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TURBINE BLADE DAMPER SEAL

BACKGROUND OF THE INVENTION

[0001] A gas turbine engine includes a plurality of turbine blades each received
in a slot of a turbine disk. The turbine blades are exposed to aerodynamic forces that can
result in vibratory stresses. A damper can be located under platforms of adjacent turbine
blades to reduce the vibratory response and provide frictional damping between the turbine
blades. The damper slides on an underside of the platforms. The damper is made of a
material that is dissimilar from the material of the turbine blades. When the vibratory
motions of adjacent turbine blades oppose each other (that is, occur out of phase), the damper
slides to absorb the energy of vibration. It is usually a stiff slug of metal with rigid features
to provide consistent contact with each side of the platform.

[0002] Additionally, the turbine blades are exposed to hot gasses. An air cavity
between a turbine disk and a gas path of a turbine blade may be pressurized with cooling air
to protect the turbine disk from high temperatures. A separate seal is often located near the
platform to control the leakage of the cooling air into the hot gasses, improving engine

performance and fuel efficiency.

SUMMARY OF THE INVENTION

[0003] A damper seal is received in a cavity of a turbine blade located between a
platform and a retention shelf, the damper seal according to an exemplary aspect of the
present disclosure includes, among other things, a central body portion having a first end
region, an opposing second end region, and a width. The damper seal further includes a first
portion extending from the first end region of the central body portion, and a first end region
of the first portion includes first outwardly extending tabs that define a first enlarged portion
that has a first width greater than the width of the central body portion and a second portion
extending from the opposing second end region of the central body portion.

[0004] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may include a second end region of a second portion that
includes second outwardly extending tabs that define a second enlarged portion that has a

second width greater than the width of the central body portion.
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[0005] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may be formed from stamped sheet metal.

[0006] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may include a first enlarged portion that rests on a retention
shelf of a turbine blade.

[0007] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may include a first portion that includes another tab that
extends substantially perpendicularly to first outwardly extending tabs.

[0008] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may include a second portion that includes another tab that
extends substantially perpendicularly to second outwardly extending tabs.

[0009] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may include a portion that engages a groove in a turbine disk
lug of a turbine disk.

[0010] In a further non-limited embodiment of any of the foregoing damper seal
embodiments, the damper seal may include a central body including a projection that defines
an opening, and the opening receives a lug of a turbine blade to align the damper seal relative
to the turbine blade.

[0011] A turbine blade according to an exemplary aspect of the present disclosure
includes, among other things, a root received in a slot of a turbine disk, a blade, and a
platform located between the root and the blade. The platform includes a retention shelf, and
a cavity is defined between a lower surface of the platform and the retention shelf. The
turbine blade includes a damper seal received in the cavity of the turbine blade. The damper
seal includes a central body portion having a first end region, an opposing second end region,
a width, a first portion extending generally downward from the first end region of the central
body portion, and a second portion extending generally downward from the opposing second
end region of the central body portion. A first end region of the first portion includes first
outwardly extending tabs that define a first enlarged portion that has a first width greater than
the width of the central body portion.

[0012] In a further non-limited embodiment of any of the foregoing turbine blade

embodiments, the turbine blade may include a second end region of a second portion that
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includes second outwardly extending tabs that define a second enlarged portion that has a
second width greater than the width of the central body portion.

[0013] In a further non-limited embodiment of any of the foregoing turbine blade
embodiments, the turbine blade may be formed from stamped sheet metal.

[0014] In a further non-limited embodiment of any of the foregoing turbine blade
embodiments, the turbine blade may include a first enlarged portion that rests on a retention
shelf of a turbine blade.

[0015] In a further non-limited embodiment of any of the foregoing turbine blade
embodiments, the turbine blade may include a first portion that includes another tab that
extends substantially perpendicularly to first outwardly extending tabs.

[0016] In a further non-limited embodiment of any of the foregoing turbine blade
embodiments, the turbine blade may include a second portion that includes another tab that
extends substantially perpendicularly to second outwardly extending tabs.

[0017] In a further non-limited embodiment of any of the foregoing turbine blade
embodiments, the turbine blade may include a portion that engages a groove in a turbine disk
lug of a turbine disk.

[0018] In a further non-limited embodiment of any of the foregoing turbine blade
embodiments, the turbine blade may include a central body including a projection that defines
an opening, and the opening receives a lug of a turbine blade to align the damper seal relative

to the turbine blade.
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[0019] A turbine according to an exemplary aspect of the present disclosure
includes, among other things, a turbine disk including a plurality of lugs and a plurality of
slots, where each of the plurality of lugs is located between two of the plurality of slots, and
each of the plurality of lugs includes a tab that extends upwardly. The tab has first section
having an upper surface and a second section having an upper surface, the upper section of
the first section is inclined greater than the upper surface of the second section, and the upper
surface of the first section of the tab defines a contour. The turbine includes a turbine blade,
where the turbine blade includes a root received in one of the plurality of slots and a platform,
and the platform has a lower surface defining a contour. When the turbine blade is received
in one of the plurality of slots, the lower surface of the platform is located above a portion of
the upper surface of the first section of the tab, and the contour of the upper surface of the
first section of the tab matches the contour of the lower surface of the platform.

[0020] In a further non-limited embodiment of any of the foregoing turbine
embodiments, the turbine may include an upper surface of each of the plurality of lugs that
includes an axial groove and a circumferential groove that intersects the axial groove, and the
circumferential groove defines a rear surface of the tab.

[0021] In a further non-limited embodiment of any of the foregoing turbine
embodiments, the turbine may include a circumferential groove that is deeper than an axial
groove.

[0022] In a further non-limited embodiment of any of the foregoing turbine
embodiments, the turbine may include an axial groove that receives a damper seal located
under a platform.

[0023] In a further non-limited embodiment of any of the foregoing turbine
embodiments, the turbine may include a portion of a damper seal that rests against a rear
surface of a tab.

[0024] In a further non-limited embodiment of any of the foregoing turbine
embodiments, the turbine may include an upper surface of a first section of a tab that is
substantially that is parallel to the lower surface of the platform.

[0025] These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 illustrates a schematic view of an embodiment of a gas turbine

engine;

[0027] Figure 2 illustrates a turbine section of Figure 1;

[0028] Figure 3 illustrates an embodiment of a turbine blade and a turbine disk;

[0029] Figure 4A illustrates a bottom perspective view of the turbine blade of
Figure 3;

[0030] Figure 4B illustrates a retention nub of the turbine blade the taken along
section A-A of Figure 4A;

[0031] Figure 5 illustrates an embodiment of a perspective view of a first example
damper seal;

[0032] Figure 6 illustrates a side view of a turbine blade with the first example
damper seal installed;

[0033] Figure 7 illustrates a top cross-sectional view of the first example damper
seal installed between two adjacent turbine blades;

[0034] Figure 8 illustrates a cross-sectional front view of the first example damper
seal installed between two turbine blades installed in a turbine disk;

[0035] Figure 9 illustrates a cross-sectional rear view of the first example damper
seal installed between two turbine blades installed in a turbine disk;

[0036] Figure 10 illustrates an embodiment of a top perspective view of a disk lug
of a turbine disk;

[0037] Figure 11 illustrates another top perspective view of the turbine disk of
Figure 10;

[0038] Figure 12 illustrates a perspective view of the damper seal of Figure 5 and
one turbine blade installed in the a turbine disk slot of the turbine disk of Figure 10;

[0039] Figure 13 illustrates a front view of the damper seal of Figure 5 and one
turbine blade installed in the turbine disk slot of the turbine disk of Figure 10;

[0040] Figure 14 illustrates a front view of two turbine blades each installed in
one of the turbine disk slots of the turbine disk of Figure 10;

[0041] Figure 15 illustrates an embodiment of a top view of a second example

damper seal;
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[0042] Figure 16 illustrates a perspective view of the second example damper
seal;

[0043] Figure 17 illustrates a side view of the second example damper seal;

[0044] Figure 18 illustrates a side view of the second example damper seal
installed in a turbine blade;

[0045] Figure 19 illustrates a perspective view of the second example damper seal
installed between two adjacent turbine blades;

[0046] Figure 20 illustrates a top view of the second example damper seal
installed improperly between two adjacent turbine blades in phantom lines; and

[0047] Figure 21 illustrates a side view of the second example damper seal

installed improperly in a turbine blade.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0048] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section
22, a compressor section 24, a combustor section 26 and a turbine section 28. Alternative
engines might include an augmentor section (not shown) among other systems or features.

[0049] Although depicted as a turbofan gas turbine engine in the disclosed non-
limiting embodiment, it should be understood that the concepts described herein are not
limited to use with turbofans as the teachings may be applied to other types of turbine engines
including three-spool or geared turbofan architectures.

[0050] The fan section 22 drives air along a bypass flowpath B while the
compressor section 24 drives air along a core flowpath C for compression and
communication into the combustor section 26 then expansion through the turbine section 28.

[0051] The engine 20 generally includes a low speed spool 30 and a high speed
spool 32 mounted for rotation about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively or additionally be provided.

[0052] The low speed spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor 44 and a low pressure turbine 46. The

inner shaft 40 is connected to the fan 42 through a geared architecture 48 to drive the fan 42
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at a lower speed than the low speed spool 30. The high speed spool 32 includes an outer
shaft 50 that interconnects a high pressure compressor 52 and a high pressure turbine 54.

[0053] As shown in Figure 2, the high pressure turbine 54 includes a first stage 70
and a second stage 72. The first stage 70 includes a static vane 66a and plurality of turbine
blades 68a. The second stage 72 includes a static vane 66b and a plurality of turbine blades
68b.

[0054] A combustor 56 is arranged between the high pressure compressor 52 and
the high pressure turbine 54.

[0055] A mid-turbine frame 58 of the engine static structure 36 is arranged
generally between the high pressure turbine 54 and the low pressure turbine 46. The mid-
turbine frame 58 further supports bearing systems 38 in the turbine section 28.

[0056] The inner shaft 40 and the outer shaft 50 are concentric and rotate via
bearing systems 38 about the engine central longitudinal axis A, which is collinear with their
longitudinal axes.

[0057] The core airflow C is compressed by the low pressure compressor 44, then
the high pressure compressor 52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pressure turbine 46. The mid-turbine
frame 58 includes airfoils 60 which are in the core airflow path. The turbines 46, 54
rotationally drive the respective low speed spool 30 and high speed spool 32 in response to
the expansion.

[0058] The engine 20 is in one example a high-bypass geared aircraft engine. In a
further example, the engine 20 bypass ratio is greater than about six (6:1) with an example
embodiment being greater than ten (10:1). The geared architecture 48 is an epicyclic gear
train (such as a planetary gear system or other gear system) with a gear reduction ratio of
greater than about 2.3 (2.3:1). The low pressure turbine 46 has a pressure ratio that is greater
than about five (5:1). The low pressure turbine 46 pressure ratio is pressure measured prior
to inlet of low pressure turbine 46 as related to the pressure at the outlet of the low pressure
turbine 46 prior to an exhaust nozzle.

[0059] In one disclosed embodiment, the engine 20 bypass ratio is greater than
about ten (10:1), and the fan diameter is significantly larger than that of the low pressure

compressor 44. The low pressure turbine 46 has a pressure ratio that is greater than about
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five (5:1). The geared architecture 48 may be an epicycle gear train, such as a planetary gear
system or other gear system, with a gear reduction ratio of greater than about 2.5 (2.5:1). It
should be understood, however, that the above parameters are only exemplary of one
embodiment of a geared architecture engine and that the present invention is applicable to
other gas turbine engines including direct drive turbofans.

[0060] A significant amount of thrust is provided by the bypass flow B due to the
high bypass ratio. The fan section 22 of the engine 20 is designed for a particular flight
condition- typically cruise at about 0.8 Mach and about 35,000 feet. The flight condition of
0.8 Mach and 35,000 feet, with the engine at its best fuel consumption, also known as bucket
cruise Thrust Specific Fuel Consumption (“TSFC”). TSFC is the industry standard parameter
of 1Ibm of fuel being burned divided by Ibf of thrust the engine produces at that minimum
point.

[0061] “Low fan pressure ratio” is the pressure ratio across the fan blade alone,
without a Fan Exit Guide Vane (“FEGV”) system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less than about 1.45.

[0062] “Low corrected fan tip speed” is the actual fan tip speed in feet per second
divided by an industry standard temperature correction of [(Tambient deg R) /5 18.7)°°]. The
“Low corrected fan tip speed” as disclosed herein according to one non-limiting embodiment
is less than about 1150 feet per second (351 meters per second).

[0063] Figure 2 illustrates the turbine section 28. The turbine section 28 includes
turbine discs 61 that each rotate about the axis A. In the first stage 70 of the high pressure
turbine 54, a plurality of turbine blades 68a are mounted on a turbine disk 61. In the second
stage 72 of the high pressure turbine 54, a plurality of turbine blades 68b are mounted on
another turbine disk 61.

[0064] Figure 3 illustrates a perspective view of a turbine blade 68a partially
installed in a turbine disk 61. In one example, the turbine blades 68a are made of a nickel
alloy. The turbine disk 61 includes a plurality of slots 74 separated by turbine disk lugs 76.
The slot may be in the shape of a dovetail, a fir tree shaped or some other configuration. The
turbine blade 68a includes a root 78 that is received in one of the plurality of turbine disk
slots 74 of the turbine disk 61, a platform 80 including retention shelves 82 and buttresses 93,
and an airfoil 84. The platform 80 has a length L.. The airfoil 84 has a leading edge 86 and a

8
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trailing edge 88. A neck cavity 90 is defined between the platform 80 and the retention shelf
82. A buttress 93 is also located in the neck cavity 90 and under the platform 80 of each
turbine blade 68a. The buttress 93 is a support structure that connects the platform 80 to the
retention shelf 82.

[0065] Hot gasses flow along a hot gas flow path E. The neck cavity 90 between
adjacent turbine blades 68a is pressurized with a flow of cooling air IV to protect the turbine
discs 61 from the hot gasses in the hot gas flow path E.

[0066] Figure 4A illustrates a lower perspective view of a turbine blade 68a to be
located in the first stage 70 of the high pressure turbine 54, for example. The neck cavity 90
includes a retention nub 92 located on a lower surface 91 of the platform 80.

[0067] Figure 4B illustrates a cross-sectional view of the retention nub 92 taken
along section A-A of Figure 4A. The retention nub 92 includes a first surface 94 and a
second surface 96. An angle J defined between the first surface 94 and a horizontal plane is
approximately 30 to 60 degrees. An angle K defined between the second surface 96 and the
horizontal plane is approximately 45 to 85 degrees.

[0068] Figure 5 illustrates a perspective view of a damper seal 98 that spans a
space 100 (as shown in Figure 7) between platforms 80 of adjacent turbine blades 68a in the
first stage 70 of the high pressure turbine 54 to provide both damping and sealing and prevent
the leakage of the cooling air I. The damper seal 98 imposes a normal load on the adjacent
turbine blades 68a due to centrifugal force. 'The resulting frictional force created by the
normal load produces damping to reduce a vibratory response. The damper seal 98 prevents
the cooling air I in the neck cavity 90 from leaking into the hot flow gas path E along arrows
G (shown in Figure 3).

[0069] The damper seal 98 is formed from stamped sheet metal. The damper seal
98 can also be formed by direct metal laser sintering. Other manufacturing methods are
possible. The damper seal 98 is ductile enough to conform to the lower surface 91 of the
platform 80 and provide consistent and complete contact with the turbine blade 68a. In one
example, the damper seal 98 is substantially c-shaped. This embodiment of a damper seal 98
includes a slightly curved upper portion 102. A first downwardly curved portion 104 and a
second downwardly curved portion 106 extend from opposing end regions of the slightly

curved upper portion 102. In one example, relative to the slightly curved upper portion 102
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of the damper seal 98, a height H2 of the second downwardly curved portion 106 is longer
than a height H1 of the first downwardly curved portion 104.

[0070] An end region of the first downwardly curved portion 104 includes a first
tab 108 and a second tab 110 that each extend in opposing directions and substantially
perpendicularly to the first downwardly curved portion 104. Together, the tabs 108 and 110
define an enlarged section 109 having a width W1 that is greater than a width W3 of the first
downwardly curved portion 104 and prevent rocking of the damper seal 98.

[0071] An end region of the second downwardly curved portion 106 includes a
first tab 112 and a second tab 114 that each extend in opposing directions and substantially
perpendicular to the second downwardly curved portion 106. Together, the tabs 112 and 114
define an enlarged section 113 having a width W2 that is greater than the width W3 of the
second downwardly curved portion 106 and prevent rocking of the damper seal 98. A third
tab 116 extends substantially perpendicularly to the tabs 112 and 114 and also extends in the
same general direction as the second downwardly curved portion 106. The third tab 116 is
narrower than the enlarged section 113. The third tab 116 provides sealing to the neck cavity
90 and prevents the passage of the cooling air IV into the hot gas flow path E.  The first
downwardly curved portion 104 does not include a corresponding tab because sealing is not
necessary in this location due to the flow path of the hot gas E in the first stage 70 of the high
pressure turbine 54.

[0072] The damper seal 98 also includes another projection 118 that extends
substantially perpendicularly to the slightly curved upper portion 102. The another projection
118 is located closer to the tabs 108 and 110 of the first downwardly curved portion 104 of
the damper seal 98 than to the tabs 112, 114 and 116 of the second downwardly curved
portion 106 of the damper seal 98. The another projection 118 includes an opening 120 that
receives the retention nub 92 (shown in Figure 6) of the turbine blade 68a when the damper
seal 98 is installed, preventing misalignment between the damper seal 98 and the turbine
blade 68a.

[0073] Figure 6 illustrates a side view of the turbine blade 68a with the damper
seal 98 installed in the neck cavity 90. The retention nub 92 of the turbine blade 68a is
received in the opening 120 of the another projection 118 of the damper seal 98. The

enlarged section 109 of the first downwardly curved portion 104 rests on one of the retention
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shelves 82. The retention shelves 82 assist in retaining the damper seal 98 in the neck cavity
90. The damper seal 98 is free to move and slide to dampen vibrations and provide frictional
damping, but is restrained by both the retention shelves 82 and the engagement of the
retention nub 92 in the opening 120 of damper seal 98.

[0074] Figures 7 to 9 illustrate the damper seal 98 installed between adjacent
turbine blades 68al and 68a2. The damper seal 98 is located in the neck cavity 90 of the
turbine blades 68al and 68a2. The damper seal 98 is located under the platforms 80 and
above the retention shelves 82 of the adjacent blades 68al and 68a2 and spans the space 100
between the platforms 80 of the turbine blades 68al and 68a2. The retention nub 92 of the
turbine blade 68a2 is received in the opening 120 of the damper seal 98. The third tab 116 on
the second downwardly curved portion 106 of the damper seal 98 (shown in Figure 8) blocks
the space 100 between the adjacent turbine blades 68al and 68a2 and provides a seal to
prevent the cooling air I from leaking from the neck cavities 90 and into the hot gas flow
path E.

[0075] Figures 10 and 11 illustrate perspective views of a turbine disk lug 76
located between adjacent turbine disk slots 74 of a turbine disk 61. A first trough 121 and a
second trough 122 are formed on an upper surface 126 of the turbine disk lug 76. The first
trough 121 has a depth N, and the second trough 122 has a depth O, and the depth N of the
first trough 121 is less than a depth O of the second trough 122. The second trough 122 is
deeper than the first trough 121 to assist in the formation of the first trough 121. The first
trough 121 extends along an axis M of the turbine disk lug 76 (and is substantially parallel to
the length L of the turbine blade 68a and the longitudinal axis A).

[0076] The first trough 121 is surrounded by two raised surfaces 124. The two
raised surfaces 124 are formed by a turning process, and the first trough 121 is formed by a
milling process. The second trough 122 is also formed by a turning process.

[0077] The first trough 121 extends axially and begins at a first side 128 of the
turbine disk lug 76 and terminates in a region near an opposing second side 130 of the turbine
disc lug 76. The raised surfaces 124 on opposing sides of the first trough 121 provide balance
mass on the upper surface 126 of the turbine disk lug 76 (in one example, approximately 531
Ibf per turbine disk lug 76) and provide clearance for the damper seal 98. The raised surfaces

124 compensate for any offset of the center of gravity that might occur if the turbine disk 61
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is not perfectly round when machined. The first trough 121 also allows for clearance for
assembly of the damper seal 98.

[0078] The second trough 122 extends circumferentially on the upper surface 126
of the turbine disk lug 76 and is located substantially perpendicularly to the first trough 121
and near the opposing second side 130 of the turbine disc lug 76, defining a leak discouraging
tab 132 between the second trough 122 and the opposing second side 130 of the turbine disk
lug 76.

[0079] The upper surface of the leak discouraging tab 132 includes a first portion
182 and a second portion 184. The first portion 182 inclines upwardly towards a center of the
turbine disk lug 76 greater than the second portion 184 inclines, and a ledge 186 is defined at
a location where the first portion 182 and the second portion 184 meet.

[0080] A bottom surface of the first trough 121 is located a distance P from a
central axis T of the turbine disk 61, and the distance P is generally equal to the distance from
the center to an outer surface of a turbine disk lug of a conventional turbine rotor. The upper
surfaces of the two raised surfaces 124 are located a distance Q from the central axis T of the
turbine disk 61. A bottom surface of the second trough 122 is located a distance R from the
central axis T of the turbine disk 61. A lowermost portion of the upper surface of the leak
discouraging tab 132 is located a distance S from central axis T of the turbine disk 61.

[0081] The distance R to the bottom surface of the second trough 122 is less than
the distance P to the bottom surface of the first trough 121, and the distance P to the bottom
of the first trough 121 is less than the distance Q to the two raised surfaces 124. 'The
distance Q to the upper surfaces of the two raised surfaces 124 is less than the distance S to
the lowermost portion of the upper surface of the leak discouraging tab 132. The distance Q
to the upper surfaces of the two raised surfaces 124 is less than the distance S to the leak
discouraging tab 132, reducing the amount of material of which the turbine disk 61 is formed
and also stresses.

[0082] Figures 12 and 13 illustrate the damper seal 98 installed in a turbine blade
68a received in the turbine disk slot 74. When the turbine blade 68a is installed in the turbine
disk 61, the turbine blade 68a is installed from the first side 128 and slid along the axis M.
The third tab 116 of the damper seal 98 slides through the first trough 121 of the turbine disk

12
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lug 76. The first trough 121 allows the turbine blade 68a to slide into the turbine disk slot 74
in the direction V without interference with the damper seal 98.

[0083] The leak discouraging tab 132 acts as a seal to prevent the cooling air I
from escaping from the neck cavity 90. The second trough 122 provides clearance for the
third tab 116. When the damper seal 98 is installed in the neck cavity 90 of the turbine blade
68a that is installed in a turbine disk slot 74, the third tab 116 of the second downwardly
curved portion 106 of the damper seal 98 rests flush on a rear surface 188 of the leak
discouraging tab 132 to assist in preventing the leakage of the cooling air I from the neck
cavity 90 and into the hot gas flow path E.

[0084] In one example, the turbine disk slots 72 are angled approximately 10°
relative to a centerline of the turbine disk 61. When a traditional turbine blade is installed in
a turbine disk slot, a gap exists between a lower surface of the platform and an upper surface
of the turbine disk. In one example, an angle between a blade root and the platform of the
turbine disk is 16°. The angle may vary greatly depending on the embodiment.

[0085] As shown in Figure 14, an upper surface 192 of the first portion 182 of the
leak discouraging tab 132 has a contour that corresponds to a contour of a lower surface 190
of the platform 80. That is, the upper surface 192 of the first portion 182 of the leak
discouraging tab 132 is substantially parallel to the lower surface 190 of the platform 80. The
upper surface 192 of the first portion 182 has a greater incline than an upper surface 194 of
the second portion 184, and the ledge 186 is defined between the portions 182 and 184. The
proximity of the upper surface 192 of the first section 182 and the lower surface 190 of the
platform 80 create a seal that prevents the cooling air I from leaking.

[0086] Additionally, the damper seal 98 also blocks the passage of the cooling air
I through any gap that might exist, for example, a gap between the lower surface 190 of the
platform 80 and an upper surface 194 of a portion of the second portion 184 of the leak
discouraging tab 132 that is located under the platform 80.

[0087] In one example, the damper seal 98 is installed in the turbine blades 68a
prior to the installation of the turbine blades 68a into the turbine disk 61. This prevents the
damper seal 98 from falling out when the turbine blades 68a are partially installed into the
turbine disk 61. Alternately, the damper seal 98 can be installed after the turbine blades 68a

are engaged in the turbine disk 61, but not fully installed in the turbine disk 61.
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[0088] By employing a damper seal 98 that combines the features of a damper
and a seal in a single component, the number of parts and the weight is reduced.
Additionally, the assembly process is simplified by requiring only one component to be
installed between adjacent turbine blades 68a.

[0089] Figures 16, 17 and 18 illustrate another example a damper seal 134
employed with a turbine blade 68b employed in the second stage 72 of the high pressure
turbine 54. The damper seal 134 spans the space 100 between platforms 80 of adjacent
turbine blades 68b to provide sealing and prevent the leakage of cooling air I'. The turbine
blades 68b of the second stage 72 have a length that is greater than a length of the turbine
blades 68a of the first stage 70 as the turbine blades 68b of the second stage 72 extract a
different amount of work.

[0090] The damper seal 134 imposes a normal load on the turbine blades 68b.
The resulting frictional force created by the normal load produces damping, reducing a
vibratory response. The damper seal 134 prevents the cooling air I from leaking from the
neck cavity 90 of the turbine blades 68b and into the hot gas flow path E along arrows G
(shown in Figure 3).

[0091] The damper seal 134 is stamped from sheet metal. The damper seal 134
can also be formed by direct metal laser sintering. Other manufacturing methods are
possible. The damper seal 134 is ductile enough to conform to the lower surface 91 of the
platform 80 of the turbine blade 68b and provide consistent and complete contact with the
turbine blade 68b. The damper seal 134 includes an upper portion 136 that is substantially
flat. The damper seal 134 also includes a first projection 138 and a second projection 140
that extend at an angle relative to the upper portion 136 and from opposing end regions of the
upper portion 136. In one example, the second projection 140 is longer than the first
projection 138.

[0092] The first projection 138 includes a first tab 142 and a second tab 144 that
extend in opposing directions and substantially perpendicularly to the first projection 138 to
define an enlarged portion 146. The enlarged portion 146 provides additional width to the
damper seal 134 and prevents rocking of the damper seal 134. A third tab 148 extends
substantially perpendicularly to the first tab 142 and the second tab 144 and extends in the

general direction of the first projection 138. The third tab 148 is narrower than the enlarged
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portion 146. The third tab 148 provides sealing and prevents the cooling air IV in the neck
cavity 90 from leaking and entering the hot gas flow path E when the damper seal 134 is
installed in the turbine blade 68b.

[0093] The second projection 140 includes a first tab 150 and a second tab 152
that extend in opposing directions and substantially perpendicularly to the second projection
140 to define an enlarged portion 154. The enlarged portion 154 provides additional width
and prevents rocking of the damper seal 134. A third tab 156 extends substantially
perpendicularly to the first tab 150 and the second tab 152 and extends in the general
direction of the second projection 140. The third tab 156 is narrower than the enlarged
portion 154. The third tab 156 provides sealing and when the damper seal 134 is installed in
the turbine blade 68b, and the third tab 156 prevents the cooling air I in the neck cavity 90
from leaking and entering the hot gas flow path E. The third tab 156 also includes a curved
end portion 158.

[0094] The upper portion 136 of the damper seal 134 includes a first side 160 and
an opposing second side 162. Two spaced apart substantially triangular shaped portions 164
extend from the first side 160. Together, the two spaced apart substantially triangular shaped
portions 164 define a curved outer surface 166. The two spaced apart substantially triangular
shaped portions 164 are co-planar with the upper portion 136.

[0095] Two spaced apart substantially triangular shaped portions 168 extend from
the opposing second side 162 of the upper portion 136 and extend at a downward angle
relative to the upper portion 136. The two spaced apart substantially triangular shaped
portions 168 together define a curved outer surface 170. A rectangular opening 172 is
defined between the two spaced apart substantially triangular shaped portions 168. The
rectangular opening 172 receives the retention nub 92 of the turbine blade 68b when the
damper seal 134 is installed in the turbine blade 68b, preventing misalignment between the
damper seal 134 and the turbine blade 68b.

[0096] Figure 18 illustrates a perspective view of the damper seal 134 installed in
a neck cavity 90 between two adjacent turbine blades 68bl and 68b2. The turbine blades
68b1 and 68b2 each include a retention shelf 82 on opposing sides of the platform 80 and a
retention nub 92. The retention shelves 82 extend inwardly. The upper portion 136 of the

damper seal 134 is located under the platform 80 and adjacent to the lower surface 91 of the
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platform 80. The retention nub 92 of the turbine blades 68b is received in the opening 172 of
the damper seal 134. The spaced apart substantially triangular portions 168 on the second
side 162 of the upper portion 136 of the damper seal 134 are positioned against the turbine
blade 68b. The enlarged portion 146 of the first projection 138 rests on one retention shelf
82, and the enlarged projection 154 of the second projection 140 rests on another retention
shelf 82. The third tab 156 of the second projection 140 curves under the buttress 93. When
installed, the contour of the first projection 138 and the second projection 140 corresponds to
the contour of the lower surface 91 of the platform 80.

[0097] Figure 19 illustrates a top perspective view of the damper seal 134
installed in adjacent turbine blades 68b1 and 68b2. The damper seal 134 is located in the
neck cavity 90 of the turbine blades 68b1 and 68b2. The damper seal 134 is located under
the platforms 80 and above the retention shelves 82 of the adjacent turbine blades 68b1 and
68b2 and spans the space 100 between the platforms 40. The retention nub 92 of the platform
80 of the turbine blade 68b1 is received in the opening 172 of the damper seal 68b1.

[0098] As explained above with respect to the third tab 116 of the damper seal 98
employed in the first stage 70 of the high pressure turbine 54, the third tabs 148 and 156 of
the projections 138 and 140, respectively, of the damper seal 134 prevent the cooling air I
from escaping the neck cavity 90 and entering the hot gas flow path E. In the second stage
72 of the high pressure turbine 54, both end regions of the damper seal 134 provide sealing
with respect to the flow path of the hot gas E. Therefore, sealing is provided on opposing
ends of the turbine blade 68b.

[0099] The damper seal 134 also includes mistake proof features that prevent
improper installation of the damper seal 134 with respect to the turbine blades 68b1 and
68b2. Figure 20 illustrates in phantom lines a damper seal 134 that has been improperly
installed in the turbine blades 68bl and 68b2. When the damper seal 134 is properly
installed, the retention nub 92 is received in the opening 172 of the damper seal 134. If the
damper seal 134 was installed improperly, the space between the retention nub 92 of one
turbine blade 68bl and the structure of an adjacent turbine blade 68b2 is too small to allow
installation of the damper seal 134. Figure 20 shows an improperly installed damper seal
134 and the overlapping of the damper seal 134 with features of the turbine blades 68b1 and
68b2 in phantom lines.
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[00100] Additionally, as shown in Figure 21, a visual indication is provided if the
damper seal 134 is improperly installed as the curved end portion 158 of the third tab 156
would be visible.

[00101] The retention shelves 82 assist in retaining the damper seal 134 in the neck
cavity 90. The damper seal 134 is free to slide in a direction substantially perpendicular to
the length of the platform 80 to dampen vibrations and provide frictional damping, but the
engagement of the retention nub 92 in the opening 172 of the damper seal 134 and the
restraint provided by the retention shelves 82 prevent movement of the damper seal 134 in a
direction substantially parallel to the length of the platform 80.

[00102] The damper seal 134 is installed in the neck cavities 90 of the turbine
blades 68b prior to installation of the turbine blades 68b into the turbine disk 61. This
prevents the damper seal 134 from falling out when the turbine blades 68b are partially
installed into the turbine disk 61. Alternately, the damper seal 134 can be installed after the
turbine blades 68b are engaged in the turbine disk 61, but not fully installed in the turbine
disk 61.

[00103] The foregoing description is only exemplary of the principles of the
invention. Many modifications and variations are possible in light of the above teachings. It
is, therefore, to be understood that within the scope of the appended claims, the invention
may be practiced otherwise than using the example embodiments which have been
specifically described. For that reason the following claims should be studied to determine

the true scope and content of this invention.
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CLAIMS

What is claimed is:
1. A damper seal received in a cavity of a turbine blade located between a platform and a
retention shelf, the damper seal comprising:

a central body portion having a first end region, an opposing second end region, and a
width;

a first portion extending from the first end region of the central body portion, wherein
a first end region of the first portion includes first outwardly extending tabs that define a first
enlarged portion that has a first width greater than the width of the central body portion; and

a second portion extending from the opposing second end region of the central body

portion.
2. The damper seal as recited in claim 1 wherein a second end region of the second
portion includes second outwardly extending tabs that define a second enlarged portion that

has a second width greater than the width of the central body portion.

3. The damper seal as recited in claim 1 wherein the damper seal is formed from

stamped sheet metal.

4. The damper seal as recited in claim 1 wherein the first enlarged portion rests on a

retention shelf of a turbine blade.

5. The damper seal as recited in claim 1 wherein the first portion includes another tab

that extends substantially perpendicularly to the first outwardly extending tabs.

6. The damper seal as recited in claim 2 wherein the second portion includes another tab

that extends substantially perpendicularly to the second outwardly extending tabs.
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7. The damper seal as recited in claim 1 wherein a portion of the damper seal engages a

groove in a turbine disk lug of a turbine disk.

8. The damper seal as recited in claim 1 wherein the central body includes a projection
that defines an opening, and the opening receives a lug of a turbine blade to align the damper

seal relative to the turbine blade.
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0. A turbine blade comprising:

a root received in a slot of a turbine disk;

a blade;

a platform located between the root and the blade, wherein the platform includes a
retention shelf, and a cavity is defined between a lower surface of the platform and the
retention shelf; and

a damper seal received in the cavity of the turbine blade, the damper seal including a
central body portion having a first end region, an opposing second end region, a width, a first
portion extending generally downward from the first end region of the central body portion,
and a second portion extending generally downward from the opposing second end region of
the central body portion, wherein a first end region of the first portion includes first
outwardly extending tabs that define a first enlarged portion that has a first width greater than

the width of the central body portion.
10. The turbine blade as recited in claim 9 wherein a second end region of the second
portion includes second outwardly extending tabs that define a second enlarged portion that

has a second width greater than the width of the central body portion.

11. The turbine blade as recited in claim 9 wherein the damper seal is formed from

stamped sheet metal.

12. The turbine blade as recited in claim 9 wherein the first enlarged portion rests on the

retention shelf of the turbine blade.

13. The turbine blade as recited in claim 9 wherein the first portion includes another tab

that extends substantially perpendicularly to the first outwardly extending tabs.

14. The turbine blade as recited in claim 10 wherein the second portion includes another

tab that extends substantially perpendicularly to the second outwardly extending tabs.
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15. The turbine blade as recited in claim 9 wherein a portion of a damper seal engages a

groove in a turbine disk lug of the turbine disk.
16. The turbine blade as recited in claim 9 wherein the central body includes a projection

that defines an opening, and the opening receives a lug on the lower surface of the platform

of the turbine blade to align the damper seal relative to the turbine blade.
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17. A turbine comprising:

a turbine disk including a plurality of lugs and a plurality of slots, wherein each of the
plurality of lugs is located between two of the plurality of slots, and each of the plurality of
lugs includes a tab that extends upwardly, wherein the tab has first section having an upper
surface and a second section having an upper surface, the upper section of the first section is
inclined greater than the upper surface of the second section, and the upper surface of the first
section of the tab defines a contour; and

a turbine blade, wherein the turbine blade includes a root received in one of the
plurality of slots and a platform, and the platform has a lower surface defining a contour,

wherein, when the turbine blade is received in one of the plurality of slots, the lower
surface of the platform is located above a portion of the upper surface of the first section of
the tab, and the contour of the upper surface of the first section of the tab matches the contour

of the lower surface of the platform.
18. The turbine as recited in claim 17, wherein an upper surface of each of the plurality of
lugs includes an axial groove and a circumferential groove that intersects the axial groove,

and the circumferential groove defines a rear surface of the tab.

19. The turbine as recited in claim 18, wherein the circumferential groove is deeper than

the axial groove.

20. The turbine as recited in claim 18, wherein the axial groove receives a damper seal

located under the platform.

21. The turbine as recited in claim 20, wherein a portion of the damper seal rests against

the rear surface of the tab.

22. The turbine as recited in claim 17, wherein the upper surface of the first section of the

tab is substantially parallel to the lower surface of the platform.
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