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Description
BACKGROUND OF THE INVENTION

[0001] Theinventiongenerallyrelatestoturbomachine
rotors. More specifically, the present disclosure relates
to cooling of steam turbine rotors.

[0002] As steam turbine systems rely on higher steam
temperatures to increase efficiency, steam turbines, es-
pecially those utilizing drum rotor construction, must be
able to withstand the higher steam temperatures so as
not to compromise the useful life of the rotor. Materials
that are more temperature-resistant may be used in the
rotor construction, but use of such materials often sub-
stantially increases the cost of rotor components. High
pressure, lower temperature steam may be used as a
coolant for the rotor, but use of this coolant from a source
outside of the steam turbine can significantly increase
cost of the rotor and degrade the rotor performance.
[0003] It would be desirable to provide a low cost
means to maintain the drum rotor of a turbomachine so
as not to degrade rotor performance without the need to
utilize expensive temperature-resistant materials.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to a first aspect of the invention, a
rotor of a turbomachine is provided. The rotor includes a
rotor drum disposed at a central axis. A plurality of dove-
tailed buckets for a stage of the turbomachine are pro-
vided. The plurality of dovetailed buckets are secured to
the rotor drum at mating surfaces within corresponding
dovetailed slots cut in the rotor drum. Atleast one cooling
passage is formed within the rotor drum for the stage of
the turbomachine. A low pressure sink disposed at an
upstream end of the rotor drum is receptive of a coolant
flow through the cooling passage.

[0005] According to another aspect of the present in-
vention a multi-stage steam turbine is provided. The
steam turbine includes a stator disposed at a central axis
and a rotor disposed radially inboard of the stator. The
rotor includes a rotor drum and a plurality of dovetailed
buckets for a stage of the steam turbine. The plurality of
dovetailed buckets are secured to the rotor drum at mat-
ing surfaces within a corresponding dovetailed slots cut
in the rotor. Atleast one cooling passage is formed within
the rotor drum for the stage of the turbomachine. A low
pressure sink disposed at an upstream end of the rotor
is receptive of a coolant flow through the cooling passage.
[0006] According to a further aspect of the present in-
vention, a method for installing axial entry dovetailed
buckets into dovetail slots of a stage of a drum rotor is
provided. The method includes inserting twist lock devic-
es into an axial through-hole in a base of a dovetail slot
of a stage of a drum rotor for each of the dovetailed buck-
ets. A half-head of a front head of the twist lock device
is oriented in an inward radial direction to allow entry of
the dovetailed bucket into the dovetail slot. A spacer is
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temporarily installed in a space in the drum rotor between
a stage and a succeeding stage. The dovetailed bucket
is fully inserted into the dovetail slot of the stage of the
rotor drum. The half-head of the front head of the twist-
lock device is oriented in an outward radial direction to
lock the bucket in place. The spacer is removed.
[0007] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] There follows a detailed description of embod-
iments of the invention by way of example only with ref-
erence to the accompanying drawings, in which:

FIG. 1is a partial cross-sectional view of an embod-
iment of a steam turbine;

FIG. 2 illustrates a radial view of a sector of a first
stage with axial female tree dovetail slots cut in the
drum rotor;

FIG. 3illustrates a twist lock device adapted for hold-
ing axial entry dovetailed buckets in axial dovetailed
slots;

FIG. 4 illustrates the twist lock device in place within
the female dovetail slot in preparation for axial inser-
tion of bucket dovetail;

FIG. 5 illustrates an axial cutaway view of a stage
sector of a turbine including buckets with male dove-
tails installed in female dovetail slots of a drum rotor;

FIG. 6 illustrates a wheel staking groove in the wheel
(rotor) face;

FIG. 7 illustrates an expanded radial view of a cooling
space between a male dovetail of the bucket and a
slot in a drum rotor;

FIG. 8 illustrates an axial view of an embodiment of
axial entry bucket with a cooling passage for cooling
the rotor drum;

FIG. 9 illustrates an axial view of an embodiment of
a reaction stage with a cooling passage for cooling
the rotor drum; and

FIG. 10 illustrates a tangential entry bucket of a first
reaction stage with a cooling passage in a root that
utilizes higher downstream pressure steam from a
bucket of a reaction stage to cool the drum-rotor.

DETAILED DESCRIPTION OF THE INVENTION

[0009] The detailed description explains embodiments
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of the invention, together with advantages and features,
by way of example with reference to the drawings.
[0010] The presentinvention has many advantages in-
cluding providing cooling for a reaction stage of a drum
rotor in order to preserve life of the rotor and permit the
rotor to be formed with standard rotor materials instead
of expensive materials that are temperature resistant.
The first stage of a rotor for a steam turbine is generally
exposed to the highest temperatures and pressures.
Therefore it is desirable to provide cooling in particular
for the first stage section of the rotor drum. Due to neg-
ative root reaction in the first stage, the temperature out
the outlet of the stage bucket will be cooler than the inlet
to the stage bucket but the pressure at the outlet of the
stage bucket will be higher than the pressure at the inlet.
Hence steam at the outlet of the stage bucket at a higher
pressure than the inlet to the stage bucket may be used
to force the cooler steam downstream from the bucket
through a path which cools the first stage of the drum
rotor and which discharges to alow pressure sink. Hence,
an arrangement is provided to extract a lower tempera-
ture steam downstream from a stage in a reaction turbine
with drum-rotor construction by a cooling passage that
is formed by arranging axial entry dovetails over the axial
slots cut on the drum-rotor. The cooling passage is
formed within the drum-rotor at the mating surfaces of
the drum-rotor and the dovetail. This will allow the cooling
flow to pass through the dovetails and later mix with the
flow leaking to the packing side from the downstream
side of the first nozzle. This mix flow will flow from the
packing side and cool the drum-rotor.

[0011] The above-described arrangement may pro-
vide for performance gain by allowing more flow to pass
over the first stage bucket than a standard design. The
arrangement also allows cooling directed to the high tem-
perature zones of a reaction/impulse rotor. Further with
the advantageous cooling, there is no need for costly
material at higher operating temperature. Additionally,
no new significant major components need to be added
to implement the cooling.

[0012] ShowninFIG.1isanembodimentofaturboma-
chine, such as a steam turbine with an inventive cooling
mechanism for the rotor. The steam turbine 10 includes
a rotor 12 rotatably disposed at an axis 14 of the steam
turbine. Afirst stage of the turbine includes a nozzle buck-
ets 16 are secured in a plurality of bucket slots 18 in a
rotor drum 13 and are typically arranged in a number of
rows, or stages, that extend around a circumference of
the rotor 12 at axial locations along the rotor 12. A plurality
of stationary nozzles 20 are secured in a plurality of noz-
Zle slots 22 in a stator 24 of the steam turbine 10. For
example, the nozzle slots 22 may be located in an inner
carrier of the stator 24. The nozzles 20 are arranged in
circumferential stages that are located between stages
of buckets 16. The rotor 12 and the stator 24 defme a
primary flowpath 26 therebetween. A fluid, for example,
steam is directed from steam inlet 23 along the primary
flowpath 26, which urges rotation of the rotor 12 about
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the axis 14.

[0013] FIG. 2 illustrates a radial view of a sector of a
first stage 30 with axial female tree dovetail slots 32 cut
in the rotor drum 13. At the base of the female tree dove-
tail slot 32 is a channel 34 cut to accept a twist lock device
(not shown) that is used to axially lock in place the male
tree dovetail 50 of the buckets 16.

[0014] The buckets may be assembled onto the wheel
(rotor) in the axial direction. A stopping/locking mecha-
nism is provided that will hold the bucket in place. FIG.
Jillustrates a side view of a twist lock device 40 adapted
for holding axial entry dovetailed buckets in axial dove-
tailed slots. The twist lock device 40 includes a center
pin 42 with heads 44 at each end of the center pin. The
head 44 at a first end of the center pin 42 is formed as a
half head 46 and includes a staking tab. The head 44 at
the second end of the center pin 42 includes a full head
48. The channel 34 in the rotor is sized for the center pin.
The length 43 of the center pin 42 is set to match the
channel with the half head 46 outside the front face of
the rotor and second head 48 of the pin outside the down-
stream face of the rotor stage.

[0015] Before the buckets are installed, the twist lock
device 40 is positioned such that the half head 46 is ori-
ented in the inward radial direction. The twist lock device
40 is then lowered into the channel 34 below the female
dovetail slot 32 into the rotor drum. FIG. 4 illustrates the
twist lock device 40 in place within the channel 34 of
female dovetail slot 32 in preparation for axial insertion
of a bucket male tree dovetail. If the twist lock device 40
is inserted into wheel (rotor) dovetail with the half head
46 in an outward radial orientation, the half head 46 will
block sliding the axial entry male dovetail 50 of the bucket
inside the wheel (rotor) slot.

[0016] The axial entry male dovetail 50 of the bucket
is then slid into the wheel (rotor) slot in the axial direction.
With the axial entry male dovetail bucket in place, the
twist lock device 40 is rotated by 180 degrees such the
half head 46 oriented outward radially and flat surface
45 is radially inward as shown in FIG. 5 The head 46 for
the twist lock 20will be bent inside a wheel staking groove
47 in the wheel (rotor) face 49 as shown in FIG. 6. Insuf-
ficient space is available on the downstream side for stak-
ing so the twist lock device 40 has a full cylindrical head
48 on the downstream side. Staking of the twist lock de-
vice 40 prevents axial movement of the installed bucket.
Other buckets may be installed in a similar manner.
[0017] In a further aspect of the invention, when the
female tree dovetails are cut in the drum for the stage,
an annular space downstream of the stage sectionis also
cut into the rotor drum to allow a space for the cutting
tool to be removed. A spacer ring forming at least a sector
of the removed downstream annular space is installed
to facilitate installation of the buckets. The thickness of
the spacer ring is set to limit the insertion of the male
dovetail for the bucket, thereby establishing proper axial
orientation. After the buckets have been inserted the
proper axial distance and locked in place, the spacer is
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removed.

[0018] FIG. 7 illustrates an expanded radial view of a
cooling space 70 between the male dovetail 50 of the
first stage bucket and a complimentary male projection
of the rotor drum 13. The male dovetails include an ex-
panded space 75 at an outer end that provides the axial
channel for the flow of cooling steam. The channel dis-
charges into a low-pressure channel downstream that
will be described in greater detail below.

[0019] FIG. 8illustrates a cutaway axial view of a cool-
ing path 70 for a rotor drum 13 with axial entry dovetailed
bucket 116 installed rotor drum 13. The annular space
60 downstream from the bucket includes the spacer 65
(shown prior to removal). The staked twist lock device
40 axially holds the male dovetail 50 (FIG. 6) of the bucket
116 in place within the rotor drum 13. FIG. 8 also illus-
trates the axial flow channel 70 for cooling steam 72. The
cooling steam 72 is received from the annular space 60
downstream of the reaction stage where, for a reaction
stage, the pressure is higher than the upstream side but
the steam temperature is substantially cooler. The cool-
ing steam 72 may pass through the axial space 70 be-
tween the male dovetail of the bucket and the female
dovetail cut into the drum rotor.

[0020] FIG. 9 illustrates a reaction first reaction stage
110 with an axial entry dovetailed bucket 116. The bucket
116 with male dovetail 50 is disposed between an up-
stream first stage nozzle 114 and a downstream second
stage nozzle 118. The dovetailed bucket 116 is installed
axially in the dovetailed slots in the rotor drum 13. The
nozzle 114, 118 may be supported by an outer casing
(not shown). The nozzles 114, 118 may include various
seals mounted on end shrouds 27 to prevent leakage
past the nozzle blades 115, 119. The seals may include
tooth seals, J-seals, and labyrinth seals. The axial chan-
nel 70 through the space between the male dovetail of
the bucket and the slot of the drum rotor may direct the
downstream cooling steam to the low-pressure channel
leakoff discharge path 140. The labyrinth seal 132 on the
first stage nozzle 114 prevents higher pressure from the
nozzle block 23 in the downstream leakoff path. The high-
er pressure from the nozzle block 23 could prevent the
cooling flow through the cooling path. Similarly, the tooth
seal or the J-seal may limit leakage between the first
stage nozzle 114 and the first stage bucket 116 from
entering the leakoff path 140 and thereby limiting cooling
flow 72.

[0021] In afurther aspect of the present invention, first
stage tangential entry buckets 150 with blade 151 in rotor
drum 13 of rotor 12 is disposed between first stage nozzle
114 with blade 115 and second stage nozzle 118 with
blade 119. The bucket 150 dovetail 153 may be provided
with a cooling passage that utilizes higher pressure
steam P2 165 downstream from the bucket 150 of a re-
action stage 110 to cool the rotor drum 13 as illustrated
in FIG. 10. An axial cooling passage 155 is provided be-
tween the bucket 150 and the next nozzle 118. The cool-
ing passage 155 through root 180 of bucket 150 again
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discharges cooling steam to the low-pressure leakoff dis-
charge path 140. Seals 131 and 132 limit leakage from
steam inlet 23 and from space between first stage nozzle
114 and first stage bucket 150 from entering the leakoff
path 140 and thereby limiting cooling flow.

[0022] While theinvention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Rather, the in-
vention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent ar-
rangements not heretofore described, but which are com-
mensurate with the spirit and scope of the invention. Ad-
ditionally, while various embodiments of the invention
have been described, it is to be understood that aspects
of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

[0023] For completeness, various aspects of the in-
vention are now set out in the following numbered claus-
es:

1. A rotor of a turbomachine comprising:
a rotor drum disposed at a central axis;

a plurality of dovetailed buckets for a stage of
the turbomachine, wherein the plurality of dove-
tailed buckets are secured to the rotor drum at
mating surfaces within a corresponding plurality
of dovetailed slots cut in the rotor drum;

at least one cooling passage formed within the
rotor drum for the stage of the turbomachine;
and

a low pressure sink disposed at an upstream
end of the rotor drum receptive of a coolant flow
through the cooling passage.

2. The rotor of clause 1, wherein the stage if a first
stage, reaction stage for a rotor of a steam turbine.

3. The rotor of clause 2, wherein the coolant flow
comprises steam routed into the cooling passage
from a downstream portion of the steam turbine in-
cluding a space immediately downstream from each
of the plurality of dovetailed bucket in the stage.

4. Therotor of clause 3, wherein the plurality of dove-
tailed slots are cut in the rotor drum for axial entry of
the plurality of dovetailed buckets.

5. The rotor of clause 4, wherein the at least one
cooling passage formed within the rotor drum for the
stage of the turbomachine comprises at least one
space formed between a male dovetail of the dove-



7 EP 2 372 085 A2 8

tailed bucket and a complimentary male projection
of the rotor drum.

6. The rotor of clause 3, wherein the plurality of dove-
tailed slots are cut in the rotor drum for tangential
entry of the plurality of dovetailed buckets and the
at least one cooling passage formed within the rotor
drum for the stage of the turbomachine comprises a
hole bored axially through a root of the bucket above
the dovetail.

7. The rotor of clause 1, further comprising:

an axial through-hole of the rotor drum at a base
of each dovetail slot of the plurality of dovetail
slots; and

a twist-lock device installed in the axial through-
hole of the rotor drum and adapted for the axially
retaining the dovetailed bucket, the twist lock
device including a center pin, a retaining head
at each end of the center pin wherein a forward
head includes a rotatable half-head, being ro-
tatable to an inward radial position allowing entry
of the dovetailed bucket into the dovetailed slot
and being rotatable to an outward radial position
retaining the dovetailed bucket in the dovetailed
slot.

8. The rotor of clause 7, further comprising:

an annular spacer adapted to mount around the
rotor drum between a first stage and a second
stage fortemporary use during insertion of dove-
tailed buckets into axial dovetail slots of the rotor
drum, wherein an axial length of the annular
spacer is sized for axial positioning of the plu-
rality of dovetailed buckets.

9. The rotor of clause 1, comprising:
at least one rotor drum through hole extending
from the cooling passage to the low pressure
sink, wherein the low pressure sink comprises
at least a root spill of the a first stage.

10. The rotor of clause 9, further comprising:
sealing means between an upstream root of the
plurality of buckets and the root spill of the first
stage, wherein the sealing means include J-
seals.

11. A multi-stage steam turbine comprising:

a stator disposed at a central axis; and

a rotor disposed radially inboard of the stator
including:
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a rotor drum;

a plurality of dovetailed buckets for a stage
of the steam turbine, wherein the plurality
of dovetailed buckets are secured to the ro-
tor drum at mating surfaces within a corre-
sponding plurality of dovetailed slots cut in
the rotor;

at least one cooling passage formed within
the rotor drum for the stage of the turboma-
chine; and

a low pressure sink disposed at an up-
stream end of the rotor receptive of a cool-
ant flow through the cooling passage.

12. The rotor of clause 11, wherein the stage of the
steam turbine is a first stage reaction stage.

13. The steam turbine of clause 12, wherein the cool-
ant flow comprises steam routed into the cooling pas-
sage from a downstream portion of the steam turbine
including a space immediately downstream from
each of the plurality of dovetailed bucket in the stage.

14. The rotor of clause 13, wherein the plurality of
dovetailed slots are cut in the rotor drum for axial
entry of the plurality of dovetailed buckets.

15. The rotor of clause 14, wherein the at least one
cooling passage formed within the rotor drum for the
stage of the turbomachine comprises at least one
space formed between a dovetail of the dovetailed
bucket and a complimentary male projection of the
rotor drum.

16. The rotor of clause 12, wherein the plurality of
dovetailed slots are cut in the rotor drum for tangen-
tial entry of the plurality of dovetailed buckets.

17. The rotor of clause 16, wherein the at least one
cooling passage formed within the rotor drum for the
stage of the turbomachine comprises a hole bored
axially through a root of the bucket above the dove-
tail.

18. The rotor of clause 1, comprising at least one
rotor drum through hole extending from the cooling
passage to the low pressure sink.
19. The rotor of clause 1, further comprising:
an axial through-hole of the rotor drum at a base
of each dovetail slot of the plurality of dovetail

slots; and

a twist-lock device installed in the axial through-
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hole of the rotor drum and adapted for the axially
retaining the dovetailed bucket, the twist lock
device including a center pin, a retaining head
at each end of the center pin wherein a forward
head includes a rotatable half-head, being ro-
tatable to an inward radial position allowing entry
of the dovetailed bucket into the dovetailed slot
and being rotatable to an outward radial position
retaining the dovetailed bucket in the dovetailed
slot.

20. A method for installing axial entry dovetailed
buckets into dovetail slots of a stage of a drum rotor,
the method comprising:

inserting a twistlock device into an axial through-
hole in a base of a dovetail slot of a stage of a
drum rotor for each of a plurality of dovetailed
buckets;

orienting a half-head of a front head of the twist
lock device in an inward radial direction;

inserting a spacer in a space in the drum rotor
between a stage and a succeeding stage;

fully inserting the dovetailed bucket into the
dovetail slot of the stage of the rotor drum;

orienting the half-head of the front head of the
twist-lock device in an outward radial direction;

and

removing the spacer.

Claims

A rotor 12 of a turbomachine 10 comprising:

a rotor drum 13 disposed at a central axis 14;
a plurality of dovetailed buckets 16 for a stage
30 of the turbomachine 10, wherein the plurality
of dovetailed buckets are secured to the rotor
drum 13 at mating surfaces within a correspond-
ing plurality of dovetailed slots 32 cut in the rotor
drum;

at least one cooling passage 70 formed within
the rotor drum 13 for the stage 30 of the tur-
bomachine 10; and

a low pressure sink 40 disposed at an upstream
end of the rotor drum 13 receptive of a coolant
flow 72 through the cooling passage 70.

2. The rotor 12 of claim 1, wherein the stage 30 is a

first stage, negative reaction stage for a rotor drum
13 of a steam turbine 10.

10

15

20

25

30

35

40

45

50

55

3.

8.

9.

The rotor 12 of claim 2, wherein the coolant flow 72
comprises steam routed into the cooling passage 70
from a downstream portion of the steam turbine 10
including a space 65 immediately downstream from
each of the plurality of dovetailed bucket 16 in the
stage 30.

The rotor 12 of claim 3, wherein the plurality of dove-
tailed slots 32 are cut in the rotor drum 13 for axial
entry of the plurality of dovetailed buckets 16.

The rotor 12 of claim 4, wherein the at least one
cooling passage 70 formed within the rotor drum 13
for the stage 30 of the turbomachine 10 comprises
at least one space formed 75 between a male dove-
tail 50 of the dovetailed bucket 16 and a complimen-
tary male projection 35 of the rotor drum 13.

The rotor 12 of claim 3, wherein the plurality of dove-
tailed slots 32 are cut in the rotor drum 13 for tan-
gential entry of the plurality of dovetailed buckets
150 and the atleast one cooling passage 155 formed
within the rotor drum for the stage 110 of the tur-
bomachine 10 comprises a hole bored axially
through a root 180 of the dovetailed bucket above
the dovetail.

The rotor 12 of any of the preceding claims, further
comprising:

an axial through-hole 34 of the rotor drum 13 at
a base of each dovetail slot 32 of the plurality of
dovetail slots; and

a twist-lock device 40 installed in the axial
through-hole 34 of the rotor drum 13 and
adapted for the axially retaining the dovetailed
bucket 60, the twist lock device 40 including a
center pin 42, a retaining head 44 at each end
of the center pin wherein a forward head in-
cludes a rotatable half-head 46, being rotatable
radially inward and

allowing entry of the dovetailed bucket 16 into
the dovetailed slot 32 and being rotatable radi-
ally outward, retaining the dovetailed bucket in
the dovetailed slot.

The rotor 12 of claim 7, further comprising:

an annular spacer 65 adapted to mount around
the rotor drum 13 between a first stage bucket
116 and a second stage nozzle 118 for tempo-
rary use during insertion of dovetailed buckets
116 into the rotor drum 13, wherein the annular
spacer is sized for axial positioning of the plu-
rality of dovetailed buckets 116.

The rotor 12 of any of the preceding claims, com-
prising:
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at least one rotor drum through hole 140 extend-
ing from the cooling passage 70 to a low pres-
sure sink, wherein the low pressure sink com-
prises at least a root spill of the a first stage 110.

10. The rotor of claim 9, further comprising:

sealing means between an upstream root of the
plurality of buckets and the root spill of the first
stage, wherein the sealing means include J- 10
seals.

11. Amethod for installing axial entry dovetailed buckets
into dovetail slots of a stage of a drumrotor, the meth-
od comprising: 15

inserting atwistlock device into an axial through-

hole in a base of a dovetail slot of a stage of a
drum rotor for each of a plurality of dovetailed
buckets; 20
orienting a half-head of a front head of the twist

lock device in an inward radial direction;

inserting a spacer in a space in the drum rotor
between a stage and a succeeding stage;

fully inserting the dovetailed bucket into the 25
dovetail slot of the stage of the rotor drum;
orienting the half-head of the front head of the
twist-lock device in an outward radial direction;

and

removing the spacer. 30
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