ring to second in-
ner blade ring and a second outer coupling ring to
second outer blade ring.

[0016] More particularly, each of the coupling rings
may comprise two respective circular portions joined to-
gether.

[0017] The coupling rings may be efficiently used for

coupling together the swivel ring and the integral collar,
in such a way that the swivel ring can rotate with respect
to the integral collar. This will allow the relative rotation
of the leading portions with respect to the trailing portions
is permitted, and, as a result, the control of the extraction
pressure of the turbine.

[0018] According to another possible embodiment of
the present invention, the method includes the steps of
removing the first cover ring and the second cover ring,
from the inner blade rings and the outer blade rings. In
particular, this operation may be performed immediately
before the swivel ring and the integral collar are coupled
together. The removal of the cover rings will assure the
operability of the adaptive stage, without affecting accu-
racy or precision.

The step of removing the first cover ring and the second
cover ring may be performed through Electro Discharge
Machining.
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Brief Description of the Drawings

[0019] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.

Fig. 1 is a circumferential sectional partial view of an
adaptive stage for a steam turbine, manufactured
according to the method of the present invention,

Fig. 2 is a circumferential sectional partial view of
the adaptive stage of Fig. 1, in a second operative
condition,

Fig. 3 is a circumferential sectional partial view of
the adaptive stage of Figs. 1 and 2, in a third oper-
ative condition,

Fig. 4 shows a longitudinal sectional view of a sem-
ifinished product obtained with the method of the
present invention,

Fig. 5 shows a cross sectional view of the semifin-
ished product figure 4, sectioned according to the
plane XY of figure 4,

Fig. 6 is a longitudinal sectional view of a second
semifinished product, obtained after with the method
of the present invention,

Fig. 7 is a magnified view of the detail VII of Fig. 6,

Fig. 8 is a longitudinal sectional view of the integral
collar of an adaptive stage for a steam turbine, during
a manufacturing step according to the method of the
present invention,

Fig. 9 is a front view of the component figure 8,

Fig. 10 is a longitudinal sectional view of the swivel
ring of an adaptive stage for a steam turbine, during
a manufacturing step according to the method of the
present invention,

Fig. 11 is a front view of the component figure 10,
Fig. 12is alongitudinal sectional view of an adaptive
stage for a steam turbine, manufactured according

to the method of the present invention,

Fig. 13 is a front view of the adaptive stage for a
steam turbine of figure 12.
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Detailed Description

[0020] With reference to attached figures, an adaptive
stage 10 for a steam turbine is shown. The adaptive stage
10 has the overall shape of a ring having an axis Z and
radially extending between an inner diameter D1 and an
outer diameter D2. The term radial refers to a direction
orthogonal to the axis of the adaptive stage 10.

[0021] The adaptive stage 10 is mounted on the sta-
tionary part of a steam turbine (not shown) to regulate
the extraction pressure of the steam turbine.

[0022] The adaptive stage 10 comprises a first ring 11
and a second ring 12, axially adjacent to each other and
both coaxial with respect to the axis Z of the adaptive
stage 10. The first ring 11, also referred to as swivel ring
11, is rotatable around the axis Z, while the second ring
12, also referred to as integral collar 12 is stationary.
The swivel ring 11 comprises a plurality of leading por-
tions 21 of a respective plurality of guide blades 20. The
leading portions 21 of the guide blades 20 radially extend
radially from a first inner blade ring 31 to a first outer
blade ring 41 and comprise respective leading edges 25.
The integral collar 12 comprises a plurality of trailing por-
tions 22 of a respective plurality of guide blades 20. The
trailing portions 22 of the guide blades 20 radially extend
from a second inner blade ring 32 to a second outer blade
ring 42 and comprise respective trailing edges 26.

The first inner blade ring 31 has the same radial dimen-
sion of the second inner blade ring 32. The first outer
blade ring 41 has the same radial dimension of the sec-
ond outer blade ring 42.

[0023] Figures 1, 2 and 3 represents three circumfer-
ential partial sections taken along a circumferential sur-
face comprised between the inner blade rings 31, 32 and
the outer blade rings 41, 42. In each of the partial view
of Figures 1, 2 and 3 only two blades 20 of the adaptive
stage 10 are shown.

In a first open position (Figure 1), the relative position of
the swivel ring 11 and integral collar 12 permits to align
the respective leading portion 21 and trailing portion 22
of each blade 20 in such a way that the external surfaces
of the leading portion 21 and trailing portion 22 constitute
two continuous pressure and suction sides 23, 24, con-
tinuously extending from the leading edge 25 to the trail-
ing edge 26.

A plurality of passages 30 are interposed between the
blades 20 in such away that each passage 30 is delimited
by the suction and pressure sides 23, 24 of two consec-
utive blades 20, the inner blade rings 31, 32 and the outer
blade rings 41, 42.

In a second intermediate position (Figure 2), the swivel
ring 11 is rotated around the axis Z of the adaptive stage
10 (rotation is represented by the arrow R in Figures 2
and 3), in order to determine a discontinuity in the pres-
sure and suction sides 23, 24 of each blade 20 and par-
tially obstruct each passage 30. By controlling the offset
between the leading portions 21 and trailing portions 22
ofthe blades 20 it is possible regulate the extraction pres-
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sure of the steam turbine including the adaptive stage 10.
In a final close position (Figure 3), the rotation R of the
swivel ring 11 with respect to the integral collar 12 brings
each leading portion 21 between two consecutive trailing
portions 22, in such a way that the passages 30 are
closed.

[0024] The swivelring 11 and the integral collar 12 can
be manufactured and assembled in the adaptive stage
10, according to the steps of the method of the present
invention, as described in the following with reference to
the attached figure 4 to 13.

[0025] The method comprises a first step during which:

- the plurality of blades 20 are manufactured. Each
blade 20 is identical to the others and includes a
respective pressure side 23 and suction side 24, both
extending from the leading edge 25 to the trailing
edge 26. This means that in the blade 20 manufac-
tured in the first step of the manufacturing method
both the leading portions 21 and trailing portions 22
are joined together in a single piece (i.e. the blade
20). In such a way the continuity along the pressure
side 23 and the suction side 24 is assured,

- eachblade 20 is then fixed to an inner blade ring 31,
32 and an outer blade ring 41, 42, in order that the
leading edge 25 and the trailing edge 26 extend ra-
dially from one to the other of the inner blade ring
31, 32 and the outer blade ring 41, 42. The inner
blade ring 31, 32 and the outer blade ring 41, 42 are
coaxial, having in common the axis Z. The blades
20 areregularly distributed around the axis Z, in order
to form identical passages 30, interposed between
the blades 20. The inner blade ring 31, 32 is a sem-
ifinished component, from which both the first inner
blade ring 31 and the second inner blade ring 32 are
derived, in a further step of the present method. The
outer blade ring 41, 42 is a semifinished component
from which both the first outer blade ring 41 and the
second outer blade ring 42 are derived, in a further
step of the present method,

- at opposite axial positions of the semifinished as-
sembly constituted by the plurality of blades 20, the
inner blade ring 31, 32 and the outer blade ring 41,
42, itis then fixed a first cover ring 51 and a second
coverring 52, respectively. In the embodiment of the
attached figures 4-13, the first cover ring 51 and the
second cover ring 52 are both planar and orthogonal
to the axis Z, i.e. both extend radially between the
inner blade ring 31, 32 and the outer blade ring 41,
42. The inner blade ring 31, 32 and the outer blade
ring 41, 42 are therefore interposed between the first
cover ring 51 and the second cover ring 52, and ex-
tend axially between them.

The first cover ring 51 and the second cover ring 52 are
fixed to the inner blade ring 31, 32 and the outer blade
ring 41, 42 by welding. According to other embodiments,
other fixing processes may be used instead of welding.
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At the end of the first step of the method, a first semifin-
ished product 91 (figure 4 and 5), which is an assembly
including the blades 20, the inner blade ring 31, 32, the
outer blade ring 41, 42, the first cover ring 51 and the
second cover ring 52 is obtained. The presence of the
first cover ring 51 and the second cover ring 52 permits
to better handle and manipulate the first semifinished
product 91 in the following steps of the method.

[0026] The method further includes a second step of
machining the inner blade ring 31, 32 and the outer blade
ring41,42, for creating respective coupling surfaces 31a,
32a, 41a, 42a, to which further components of the adap-
tive stage 10 will be connected, in further step of the
present method. To perform the above connection, the
inner blade ring 31, 32 comprises two inner bosses 20a
and the outer bladering 41, 42 comprises two outer boss-
es 20b. Atthe end of the first step of the method, a second
semifinished product 92 (figure 6 and 7) is obtained. The
second semifinished product 92 differs from the first sem-
ifinished product 91 for comprising also the inner coupling
surfaces 31a, 32a on the radially internal side of the inner
blade ring 31, 32 and outer coupling surfaces 41a, 42a
on the radially external side of the outer blade ring 41, 42.
According to otherembodiments of the presentinvention,
only the inner coupling surfaces 31a, 32a or the outer
coupling surfaces 41a, 42a may be formed in this second
step of the method.

[0027] The method further includes a third step of cut-
ting the second semifinished product 92 along a plane
XY orthogonal to the axis Z and intermediate between
the first cover ring 51 and second cover ring 52. Accord-
ing to different embodiments of the present invention, the
cutting of the third step of the present method may be
performed through Electro Discharge Machining (EDM)
or other convenient cutting method.

Such cutting permits to:

- separate each blade 20 into the leading portion 21
including the leading edge 25 and the trailing portion
22 including the trailing edge 26,

- separate theinner bladering 31, 32into the firstinner
blade ring 31 and the second inner blade ring 32,

- separatethe outerbladering 41,42 into thefirstouter
blade ring 41 and the second outer blade ring 42.

According to the different embodiment of the present in-
vention, the order of the second and of the third step is
inverted, i.e the cutting along the plane XY is performed
before the inner coupling surfaces 31a, 32a or the outer
coupling surfaces 41a, 42a or all of them are machined.
[0028] The method further includes a fourth step of:

- attaching afirstinner coupling ring 61 to the firstinner
blade ring 31, coupled with one of the inner bosses
20a, and afirst outer coupling ring 71 to the first outer
blade ring 41, coupled with one of the outer bosses
20b. Each of the first inner and outer coupling rings
61, 71 comprises two respective circular portions
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61a,61b, and 71a, 72b, respectively, joined together
by means, forexample, of aremovable screwed con-
nection. Other types of connections may be envis-
aged, for example welding. Each of the circular por-
tions 61a, 61b, 71a, and 71b extends angularly for
180° around the axis Z. According to other embodi-
ments of the present invention, at least one of the
first inner and outer coupling rings 61, 71 comprises
more than two respective circular portions,

- attaching a second inner coupling ring 62 to the sec-
ond inner blade ring 32, coupled with the other of the
inner bosses 20b, and a second outer coupling ring
72 to the second outer blade ring 42, coupled with
the other of the outer bosses 20b. Each of the second
inner and outer coupling rings 62, 72 comprises two
respective circular portions 62a, 62b, and 72a, 72b,
respectively, joined together by means, for example,
of a removable screwed connection. Other types of
connections may be envisaged, for example weld-
ing. Each of the circular portions 62a, 62b, 72a, and
72b extends angularly for 180° around the axis Z.
According to other embodiments of the present in-
vention, at least one of the first inner and outer cou-
pling rings 62, 72 comprises more than two respec-
tive circular portions.

[0029] The method further includes a fifth step of re-
moving the first cover ring 51 and the second cover ring
52, from the inner blade rings 31, 32 and the outer blade
rings 41, 42. The removing step of the fifth step of the
method may be performed by cutting through Electro Dis-
charge Machining (EDM). According to other embodi-
ments, other removing processes may be used instead
of Electro Discharge Machining. At the end of the fifth
step of the method, the integral collar 12 (figures 8 and
9) and the swivel ring 11 (figures 10 and 11) are obtained.
[0030] The method further includes a sixth step of cou-
pling together the first inner coupling ring 61 with the sec-
ond inner coupling ring 62 and/or the first outer coupling
ring 71 with the second outer coupling ring 72, in order
to permit the rotation of the swivel ring 11 with respect
to the integral collar 12 and, in particular, the rotation of
the leading portions 21 with respect to the trailing portions
22. According to a different embodiment of the present
invention the trailing portions 22 of each blade 20 are on
the swivel ring 11 and the leading portions 21 are on the
integral collar 12, i.e. the trailing portions 22 rotates with
respect to the leading portions 21 for regulating the ex-
traction pressure of the turbine.

Inthe embodiment of the attached figure 13, the first outer
coupling ring 71 is provided with a plurality of circular
slots 94 along is peripheral border. Each slot is coupled
to a pin 95, which is fixed toe second outer coupling ring
72. The sliding of each slot 94 with respect to the respec-
tive pin 95 guides the rotation of the swivel ring 11 with
respect to the integral collar 12. The rotation is controlled
by means of a lever 96, fixed to the first outer coupling
ring 71 and actuated by means of an actuator (not
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shown).
At the end of the sixth step of the method, the final adap-
tive stage 10 is obtained.

Claims

1. A method for manufacturing an adaptive stage (10)
foraturbine including a rotatable swivel ring (11) and
a stationary integral collar (12), the method compris-
ing the steps of:

- manufacturing a plurality of blades (20), each
blade including a pressure side (23) and a suc-
tion side (24) extending from aleading edge (25)
to a trailing edge (26),

- fixing each blade (20) to an inner blade ring
(31, 32) and an outer bladering (41, 42), in order
that the leading edge (25) and the trailing edge
(26) extend from one to the other of the inner
blade ring (31, 32) and the outer blade ring (41,
42),

- fixing a first cover ring (51) and a second cover
ring (52) between the inner blade ring (31, 32)
and the outer blade ring (41, 42), the inner blade
ring (31, 32) and the outer blade ring (41, 42)
being interposed between the first cover ring
(51) and the second cover ring (52).

2. The method according to claim 1, wherein the inner
blade ring (31, 32) and the outer blade ring (41, 42)
are coaxial and the first cover ring (51) and the sec-
ond cover ring (52) are orthogonal to a common axis
(Z) oftheinnerbladering (31, 32) and the outer blade
ring (41, 42).

3. Themethod according to claim 1 or 2, further includ-
ing the step of machining the inner blade ring (31,
32) and/or the outer blade ring (41, 42), for creating
respective coupling surfaces (31a, 32a, 41a, 42a).

4. The method according to any of the preceding
claims, further including the step of cutting the as-
sembly of blades (20), the inner blade ring (31, 32),
outer blade ring (41, 42), first cover ring (51) and
second cover ring (52) along a plane intermediate
between the first cover ring (51) and second cover
ring (52), in order to:

- separate each blade (20) into a leading portion
(21) including the leading edge (25) and a trailing
portion (22) including the trailing edge (26),

- separate the inner blade ring (31, 32) into a
first inner blade ring (31) and a second inner
blade ring (32),

- separate the outer blade ring (41, 42) into a
first outer blade ring (41) and a second outer
blade ring (42), the leading portions (21) extend-
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10.

ing between the first inner blade ring (31) and
the first outer blade ring (41) and the trailing por-
tions (22) extending between the second inner
blade ring (41) and the second outer blade ring
(42).

The method according to claim 4, wherein the step
of cutting is performed through Electro Discharge
Machining (EDM).

The method according to claim 4 or 5, further includ-
ing the steps of:

- attaching a first inner coupling ring (61) to the
first inner blade ring (31) and a first outer cou-
pling ring (71) to the first outer blade ring (41),
- attaching a second inner coupling ring (62) to
the second inner blade ring (32) and a second
outer coupling ring (72) to the second outer
blade ring (42).

The method according to claim 6, wherein each of
the coupling rings (61, 62, 71, 72) comprises two
respective circular portions (61a, 62a, 71a, 72a; 61b,
62b, 71b, 72b) joined together.

The method according to any of the claims 4 to 7,
further including the steps of removing the first cover
ring (51) and the second cover ring (52), from the
inner blade rings (31, 32) and the outer blade rings
(41, 42).

The method according to claim 8, wherein the steps
of removing the first cover ring (51) and the second
cover ring (52) are performed through Electro Dis-
charge Machining (EDM).

The method according to claim 8 or 9, including the
further step of coupling together the first inner cou-
pling ring (61) with the second inner coupling ring
(62) and /or the first outer coupling ring (71) with the
second outer coupling ring (72), in order to permit a
relative rotation of the leading portions (21) with re-
spect to the trailing portions (22).
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