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(54) Apparatus and method for damping vibrations between a compressor stator vane and a
casing of a gas turbine engine

(57) A stator vane assembly for a compressor of a
gas turbine engine, including a stator vane (34) having
an inner portion (42) and an outer portion (40), a plat-
form (47) attached to the outer portion (40) of the stator
vane (34), a casing (26) for the gas turbine engine,
wherein the outer platform (47) of the stator vane (34)
is attached to the casing (26) in a manner so that an
open area (38) is defined therebetween, and a member
(36) positioned within the defined open area (38) for
damping vibrations transmitted from the casing (26) to
the outer platform (47). The casing (26) may have a split-
line configuration so that first and second circumferen-
tial flanges (28,30) are mated together, wherein the out-
er platform (47) is attached to the casing (26) by means
of a flange (50) extending therefrom which is positioned
between and connected to the first and second circum-
ferential flanges (28,30). Alternatively, the casing may
have a clam shell configuration so that first and second
axial flanges are mated together, wherein the outer plat-
form is attached to the casing by means of a rail member
incorporated into an inner surface of the casing.
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Description

[0001] The present invention relates generally to sta-
tor vanes in compressors of a gas turbine engine and,
in particular, to the damping of vibrations transmitted to
such stator vanes from the case of the engine.
[0002] It has been found that the case of a gas turbine
engine vibrates at various modal frequencies during en-
gine operation. These modal vibrations typically have a
wide range of mode shapes, as well as different levels
of displacements. It will be appreciated that the fixed sta-
tor vanes for the low pressure compressor and/or the
high pressure compressor of the engine are generally
attached to the engine case. This may be accomplished,
for example, by sliding the stator vanes into rails sup-
plied on the inner surface of the case or by capturing a
flange between a split-line in the case. In both instances,
at least some of the vibration energy of the engine case
is transmitted to the stator vanes. Since the individual
stator vanes and/or the shroud systems for such stator
vanes can vibrate at frequency modes which are sub-
stantially synchronous with the case modes, the poten-
tial for wear damage and/or high cycle fatigue damage
is created.
[0003] In order to prevent such potential damage, gas
turbine engines in the prior art have employed a variety
of solutions. One solution has been to redesign the en-
gine case to remove the potentially damaging modes of
vibration. Another solution has been to redesign the sta-
tor vanes or the vane/shroud system to remove the vi-
bration modes which are synchronous with the case vi-
bration modes. Damping material and other vibration
damping devices have also been added in the shroud/
vane tip area to damp the vibrations experienced by
such stator vanes, as evidenced in U.S. Patent
4,872,812 to Hendley et al. and U.S. Patent 6,343,912
to Manteiga et al. Still another solution has been to add
a mechanical damper spring to the base of the stator
vane, as seen in U.S. Patent 5,681,142 to Lewis. None
of these solutions, however, has been seen to positively
effect a change in the vibrations experienced by the sta-
tor vanes from the engine casing.
[0004] Accordingly, it would be desirable for a stator
vane assembly to be developed which damps the vibra-
tions from the engine case to the stator vanes of the
compressor. It is also desirable for the stator vane as-
sembly to be easily assembled and disassembled to fa-
cilitate manufacturing and repair.
[0005] In a first exemplary embodiment of the inven-
tion, a stator vane assembly for a compressor of a gas
turbine engine is disclosed as including a stator vane
having an inner portion and an outer portion, a platform
attached to the outer portion of the stator vane, a casing
for the gas turbine engine, wherein the outer platform of
the stator vane is attached to the casing in a manner so
that an open area is defined therebetween, and a mem-
ber positioned within the defined open area for damping
vibrations transmitted from the casing to the outer plat-

form.
[0006] In a second exemplary embodiment of the in-
vention, a stator vane assembly for a compressor of a
gas turbine engine is disclosed, wherein the gas turbine
engine includes a split-line casing having first and sec-
ond circumferential flanges surrounding the compres-
sor. The stator vane assembly includes a stator vane
having an inner portion and an outer portion, an outer
platform attached to the outer portion of the stator vane,
a flange extending from the outer platform which is po-
sitioned between and attached to the first and second
circumferential flanges of the split-line casing so that an
open area is defined between the stator vane outer plat-
form and the casing, and a member positioned within
the defined open area of the casing for damping vibra-
tions transmitted from the casing to the outer platform.
[0007] In accordance with a third embodiment of the
invention, a stator vane assembly for a compressor of
a gas turbine engine is disclosed where the gas turbine
engine includes a casing surrounding the compressor
having a plurality of rail members positioned along an
inner surface thereof. The stator vane assembly in-
cludes a stator vane having an inner portion and an out-
er portion, an outer platform attached to the outer portion
of the stator vane, a pair of end members extending from
the outer platform which are positioned within and at-
tached to the rail member of the casing so that an open
area is defined between the stator vane outer platform
and the casing, and a member positioned within the de-
fined open area for damping vibrations transmitted from
the casing to the outer platform.
[0008] In accordance with a fourth aspect of the
present invention, a method of damping vibrations from
an engine casing to a stator vane of a compressor con-
nected to the casing is disclosed as including the follow-
ing steps: positioning an outer platform of the stator
vane with respect to the casing so as to define an open
area therebetween; providing a damping member within
the defined open area; and, attaching the outer platform
to the casing. The casing may have a split-line configu-
ration so that first and second circumferential flanges
are mated together, wherein the outer platform is at-
tached to the casing by means of a flange extending
therefrom which is positioned between and connected
to the first and second circumferential flanges. Alterna-
tively, the casing may have a clam shell configuration
so that first and second axial flanges are mated together,
wherein the outer platform is attached to the casing by
means of a rail member incorporated into an inner sur-
face of the casing.
[0009] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:

Fig. 1 is a longitudinal cross-sectional view of an
exemplary gas turbine engine including a compres-
sor with a stator vane assembly of the present in-
vention;
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Fig. 2 is a partial cross-sectional view of a split-line
compressor depicted in Fig. 1, where an embodi-
ment of the stator vane assembly according to the
present invention is shown;

Fig. 3 is an enlarged cross-sectional view of the sta-
tor vane assembly depicted in Fig. 2 including a
damping member located in a defined area between
the stator vane and the engine casing;

Fig. 4 is an enlarged cross-sectional view of the sta-
tor vane assembly depicted in Fig. 2 including an
alternative damping member located in a defined
area between the stator vane and the engine cas-
ing;

Fig. 5 is a partial cross-sectional view of an engine
having an alternative casing configuration, where
an embodiment of the stator vane assembly accord-
ing to the present invention is shown;

Fig. 6 is an enlarged cross-sectional view of the sta-
tor vane assembly depicted in Fig. 5 including a
damping member located in a defined area between
the stator vane and the engine casing; and,

Fig. 7 is an enlarged perspective view of the damp-
ing member depicted in Figs. 3 and 6.

[0010] Referring now to the drawings in detail, where-
in identical numerals indicate the same elements
throughout the figures, Fig. 1 depicts an exemplary gas
turbine engine identified generally by reference numeral
10. Gas turbine engine 10 is typically utilized in marine
and industrial applications, and includes in serial ar-
rangement a low pressure compressor 12, a high pres-
sure compressor 14, a booster compressor 13, a com-
bustor 16, a high pressure turbine 18 and a low pressure
turbine 20. It will be seen that a first shaft 22 connects
high pressure turbine 18 and high pressure compressor
14 while a second shaft 24 connects low pressure tur-
bine 20 and low pressure compressor 12. A longitudinal
axis 25 is provided in Fig. 1 for reference purposes.
[0011] As seen in Fig. 2, gas turbine engine 10 in-
cludes a casing 26 which has a split-line configuration
at an axial position adjacent high pressure compressor
14. This is evident from a first circumferential flange 28
and a second circumferential flange 30 being connected
in abutting relation with a plurality of circumferentially
spaced pins 32 or other similar devices connecting such
flanges. It will be noted that a particular stage of stator
vanes for high pressure compressor 14 (one stator vane
34 being shown) is positioned immediately downstream
of the split-line in casing 26. Due to its proximity to flang-
es 28 and 30, stator vanes 34 may be more susceptible
to the vibrations of casing 26. Such casing vibrations,
as explained hereinabove, have a wide range of mode
shapes with different levels of displacement. In order to

lessen the effect such casing vibrations have on stator
vanes 34, a damping member 36 is preferably posi-
tioned within an area 38 defined between an outer por-
tion 40 of each stator vane 34 and casing 26.
[0012] More specifically, it will be seen from Figs. 2
and 3 that a tang 41 of an inner portion 42 of each stator
vane 34 is retained within a bushing 44 located in a
shroud 45, as is known in the art. Outer portion 40 of
each stator vane 34 is attached to a platform 47 which
is retained by casing 26, where outer platform 47 pref-
erably includes a first or downstream end 46 having a
substantially L-shaped design which is sized to fit within
a corresponding slot 48 in casing 26. A second or up-
stream end 50 of each outer platform 47 preferably is a
flange which is configured and sized so as to be inserted
between first and second circumferential flanges 28 and
30, respectively, of casing 26 in abutting relation. Each
flange 50 also includes at least one opening there-
through so as to permit one or more pins 32 to be insert-
ed therethrough. Each outer platform 47 further includes
a middle section 52 connecting upstream end 50 and
downstream end 46, where middle section 52 extends
substantially parallel to casing 26. Because of the re-
spective configurations for each outer platform 47 and
casing 26, it will be appreciated that individual open ar-
eas 38 are defined therebetween. In order to dampen
vibrations experienced by each outer platform 47 (and
therefore each stator vane outer portion 40) from casing
26, a damping member 36 is preferably located within
each defined open area 38.
[0013] Damping member 36 is preferably constructed
of an elastomeric material which preferably is preformed
and cured prior to placement within each defined area
38. It will be appreciated that each damping member 36
may be sized to extend within only a portion of each de-
fined area 38 (see Fig. 3) or within substantially all of
defined area 38 (see Fig. 4). It will be understood that
the elastomeric material will preferably meet certain pre-
defined parameters, including the ability to retain its
properties under high temperatures. In particular, the
elastomeric material of each damping member 36 will
preferably retain its properties in temperatures of at
least approximately 300°F, more preferably in tempera-
tures of at least approximately 375°F, and optimally in
temperatures of at least approximately 450°F. One ex-
ample of such elastomeric material is known as red ox-
ide RTV (Room Temperature Vulcanized Rubber) made
by GE Plastics of Pittsfield, Massachusetts. According-
ly, damping member 36 is able to provide similar func-
tionality to stator vanes and their platforms positioned
within the temperature environments of low compressor
12 and/or booster compressor 13.
[0014] When positioning damping member 36 within
a defined area 38, it is preferred that a layer of adhesive
54 be applied thereto so as to maintain it in position while
each stator vane 34 and its platform 47 is connected to
casing 26. It will be appreciated that adhesive layer 54
may dissolve or burn off once gas turbine engine 10 is
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in operation, whereby damping member 36 will be either
frictionally engaged in defined area 38 or permitted to
float therein. As seen in Fig. 7, damping member 36 in
a preformed and cured state is shown to be substantially
rectangular in shape, although any shape and size may
be utilized provided it performs the desired damping
function between casing 26 and stator vanes 34. Like-
wise, a plurality of grooves 56 is preferably formed in
damping member 36 in order to provide better flexibility
and assembly (see Fig. 7). Orientation of damping mem-
ber 36 and grooves 56 within each defined area 38, how-
ever, is not deemed to be limiting upon the present in-
vention.
[0015] An alternate configuration for the stator vane
assembly is depicted in Figs. 5 and 6, where a casing
58 thereof is continuous in an axial direction but has a
pair of flanges 60 and 62 which are connected in a clam
shell design at opposite radial ends (only one of which
is shown). This casing configuration further provides a
plurality of spaced rail members 64 along an inner sur-
face thereof into which a plurality of stator vanes 66 are
inserted and retained prior to assembly of casing 58. It
will also be appreciated that an open area 68 is accord-
ingly defined between casing 58 and an outer platform
70 for each stator vane 66. Each outer platform 70 fur-
ther includes a pair of end members 71 and 73 which
are received within corresponding pockets 75 and 77 of
rail member 64. A damping member 72 like that dis-
cussed above is preferably positioned within each de-
fined area 68 so as to damp the vibrations experienced
by outer platforms 70 and stator vanes 66 from casing
58. Of course, such damping member 72 will preferably
be of a size and shape so as to fit within open area 68
and perform its intended function.
[0016] Because access to defined areas 68 between
casing 58 and each stator vane outer portion 70 is not
as simple as for the stage of stator vanes 34 in the split-
line casing 26 previously described, it will be appreciat-
ed that elastomeric material may alternatively be
squeezed into such areas 68, or "in situ," where it is able
to cure in place and perform as damping member 72.
By providing the elastomeric material in this manner,
damping members 72 are able to be more closely sized
to open areas 68. This method may also be utilized with
split-line casing 26, as seen in Fig. 4.
[0017] It will be appreciated that damping members
36 and 72 preferably reduce the vibrations experienced
by outer platforms 47 and 70 from casings 26 and 58,
respectively, by at least approximately 10%. More pref-
erably, damping members 36 and 72 are able to damp
the vibrations from casings 26 and 58 by at least ap-
proximately 20% and optimally by at least approximately
30%.
[0018] It will further be appreciated that a method of
damping vibrations from casing 26 to stator vanes 34 is
presented. More specifically, such method includes the
steps of positioning outer platforms 47 of stator vanes
34 with respect to casing 26 so as to define an open

area 38 therebetween, providing damping member 36
made of an elastomeric material within such defined
open areas 38 of casing 26, and securing damping
members 36 therein. Thereafter, stator vanes 34 are at-
tached to casing 26 so that outer platforms 47 are re-
tained adjacent to damping members 36 and vibrations
from casing 26 are dampened. Prior to such steps,
damping members 36 are preferably preformed and
cured, including grooves 56 formed therein, and adhe-
sive layer 54 applied to a surface thereof. Outer plat-
forms 47 are attached to casing 26 and maintained in
position by means of flanges 50 which extend therefrom
and are positioned between opposite flanges 28 and 30
of casing 26.
[0019] An alternative method of damping vibrations
from casing 58 to stator vanes 68 is also demonstrated.
This method includes the steps of positioning outer plat-
forms 70 of stator vanes 66 in rail members 64 incorpo-
rated into casing 58 so as to define open areas 68 ther-
ebetween and providing damping members 72 made of
an elastomeric material within each such defined open
area 68. Further, damping members 72 may be
squeezed into each defined area 68 and permitted to
cure.
[0020] Having shown and described the preferred
embodiment of the present invention, further adapta-
tions of the stator vane assembly and damping member
36 thereof can be accomplished by appropriate modifi-
cations by one of ordinary skill in the art without depart-
ing from the scope of the invention. In particular, while
damping member 36 is illustrated as being used in a sta-
tor vane of high pressure compressor 14 for gas turbine
engine 10, it may be utilized with any fixed or stator vane
of any compressor. Further, the present invention may
be utilized with engine casings have other configura-
tions than that disclosed herein.
[0021] For completeness, various aspects of the in-
vention are set out in the following numbered clauses:

1. A stator vane assembly for a compressor (14) of
a gas turbine engine (10), comprising:

(a) a stator vane (34/66) having an inner portion
(42) and an outer portion (40);
(b) a platform (47/70) attached to said outer
portion (40) of said stator vane (34/66);
(c) a casing (26/58) for said gas turbine engine
(10), wherein said outer platform (47/70) of said
stator vane (34/66) is attached to said casing
(26/58) in a manner so that an open area
(38/68) is defined therebetween; and
(d) a member (36/72) positioned within said de-
fined open area (38/68) for damping vibrations
transmitted from said casing (26/58) to said out-
er platform (47/70).

2. The stator vane assembly of clause 1, wherein
said damping member (36/72) is constructed of an
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elastomeric material.

3. The stator vane assembly of clause 1, wherein
said damping member (36/72) is retained within
said defined area (38/68) by an adhesive layer (54).

4. The stator vane assembly of clause 1, wherein
said damping member (36/72) is preformed and
cured prior to placement within said defined area
(38/68).

5. The stator vane assembly of clause 1, wherein
said damping member (36/72) includes a plurality
of grooves (56) formed in a surface thereof.

6. The stator vane assembly of clause 2, wherein
said damping member (36/72) retains elastomeric
properties at a temperature of at least 300°F.

7. The stator vane assembly of clause 1, wherein
said casing (26) has a split-line configuration so that
first and second circumferential flanges (28,30) are
mated together, said outer platform (47) further
comprising a flange (50) located between said first
and second circumferential flanges (28,30) of said
casing (26).

8. The stator vane assembly of clause 1, wherein
said damping member (36/72) substantially fills
said defined area (38/68).

9. The stator vane assembly of clause 1, wherein
said outer platform (70) is retained to said casing
(58) by means of a rail member (64) positioned
along an inner surface of said casing (58).

10. The stator vane assembly of clause 9, wherein
said defined open area (68) is located between said
rail member (64) of said casing (58) and said outer
platform (47).

11. A stator vane assembly for a compressor (14)
of a gas turbine engine (10), wherein said gas tur-
bine engine includes a split-line casing (26) having
first and second circumferential flanges (28,30) sur-
rounding said compressor (14), said stator vane as-
sembly comprising:

(a) a stator vane (34) having an inner portion
(42) and an outer portion (40);
(b) an outer platform (47) attached to said outer
portion (40) of said stator vane (34);
(c) a flange (50) extending from said outer plat-
form (47) which is positioned between and at-
tached to said first and second circumferential
flanges (28,30) of said split-line casing (26) so
that an open area (38) is defined between said
outer platform (47) and said casing (26); and

(d) a member (36) positioned within said de-
fined open area (38) of said casing (26) for
damping vibrations transmitted from said cas-
ing (26) to said outer platform (47).

12. The stator vane assembly of clause 11, wherein
said damping member (36) is constructed of an
elastomeric material.

13. A stator vane assembly for a compressor (14)
of a gas turbine engine (10), wherein said gas tur-
bine engine (10) includes a casing (58) surrounding
said compressor (14) having a plurality of rail mem-
bers (64) positioned along an inner surface thereof,
said stator vane assembly comprising:

(a) a stator vane (66) having an inner portion
and an outer portion;
(b) an outer platform (70) attached to said outer
portion of said stator vane (66);
(c) a pair of end members (71,73) extending
from said outer platform (70) which are posi-
tioned within and attached to said rail member
(64) of said casing (58) so that an open area is
(68) defined between said stator vane outer
platform (70) and said casing (58); and
(d) a member (72) positioned within said de-
fined open area (68) for damping vibrations
transmitted from said casing (58) to said outer
platform (70).

14. The stator vane assembly of clause 13, wherein
said damping member (72) is constructed of an
elastomeric material.

15. A method of damping vibrations from an engine
casing (26/58) to a stator vane (34/66) of a com-
pressor (14) connected to said casing (26/58), com-
prising the following steps:

(a) positioning an outer platform (47/70) at-
tached to said stator vane (34/66) with respect
to said casing (26/58) so as to define an open
area (38/68) therebetween;
(b) providing a damping member (36/72) within
said defined open area (38/68) of said casing
(26/58); and,
(c) attaching said outer platform (47/70) to said
casing (26/58).

16. The method of clause 15, said casing (26) hav-
ing a split-line configuration so that first and second
circumferential flanges (28,30) are mated together,
wherein said outer platform (47) is attached to said
casing (26) by means of a flange (50) extending
therefrom which is positioned between and con-
nected to said first and second circumferential
flanges (28,30).
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17. The method of clause 15, said casing (58) hav-
ing a clam shell configuration so that first and sec-
ond axial flanges (60,62) are mated together,
wherein said outer platform (70) is attached to said
casing (58) by means of a rail member (64) incor-
porated into an inner surface of said casing (58).

18. The method of clause 15, wherein said damping
member (36/72) is made of an elastomeric material.

19. The method of clause 15, further comprising the
steps of preforming and curing said damping mem-
ber (36/72) prior to providing said damping member
(36/72) within said defined open area (38/68).

20. The method of clause 15, further comprising the
step of curing said damping member (36/72) after
positioning it within said defined open area (38/68).

21. The method of clause 15, further comprising the
step of providing an adhesive layer (54) onto a sur-
face of said damping member (36/72) prior to pro-
viding said damping member (36/72) within said de-
fined area (38/68).

Claims

1. A stator vane assembly for a compressor (14) of a
gas turbine engine (10), comprising:

(a) a stator vane (34/66) having an inner portion
(42) and an outer portion (40);
(b) a platform (47/70) attached to said outer
portion (40) of said stator vane (34/66);
(c) a casing (26/58) for said gas turbine engine
(10), wherein said outer platform (47/70) of said
stator vane (34/66) is attached to said casing
(26/58) in a manner so that an open area
(38/68) is defined therebetween; and
(d) a member (36/72) positioned within said de-
fined open area (38/68) for damping vibrations
transmitted from said casing (26/58) to said out-
er platform (47/70).

2. The stator vane assembly of claim 1, wherein said
damping member (36/72) is constructed of an elas-
tomeric material.

3. The stator vane assembly of claim 1, wherein said
damping member (36/72) is retained within said de-
fined area (38/68) by an adhesive layer (54).

4. The stator vane assembly of claim 1, wherein said
damping member (36/72) is preformed and cured
prior to placement within said defined area (38/68).

5. The stator vane assembly of claim 1, wherein said

damping member (36/72) includes a plurality of
grooves (56) formed in a surface thereof.

6. The stator vane assembly of claim 1, wherein said
casing (26) has a split-line configuration so that first
and second circumferential flanges (28,30) are mat-
ed together, said outer platform (47) further com-
prising a flange (50) located between said first and
second circumferential flanges (28,30) of said cas-
ing (26).

7. A stator vane assembly for a compressor (14) of a
gas turbine engine (10), wherein said gas turbine
engine includes a split-line casing (26) having first
and second circumferential flanges (28,30) sur-
rounding said compressor (14), said stator vane as-
sembly comprising:

(a) a stator vane (34) having an inner portion
(42) and an outer portion (40);
(b) an outer platform (47) attached to said outer
portion (40) of said stator vane (34);
(c) a flange (50) extending from said outer plat-
form (47) which is positioned between and at-
tached to said first and second circumferential
flanges (28,30) of said split-line casing (26) so
that an open area (38) is defined between said
outer platform (47) and said casing (26); and
(d) a member (36) positioned within said de-
fined open area (38) of said casing (26) for
damping vibrations transmitted from said cas-
ing (26) to said outer platform (47).

8. A stator vane assembly for a compressor (14) of a
gas turbine engine (10), wherein said gas turbine
engine (10) includes a casing (58) surrounding said
compressor (14) having a plurality of rail members
(64) positioned along an inner surface thereof, said
stator vane assembly comprising:

(a) a stator vane (66) having an inner portion
and an outer portion;
(b) an outer platform (70) attached to said outer
portion of said stator vane (66);
(c) a pair of end members (71,73) extending
from said outer platform (70) which are posi-
tioned within and attached to said rail member
(64) of said casing (58) so that an open area is
(68) defined between said stator vane outer
platform (70) and said casing (58); and
(d) a member (72) positioned within said de-
fined open area (68) for damping vibrations
transmitted from said casing (58) to said outer
platform (70).

9. The stator vane assembly of claim7 or claim 8,
wherein said damping member (36 or 72) is con-
structed of an elastomeric material.
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10. A method of damping vibrations from an engine
casing (26/58) to a stator vane (34/66) of a com-
pressor (14) connected to said casing (26/58), com-
prising the following steps:

(a) positioning an outer platform (47/70) at-
tached to said stator vane (34/66) with respect
to said casing (26/58) so as to define an open
area (38/68) therebetween;
(b) providing a damping member (36/72) within
said defined open area (38/68) of said casing
(26/58); and,
(c) attaching said outer platform (47/70) to said
casing (26/58).
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