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1

MULTISHELL AXIAL TURBINE, PREFERABLY STEAM
TURBINE FOR HIGH PRESSURES AND TEMPERATURES

Our invention relates to multishell axial turbine, preferably
steam turbine for high pressures and temperatures, and more
particularly such turbine having a guide vane carrier divided
in an axial plane, an inner casing thereabout, and an outer cas-
ing surrounding the inner casing.

In such turbines, it is known from German Pat. No. DBP
1,140,947 to provide inner casing and guide vane carrier parts
as structural components separated from one another and axi-
ally in a row one behind the other in the steam flow direction.
It is also known from German published application DAS
1,197,096 to slide a guide vane carrier, which is divided in an
axial plane, into a tank- or pot-shaped inner casing, the guide
vane carrier being pressure relieved by bores formed along the
length thereof. In both basic known constructions it is neces-
sary to provide a plurality of suspension and centering mem-
bers for the inner casing and guide vane carrier which are con-
structed as separate components, and construction as well as
assembly costs are relatively high.

It is an object of our invention to provide a multishell axial
turbine, also and especially a steam turbine for high pressures
and temperatures, wherein construction and assembly costs
are reduced in many practical ways. More specifically, it is an
object of our invention to reduce the number of suspension
and centering locations in the turbine.

With the foregoing and other objects in view, we provide in
accordance with our invention, multishell axial turbine com-
prising a guide vane carrier divided in an axial plane, an inner
casing surrounding the guide vane carrier, and an outer casing
surrounding the inner casing, the inner casing being also di-
vided in an axial plane and being structurally joined with the
guide vane carrier into a single inner shell.

The inner shell of our invention can be considered as a
structural component formed of an inner casing part and a
guide vane carrier part axially connected thereto, an inter-
mediate steam pressure being removable at the points of
transition between both of these casing parts which effects a
desired partial stress relief of the outer casing.

In accordance with another feature of our invention, we
provide pressure-relieving channels in the inner casing located
downstream of at least one blading stage as viewed from the
steam inlet end of the inner shell in the pressure-relieving
direction of the blading channel located between the inner
shell and the turbine shaft. The pressure-relieving channels
connect the space between the inner shell and the surrounding
outer casing with a staging chamber subjected to an inter-
mediate pressure, this staging chamber being separated from
the space located at the steam exhaust end of the inner shell
by a suspension device bracing the inner shell with respect to
the outer casing so that the inner shell is axially fixed and
steamtight as well as radially and centrally thermally dis-
placeable.

In accordance with a further feature of our invention, the
staging chamber subjected to intermediate pressure is located
within a gap formed in the blading downstream of a plurality
of the blade stages disposed in the blading channel. The
number of the blade stages is dependent upon the desired
amount of pressure to be relieved. Such a construction is espe-
cially suitable for a turbine which is throttle regulated and
wherein live steam channels pass directly into the blading
channel.

In accordance with yet another feature of our invention
when the turbine is nozzle regulated and has steam inflow
channels passing through an equal or constant pressure regu-
lating stage, located in the blading channel, we provide an
inlet channel section as intermediate pressure chamber sur-
rounded by the steam inlet end of the inner shell that is free of
blading, and located between the regulating stage and the af-
terconnected blading. Thereby, a favorable partial pressure
relief of the outer casing and also of the guide vane carrier
part in the region thereof up to the location at which it is
braced by the suspension device is afforded. In order to absorb
reliably the higher than heretofore usual intermediate pres-
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sure from the outer casing, in accordance with our invention,
the inner shell is disposed within an outer casing of the tank-
or pot-type construction having a radially extending joint at
the steam discharge end thereof.

Other features which are considered as characteristic for
the invention are set forth in the appended claims.

Although the invention is illustrated and described herein as
embodied in multishell axial turbine, preferably steam turbine
for high pressures and temperatures, it is nevertheless not in-
tended to be limited to the details shown, since various modifi-
cations and structural changes may be made therein without
departing from the spirit of the invention and within the scope
and range of equivalents of the claims.

The construction and method of operation of the invention,
however, together with additional objects and advantages
thereof will be best understood from the following description
of specific embodiments when read in connection with the ac-

‘companying drawings, in which:

FIG. 1 is a diagrammatic longitudinal sectional view of a
high-pressure steam turbine of the reaction type with throttle
regulation according to the invention and omitting elements
not essential to an understanding of the invention.

FIG. 2 is a view similar to FIG. 1 of a corresponding high-
pressure turbine having, however, nozzle regulation;

FIG. 3 is a radial cross section of FIG. 1 taken along the line
IH-—IIl and showing more clearly the relation of the live steam
supply means to the inner shell.

FIG. 4a is a fragmentary, much enlarged view of FIG. 1,
showing one of the centering pin devices;

FIG. 4b is a sectional view of FIG. 4q taken along the line
IVb—IVb in the direction of the arrows;

FIG. 4c is a cross-sectional view of FIG. 4b taken along the
line IVe—IVe in the direction of the arrows; and

FIG. 4d is a schematic view illustrating the principle of the
centering pin device in a radial centering plane.

Referring now to the drawings, and first particularly to
FIGS. 1 and 3 thereof, there is shown a mulitishell steam tur-
bine of the axial type of construction and moreover a high-
pressure stage turbine with a reaction blading which is suitable
for high pressures and temperatures. A turbine shaft 1, which
is to be coupled with other turbine parts not shown in the
Figure, is provided with axially disposed successive runner
blading rings 2 which, within the blading channel 3, together
with the guide vane rings 5 located at the inner periphery of
the inner shell 4 and similarly disposed axially one behind the
other, form the reaction blading. The inner shell 4 is divided in
an axial plane (FIG. 3) and is formed of two inner shell halves
4a and 4b which are flanged together by flange screws 7 within
the axial joints 6. As shown, the inner shell 4 forms a unitary
structure made up of a guide vane carrier and an inner casing.
For this purpose, the turbine is constructed so that, as seen
from the steam inlet end 8 of the inner shell in the pressure-re-
lieving direction (the arrow 9) of the blading channel 3, pres-
sure-relieving channels 11 are provided in the inner shell 4 be-
hind at least one blading stage 10. These pressure-relieving
channels 11 connect the space 13, which is located between
the inner shell 4 and the outer casing 12, with a staging
chamber 14 subjected to a pressure intermediate the steam
inlet and exhaust pressures of the turbine. This intermediate
pressure chamber 14 and correspondingly the casing chamber
13 are separated from the space 16 located at the steam ex-
haust end 15 of the inner shell 4 by a bracing suspension
member 17 at the outer casing 12 and which is axially fixed
and steamtight as well as radially centrally heat displaceable.
The suspension member 17 is formed by a fastening device
which tightens an annular collar 174 of the inner shell 4 in
axial direction against a shoulder 19 formed in the inner
periphery of the outer casing 12, with an elastic sealing ring 18
interposed between the collar 17a and the shoulder 19. The
elastic sealing ring 18 is preferably, as illustrated, constructed
in the form of a U-ring which is mounted in a corresponding
annular groove and which is disposed with both legs thereof
elastically against the side surfaces of the annular groove. The
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annular collar 17a of the inner shell 4 is centered, as shown, at
the outer periphery by adapters or fittings and grooves with
axially parallel fitting surfaces and a capability of radial expan-
sion, and held against axial displacement by ring parts 21 that
are form lockingly assemblable and insertable in the groove
20, the ring parts 21 being in turn held by a support ring 22
against displacement in radial direction. In the increasing
direction of the pressure drop of the steam along the path
represented by the arrow 9 and toward the suspension
member 17, the inner shell is centered in another radial plane
by a suspension member 23 which is axially and radially cen-
trally heat displaceable. The suspension member 23 is made
up of conventional radial pins 23a mounted in the outer casing
12 received in eccentric bushings and having at the free end
thereof slide blocks or rings 23b. On the latter, the inner shell
4 is axially displaceably mounted and can be centered most
accurately radially and in the peripheral direction by adjusting
the radial pins, as discussed hereinafter more fully with regard
to FIGS. 4a and 4d.

The outer casing 12 is formed as a tank, or pot-shaped cas-
ing, with a steam inlet and casing part 12a and a steam exhaust
and casing part 12b, both parts being steamtightly flanged
together at radial joints 24 with the interposition of an elastic
sealing ring 25, preferably also a U-ring, the location of the
flange screws or bolts being indicated by the dot-dash lines
12c¢. A shaft seal 26 is provided on the steam inlet end 8 of the
inner shell 4 and is formed of a sealing shell with an axial joint.
A mounting and centering device 27 corresponding to the
members 23 is further provided adjacent the steam inlet end 8
of the turbine as well as an equalizing piston device 26«4 and a
labyrinth seal 26b located within a shaft seal 26. A sealing
cover 28 is steamtightly secured to the steam inlet end of the
outer casing 12. An additional shaft seal 29 is provided at the
steam exhaust end 15 of the inner shell 4 and is furnished with
additional mounting and centering devices 30 corresponding
to the mounting and centering devices 23 and 27 except for
the fact that the pins of the devices 30 are radially increased in
length. A sealing cover 31 is fastened at the steam exhaust end
of the turbine stage in a manner similar to the sealing cover
28. Respective elastic sealing rings 32 preferably having a U-
shape, are disposed between the shaft seals 26 and 29 on the
one hand and corresponding abutment shoulders in the outer
casing 12 on the other hand. Axial labyrinths 33 are provided
for the shaft seals 26 and 29. A steam exhaust pipe 34 commu-
nicates with the steam exhaust chamber 16 and can be con-
nected to a nonillustrated superheater or a succeeding turbine
stage. As is shown in FIGS. 1 and 3, the inner shell 4 is pro-
vided at the steam inlet end 8 with steam inlet pipes 35 and a
sealing shell 36 surrounding the shaft 1. The illustrated tur-
bomachine is a throttle-regulated machine wherein the live
steam is supplied through suitable live steam inlets 37, which
are connected through a radially and axially displaceable and
steamtight angle ring connection 38 at the inlet pipe 35,
passing to the inflow chamber 39 and from the latter to the
blading channel 9. The steam inlets 37 are insertable from the
outside in corresponding receiving openings 40 of the outer
casing 12 and are held at annular collars 41 against the inner
steam pressure by clamping nuts 42 which are threadable in
the pipe bores 40, an elastic U-shaped sealing ring 44 being in-
serted in an annular groove 43 between the clamping nut 42
and the annular collar 41 for sealing purposes, and the annular
spacing 43 being connected to a nonillustrated leak exhaust.
As shown in FIG. 3, both steam inlet pipes 35 and 35’
tively coordinated with an inner shell half 4a, and 4b and, cor-
respondingly, the live steam inlets 37 and 37’ connected
thereto form with their axes 45, as shown, an angle o smaller
than 90°, whereby in the joint sector region 46 of the inner
shell 4 extending over an angle B8 greater than 90°, the space
afforded for the joint flange 6 and the flange screws or bolts 7
is increased. respec-

In FIG. 1, the intermediate pressure chamber 14 is located
behind several stages 10 disposed in the blading channel 2
(behind four such stages in the specific embodiment of FIG.
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1) within a suitable blading gap. This number of stages can be
varied upwardly and downwardly depending upon the particu-
lar intermediate pressure that is to prevail in the space 13. In
the case at hand for a throttle-regulated turbine consideration
is given to the fact that the live steam should not yet be re-
lieved in the inlet channel 39. It is recommended that the pres-
sure-relieving channels 11 be connected to the blading chan-
nel 9 only after a plurality of stages 10. The outer casing 12 is
thereby subjected to this intermediate pressure reduced in
comparison to the inlet pressure, and the inner casing part of
the inner shell 4, which can be considered as being located
from the inlet end 8 to the channels 11, is subjected to a rela-
tively slight pressure difference; the guide vane carrier part of
the inner shell 4, beginning with the channels 11, is subjected
to a reduced effective pressure difference, measured from the
outside to the inside, and from the suspension point 17 down
to the steam exhaust end 15 to the remainder of the effective
pressure difference from the inside to the outside between the
channel 9 and the space 16. Seen all together, an ad-
vantageous construction of the inner shell 4 subjected to a
favorably distributed loading is attained. Assembly is also rela-
tively simply carried out: the shaft 1, provided with the inner
shell 4 and the shaft seals 26 and 29, is insertable in axial
direction in the casing part 12a and, after mounting and cen-
tering, the steam exhaust end part 12b of the casing is placed
thereon.

FIG. 2 shows a turbine which is substantially the same as
that of FIG. 1 except that nozzle regulation through an equal
pressure regulating stage 47 is provided. Like parts in FIGS. 1
and 2 are identified by the same reference numerals. Live
steam inlet 49 carrying the nozzle inlets or segments 48 are
steamtightly and heat transferably mounted so as to pass
through the outer casing 12. The essential feature is that an
inlet channel section 50, which is surrounded by the inlet end
4a of the inner shell 4 which is free of any blading, is located
between the regulating stage 47 and the afterconnected blad-
ing 2, 5 and the blading channel 9. The inlet channel section
50 serves as an intermediate pressure chamber and ac-
cordingly communicates through pressure-relieving channels
11a with the space 13. The live steam travels thus from the
steam inlets 49 through the nozzles 48 first through the runner
blade ring 47a of the regulating stage 47 and, after it has been
partially pressure relieved in the regulating stage 47, into the
chamber 50. This chamber 50, which already has a reduced
pressure and a reduced temperature, is connected to the
chamber 14. It is also possible to connect the pressure-reliev-
ing channels 11a in a blading gap or the like when a regulating
stage 47 is located at a further staging chamber located in the
decreasing direction of the pressure drop, if an even greater
pressure relief of the outer casing is desired. The annular gap
51 is sealed in the embodiment of FIG. 2 by suitable nonillus-
trated sealing elements so that the steam cannot flow directly
from the nozzle segments 48 into the space 13.

In FIG. 4d there is illustrated the principle of radial pin cen-
tering in a schematic and perspective view between a
generally identified inner shell 4 and a generally identified
outer casing 12. The rotary axis of the turbine is identified by
the reference character 1'. As indicated, four suspension or
centering points Z1, Z2, Z3 and Z4 are provided per centering
plane, each of the centering points being afforded a relative
displacement of both casing parts 4 and 12 with respect to one
another in the peripheral direction as indicated by the double-
headed arrows ¢, in the radial direction as indicated by the
double-headed arrows r and in the axial direction as indicated
by the double-headed arrows a. Of the just-mentioned arrows,
the arrows ¢ are shown respectively extended to imply that
they relate to an adjustment in the peripheral direction at as-
sembly, which is a fixed adjustment, while the broken arrows a
and r are meant to imply that a radially central heat-movable
relative displacement, due to dissimilar thermal expansions
between the inner casing 4 on the one hand and the outer cas-
ing 12 on the other hand is possible in axial and radial
direction during the operation of the turbine. The use of the
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reference characters 23, 27, 30 is meant to bring out that the

aforedescribed centering principle is applicable for the center- -

ing pin devices 23, 27, 30 of FIG. 1 as well as for the no-
nidentified but- diagrammatically indicated centering pin
devices of FIG. 2. Accordingly, the hereinafter following
description of FIGS. 4a to 4c is applicable to all of the afore-
mentioned centering pin devices.

As is shown in FIGS. 4a to 4c in detail, the outer casing 12 is
formed with a radial bore 23c wherein a cylindrical bushing
23d formed with a flange 23e is inserted. The bushing 23 is
provided with an eccentric bore 23f whose eccentricity e is
clearly shown in FIG. 4c. The hollow cylindrical centering pin
or bolt 23a is inserted in this eccentric bore 23f, and the lower
end of the eccentric pin 23a is fitted in a sliding block or ring
or an adjusting spring 23b. The sliding ring 23b is slidingly
guided in the axial direction with sliding surfaces 23g thereof
extending in the axial direction of the turbine against cor-
responding opposing surfaces 23b of longitudinal grooves 23/
formed in the inner shell 4. In order that the slide blocks or
rings 23b be prevented from slipping within the slide surfaces
23h of the inner shell 4 when thé respective centering pin
device is installed, they are secured with a setscrew 230 (FIG.
4a) within a recess 231 formed in the inner shell 4 so that, as
shown, adequate clearance for movement of the respective
slide blocks or rings 23b in the axial direction is provided. The
radial pins or bolts 23a are provided at their outer periphery
with grooves 232 through which a possible wear or binding
between the parts 23a and 234 which are radially displaceable
relative to one another can be suppressed. A cover 23k is
tightly fastened by bolts 233 from the outside on the outer cas-
ing 12 to seal the casing bore 23c and is pressed by an annular
bead 234 formed thereon against corresponding opposing sur-
faces formed on the outer casing 12. As shown in FIGS. 4a and
4b, relative motion in the radial direction between the radial
pins 23q and bushings 23d as well as between the pins 23q and
the sliding blocks or rings 23b in radial direction is afforded as
represented by the arrows r of FIG. 4d. Furthermore, relative
motion in axial direction between the sliding blocks or rings
23b and the respective opposing surfaces 23k at the inner
housing 4 is afforded in direction of the arrow a, as shown in
FIG. 44. The adjustment, i.e. the centering, of the inner shell 4
with respect to the outer casing 12 is effected, with the covers
23k removed, by turning the respective bushings 234 in their
bore 23¢c. When the foregoing measures are carried out in all
four centering points Z1 to Z4 of a centering plane (FIG. 44),
all desired relative positions of the inner shell 4 with respect to
the outer casing 12 can then be attained within the desired ad-
justment limits, i.e. a raising or lowering or a lateral displace-
ment or a rotation in the peripheral direction of the inner shell
4 relative to the outer casing 12.

We claim:

1. Multishell axial turbine comprising a turbine shaft, a
guide vane carrier divided in axial plane and an inner casing
part, both surrounding said turbine shaft, an outer casing sur-
rounding said guide vane carrier and said inner casing part,
said inner casing part being also divided in axial plane and
being structurally joined with said guide vane carrier into a
single inner shell, a blading channel located between said tur-
bine shaft and said inner shell, guide vanes extending from
said inner shell into said channel and runner blades extending
from said turbine shaft into said channel and forming respec-
tive blading stages with said guide vanes, pressure-relieving
channels in said inner shell connecting a staging chamber
located downstream of at least one blading stage in the flow
direction of steam through said blading channel, with a space
located between said inner shell and said outer casing, said
staging chamber being subjected to a pressure intermediate
the steam pressure at the inlet and exhaust ends of said blading
channel, and suspension means bracing said inner shell rela-
tive to said outer casing so that said inner shell is fixed against
axial displacement and steamtight as well as radially centyally
heat displaceable, said suspension means separating said stag-
ing chamber from a space located at the exhaust end of said
inner shell.
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2. Multishell axial turbine according to claim 1, wherein
said staging chamber is located within a gap in the blading of
said blading channel and downstream of a plurality of blading
stages in direction of steam flow through said blading channel.

3. Multishell axial turbine according to claim 2, including
means for throttle regulating the turbine, and live steam inlet
channels leading directly to said blading channel.

4. Multishell axial turbine according to. claim 1, including
means for nozzle regulating the turbine comprising a constant-
pressure regulating stage connected to said blading channel,
live steam inlet channels connected through said regulating
stage with said blading channel, an inlet channel section form-
ing a staging chamber subjected to an intermediate pressure
and located between said regulating stage and afterconnected
blading in said blading channel, said inlet channel section
being surrounded by a space free of blading and defined by
said inner shell at the steam inlet end of the turbine.

5. Multishell axial turbine according to claim 1, wherein
said axially fixed and radially centrally heat-displaceable
suspension means is disposed in a radial plane, and in another
radial plane located in increasing direction of steam pressure
drop, there is disposed an axially displaceable and radially
centrally heat-displaceable suspension means for centering

‘said inner shell.

6. Multishell axial turbine according to claim 5, wherein
said axially fixed suspension means is located in the vicinity of
the steam exhaust end of the turbine, and said axially dis-
placeable suspension means is located in the vicinity of the
steam inlet end of the turbine.

7. Multishell axial turbine according to claim 6, wherein
said axially displaceable and radially centrally heat-displacea-
ble suspension means comprises a radial pin receivable in an
eccentric bushing and having a slide block at an end thereof.

8. Multishell axial turbine according to claim 1, wherein
said axially fixed and radially centrally heat-displaceable
suspension means is formed by an Uhde-Brettschneider lock,
comprising an annular collar surrounding said inner shell and
tightened in axial direction against a shoulder formed at the
inner periphery of said outer casing, an elastic sealing ring
being interposed between said annular collar and said
shoulder.

9. Multishell axial turbine according to claim 8, wherein
said sealing ring has a U-shaped cross section.

10. Multishell axial turbine according to claim 1, wherein
said guide vane carrier part of said inner shell is formed with
reaction blading.

11. Multishell axial turbine according to claim 1, wherein
said inner shell is disposed within an outer casing of the pot
structural type.

12. Multishell axial turbine according to claim 1, wherein
said inner shell is provided with steam inlet ducts at the steam
inlet end of the turbine and with means forming a sealing shell
surrounding the turbine shaft.

13. Multishell axial turbine comprising a turbine shaft, a
guide vane carrier divided in axial plane and an inner casing
part, both surrounding said turbine shaft, an outer casing sur-
rounding said guide vane carrier and said inner casing part,
said inner casing part being also divided in axial plane and
being structurally joined with said guide vane carrier into a
single inner shell, a blading channel located between said tur-
bine shaft and said inner shell, guide vanes extending from
said inner shell into said channel and runner blades extending
from said turbine shaft into said channel and forming respec-
tive blading stages with said guide vanes, pressure-relieving
channels in said inner shell connecting a staging chamber
located downstream of at least one blading stage in the flow
direction of steam through said blading channel, with a space
located between said inner shell and said outer casing, said
staging chamber being subjected to a pressure intermediate
the steam pressure at the inlet and exhaust ends of said blading
channel, and suspension means bracing said inner shell rela-
tive to said outer casing so that said inner shell is fixed against
axial displacement and steamtight as well as radially centrally -
heat displaceable, said suspension means separating said stag-
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ing chamber from a space located at the exhaust end of said
inner shell, said inner shell being provided with steam inlet
ducts at the steam inlet end of the turbine and with means
forming a sealing shell surrounding said turbine shaft, two of
said steam inlet ducts being coordinated respectively with an
inner shell half, said two steam inlet ducts being connected
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with live steam inlets so as to define an angle smaller that 90°
with the intersection axes thereof, so that in a joint sector of

said inner shell extending over an angle greater than 90°, in-
creased space is provided for a joint flange and screws.

* " * * *
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