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Description

Field of the Invention

[0001] The present invention relates to improvements
to a shrouded blade in a turbomachine. It is particularly,
but not exclusively, relevant to the moving blades as
mounted onto the rotor of a steam turbine.

Background of the Invention

[0002] In the following description the term "turbine" is
used to refer to rotary engines having a stator and a ro-
tating part force coupled by a fluid medium such as steam
or gas. Of particular interest for the present invention are
axial turbines comprising radially arranged fixed stator
blades or vanes alternating with radially arrangements
of moving rotor blades. Movements are generally regis-
tered as movements relative to a casing or housing.
[0003] The moving blades are designed to have a root
at the bottom end to assemble with rotor and a shroud
at the top end to engage with the shrouds of adjacent
blades forming a ring. The moving blades are assembled
on to the rotor having grooves in axial or circumferential
direction. The axial grooves can be straight or curved.
[0004] It is known to assemble a row of blades such
that each blade is twisted. The process of twisting can
be regarded as forcing the blade from its unconstrained
equilibrium state into a twisted state by applying mechan-
ical constraints, typically by the forces applied at the root
section and the top or shroud section.
[0005] A particular problem sought to be avoided is the
excitation of natural or eigenfrequencies of the blade (s)
in turbine designs. Any type of resonant behavior of the
blade or blade assembly has potentially a harmful impact
upon the operation of a turbine and is hence to be avoid-
ed. A way of avoiding the resonances during operation
is seen by using stiffer blade profiles and/or increased
twist angles. Both solutions have disadvantages leading
to increased stresses or difficulties in assembling a row
of blades with a high degree of pre-stress. Blades as-
sembled with higher pre-twist can be prone to bending
instead of twisting as desired.
[0006] Another solution is discussed in German patent
application DE3802741A1, involving plastic deformation
of a shroud to form a point contact between adjacent
blades resulting in pre-stressing or pre-torsion thus mod-
ify the frequency of the blade. The contact face between
shrouds may take several forms. For example, as de-
scribed in DE 606351C, the shroud may be configured
for point contact by comprising indentations with various
depths and sizes. Alternatively, as discussed in
EP1873355A1, shroud segments may include a portion
that allows overlapping of slopped or stepping shroud
ends. A further alternative is provided by EP0202531 in-
volving forming a cavity with a conical bearing seat in
which a button, that forms a self-aligning contact element,
is placed.

[0007] It is therefore seen as an object of the invention
to improve existing blade designs to increase the fre-
quencies of the blade while at least partially avoiding the
problems associated with previous solutions.

Summary of the Invention

[0008] According to an aspect of the present invention,
there is provided an indentation along the contact face
of a shrouded blade according to claims 1 and 9, prefer-
ably of a pre-twisted blade for a turbine or, more generally
a turbomachine, to increase the frequency of blade(s).
[0009] The indentation or depression is preferably lo-
cated such that it overlaps partially with what would be
the contact area between adjacent conventional shrouds
with plane surfaces and hence without the indentation.
In that manner the original contact area is effectively split
and the new contact area includes parts of the face of
the shroud beyond the width of the indentation
[0010] It can be seen as an aim of the invention to
replace a single contact area with two contact areas sep-
arated by the indentation applied to the contact area or
face of the shroud.
[0011] As the original contact area between adjacent
conventional shrouds with plane surfaces is typically
close to one (axial) end of the faces, the indentation could
be in the middle of the face such that contact between
adjacent segments making up the shroud is spread to-
wards both ends of the shroud in axial direction.
[0012] This feature increases the frequencies at higher
nodal diameter and hence increases the frequency sta-
bility of the row of shrouded blades.
[0013] In a preferred embodiment, the shroud segment
has only an indentation at one of its circumferential ends,
preferably with the depth of the indentation in the range
up to 10 per cent of the circumferential width of the shroud
segment. For commercially used blades the depth is typ-
ically in the range of 0.1 mm to 5mm or even in the range
of 0.1 mm to 1 mm. If an indentation is split between the
contacting faces of adjacent shrouds, the depths of each
indentation can for example be halved or split according
to any other desired ratio.
[0014] In another preferred embodiment, the indenta-
tion extends in radial direction along a line covering at
least the full radial length of the potential contact area
between two adjacent shroud segments. Depending on
its shape, part of the indentation can extend in axial di-
rection to the edges of the potential contact area and thus
even to the edges of the shroud segment.
[0015] In another preferred embodiment, the indenta-
tion extends in axial direction along at least 0.1 times or
at least 0.3 times the total axial width of the shroud seg-
ment and is even more preferably centred around the
circumferentially oriented centroid of the shroud seg-
ment.
[0016] The indentation is also applied to define the ra-
dial position of the contact areas. For example, in an em-
bodiment not forming part of the present invention, then
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indentation can be generally T-shaped with a broader
strip of material removed above the axial center line of
the face to ensure contact between adjacent shrouds be-
low this center line. In an embodiment according to the
present invention, the indentation includes broader strips
removed both, above and below this center line, and the
contact areas can be confined to locations on or close to
it.
[0017] In case the engaging faces of the shroud seg-
ments have steps in circumferential direction or similar
geometrical alterations, the above indentation can be ap-
plied to each face facing in circumferential direction, i.e.,
to each face at which the shrouds contact each other.
[0018] These and further aspects of the invention will
be apparent from the following detailed description and
drawings as listed below.

Brief Description of the Drawings

[0019] Exemplary embodiments of the invention will
now be described, with reference to the accompanying
drawings, in which:

FIG. 1 shows a group of three blades or airfoils en-
gaging each other with their shroud segments;

FIG. 2A shows a more detailed schematic three-di-
mensional view of the top of a single blade and
shroud segment as known;

FIG. 2B is the same view as in FIG. 2A of the top of
a single blade and shroud segment having a rectan-
gular shape indentation;

FIG. 2C shows a shroud segment in accordance with
an example of the present invention;

FIG. 3A is a schematic three-dimensional view of
two engaging shroud segments as known;

FIG. 3B is the same view as in FIG. 3A of two en-
gaging shroud segments with one having a rectan-
gular shape indentation; and

FIG. 4 illustrated a shift in frequency for the first mode
of a row of airfoils in accordance with an example of
the invention compared to the same row but without
modifications.

Detailed Description of the Invention

[0020] Aspects and details of examples of the present
invention are described in further details in the following
description using the example of a row of blades or airfoils
mounted onto the rotor of a steam turbine.
[0021] A group of three blades 11, 12, 13 is shown in
the perspective view of FIG. 1. Each blade has a root
section 11-1, 12-1, 13-1 for insertion into corresponding

circumferential grooves of a rotor (not shown). At the top
of each blade the actual airfoil is topped with a shroud
segment 11-2, 12-2, 13-2. The shroud segments make
up a complete circumferential ring referred to as the
shroud. In the example, the shroud segments are con-
tacting each other but are in principle free to move rela-
tively to each other. Consequently, the shroud segments
are moving from their assembled positions into an oper-
ational position caused by the rapid rotation of the rotor
at for example 25, 30, 50 or 60 Hz.
[0022] A pre-twisting of the blades can be achieved by
enlarging the circumferential lengths of the shroud seg-
ments 11-2, 12-2, 13-2 by a small amount beyond the
nominal length as determined by dividing the circumfer-
ence of the shroud by the number of blades per row.
When the blades are assembled into the grooves of the
rotor, a twist is generated as the shroud segments rotate
to accommodate the extra length. Alternatively, a cou-
pling of blades at the shroud can also be achieved
through an untwisting of an aerofoil due to rotation. In
this variant pre-twisting is not required the shroud seg-
ments have at assembly a small clearance which closes
at the operating speed of the turbine.
[0023] When the contacting faces of two adjacent
shroud segments, such as 11-2, 12-2, are planar , the
twist generates a contact area. Typically this contact area
is close to one of the axial ends of the contacting faces.
[0024] The effect of the present invention is illustrated
by a comparison between the shroud segment 11-2 of a
known blade as shown in FIG. 2A and a shroud segment
11-2 of a blade with an indentation as shown in FIG. 2B.
In FIG. 2A, the face 111 of the shroud segment 11-2
which is designed to be in contact with an adjacent shroud
segment is shown as a flat surface. As stated above, in
an assembled row the contact area 112 will be close to
one of the axial ends of the contacting faces. In the per-
spective view of FIG. 2A, the contact area 112 is shown
as a hatched patch at the proximate axial end of the face
111.
[0025] In the example of FIG. 2B, a shallow indentation
or depression 113 has be machined into the face 111.
The location of the indentation 113 overlaps partially with
the original contact area 112. The indentation prevents
a contact at the overlapping part of the original contact
area 112 and causes a second contact area 114 at the
face 111 at the opposite side of the indentation 113. The
contact area is effectively split into the remaining part of
the original contact area 112 and the new contact area
114. Having two contact areas is thought to make the
shrouded blades stiffer.
[0026] The indentation of FIG. 2B is a simple shallow
groove of rectangular shape. However, in accordance
with the present invention, it is advantageous to cut the
groove into more complex shapes to force the remaining
contact areas 112 , 114 to positions where the stability
or stiffness of the shroud is increased. For example, in
FIG. 2C, in accordance with an example of the invention,
the cross-section of the groove 113 is formed as a capital
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H or double T. This shape forces a contact at two areas
112 , 114 close to the (radial) center line of the shroud
segment 11-2. In other variants (not shown), not forming
part of the present invention, a simple T shape can be
used to move the contact areas for example towards the
bottom part of the shroud segment below to the (radial)
center line or to the top above the radial center line. In a
variant of this example, part of the indentation can extend
in axial direction to the edges of the face 111.
[0027] In FIG. 3A two adjacent shroud segments 11-2,
12-2 are shown with flat contacting surfaces as known.
Hidden lines are shown as dashed lines.
In FIG. 3B two adjacent shroud segments 11-2, 12-2 are
shown with the contacting faces altered, one having a
rectangular shape indentation. As described above the
indentation 113 causes the opposing faces of the shroud
segments 11-2, 12-2 to contact each other at two sepa-
rate locations at the either side of it.
[0028] In the examples of FIG. 2B and 3B, the shallow
indentation is applied to only one of the engaging faces
of a shroud segment. It is however equally possible to
have indentations on both of the engaging faces of a
shroud segment, in which case each indentation can be
made shallower as each indentation contributes to the
separation of the adjacent shrouds.
[0029] The total depth of an indentation is typically de-
signed be just sufficient to achieve the desired separation
of the contact area, without influencing the overall me-
chanical stability and leakage behavior of the shroud. It
is found that a depth of less than 10 per cent of the cir-
cumferential width of the segment translating for typical
shroud segment to between 0.1 mm and 5mm can be
sufficient for most applications and blade designs.
[0030] The (axial) width of the indentation is also sub-
ject to similar design constraints and can be in the range
of 10 percent to 90 percent of the total axial width of the
shroud segment. Typically a width of around 50 percent
of the total width of the shroud is found sufficient to
achieve an effective separation of the contact area.
[0031] The height of indentation (in radial direction) is
typically the same as the height of the engaging surface,
i.e., cutting across it. However, if the original contact ar-
eas are precisely known, a smaller indentation can be
applied to just the contact area to achieve an effective
separation.
[0032] It should further be noted that the above exam-
ple can equally be applied to more complex geometries
of the engaging surfaces of the shroud segments using
the same principle as applied above. In case that the
engaging surfaces of the shroud segments have a step
in circumferential direction thus forming two circumfer-
entially facing potential contact areas, an indentation as
described above can be applied to a contacting area on
either of them or both as required to separate the contact
area or areas.
[0033] To enhance the mechanical stability of the in-
dentation, it is preferred to machine or cut the indentation
such that its side walls are chamfered thus avoiding edg-

es which deform under load.
[0034] The potential effect of the modifications to the
shroud segments is illustrated in the graph of FIG. 4. The
graph shows the frequencies of axial bending modes for
the first twenty-five nodal diameters. The lower curve 41
gives the frequencies of an conventional shroud, where-
as the upper curve 42 reflects the behavior of a shroud
assembled from shroud segments with the indentation
or relief groove. In the critical band between the two pla-
teaus the frequency shift between the two curve exceeds
10 percent for many nodal diameters making it less likely
that these frequencies will be excited during normal op-
eration or allowing an operator or designed to operate
the steam turbine in a broader envelope of parameters.
[0035] The present invention has been described
above purely by way of example, and modifications can
be made within the scope of the invention. The invention
may also comprise any individual features described or
implicit herein or shown or implicit in the drawings or any
combination of any such features or any generalization
of any such features or combination, which extends to
equivalents thereof. Thus, the breadth and scope of the
present invention should not be limited by any of the
above-described exemplary embodiments.
[0036] Each feature disclosed in the specification, in-
cluding the drawings, may be replaced by alternative fea-
tures serving the same, equivalent or similar purposes,
unless expressly stated otherwise.
[0037] Unless explicitly stated herein, any discussion
of the prior art throughout the specification is not an ad-
mission that such prior art is widely known or forms part
of the common general knowledge in the field.

LIST OF REFERENCE SIGNS AND NUMERALS

[0038]

blade 11, 12, 13
root section 11-1, 12-1, 13-1
shroud segment 11-2, 12-2, 13-2
engaging face 111
contact area 112, 114
indentation 113
frequency vs. nodal diameters graph 41
frequency vs. nodal diameters graph (improved) 42

Claims

1. A blade (11,12,13) for a turbine or, more generally
a turbomachine, having at a top end a shroud seg-
ment (11-2, 12-2, 13-2) designed to engage with
shroud segments (11-2, 12-2, 13-2) of adjacent
blades (11,12,13) in an ring-shaped assembly with
the shroud segment (11-2, 12-2, 13-2) having an in-
dentation (113) along an engaging face (111) char-
acterized in that the indentation (113) is forming a
capital H shape.
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2. A blade (11, 12,13) of claim 1 adapted to be assem-
bled as pre-twisted blades (11, 12, 13).

3. The blade (11,12, 13) of claim 1, wherein the inden-
tation (113) along an engaging edge or face (111) is
located such that the engaging face (111) has con-
tact areas (112,114) with the engaging face (111) of
the shroud segment (11-2, 12-2, 13-2) of an adjacent
blade (11,12,13) on both (axial) sides of the inden-
tation (113).

4. The blade (11, 12, 13) of claim 1, wherein the inden-
tation (113) has a depth in the range of 0.1 mm to
up to 10 per cent of the circumferential width of the
shroud segment (11-2, 12-2, 13-2).

5. The blade (11, 12,13) of claim 1, wherein the inden-
tation (113) has a width in axial direction of 10 per-
cent to 90 per cent of the total axial width of the
shroud segment (11-2, 12-2, 13-2),

6. The blade (11,12,13) of claim 1, wherein of the en-
gaging faces (111) located at either side of the
shroud segment (11-2, 12-2, 13-2) only faces on one
side have an indentation (113).

7. The blade (11,12,13) of claim 1, having a root section
for insertion into a rotor of the turbomachine .

8. The blade (11,12,13) of claim 1, having a root section
(11-1, 12-2, 13-2) for insertion into a rotor of steam
turbine.

9. A method of increasing the frequency of a ring as-
sembled from blades (11, 12, 13) for a turbine or,
more generally a turbomachine, having at a top end
a shroud segment (11-2, 12-2, 13-2) designed to en-
gage during operation with shroud segments (11-2,
12-2, 13-2) of adjacent blades (11, 12, 13) in the ring
said method including the steps of assembling the
blades and machining a central indentation into at
least one of faces of the shroud segment (11-2, 12-2,
13-2) engaging the corresponding face of a shroud
segment (11-2, 12-2, 13-2) of an adjacent blade (11,
12,13) characterized by forming the indentation into
a capital H shape.

Patentansprüche

1. Schaufel (11, 12, 13) für eine Turbine oder allgemei-
ner eine Turbomaschine, die an einem oberen Ende
ein Mantelsegment (11-2, 12-2, 13-2) aufweist, das
dafür ausgelegt ist, in die Mantelsegmente (11-2,
12-2, 13-2) benachbarter Schaufeln (11, 12, 13) in
einer ringförmigen Anordnung einzugreifen, wobei
das Mantelsegment (11-2, 12-2, 13-2) eine Vertie-
fung (113) entlang einer eingreifenden Fläche (111)

aufweist, dadurch gekennzeichnet, dass die Ver-
tiefung (113) die Form eines Großbuchstabens H
bildet.

2. Schaufel (11, 12, 13) nach Anspruch 1, die dafür
ausgelegt ist, als vorgebogene Schaufeln (11, 12,
13) angeordnet zu werden.

3. Schaufel (11, 12, 13) nach Anspruch 1, wobei die
Vertiefung (113) entlang einer eingreifenden Kante
oder Fläche (111) derart positioniert ist, dass die ein-
greifende Fläche (111) auf beiden (axialen) Seiten
der Vertiefung (113) Kontaktbereiche (112, 114) mit
der eingreifenden Fläche (111) des Mantelsegments
(11-2, 12-2, 13-2) einer benachbarten Schaufel (11,
12, 13) aufweist.

4. Schaufel (11, 12, 13) nach Anspruch 1, wobei die
Vertiefung (113) eine Tiefe in dem Bereich von 0,1
mm bis zu 10 % der Umfangsbreite des Mantelseg-
ments (11-2, 12-2, 13-2) aufweist.

5. Schaufel (11, 12, 13) nach Anspruch 1, wobei die
Vertiefung (113) in axialer Richtung eine Breite von
10 % bis 90 % der gesamten axialen Breite des Man-
telsegments (11-2, 12-2, 13-2) aufweist.

6. Schaufel (11, 12, 13) nach Anspruch 1, wobei von
den eingreifenden Flächen (111), die an jeder Seite
des Mantelsegments (11-2, 12-2, 13-2) positioniert
sind, nur Flächen auf einer Seite eine Vertiefung
(113) aufweisen.

7. Schaufel (11, 12, 13) nach Anspruch 1, die einen
Wurzelabschnitt zum Einführen in einen Rotor der
Turbomaschine aufweist.

8. Schaufel (11, 12, 13) nach Anspruch 1, die einen
Wurzelabschnitt (11-1, 12-2, 13-2) zum Einführen in
einen Rotor einer Dampfturbine aufweist.

9. Verfahren zum Erhöhen der Frequenz eines Rings,
der aus Schaufeln (11, 12, 13) aufgebaut ist, für eine
Turbine oder allgemeiner eine Turbomaschine, die
an einem oberen Ende ein Mantelsegment (11-2,
12-2, 13-2) aufweist, das dafür ausgelegt ist, wäh-
rend des Betriebs in die Mantelsegmente (11-2,
12-2, 13-2) benachbarter Schaufeln (11, 12, 13) in
dem Ring einzugreifen, wobei das Verfahren die fol-
genden Schritte umfasst: Zusammenbauen der
Schaufeln und maschinelles Herstellen einer zentra-
len Vertiefung in mindestens einer der Flächen des
Mantelsegments (11-2, 12-2, 13-2), das in die ent-
sprechende Fläche eines Mantelsegments (11-2,
12-2, 13-2) einer benachbarten Schaufel (11, 12, 13)
eingreift, gekennzeichnet durch das Bilden der
Vertiefung in Form des Großbuchstabens H.
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Revendications

1. Aube (11, 12, 13) pour une turbine, ou plus généra-
lement une turbomachine, comprenant à une extré-
mité supérieure un segment de carénage (11-2,
12-2, 13-2) conçu de manière à s’engager avec des
segments de carénage (11-2, 12-2, 13-2) d’aubes
adjacentes (11, 12, 13) en un ensemble en forme
d’anneau, dans lequel le segment de carénage
(11-2, 12-2, 13-2) comporte une indentation (113) le
long d’une face d’engagement (111), caractérisée
en ce que l’indentation (113) est formée avec la for-
me d’un H majuscule.

2. Aube (11, 12, 13) selon la revendication 1 conçue
pour être assemblée sous la forme d’aubes pré-tor-
dues (11, 12, 13).

3. Aube (11, 12, 13) selon la revendication 1, dans la-
quelle l’indentation (113) le long d’un bord ou d’une
face d’engagement (111) est située de telle sorte
que la face d’engagement (111) présente des ré-
gions de contact (112, 114) avec la face d’engage-
ment (111) du segment de carénage (11-2, 12-2,
13-2) d’une aube adjacente (11, 12, 13) sur les deux
côtés (axiaux) de l’indentation (113).

4. Aube (11, 12, 13) selon la revendication 1, dans la-
quelle l’indentation (113) présente une profondeur
comprise dans la gamme de 0,1 mm jusqu’à 10 pour
cent de la largeur circonférentielle du segment de
carénage (11-2, 12-2, 13-2).

5. Aube (11, 12, 13) selon la revendication 1, dans la-
quelle l’indentation (113) présente une largeur dans
la direction axiale qui est comprise entre 10 pour
cent et 90 pour cent de la largeur axiale totale du
segment de carénage (11-2, 12-2, 13-2).

6. Aube (11, 12, 13) selon la revendication 1, dans la-
quelle parmi les faces d’engagement (111) situées
des deux côtés du segment de carénage (11-2, 12-2,
13-2) seules les faces sur un premier côté comporte
une indentation (113).

7. Aube (11, 12, 13) selon la revendication 1 compre-
nant une section de pied à insérer dans un rotor de
la turbomachine.

8. Aube (11, 12, 13) selon la revendication 1, compre-
nant une section de pied (11-1, 12-2, 13-2) à insérer
dans un rotor de turbine à vapeur.

9. Procédé pour augmenter la fréquence d’un anneau
assemblé à partir d’aubes (11, 12, 13) pour une tur-
bine, ou plus généralement une turbomachine, com-
prenant à une extrémité supérieure un segment de
carénage (11-2, 12-2, 13-2) conçu de manière à

s’engager pendant le fonctionnement avec des seg-
ments de carénage (11-2, 12-2, 13-2) d’aubes adja-
centes (11, 12, 13) dans l’anneau, ledit procédé com-
prenant les étapes d’assemblage des aubes et d’usi-
nage d’une indentation centrale dans au moins une
des faces du segment de carénage (11-2, 12-2,
13-2) engageant la face correspondante d’un seg-
ment de carénage (11-2, 12-2, 13-2) d’une aube ad-
jacente (11, 12, 13), caractérisé par le formage de
l’indentation en forme de H majuscule.
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