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(54) Turbine for a thermal power plant comprising a locking device

(57) A turbine for a thermal power plant comprising
a rotor (10), at least one blade having a blade root (12)
engaged to the rotor (10) via a groove/bar-connection
(12, 13) and a locking device (14) being arranged be-
tween said blade root (12) and said rotor (10) for blocking

a relative movement in at least one direction between
said blade root (12) and said rotor (10) is characterised
according to the invention in that said locking device (14)
comprises a rotatable cam-disc (16) having at least one
lobe (26, 28).
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Description

Background of the invention

[0001] The invention relates to a turbine for a thermal
power plant comprising a rotor, at least one blade having
a blade root engaged to the rotor via a groove/bar-con-
nection and a locking device being arranged between
the blade root and the rotor for blocking a relative move-
ment in at least one direction between the blade root and
the rotor.
[0002] Turbines currently known in the state of the art
comprise axially assembled blades. For example low
pressure steam turbine blades comprise blade feet,
which are secured in axial and radial direction in order
to keep the blade in the rotor groove and to prevent it
from rocking motion. Such rocking motion would even-
tually damage the surfaces of the blade feet and/or rotor
grooves leading to early retirement of the parts involved.
[0003] In order to secure the blade feet in the rotor
groove currently a caulking piece is inserted in respective
rotor grooves for radial locking. Axial locking is achieved
by inserting locking strips in tangential rotor grooves.

Summary of the invention

[0004] It is an object of the present invention to provide
a turbine for a thermal power plant of the type mentioned
above, in which the at least one blade can be secured
cost efficiently and safely to the rotor, particularly in a
simple and efficient assembly operation.
[0005] In order to solve the above object, according to
the present invention a turbine for a thermal power plant
according to the above type is provided, which is char-
acterized in that the locking device comprises a rotatable
cam-disc having at least one lobe.
[0006] By rotating the cam-disc of the locking device
from a position, in which the blade root and the rotor abut
to the cam-disc at locations away from the lobe to a po-
sition, in which the lobe contacts the blade root or the
rotor, the blade root and the rotor are pushed apart. This
results in the engagement between the blade root and
the rotor via the groove/bar-connection to be tightened,
as respective engagement surfaces of the blade root and
the rotor are pushed firmly together. The resulting locking
of the respective blade root to the rotor can therefore be
achieved in a simple assembly operation, namely by
merely rotating the cam-disc. This results in a cost effi-
cient assembly process. Further, the locking device can
be manufactured of only one single part, which further
reduces the cost of the device.
[0007] Further, the locking of the respective blade root
to the rotor can easily be resolved by rotating the cam-
disc back into its original position. The blade root can
therefore be easily disassembled according to the inven-
tive solution. A new turbine blade can subsequently be
installed using the same locking device by rotating the
same into its locking position. As compared to solutions

currently known in the art, in which caulking pieces are
inserted in respective rotor grooves and/or locking strips
are inserted in tangential rotor grooves, in the turbine
according to the current invention no grooves in highly
loaded zones of the rotor and the blade have to be pro-
vided. This increases the durability of the rotor and the
respective blades and therefore of the overall turbine.
[0008] According to the invention it is further practical,
if the cam-disc is arranged to create a radial force be-
tween the rotor and the blade root in the area of the
groove/bar-connection by rotating the cam-disc. Prefer-
ably, the cam-disc is arranged such that its rotational axis
is substantially parallel to the longitudinal axis of the rotor.
In particular, it is practical of the rotational axis of the
cam-disk is arranged with respect to the longitudinal axis
of the rotor at an angle in the range from 0° to 40°, pref-
erably in the range from 20° to 30°. This allows a locking
of the respective turbine blade in at least a radial direc-
tion.
[0009] It is further advantageous, if the locking device
further comprises a preferably bendable cam-shaft con-
nected to the cam-disc and arranged in parallel or sub-
stantially in parallel to the longitudinal axis of the rotor,
in particular at an angle in the range from 0° to 40°, pref-
erably in the range from 20° to 30° with respect to the
longitudinal axis of the rotor. The cam-shaft allows the
rotatable cam-disc to be easily operated from the outside
of the turbine. The locking device is therefore accessible
from one side, preferably from the outlet side of the tur-
bine. It is further practical, if the cam-shaft has a turn-key
insert, preferably an Inbuskey insert. This way, the lock-
ing device can be operated using standard tools. The
operation of the inventive turbine is designed service
friendly due to the cam-shaft. The cam-shaft further im-
proves the positional stability of the cam-disc, as due to
the cam-shaft being arranged between the blade root
and the rotor the cam-disc attached thereto is stabilized
in a position in which its face sides are perpendicular to
the longitudinal axis of the rotor. By designing the cam-
shaft bendable an "elastic" force can be created between
the blade root and the rotor by turning the cam-disc to a
position in which the cam-shaft is bent due to the inter-
action of the lobe on the cam-disc with the blade root.
The "elastic" force created therewith keeps a sufficient
value over a wide range of rotor operation. This also al-
lows an intentional radial motion of the blade relative to
the rotor.
[0010] It is further expedient, if the blade root and/or
the rotor each have a respective disc recess adapted to
accommodate a respective portion of the cam-disc when
oriented with its rotation axis being parallel or substan-
tially parallel to the longitudinal axis of the rotor, in par-
ticular at an angle in the range from 0° to 40°, preferably
in the range from 20° to 30° with respect to the longitu-
dinal axis of the rotor. That means, the cam-disc extends
perpendicular to the longitudinal axis of the rotor. The
respective disc recesses in the blade root and the rotor
allow for axial locking of the turbine blade to the rotor. In
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order to move the turbine blade relative to the rotor in
longitudinal direction, the cam-disc would have to be
sheared off the cam-shaft. Hence, a positive fit is
achieved. According to the inventive turbine, only one
locking device is required for blocking both radial and
axial movement of a respective blade root relative to the
rotor.
[0011] It is further advantageous, if the rotor has a shaft
recess adjoining the disc recess in the rotor and extend-
ing along a portion of the cam-shaft, the radial depth of
the shaft recess being smaller than the radial depth of
the disc recess in the rotor. A correspondingly configured
shaft recess allows for the cam-shaft to be bent when
rotating the cam-disc to a locked position. Further, the
above described advantages with respect to the provi-
sion of a bendable cam-shaft can be achieved more fully
with the provision of the above shaft recess.
[0012] It is further expedient, if the cam-disc comprises
at least two lobes, one of which preferably has a larger
peak radius than the other one. Advantageously, the re-
spective minimum radii of the angular ranges between
the at least two lobes have at least two different values.
That allows the cam-disc to be arranged in a first rota-
tional position, in which the angular range between the
at least two lobes having the smaller value faces towards
the blade root. In this rotation position the blade root can
be engaged with the rotor by sliding the same along the
rotor in a longitudinal direction of the rotor, such that the
bar and the groove of the groove/bar connection slide
into each other. In this sliding operation the blade root
can slide over the cam-disc. Then the cam-disc can be
rotated to an orientation, in which the angular range be-
tween the at least two lobes having the larger radius faces
towards the blade root and therewith protrudes into the
disc recess of the blade root. Therewith, the cam-disc
can be oriented in a so-called equilibrium range, which
means the cam-disc is in a stable locking position be-
tween the at least two lobes. An undesired unlocking of
the blade root by a rotation of the cam-disc induced by
vibration movement during the operation of the turbine
is prevented by the at least two lobes delimiting the pos-
sible movement of the cam-disc with respect to the blade
root to the angular range between the two lobes.
[0013] For facilitating the assembly operation, in which
the blade root is slid in a longitudinal direction of the rotor
for engaging in the groove/bar-connection, it is advanta-
geous, if one of the minimum radii is adapted such that
the respective portion of the cam-disc does not protrude
into the disc recess in a rotational position of the locking
device, in which the respective portion faces towards the
disk recess. This way the sliding operation is not obstruct-
ed by the cam-disc. As the cam-disc does not protrude
into the disc recess of the blade root, the blade root is
not touched by the cam-disc during the assembly oper-
ation when oriented in the proper position.
[0014] It is further practical, if the at least one lobe con-
tains a blocking lobe, which has a peak radius being
adapted, such that the respective portion of the cam-disc

exceeds the depth of the disc recess in the blade root
and/or the rotor in a way that it blocks and/or resists a
full revolution of the cam-disc. For this purpose the peak
radius of the blocking lobe can be made larger than the
peak radius of the safeguard lobe, but can also be made
equal to that radius. This feature improves the locking
reliability of the blade root to the rotor, as it helps prevent
an undesired unlocking of the connection. The connec-
tion between the blade root and the rotor can only easily
be unlocked by rotating the cam-disc reversely to the
rotation direction employed for locking the connection.
Rotating the cam-disc in the same direction is not or not
easily possible due to the presence of the locking lobe.
This effect also increases the user friendliness of the lock-
ing device, as the operator is prevented by the blocking
lobe of rotating the cam-disc too far during the locking
operation.
[0015] In order to provide an equilibrium range with
respect to the rotational position of the cam-disc, in which
the groove/bar-connection is blocked safely, it is expe-
dient, if the at least one lobe contains a safeguard lobe,
which has a peak radius being adapted, such that the
respective portion of the cam-disc exceeds the depth of
the recess in the blade root in a way that the cam-disc
can only be rotated beyond by simultaneously bending
the cam-shaft. That means, in order to unlock the
groove/bar-connection the cam-disc has to be rotated
against a "resistance" generated by the safeguard lobe,
which can only be overcome by causing the cam-shaft
to bend. This feature further prevents an unintentional
unlocking of the groove/bar-connection caused for ex-
ample by vibrations generated during the operation of
the turbine.
[0016] It is further advantageous, if the groove/bar-
connection comprises an undercut groove and a corre-
spondingly bulged bar, preferably a groove and a bar
each having a fir-tree profile. In an alternative embodi-
ment the groove and the bar can have a dove tail profile.
This way the engagement between the blade root and
the rotor is particularly robust. A radial force generated
by the locking device, pushing the rotor and the blade
root apart causes the engagement between the undercut
groove and the correspondingly bulged bar to be locked.

Brief description of the drawings

[0017] A detailed description of an embodiment of the
present invention is provided herein below with reference
to the following schematic drawings, in which,

Fig. 1 is a sectional view of a connection portion be-
tween a turbine rotor and a turbine blade using
a locking device according to the present in-
vention,

Fig. 2 depicts the section II-II according to Fig. 1,

Fig. 3 is a perspective view of the locking device
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shown in Figs. 1 and 2 comprising a cam-disc,

Fig. 4a illustrates the variation of the radius of the
cam-disc according to Fig. 3 in Cartesian and
polar coordinates,

Fig. 4b shows the radial variation of the cam-disc of
Fig. 4a against the angle ϕ,

Fig. 5a illustrates the shape of the locking device ac-
cording to Fig. 3 being subjected to an insig-
nificant amount of radial force, and

Fig. 5b illustrates the shape of the locking device ac-
cording to Fig. 3 being subjected to a signifi-
cant amount of radial force.

Description of a preferred embodiment

[0018] Fig. 1 depicts a sectional view of a connection
portion between a turbine rotor 10 of a thermal power
plant having a rotor axis 11 and a blade root 12 of a
turbine blade. The blade root 12 can have a straight bot-
tom, as shown in Fig. 1, or a curved bottom. The turbine
blade is a substantially axially assembled blade that
means for assembly the blade root 12 is slid in a linear
or curved path oriented at a small angle towards the di-
rection of the rotor axis 11, which is the horizontal direc-
tion in Fig. 1, into a rotor groove 13 shown in Fig. 2. The
rotor groove 13 has a fir-tree profile and is adapted to
the profile of the correspondingly shaped blade root 12.
In a further embodiment, not shown in the figures the
rotor groove 13 and the blade root 12 can have a dove
tail profile.
[0019] Due to the fir-tree profiles the blade root 12 and
the rotor groove 13 engage in a radial direction of the
turbine rotor 10, which corresponds to the vertical direc-
tion in Fig. 1 and 2. That means, the engagement be-
tween the blade root 12 and the rotor groove 13 prevents
the blade root 12 from slipping out of the rotor groove 13
in a radial direction.
[0020] Between the turbine rotor 10 and the blade root
12 a locking device 14, as shown in Fig. 1 and 2 is ar-
ranged. The locking device 14 comprises a cam-shaft 18
arranged parallel to the rotor axis 11 and a cam-disc 16
arranged at one end of the cam-shaft 18. In the position
shown in Fig. 1 the cam-disc 16 protrudes both into a
disc recess 22 of the rotor 10 and a disc recess 24 of the
blade root 12. Adjoining the disc recess 22 of the rotor
10 a shaft recess 20 of smaller radial depth in comparison
to the disc recess 22 is provided in the rotor 10. As illus-
trated in Figs. 5a and 5b, the shaft recess 20 allows a
bending of the cam-shaft 18 if a radial force F is applied
to the cam-disc 16 arranged at the front end of the cam-
shaft 18. The cam-shaft 18 fixed in radial direction at an
end fixation point 36 between the rotor 10 and the blade
root 12 and supported at a rotor support point 38 bends
downwards mostly with the portion of the cam-shaft 18

protruding towards the right.
[0021] Fig. 3 shows a perspective view of the locking
device 14. The profile of the cam-disc 16 in the plane of
the face of the cam-disc 16 is shown in detail in Figs. 4a
and 4b. Fig. 4a shows the profile of the cam-disc 16 in
Cartesian and polar coordinates, whereas Fig. 4b shows
this profile in polar coordinates. For this purpose the ra-
dius r is plotted developed against the angle ϕ. As can
be seen from the graphs, the cam-disc 16 has two lobes,
namely a first safeguard lobe 26 and a second longer
blocking lobe 28. Between the safeguard lobe 26 and the
blocking lobe 28, an equilibrium zone 30 of smaller radius
is located. At the angle ϕ=0 the cam-disc 16 has a min-
imum radius 32.
[0022] For the assembly operation of the blade root 12
and the rotor 10, the locking device 14 is arranged in a
rotation position, as shown in Fig. 2, in which the portion
with the minimum radius 32 faces radially outwards with
respect to the rotor axis 11. In this rotational position of
the cam-disc 16 the blade root 12 can be slid in and out
of rotor groove 13 without interference with the cam-disc
16, that means the blade root 12 can slide over the cam-
disc 16.
[0023] Once the blade root 12 is in its final axial position
the cam-disc 16 is rotated via a turn-key insert 34 at the
opposite face of the cam-shaft 18 and/or at the face of
the cam disc 16 (not shown in the figures). The turn-key
insert 34 can be operated via an Inbuskey or a similar
tool. By rotating the cam-disc 16 its outer perimeter is
extended into the disc recess 24 of the blade root 12. At
a certain point of the rotation, the safeguard lobe 26 hits
against the bottom portion of the disc recess 24. This
creates a force acting on the blade root 12 and reacting
on the cam-disc 16. In turn the cam-shaft 18 bends as
shown in Fig 5b. When continuing the rotation movement
beyond the safeguard lobe 26 the portion of the cam-disc
16 in the area of the equilibrium zone 30 (lowest potential)
is located within the disc recess 24 of the blade root 12.
In this rotation position the radial force on the cam-disc
16 is released, such that the cam-shaft bends into a less
bent shape or reverts completely back into a straight un-
bent shape, as shown in Fig. 5a. A continued rotation of
the cam-disc 16 in the same direction is blocked by the
blocking lobe 28.
[0024] With the blocking device 14 in a rotation posi-
tion, in which the cam-disc 16 protrudes into the disc
recess 24 of the blade root 12 in the area of the equilib-
rium zone 30 the blade root 12 is both locked in axial as
well as in radial direction. The cam-disc 16 would have
to be sheared off to allow for axial movement, hence a
positive fit is achieved. The locking in the radial direction
on the other hand is implemented with an elastic com-
ponent. A movement of the blade root 12 in a radial di-
rection towards the turbine rotor 10 is possible to a certain
extent under an elastic bending of the cam-shaft 18, as
shown in Fig. 5b. The radial force present in equilibrium
position prevents the blade from rocking or tilting motion
during turn gear operation.
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[0025] In order to unlock the blade root 12 the locking
device 14 has to be rotated reversely to the rotation di-
rection employed for locking the blade root 12. That
means, using an Inbuskey the locking device 14 is rotated
via the safeguard lobe 26 back to a position with the min-
imum radius 32 facing towards the disc recess 24 of the
blade root 12.

Claims

1. Turbine for a thermal power plant comprising a rotor
(10), at least one blade having a blade root (12) en-
gaged to said rotor (10) via a groove/bar-connection
(12, 13) and a locking device (14) being arranged
between said blade root (12) and said rotor (10) for
blocking a relative movement in at least one direction
between said blade root (12) and said rotor (10),
characterized in that said locking device (14) com-
prises a rotatable cam-disc (16) having at least one
lobe (26, 28).

2. Turbine according to claim 1,
wherein said cam-disc (16) is arranged to create a
radial force between said rotor (10) and said blade
root (12) in the area of said groove/bar-connection
(12, 13) by rotating said cam-disc (16).

3. Turbine according to claim 1 or 2,
wherein said locking device further comprises a pref-
erably bendable cam-shaft (18) connected to said
cam-disc (16) and arranged substantially in parallel
to the longitudinal axis of said rotor (10), in particular
at an angle in the range from 0° to 40°, preferably in
the range from 20° to 30° with respect to the longi-
tudinal axis of said rotor (10).

4. Turbine according to any one of the preceding
claims,
wherein said blade root (12) and/or said rotor (10)
each have a respective disc recess (22, 24) adapted
to accommodate a respective portion of said cam-
disc (16) when oriented with its rotation axis being
substantially parallel to the longitudinal axis of said
rotor (10), in particular at an angle in the range from
0° to 40° preferably in the range from 20° to 30° with
respect to the longitudinal axis of said rotor (10).

5. Turbine according claim 4,
wherein said rotor (10) has a shaft recess (20) ad-
joining said disc recess (22) in said rotor (10) and
extending along a portion of said cam shaft (18), the
radial depth of said shaft recess (20) being smaller
than the radial depth of said disc recess (22) in said
rotor (10).

6. Turbine according to any one of the preceding
claims,

wherein said cam-disc (16) comprises at least two
lobes (26, 28), one of which preferably has a larger
peak radius than the other one.

7. Turbine according to claim 6,
wherein respective minimum radii of the angular
ranges between said at least two lobes (26, 28) have
at least two different values.

8. Turbine according to claim 6 or 7,
wherein one of said minimum radii is adapted such
that the respective portion of said cam-disc (16) does
not protrude into said disc recess (24) of said blade
root (12) in a rotational position of said locking de-
vice, in which said respective portion faces towards
the disk recess (24).

9. Turbine according to any one of the preceding
claims,
wherein said at least one lobe (26, 28) contains a
blocking lobe (28), which has a peak radius being
adapted, such that the respective portion of said
cam-disc exceeds the depth of said disc recess (24)
in said blade root (12) and/or said rotor (10) in a way
that it blocks and/or resists a full revolution of said
cam-disc (16).

10. Turbine according to any one of the preceding
claims,
wherein said at least one lobe (26, 28) contains a
safeguard lobe (26), which has a peak radius being
adapted, such that the respective portion of said
cam-disc (16) exceeds the depth of said disc recess
(24) in said blade root (12) in a way that said cam-
disc (16) can only be rotated beyond by simultane-
ously bending said cam-shaft (18).

11. Turbine according to any one of the preceding
claims,
wherein said groove/bar-connection (12, 13) com-
prises an undercut groove (13) and a correspond-
ingly bulged bar (12), preferably a groove (13) and
a bar (12) each having a fir-tree shaped profile.
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