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(57) ABSTRACT

In a guide vane element for a gas turbine with a vane blade
extending between a platform that is located radially inward
in relation to the main housing of the gas turbine and a radially
outward platform, a flange is provided on at least one edge of
the platforms adjoining an adjacent second guide vane ele-
ment in the circumferential direction and on the side of the
platform facing away from the vane blade. The second guide
vane element can be attached, via a second flange provided on
a second platform on the second guide vane element. The
connection of the platforms forms a cover band, or a connec-
tion between the guide vane elements that is tight, flush, and
stress-free at different temperatures. The attachment of two
adjoining platforms to each other in the area facing away from
the vane blades is a connection that is in flush contact with the
adjoining flange of an adjoining platform, while a gap
remains between the adjoining platforms in the area facing
the vane blade and the operating gases, when the temperature
remains evenly distributed and high.

30 Claims, 7 Drawing Sheets
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1
CONNECTING STATOR ELEMENTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The invention relates to a guide vane element for a gas
turbine that extends between an inner and an outer platform,
and that can be connected in a fixed manner with other adjoin-
ing guide vane elements.

BACKGROUND OF THE INVENTION

Guide vanes from stators of gas turbines consist of high-
alloy metal and are often manufactured, as described, for
example, in U.S. Pat. No. 4,015,910, as individual guide vane
elements which are then connected with each other to form a
guide vane ring. In most cases, such an individual element
comprises at least one vane blade, as well as an outer and an
inner platform attached to the vane blade. If such elements are
connected with each other to form an entire guide vane unit,
the respective outer and inner platforms form the cover bands
that extend cylindrically and delimit the area through which
the operating gases flow. The manufacture by elements facili-
tates and simplifies the production process. In particular,
number, size, and complexity of the casting molds are
reduced.

As described, for example, in EP 0 949 404 A1, the ele-
ments can be less susceptible to breaks caused by thermal and
mechanical loads during operation in their combined form,
and also can be easily replaced. The individual elements are
also much easier to finish, which is particularly advantageous
for the drilling of cooling channels, as they are required for
film cooling.

The problems with such guide vane elements usually occur
in the connection zones between the platforms. The elements
or their platforms should be joined tightly and fixed to each
other so that a tight unit of guide vanes is created and a cover
band is formed that prevents the uncontrolled exchange of the
operating gases and cooling gases separated from the cover
band. However, the connection and its geometry must not be
so rigid and limiting that the mechanical and thermal loads
occurring as a result of the temperature differences between
the hot operating gases and cold cooling gases during opera-
tion result in material fatigue or even breaking of the ele-
ments.

EP 0 903 467 A2 describes, for example, pairs of guide
vane blades that can be interconnected with flanges, in which
the connection is designed so that the meshing prevents a
thermal load and the associated breaks of the elements during
operation while simultaneously preserving the tightness of
the cover bands.

SUMMARY OF THE INVENTION

The invention provides guide vane elements that can be
connected with each other to form guide vane blades, groups,
or even a mechanically fixed ring of guide vanes. The con-
nection between the guide vane elements is tight even at the
temperatures occurring during operation, without experienc-
ing undesirably high stresses under the mechanical and ther-
mal loads. According to an embodiment of the invention, a
first guide vane element for a gas turbine includes a vane
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2

blade extending between a platform that is located radially
inward in relation to the main housing of the gas turbine, and
a radially outward platform. A flange is provided on at least
one edge of the platform adjoining an adjacent second guide
vane element in the circumferential direction in relation to the
main axis, and on the side of the platform facing away from
the vane blade. The second guide vane element can be
attached to the first guide vane element by a second flange
provided on the second guide vane element. The second
flange is provided on a second platform connected to the
second guide vane element. The guide vane elements are
connected by their respective platforms, with the connected
platforms forming a substantially cylindrical cover band.

The connection between two adjoining platforms includes
in an area facing away from the vane blade a portion that is in
flush contact with the adjoining flange. An expansion gap
remains between the adjoining platforms in the area facing
the vane blade and the high temperature operating gases.

According to aspects of the invention, when the guide vane
elements are in a cold state, a gap remains at the connection of
the two elements in the area that will face the hot operating
gases, while a tight and flush connection exists in the cooler
area exposed to the cooling gases. If such a connection is
exposed to typical operating temperature conditions, the plat-
forms exposed to the hot operating gases are able to expand
with the heat, while the material in the areas containing the
actual connection hardly expands at all. This prevents the
build-up of stresses in the connection areas as a result of the
differences in material behavior. The above-described fea-
tures prevent a thermally caused gap that would limit the
tightness of the connection, and also clearly reduces thermal
stresses in the connection areas. This means that this surpris-
ingly simple method is able to prevent thermal stresses and
loose points in the connection areas.

A preferred embodiment of the present invention includes
features that prevent an exchange of air flowing between the
side of the platform facing the vane blade or the side of the
cover band, and the side of the cover band facing away from
the vane blade. These features ensure an improved tightness
of the platforms, and can include sealing lips, sealing lamel-
las, sealing tubes, and seals that extend into a gap on the vane
blade side of the platforms. The use of such features that
preferably extend across the entire length of the edge between
adjacent platforms increases the tightness of the created cover
band, in general, and even if the final operating temperature
conditions that correspond to an equilibrium state have not
yet been reached or are no longer present in the elements.

According to aspects of an embodiment of the invention,
rings can be arranged in the area of the attachment means,
with the rings projecting in the direction of the second guide
vane element beyond the edge, and with a flush connection
with the second guide vane element being achieved via the
rings. It is particularly preferred that these rings are con-
structed as projections cut out of the flange used to connect
adjoining platforms, and in particular in the area of an expan-
sion of the flange that is intended for the attachment means.
Such rings can be cut in a simple finishing step into elements
having different forms and shapes, for example simple rings
around attachment holes in the flanges, but also bands or areas
extending across the entire length of the edge on the side
exposed to the cooling gases.

The rings can also be formed by separate washers that are
inserted in the attachment area between two elements. Pos-
sible attachment methods for all embodiments can include,
but are not limited to screw-nut connections, rivet connection,
and welded or hard-soldered connections.
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According to the invention, another embodiment can
include the above-described features on the outer and inner
platforms and furthermore, on both sides of the platforms for
connections with additional guide vane elements that adjoin
on either side of the platforms. In this manner, the advantages
described above, including the prevention of stress build-up,
and the maintaining of a tight connection can be achieved for
all connection points. The individual elements to be con-
nected need not be identical. The adjoining guide vane ele-
ments may be elements with different vane blades or, instead
of'vane blades, also may be channels. Any desired number of
elements can be connected with each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood from the following
detailed description in conjunction with the drawings.

FIG. 1 shows a perspective view of a pair of guide vane
elements connected to each other with screw connections.

FIG. 2 shows a triplet of elements connected with each
other via screw connections, whereby different elements
come to rest next to each other.

FIG. 3 shows a perspective view of the edge of a conven-
tional guide vane element.

FIG. 4 shows a section taken along line A-A in FIG. 3, with
the platforms being at operating temperature.

FIG. 5 shows a perspective view of a platform of a guide
vane element according to an embodiment of the invention.

FIG. 6 shows a section taken along line A-A in FIG. 5,
through the connection area of a pair of platforms in their cold
state, with rings formed as projections from the flanges.

FIG. 7 shows a section taken along line A—A in FIG. 5,
through the connection area of a pair of platforms in their cold
state, with the rings constructed as washers.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a pair of guide vane elements connected with
each other. The individual elements each consist of an outer
platform 1 or 1' and an inner platform 2 or 2', between which
the vane blades 3 or 3' extend. If the elements are connected
to form a ring, the outer platforms 1, 1' form an essentially
cylindrical outer cover band that limits the gas flow to the
outside. In a similar manner, the inner platforms 2, 2' form an
inner cover band that radially limits the gas flow to the inside.
When the turbine is running, hot operating gas flows through
the vane blades 3, 3', limited laterally or guided in a specific
manner, and limited radially by the inner cover band, and the
outer cover band. In most cases, cooling is provided on the
cooling gas sides 23 of the platforms that face away from the
vane blades, i.e., the platforms are impacted with a cooling
gas flow.

The cover bands contact the turbine housing along ribs 4, 5,
6 and 7, and can also be attached to each other. In the pair of
elements shown in FIG. 1, the individual elements are pro-
vided at adjoining edges with a flange 8 that flushly adjoins
the flange 8 of the adjoining element. The flange 8 has two
expansions 9 projecting into the cooling air area on the cool-
ing gas sides 23. The elements can be connected with each
other through holes 14 viascrews 10, 11 and nuts 12, 13 or via
rivets. The connection also can be made by welding or hard-
soldering; in which case, no expansions 9 may be necessary.
An identical connection can be provided on the lower, invis-
ible side of the inner cover band between the inner platforms
2,2

FIG. 2 shows a triplet of guide vane elements, in which
differently designed elements adjoin each other. The middle
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guide vane blade 3' is constructed significantly wider than the
two outer ones 3 and 3". FIG. 2 shows that the attachment
mechanisms can be used not only in pairs or entire rings of
identical guide vane elements, but also in pairs, groups, or
rings of elements with different design and dimensions.

FIG. 3 shows a view of'a conventional flange 8. The flange
has two expansions 9 on the cooling gas side 23, in which
holes 14 have been provided, and into which attachment
means can be inserted. The cooling gas side 23 is insulated
from the operating gas side 24 using a seal 15 provided in the
edge in order to prevent an exchange of gases through the
cover bands. The seal 15 extends essentially parallel to the
platform and across the entire length of the element.

FIG. 4 shows a section along line A-A of FIG. 3 through a
connection of two such flanges in their state at operating
temperature. Both elements are connected with each other
using a screw 10 and a nut 13. During operation, a high
temperature occurs on the operating gas side, and a relatively
low temperature occurs on the cooling gas side 23. Because of
this temperature distribution, a temperature gradient exists
along the flange, i.e., vertically to the plane defined by the
platform. The temperature gradient can cause different mate-
rial behavior along the interface, i.e., the element material
expands in the heating zone on the operating gas side 16,
while it hardly changes in the cooling zone on the cooling gas
side 17. As a result, a flange 8 that is tightly and flushly
connected in the cold state, can be distorted under operating
conditions, and a situation like the one in FIG. 4 occurs. In the
cold connection area, a high stress builds during operation,
which s ableto exert a strong load on the attachment, whether
the attachment is a screw connection or rivets or a welding
seam. The top gap in the area of the screw shown in FIG. 4
does not occur in reality, but is intended to symbolize the
tendency of the platform expansion that is responsible for
exerting a load on the connection elements. The thermally
caused distortion also causes the undesirable bending
moment indicated by arrow 25.

As a result, the attachment is no longer tight and flush even
after only a few heating and cooling cycles. This effect can be
countered in part by setting a high preload in the attachment
in the cold state. However, the high preload stresses the
attachment means causing stresses to build at the flanges at
operating temperatures that are so high, that material fatigue
or even material breaks must be expected.

FIG. 5 shows an embodiment of a flange that avoids the
above effects. The flange 8 has projections 18 in the area 9 of
the attachments, which project beyond the edge in the direc-
tion of the adjoining element. The projections here are con-
structed as rings around the holes 14 in the expansions 9;
however, they could also extend over the entire length of the
element on the cooling gas side of the seal 15, or could have
the form of' bands or support points. FIG. 6 shows a section of
two connected elements at a low temperature along line A-A
in FIG. 5. It shows how the projection 18 extends in the cold
state around the width b in front of the edge 22. The projection
18 is provided on the cooling gas side above the seal 15 set
into a recess 21; and in the direction of the operating gas side
24, a gap 20 remains between the platforms 1 and 1'. The seal
15 ensures that a tight connection that also prevents a gas
exchange is provided between the elements, even at a low
temperature of the elements (such as shown), i.e., if the dif-
ferentiated temperature behavior between the flange 8 has not
yet occurred. If the area 16 now expands due to a heating of
the operating gas side 24, this does not cause a stress to build
up in the flange, but only causes the gap 20 to narrow.
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Given typical temperature and flow conditions of a gas

turbine, a gap spacing in the cold state is in the range b=0.5-
1.0 mm, and the gap has a depth in the range from T=10-30
mm.
A gap 20 can be formed in different ways. A guide vane
element can be cut down along the edge on the cooling gas
side in a finishing step while preserving the projections 18.
This can be accomplished either in only one of the adjoining
platforms, as shown in FIG. 6; or it may be found to be
advantageous to provide along portions of both edges a pro-
jection of approximately half height, so that the distortions
that occur at operating temperatures can be symmetrically
compensated in the connection.

The gap also can be constructed by simply inserting a
washer 19 or equivalent between the two platforms 1 and 1' at
expansions 9. This embodiment is shown in FIG. 7 in the form
of a section at cold temperature. The advantage of this solu-
tion is not only its simplicity, but also the fact that the gap 20
in this way can be set in an adjustable manner to different
operating temperatures. The selection of a washer with the
thickness b in this way determines the dimensions of gap 20.
In addition, there is the advantage that a material can be
chosen as washer material that is different from the material
of the elements. It also would be conceivable to use special
metal alloys, plastics, or ceramics as a washer material, the
temperature, tension, torsion, and stress behavior of which
can be adjusted optimally depending on specific require-
ments.

What is claimed is:

1. A guide vane element for a gas turbine, comprising:

a first vane blade extending radially relative to the main
body of the gas turbine between a first radially inward
platform and a first radially outward platform;

a second vane blade extending radially relative to the main
body of the gas turbine between a second radially inward
platform and a second radially outward platform;

at least one edge of at least one of the first radially inward
or outward platforms on a side of the platform facing
away from the first vane blade adjoining an adjacent
edge of an adjoining one of the second radially inward or
outward platforms, a first flange being provided on said
at least one edge and a second flange being provided on
said adjacent edge, said flanges being for connecting
adjoining platforms in a circumferential direction rela-
tive to the main axis of the turbine to form a cover band;

the connection between said flanges including an area in
flush contact on a side of said adjoining platforms facing
away from the vane blades and an area having a gap
between the adjoining platforms on a side facing the
vane blades at a state when the platforms are exposed to
high operating temperatures.

2. The guide vane element according to claim 1, further

including:

sealing means for preventing an exchange of air flowing
between the side of the adjoining platforms facing the
vane blades and the side of the adjoining platforms fac-
ing away froth the vane blades.

3. The guide vane element according to claim 2, wherein:

the sealing means includes at least one seal extending into
the gap, said at least one seal being arranged at least
partially in a recess formed in at least one of said flanges.

4. The guide vane element according to claim 1, wherein:

the connection between said flanges includes at least one
ring arranged between the adjoining platforms and pro-
jecting from a respective edge of one of the platforms
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toward the flange on the edge of the adjoining platform,
with the at least one ring forming the area in flush con-
tact.

5. The guide vane element according to claim 4, wherein:

the at least one ring is formed as a projecting portion of at

least one of said flanges.

6. The guide vane element according to claim 4, wherein:

the at least one ring is a washer.

7. The guide vane element according to claim 1, wherein:

the connection between adjoining flanges includes at least

one of a screw-nut connection, a rivet connection, a
welded connection, and a hard-soldered connection.

8. The guide vane element according to claim 1, wherein:

two or more adjoining radially inward and/or two or more

adjoining radially outward platforms are connected
along respective adjoining edges by flanges formed
along said adjoining edges.

9. The guide vane element according to claim 8, wherein:

the first and second vane blades are different in structure

from each other.

10. The guide vane element according to claim 1, wherein:

the gap has a width b that is in the range of b=0.5 to 1.0 mm,

and the gap has a depth T that is in the range of T=10 to
30 mm.

11. A guide vane element for a gas turbine, comprising at
least one platform and a blade extending from the platform,
the platform comprising a hot gas side adjacent the blade and
a cold gas side opposite the hot gas side, the platform further
comprising at least a first edge having a surface extending
from the hot gas side to the cold gas side and at least one
projecting area extending a first elevation from the surface,
and further comprising a rvecess provided in the first edge
surface and extending essentially from the upstream side of
the platform to the downstream side of the platform, and
further comprising an upstream side and a downstream side
as defined by the blade,

wherein the projecting area only extends from the cold gas

side and partially defines a gap positioned to be dis-
posed between mechanically connected platforms and in
communication with space between the hot gas side and
blade, wherein the first edge extends from the upstream
side of the platform to the downstream side of the plat-
form and from the cold gas side of the platform to the hot
gas side of the platform, and wherein the vecess is
arranged at a position between an edge of the projecting
area which is closest to the hot gas side and the hot gas
side.

12. A guide vane element for a gas turbine, comprising at
least one platform and a blade extending from the platform,
the platform comprising a hot gas side adjacent the blade and
a cold gas side opposite the hot gas side, the platform further
comprising at least a first edge having a surface extending
from the hot gas side to the cold gas side and at least one
projecting area extending a first elevation from the surface,
wherein the projecting area only extends from the cold gas
side and partially defines a gap positioned to be disposed
between mechanically connected platforms and in communi-
cation with space between the hot gas side and blade, wherein
the at least one platform comprises a first platform and a
second platform, with the blade extending from the first to the
second platform, wherein the first and the second platforms
each comprise at least a first edge having a surface extending
from the hot gas side to the cold gas side, and at least one
projecting area extending a first elevation from the surface
and displaced from the hot gas side.

13. The guide vane element of claim 12, wherein the pro-
Jecting arveas arve symmetrically disposed on the platforms.
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14. A guide vane element for a gas turbine, comprising at
least one platform and a blade extending from the platform,
the platform comprising a hot gas side adjacent the blade and
a cold gas side opposite the hot gas side, the platform further
comprising at least a first edge having a surface extending
from the hot gas side to the cold gas side and at least one
projecting area extending a first elevation from the surface,
wherein the projecting area only extends from the cold gas
side and partially defines a gap positioned to be disposed
between mechanically connected platforms and in communi-
cation with space between the hot gas side and blade, wherein
the gap extends essentially from the upstream side of the
platform to the downstream side of the platform, and wherein
the gap comprises a width between 0.5 mm and 1.0 mm and a
depth between 10 mm and 30 mm.

15. A guide vane element for a gas turbine, comprising at
least one platform and a blade extending from the platform,
the platform comprising a hot gas side adjacent the blade and
a cold gas side opposite the hot gas side, the platform further
comprising at least a first edge having a surface extending
from the hot gas side to the cold gas side and at least one
projecting area extending a first elevation from the surface,
wherein the projecting area only extends from the cold gas
side and partially defines a gap positioned to be disposed
between mechanically connected platforms and in communi-
cation with space between the hot gas side and blade, and
wherein the projecting area comprises a spacer separately
formed from the platform.

16. A guide vane assembly for a gas turbine comprising:

two platforms each configured for coupling to a housing of

the turbine, each platform comprising two outer edges;

a vane blade disposed between the platforms and coupled

thereto;

at least one attachment area comprising a raised portion

with a hole extending thevethrough, a projection around
the hole, and a recess spaced from the projection for
receiving a seal;

wherein the at least one attachment area is disposed proxi-

mate at least one of the edges and does not extend
between the platforms; and

wherein the projection partially defines a gap positioned to

be disposed between mechanically connected platforms

8

and in communication with space between the mechani-
cally connected platforms on a hot gas side thereof.

17. The guide vane assembly of claim 16, wherein the
projection comprises a region integrally formed with the
raised portion.

18. The guide vane assembly of claim 17, wherein the
region is ring-shaped.

19. The guide vane assembly of claim 16, wherein the
projection comprises a spacer separately formed from the
raised portion.

20. The guide vane assembly of claim 16, wherein the at
least one attachment area comprises two attachment areas.

21. The guide vane assembly of claim 16, wherein at least
one of the attachment areas is provided on each of the plat-
forms.

22. The guide vane assembly of claim 16, wherein a plu-
rality of the attachment areas are provided proximate one of
the edges.

23. The guide vane assembly of claim 16, wherein a plu-
rality of the attachment areas are provided proximate each of
the two edges of one of the platforms.

24. The guide vane assembly of claim 16, wherein a plu-
rality of the attachment areas are provided proximate each of
the two edges of each of the platforms.

25. The guide vane assembly of claim 16, wherein each
platform further comprises opposing vibs disposed trans-
verse to the edges, and wherein the gap is further open to
space between the opposing ribs of one of the platforms.

26. The guide vane assembly of claim 16, wherein the gap
extends from one of the outer edges of a first of the platforms
to the other of the outer edges thereof.

27. The guide vane assembly of claim 16, wherein the gap
extends from one of the outer edges of a second of the plat-
forms to the other of the outer edges thereof.

28. The guide vane assembly of claim 16, wherein the gap
comprises a width between 0.5 mm and 1.0 mm and a depth
between 10 mm and 30 mm.

29. The guide vane assembly of claim 16, further compris-
ing a screw configured to extend through the hole and a nut for
coupling to the screw.

30. The guide vane assembly of claim 16, further compris-
ing a seal extending into the vecess and the gap.
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