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(54) Turbine rotor blade assembly and method of assembling same

(57) A rotor blade assembly (100) for a rotor (30) of
a gas turbine engine (10) having an axis of rotation (8)
includes a shank portion (106) formed from a ceramic
matrix composite (CMC) material. The rotor blade as-
sembly also includes a platform portion (104) formed
from a substantially similar CMC material as that of the
shank portion. The platform portion is coupled to the
shank portion. The platform portion and the shank portion

cooperate to at least partially define two opposing side
portions (128) of the rotor blade assembly. The opposing
side portions are angularly separated with respect to the
axis of rotation. The rotor blade assembly further includes
a damper retention apparatus (120). At least a portion of
the damper retention apparatus is coupled to the shank
portion. The damper retention apparatus includes at least
one angled bracket apparatus (120) extending toward a
circumferentially adjacent rotor blade assembly (100).
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Description

BACKGROUND OF THE INVENTION

[0001] The field of the invention relates generally to
rotors of turbines in a gas turbine engine and, more par-
ticularly, to methods and apparatus for retaining a damp-
er in turbine ceramic matrix composite (CMC) blades.
[0002] At least some known aircraft are driven by two
or more gas turbine engines that include turbine sections
that include a plurality of blades, sometimes referred to
as "buckets", mounted to the periphery of a rotor wheel
or disk in an angularly spaced relationship to each other.
The turbine blades of typically plural rotor disk stages
project into an axially flowing hot gas stream to convert
the kinetic energy of this working fluid to rotational me-
chanical energy. To accommodate material growth and
shrinkage due to variations in temperature and centrifu-
gal forces, the blades are typically provided with roots
having a "fir tree" configuration, which are captured in
dovetail slots in the rotor disk periphery. Typically, turbine
blades include a platform to which the root, or dovetail is
coupled. Also, typically, turbine blades include an airfoil
coupled to the platform.
[0003] During engine operation, vibrations are induced
in the turbine blades, including side-to-side, i.e., circum-
ferential movement of the turbine blade platforms that
increase excitation stresses induced in the turbine blade
shanks. If left unchecked, these vibrations can result in
premature fatigue failures in the blades.
[0004] To dissipate the energy of these vibrations, and
hence lower vibrational amplitude and associated stress-
es, it is common practice to dispose dampers between
the blades and the disk or between adjacent blades in
positions to act against surfaces of tangentially projecting
blade platforms. When the turbine disk rotates, the damp-
ers are pressed against the platform surfaces by centrif-
ugal forces. As the blades vibrate, the damper and plat-
form surfaces slide against each other to produce fric-
tional forces effective in substantially absorbing and thus
dissipating much of the vibrational energy.
[0005] Also, in at least some aircraft gas turbine en-
gines, the blades are formed from a ceramic matrix com-
posite (CMC), such as silicon carbide (SiC). Such CMC
materials may operate with a higher temperature working
fluid, thereby facilitating a greater rate of energy conver-
sion than similarly-sized high-temperature metal alloy
blades. Therefore, blades formed from CMCs are sub-
stituted for high-temperature metal alloy blades because
of the CMC blades’ increased operating temperatures.
However, such CMC blades have a lower ductility and
strain tolerance than the high-temperature metal alloy
blades they replace and known damper apparatus may
not be suitable for damping the vibrations induced within
the CMC blades.

BRIEF DESCRIPTION OF THE INVENTION

[0006] In one embodiment, a rotor blade assembly for
a rotor of a gas turbine engine having an axis of rotation
is provided. The rotor blade assembly includes a shank
portion formed from a ceramic matrix composite (CMC)
material. The rotor blade assembly also includes a plat-
form portion formed from a substantially similar CMC ma-
terial as that of the shank portion. The platform portion
is coupled to the shank portion. The platform portion and
the shank portion cooperate to at least partially define
two opposing side portions of the rotor blade assembly.
The opposing side portions are angularly separated with
respect to the axis of rotation. The rotor blade assembly
further includes a damper retention apparatus. At least
a portion of the damper retention apparatus is coupled
to the shank portion. The damper retention apparatus
includes at least one angled bracket apparatus extending
toward a circumferentially adjacent rotor blade assembly.
[0007] In another embodiment, a rotor assembly for a
gas turbine engine having an axis of rotation is provide.
The rotor assembly includes a rotor disk defining a pe-
riphery thereon and a plurality of rotor blades coupled to
the periphery of the rotor disk. The plurality of rotor blades
are positioned substantially circumferentially adjacent to
each other in an angularly spaced relationship with re-
spect to the axis of rotation. Each of the rotor blades
includes a shank portion formed from a ceramic matrix
composite (CMC) material. Each of the rotor blades also
includes a platform portion formed from a substantially
similar CMC material as that of the shank portion. The
platform portion is coupled to the shank portion. The plat-
form portion and the shank portion cooperate to at least
partially define two opposing side portions of each of the
rotor blades. The opposing side portions are angularly
separated with respect to the axis of rotation. Each of the
rotor blades further includes a damper retention appara-
tus. At least a portion of the damper retention apparatus
is coupled to the shank portion. The damper retention
apparatus includes at least one angled bracket apparatus
extending toward the circumferentially adjacent rotor
blade.
[0008] In yet another embodiment, a method of assem-
bling a rotor blade assembly is provided. The method
includes forming a shank portion from a ceramic matrix
composite (CMC) material. The method also includes
forming a platform portion from a substantially similar
CMC material as that of the shank portion. The method
further includes coupling the platform portion to the shank
portion. The platform portion and the shank portion co-
operate to at least partially define two opposing side por-
tions of the rotor blade assembly. The opposing side por-
tions are angularly separated with respect to an axis of
rotation of a rotor of a gas turbine engine. The method
also includes forming a damper retention apparatus that
includes forming at least one angled bracket apparatus,
coupling the at least one angled bracket apparatus to the
shank portion, and circumferentially extending the at
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least one angled bracket apparatus away from the shank
portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figures 1 through 35 show exemplary embodiments
of the method and system described herein.

FIG. 1 is a schematic cross-sectional view of an air-
craft gas turbine engine in accordance with an ex-
emplary embodiment of the present invention;

FIG. 2 is an exploded perspective schematic view of
an exemplary ceramic matrix composite (CMC) tur-
bine blade assembly that may be used with the air-
craft gas turbine engine shown in FIG. 1;

FIG. 3 is a perspective view of the CMC turbine blade
assembly shown in FIG. 2 fully assembled;

FIG. 4 is a perspective view of two opposing sides
of the CMC turbine blade assembly shown in FIG. 3
with an exemplary L-bracket retaining apparatus and
without a sheet metal damper;

FIG. 5 is a perspective view of two opposing sides
of the CMC turbine blade assembly shown in FIG. 3
with the L-bracket retaining apparatus shown in FIG.
4 with an exemplary sheet metal damper installed;

FIG. 6 is a cutaway schematic side view of the CMC
turbine blade assembly shown in FIG. 3 with an ex-
emplary machined pocket defined therein;

FIG. 7 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and the L-bracket
retaining apparatus and the sheet metal damper
shown in FIG. 5;

FIG. 8 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 with the L-bracket
retaining apparatus and the sheet metal damper tak-
en along line 8-8 shown in FIG. 7;

FIG. 9 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 with two opposing
L-bracket retaining apparatus and a sheet metal
damper similar to those shown in FIG. 7;

FIG. 10 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and the sheet metal
damper shown in FIG. 5 and an exemplary alterna-
tive retaining apparatus that may be used with the
aircraft gas turbine engine shown in FIG. 1;

FIG. 11 is a cutaway side view of the CMC turbine

blade assembly shown in FIG. 3 and the sheet metal
damper shown in FIG. 5 and another exemplary al-
ternative L-bracket retaining apparatus that may be
used with the aircraft gas turbine engine shown in
FIG. 1;

FIG. 12 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and an exemplary
ring damper that may be used with the aircraft gas
turbine engine shown in FIG. 1;

FIG. 13 is an axial view of one of the CMC turbine
blade assemblies shown in FIG. 3 and an exemplary
alternative ring damper that may be used with the
aircraft gas turbine engine shown in FIG. 1;

FIG. 14 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and the sheet metal
damper shown in FIG. 5 and an exemplary ring re-
taining apparatus that may be used with the aircraft
gas turbine engine shown in FIG. 1;

FIG. 15 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and an exemplary
alternative damper with an exemplary alterative
damper retaining apparatus coupled to and extend-
ing from an exemplary rotor disk that may be used
with the aircraft gas turbine engine shown in FIG. 1;

FIG. 16 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and the damper
shown in FIG. 15 with another alternative damper
retaining apparatus coupled to and extending from
adjacent blade shanks that may be used with the
aircraft gas turbine engine shown in FIG. 1;

FIG. 17 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and the damper
shown in FIG. 15 with another alternative damper
retaining apparatus coupled to and extending from
adjacent blade shanks that may be used with the
aircraft gas turbine engine shown in FIG. 1;

FIG. 18 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and an exemplary
combined alternative damper and retaining appara-
tus coupled to and extending from an exemplary ro-
tor disk that may be used with the aircraft gas turbine
engine shown in FIG. 1;

FIG. 19 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and the sheet met-
al damper shown in FIG. 5 with another alternative
damper retaining apparatus coupled to and extend-
ing from an exemplary rotor disk that may be used
with the aircraft gas turbine engine shown in FIG. 1;

FIG. 20 is an axial view of two adjacent CMC turbine
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blade assemblies shown in FIG. 3 and the sheet met-
al damper shown in FIG. 5 with another alternative
damper retaining apparatus coupled to and extend-
ing from an exemplary rotor disk that may be used
with the aircraft gas turbine engine shown in FIG. 1;

FIG. 21 is a cutaway side view of one of the CMC
turbine blade assemblies and the sheet metal damp-
er with the alternative damper retaining apparatus
taken along line 21-21 shown in FIG. 20;

FIG. 22 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and an exemplary
combined damper and slotted retaining apparatus
that may be used with the aircraft gas turbine engine
shown in FIG. 1;

FIG. 23 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and an exemplary
combined damper and clipped retaining apparatus
that may be used with the aircraft gas turbine engine
shown in FIG. 1;

FIG. 24 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and the sheet metal
damper shown in FIG. 5 and an exemplary pinned
damper retaining apparatus that may be used with
the aircraft turbine engine shown in FIG. 1;

FIG. 25 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and an exemplary
alternative damper and an exemplary alternative
pinned damper retaining apparatus that may be used
with the aircraft turbine engine shown in FIG. 1;

FIG. 26 is an axial view of two adjacent CMC turbine
blade assemblies shown in FIG. 3 and the sheet met-
al damper shown in FIG. 5 and an alternative exem-
plary pinned damper retaining apparatus that may
be used with the aircraft turbine engine shown in
FIG. 1;

FIG. 27 is a cutaway side view of one of the CMC
turbine blade assemblies and the sheet metal damp-
er and the alternative pinned damper retaining ap-
paratus taken along line 27-27 shown in FIG. 26;

FIG. 28 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and the sheet metal
damper shown in FIG. 5 with two axially opposing
L-bracket retaining apparatus similar to that shown
in FIG. 10;

FIG. 29 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and the sheet metal
damper shown in FIG. 5 with an L-bracket retaining
apparatus similar to that shown in FIG. 10 and a
pinned damper retaining apparatus similar to that

shown in FIGs. 26 and 27;

FIG. 30 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and a combined
damper and clipped retaining apparatus similar to
that shown in FIG. 23 with an L-bracket retaining
apparatus similar to that shown in FIG. 10;

FIG. 31 is a cutaway side view of the CMC turbine
blade assembly shown in FIG. 3 and a combined
damper and slotted retaining apparatus similar to
that shown in FIG. 22 with an L-bracket retaining
apparatus similar to that shown in FIG. 10;

FIG. 32 is a perspective view of two sides of an al-
ternative exemplary CMC turbine blade assembly
shown with an exemplary triangular bar damper re-
taining apparatus and without a triangular bar damp-
er;

FIG. 33 is a perspective view of two sides of the
alternative CMC turbine blade assembly with the tri-
angular bar damper retaining apparatus shown in
FIG. 32 with an exemplary triangular bar damper in-
stalled;

FIG. 34 is a cutaway schematic side view of the CMC
turbine blade assembly shown in FIG. 3 with the tri-
angular bar damper retaining apparatus shown in
FIGs. 32 and 33 with a machined triangular pocket
604 defined therein; and

FIG. 35 is a flowchart of an exemplary method of
assembling the turbine rotor blade assemblies de-
scribed herein.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The following detailed description illustrates
embodiments of the invention by way of example and not
by way of limitation. The description clearly enables one
skilled in the art to make and use the disclosure, de-
scribes several embodiments, adaptations, variations,
alternatives, and uses of the disclosure, including what
is presently believed to be the best mode of carrying out
the disclosure. The disclosure is described as applied to
an exemplary embodiment, namely, apparatus for damp-
ing vibrations induced in ceramic matrix composite
(CMC) aircraft turbine blades and methods of assembling
the same. However, it is contemplated that this disclosure
has general application to turbine, fan, and compressor
blade architectures in other industrial, commercial, and
residential applications.
[0011] As used herein, an element or step recited in
the singular and preceded with the word "a" or "an" should
be understood as not excluding plural elements or steps,
unless such exclusion is explicitly recited. Furthermore,
references to "one embodiment" of the present invention
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are not intended to be interpreted as excluding the ex-
istence of additional embodiments that also incorporate
the recited features. Moreover, as used herein, the terms
"turbine rotor blade assembly", "turbine blade assembly",
"rotor blade assembly", "turbine blade", and "rotor blade"
are used interchangeably.
[0012] Embodiments of the present invention provide
novel turbine blade dampening apparatus for CMC air-
craft turbine blades. Such blade dampening apparatus
reduces vibration in the turbine blades, thereby reducing
excitation stresses, increasing the strain tolerance of the
blade shanks, and increasing a capability to handle
wakes from other components in the engine. Various em-
bodiments of the blade dampening apparatus described
herein may be coupled to the blade shank, blade plat-
form, forward and/or aft angel wings, and the rotor disk.
Also, the blade dampening apparatus may be oriented
and configured as necessary to facilitate vibration damp-
ening on a variety of blade designs and types. Further-
more, the embodiments described herein may be used
independently and exclusively, as well as conjunctively
and interchangeably. Therefore, existing aircraft gas tur-
bines may be retrofitted with the blade dampening appa-
ratus described herein. Moreover, the blade dampening
apparatus may receive a coating, including, without lim-
itation, friction coatings, wear coatings, recession coat-
ings (e.g., environmental barrier coatings), and thermal
barrier coatings. Also, the various embodiments de-
scribed herein are configured and oriented within the tur-
bine such that they will remain in place when the turbine
rotor is slowed or stopped.
[0013] FIG. 1 is a schematic cross-sectional diagram
of an exemplary embodiment of an aircraft gas turbine
engine 10 having an engine axis, i.e., axis of rotation 8,
such as a GE CFM56 series engine. Engine 10 includes,
in downstream serial flow relationship, a fan section 13
including a fan 14, a booster or low pressure compressor
(LPC) 16, a high pressure compressor (HPC) 18, a com-
bustion section 20, a high pressure turbine (HPT) 22, and
a low pressure turbine (LPT) 24. A high pressure shaft
26 drivingly connects HPT 22 to HPC 18 and a low pres-
sure shaft 28 drivingly connects LPT 24 to LPC 16 and
fan 14. HPT 22 includes an HPT rotor 30 having ceramic
matrix composite (CMC) turbine blades assemblies 100
mounted at a periphery of rotor 30, i.e., a rotor wheel disk
32. CMCs include materials such as silicon carbide (SiC).
LPT 24 may also include CMC turbine rotor blade as-
semblies 100.
[0014] FIG. 2 is an exploded perspective schematic
view of an exemplary ceramic matrix composite (CMC)
turbine blade assembly 100 that may be used with aircraft
gas turbine engine 10 (shown in FIG. 1). FIG. 3 is a per-
spective view of CMC turbine blade assembly 100 fully
assembled. CMC turbine blade assembly 100 includes
an airfoil portion 102, a platform portion 104, and a shank
portion 106 with a dovetail attachment mechanism 108.
Blade assembly 100 also includes an axially upstream,
or forward angel wing 107 and an axially downstream,

or aft angel wing 109. In the exemplary embodiment,
CMC turbine blade assembly 100 is unitarily formed as
a single component via those CMC fabrication processes
known in the art. FIG. 2 shows CMC turbine blade as-
sembly 100 as a plurality of CMC plies.
[0015] FIG. 4 is a perspective view of two opposing
sides of CMC turbine blade assembly 100 with an exem-
plary angled, or L-bracket retaining apparatus 120. FIG.
5 is a perspective view of two opposing sides of CMC
turbine blade assembly 100 with L-bracket retaining ap-
paratus 120 and an exemplary sheet metal damper 122
installed. FIG. 6 is a cutaway schematic side view of CMC
turbine blade assembly 100 with a machined pocket 124
defined therein. L-bracket retaining apparatus 120 is
formed from a CMC material that is similar to and/or com-
patible with the CMC material of turbine blade assembly
100. Moreover, L-bracket retaining apparatus 120 in-
cludes a first portion 119 and a second portion 121 that
define an angle 126 that is approximately, or slightly less
than, 90°. Alternatively, apparatus 120 defines any angle
126 that enables operation of apparatus 120 as de-
scribed herein. In the exemplary embodiment, platform
portion 104 has a radial thickness T1 and is referred to
a "thin platform configuration." Alternatively, platform por-
tion 104 has any radial thickness that enables operation
of blade assembly 100 as described herein.
[0016] In some embodiments, as shown in FIGs. 4 and
5, second portion 121 of L-bracket retaining apparatus
120 cooperates with one of two shank, i.e., blade side
walls 128 and a portion of underside 129 of platform 104
to define a platform gap 130. Platform gap 130 is sized
to receive and retain sheet metal damper 122 via an in-
terference fit, i.e., without coupling methods such as
welding, brazing, and fastener hardware. Moreover, in
some embodiments, L-bracket retaining apparatus 120
extends from a shank portion 106 of a first blade 100 to
a shank portion 106 of an adjacent blade 100, wherein
L-bracket retaining apparatus 120 is maintained in posi-
tion via an interference fit. Alternatively, in some embod-
iments, L-bracket retaining apparatus 120 does not fully
extend between blades 100 and first portion 119 is cou-
pled to an associated shank 106 by any method that en-
ables operation of L-bracket retaining apparatus 120 and
CMC turbine blade assembly 100 as described herein,
including, without limitation, unitarily forming CMC tur-
bine blade assembly 100 with L-bracket retaining appa-
ratus 120.
[0017] Also, alternatively, as shown in FIG. 6, some
embodiments include machined pocket 124 formed with-
in a CMC insert 134. An interface 131 (only shown in
FIG. 6) is defined between shank side wall 128 and a
portion of underside 129. In this exemplary alternative
embodiment, CMC insert 134 is coupled to a portion of
underside 129, L-bracket retaining apparatus 120, and
a portion of shank side wall 128 at interface 131 via an
interference fit, i.e., without coupling methods such as
welding, brazing, and fastener hardware.
[0018] FIG. 7 is an axial view of two adjacent CMC
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turbine blade assemblies 100 and L-bracket retaining ap-
paratus 120 and sheet metal damper 122. Each of adja-
cent CMC turbine blade assemblies 100 are shown in
FIG. 7 as coupled to rotor wheel disk 32. Also, adjacent
CMC turbine blade assemblies 100 define an interface
140 of blade platforms 104. As shown in FIG. 7, sheet
metal damper 122 is coupled to underside 129 of blade
platforms 104 and may, or may not, be centered with
respect to interface 140. Moreover, in this exemplary em-
bodiment, second portion 1121 of L-bracket retaining ap-
paratus 120 extends a length L, i.e., it does not fully ex-
tend between adjacent blade assemblies 100, and first
portion 119 is coupled to an associated shank 106 by
any method that enables operation of L-bracket retaining
apparatus 120, sheet metal damper 122, and CMC tur-
bine blade assembly 100 as described herein, including,
without limitation, unitarily forming CMC turbine blade
assembly 100 with L-bracket retaining apparatus 120.
[0019] While FIG. 7 shows L-bracket retaining appa-
ratus 120 and sheet metal damper 122 not touching for
clarity, L-bracket retaining apparatus 120 is positioned
substantially stationary against shank 106, at least par-
tially extending toward shank 106 of adjacent blade as-
sembly 100 length L. Moreover, L-bracket retaining ap-
paratus 120 is extended sufficiently toward adjacent
blade assembly 100 length L to facilitate coupling to sheet
metal damper 122 via an interference fit. Such interfer-
ence fit facilitates sheet metal damper 122 being main-
tained in position regardless of operation of gas turbine
engine 10 (shown in FIG. 1), such operation including,
without limitation, substantially stationary rotor 30
(shown in FIG. 1) conditions, slow rotation of rotor 30 via
turning gear (not shown), accelerations to predetermined
operating speeds, and subsequent decelerations.
[0020] FIG. 8 is a cutaway side view of CMC turbine
blade assembly 100 with L-bracket retaining apparatus
120 and sheet metal damper 122 taken along line 8-8
(shown in FIG. 7). Platform 104 defines a platform cen-
terline 150 that is substantially equidistant between for-
ward angle wing 107 and aft angle wing 109, and is sub-
stantially orthogonal to platform 104. As shown in FIG.
7, L-bracket retaining apparatus 120 has a width W that
extends forward from platform centerline 150.
[0021] Alternatively, L-bracket retaining apparatus 120
has any width W and is positioned anywhere between
forward angle wing 107 and aft angle wing 109 that en-
ables operation of L-bracket retaining apparatus 120,
sheet metal damper 122, and blade assembly 100 as
described herein.
[0022] FIG. 9 is an axial view of two adjacent CMC
turbine blade assemblies 100 with two opposing L-brack-
et retaining apparatus 120 and sheet metal damper 122.
Each of adjacent CMC turbine blade assemblies 100 are
shown in FIG. 9 as coupled to rotor wheel disk 32. Also,
adjacent CMC turbine blade assemblies 100 define in-
terface 140 of blade platforms 104. As shown in FIG. 9,
sheet metal damper 122 is coupled to underside 129 of
blade platforms 104 and may, or may not, be centered

with respect to interface 140. Moreover, in this exemplary
embodiment, each L-bracket retaining apparatus 120 ex-
tends length L, i.e., neither apparatus 120 extends fully
between adjacent blade assemblies 100, and apparatus
120 is coupled to associated shank 106 by any method
that enables operation ofL-bracket retaining apparatus
120, sheet metal damper 122, and CMC turbine blade
assembly 100 as described herein, including, without lim-
itation, unitarily forming each CMC turbine blade assem-
bly 100 with each associated L-bracket retaining appa-
ratus 120. While FIG. 9 shows both L-bracket retaining
apparatus 120 and sheet metal damper 122 not touching
for clarity, each L-bracket retaining apparatus 120 is po-
sitioned substantially stationary against associated
shank 106, at least partially extending toward shank 106
of the adjacent blade assembly 100 with length L. More-
over, each L-bracket retaining apparatus 120 is extended
sufficiently toward adjacent blade assembly 100 with
length L to facilitate coupling to sheet metal damper 122
via an interference fit. Such interference fit facilitates
sheet metal damper 122 being maintained in position re-
gardless of operation of gas turbine engine 10 (shown in
FIG. 1), such operation including, without limitation, sub-
stantially stationary rotor 30 (shown in FIG. 1) conditions,
slow rotation of rotor 30 via turning gear (not shown),
accelerations to predetermined operating speeds, and
subsequent decelerations.
[0023] In the exemplary embodiment, adjacent
L-bracket retaining apparatus 120 do not contact each
other. Alternatively, some embodiments of rotor 30 may
include adjacent L-bracket retaining apparatus 120 in
contact with each other. Also, some embodiments of rotor
30 may include adjacent L-bracket retaining apparatus
120 axially positioned such that one apparatus 120 is
closest to forward angle wing 107 and one apparatus 120
is closest to aft angle wing 109.
[0024] FIG. 10 is a cutaway side view of CMC turbine
blade assembly 100 and sheet metal damper 122 and
an exemplary alternative retaining apparatus 160 that
may be used with aircraft gas turbine engine 10 (shown
in FIG. 1). FIG. 11 is a cutaway side view of CMC turbine
blade assembly 100 and sheet metal damper 122 and
another exemplary alternative retaining apparatus 162
that may be used with aircraft gas turbine engine 10
(shown in FIG. 1). FIG. 10 shows retaining apparatus
160 with an axial length LA1 extending from forward angle
wing 107 to point short of platform centerline 150. FIG.
11 shows retaining apparatus 162 with an axial length
LA2 extending from forward angle wing 107 to approxi-
mately platform centerline 150. Alternatively, retaining
apparatus 160 and 162 have any axial lengths LA that
enable operation of retaining apparatus 160 and 162,
sheet metal damper 122, and CMC turbine blade assem-
bly 100 as described herein. Moreover, alternatively, re-
taining apparatus 160 and 162 may have any orientation
and configuration that enables operation of retaining ap-
paratus 160 and 162, sheet metal damper 122, and CMC
turbine blade assembly 100 as described herein, includ-

9 10 



EP 2 570 600 A2

7

5

10

15

20

25

30

35

40

45

50

55

ing, without limitation, extending from a top surface of
platform 104 to an underside of damper 122 and extend-
ing forward from aft angel wing 109. In addition, in the
exemplary embodiment, retaining apparatus 160 and
162 are formed from CMC material. Alternatively, retain-
ing apparatus 160 and 162 may be formed from any ma-
terial that enables operation of retaining apparatus 160
and 162, sheet metal damper 122, and CMC turbine
blade assembly 100 as described herein.
[0025] FIG. 12 is a cutaway side view of CMC turbine
blade assembly 100 and an exemplary ring damper 200
that may be used with aircraft gas turbine engine 10
(shown in FIG. 1). In the exemplary embodiment, a cool-
ing plate 202 is coupled to the forward end of blade as-
sembly 100 just below forward angel wing 107. Also, in
the exemplary embodiment, exemplary ring damper 200
is threaded through a circumferential cavity 204 defined
between a plurality of forward angel wings 107 and a
plurality of cooling plates 202, wherein wings 107 and
plates 202 extend circumferentially about rotor 30 (shown
in FIG. 1). Therefore, ring damper 200 may extend sub-
stantially continuously and substantially circumferentially
for 360°. Alternatively, ring damper 200 may extend cir-
cumferentially for 360° in segments. Ring damper 200
facilitates dampening vibratory movement between the
plurality of forward angel wings 107 and the plurality of
cooling plates 202.
[0026] FIG. 13 is an axial view of one of CMC turbine
blade assemblies 100 and an exemplary alternative ring
damper 210 that may be used with aircraft gas turbine
engine 10 (shown in FIG. 1). In the exemplary embodi-
ment, ring damper 210 includes two rings, i.e., ring 212
and ring 214. Alternatively, ring damper 210 may include
any number of rings 212/214 that enable operation of
ring damper 210 as described herein. Rings 212 and 214
may extend substantially continuously and substantially
circumferentially for 360° through an entire axial row (not
shown) of blade assemblies 100. Alternatively, rings 212
and 214 may extend circumferentially for 360° through
an entire axial row of blade assemblies 100 in segments.
Ring damper 210 facilitates dampening vibratory move-
ment between platform 104 and shank 106. While FIG.
13 shows alternative ring damper 210 and platform 104
not touching for clarity, each of rings 212 and 214 is ex-
tended with sufficient tension to facilitate coupling rings
212 and 214 to platform 104 via an interference fit.
[0027] FIG. 14 is an axial view of two adjacent CMC
turbine blade assemblies 100 and sheet metal damper
122 and an exemplary ring retaining apparatus 220 that
may be used with aircraft gas turbine engine 10 (shown
in FIG. 1). Ring retaining apparatus 220 may extend sub-
stantially continuously and substantially circumferentially
for 360° through an entire axial row (not shown) of blade
assemblies 100. Alternatively, ring retaining apparatus
220 may extend circumferentially for 360° through an en-
tire axial row of blade assemblies 100 in segments. In
the exemplary embodiment, ring retaining apparatus 220
includes one ring 222. Alternatively, ring retaining appa-

ratus 220 may include any number of rings 222 that en-
able operation of ring retaining apparatus 220 as de-
scribed herein.
[0028] While FIG. 14 shows both ring retaining appa-
ratus 220 and sheet metal damper 122 not touching for
clarity, each ring retaining apparatus 220 is extended with
sufficient tension to facilitate coupling ring 222 to sheet
metal damper 122 via an interference fit. Such interfer-
ence fit facilitates sheet metal damper 122 being main-
tained in position regardless of operation of gas turbine
engine 10, such operation including, without limitation,
substantially stationary rotor 30 (shown in FIG. 1) condi-
tions, slow rotation of rotor 30 via turning gear (not
shown), accelerations to predetermined operating
speeds, and subsequent decelerations.
[0029] FIG. 15 is an axial view of two adjacent CMC
turbine blade assemblies 100 and exemplary alternative
damper 300 with an exemplary damper retaining appa-
ratus 302 coupled to and extending from adjacent blade
shanks 106 that may be used with aircraft gas turbine
engine 10 (shown in FIG. 1). Alternative damper 300 is
substantially T-shaped with a plate portion 304 and a
radial extension 306 coupled to plate portion 304. In the
exemplary embodiment, damper 300 is unitarily formed.
Alternatively, damper 300 is assembled by coupling plate
portion 304 and a radial extension 306 via any method
that enables operation of damper retaining apparatus
302 as described herein. Also, damper 300 is formed
from any material that enables operation of damper re-
taining apparatus 302 as described herein.
[0030] Damper retaining apparatus 302 includes at
least one of a shank extension 308 and an alternative
exemplary shank 310 with a unitary shank extension 312.
Shank extension 308 is coupled to shank 106 via any
method that enables operation of damper retaining ap-
paratus 302 as described herein. Damper retaining ap-
paratus 302 also includes a shaped coupler 314. Shaped
coupler 314 includes a shaped body 316 that is compli-
mentary to shank extension 308 and/or shank extension
312 and is coupled via an interference fit thereto. Shaped
coupler 314 also includes a disk extension 318 coupled
to shaped body 316 and radially extending therefrom
coupled to rotor wheel disk 32 via an interference fit.
Shaped coupler 314 further includes a damper extension
320 coupled to shaped body 316 and radially extending
therefrom. Damper extension 320 defines a cavity 322
therein that is complimentary to radial extension 306 of
damper 300, and receives extension 306 therein via an
interference fit. In the exemplary embodiment, shaped
coupler 314 is unitarily formed. Alternatively, shaped cou-
pler 314 is assembled by coupling disk extension 318,
shaped body 316, and damper extension 322 via any
method that enables operation of damper retaining ap-
paratus 302 as described herein. Also, shaped coupler
314 is formed from any material that enables operation
of damper retaining apparatus 302 as described herein.
[0031] While FIG. 15 shows radial extension 306 and
shaped coupler 314 not touching within cavity 322 for
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clarity, radial extension 306 is extended into cavity 322
with sufficient adhesion to facilitate coupling radial ex-
tension 306 to shaped coupler 314 via an interference
fit. Shaped coupler 314 of damper retaining apparatus
302 is extended between rotor wheel disk 32 and damper
300, and damper 300 is inserted into cavity 322 to facil-
itate securing damper 300 against underside 129 of plat-
form 104 via a series of interference fits. Such interfer-
ence fits facilitate damper 300 being maintained in posi-
tion regardless of operation of gas turbine engine 10,
such operation including, without limitation, substantially
stationary rotor 30 (shown in FIG. 1) conditions, slow
rotation of rotor 30 via turning gear (not shown), accel-
erations to predetermined operating speeds, and subse-
quent decelerations.
[0032] FIG. 16 is an axial view of two adjacent CMC
turbine blade assemblies 100 and damper 300 with an-
other alternative damper retaining apparatus 330 cou-
pled to and extending from adjacent blade shanks 106
that may be used with aircraft gas turbine engine 10
(shown in FIG. 1). In this exemplary alternative embod-
iment, damper retaining apparatus 330 is similar to
damper retaining device 302 (shown in FIG. 15) with the
exception of at least one of two alternative shank exten-
sions 332 and 334. Shank extension 332 includes an
outer rib 336 that is coupled to shaped body 316 via an
interference fit and an inner material 338 that is coupled
to shank 106 via any method that enables operation of
damper retaining apparatus 330 as described herein.
Shank extension 334 is similar to shank extension 332
with the exception of that shank extension 334 includes
outer rib 336 as well as at least one inner support rib 340.
Ribs 336 and 340, and inner material 338 are formed
from any materials that enable operation of damper re-
taining apparatus 330 as described herein.
[0033] While FIG. 16 shows radial extension 306 and
shaped coupler 314 not touching within cavity 322 for
clarity, radial extension 306 is extended into cavity 322
with sufficient adhesion to facilitate coupling radial ex-
tension 306 to shaped coupler 314 via an interference
fit. Damper retaining apparatus 330 is extended between
rotor wheel disk 32 and damper 300, and damper 300 is
inserted into cavity 322 to facilitate securing damper 300
against underside 129 of platform 104 via a series of
interference fits. Such interference fits facilitate damper
300 being maintained in position regardless of operation
of gas turbine engine 10, such operation including, with-
out limitation, substantially stationary rotor 30 (shown in
FIG. 1) conditions, slow rotation of rotor 30 via turning
gear (not shown), accelerations to predetermined oper-
ating speeds, and subsequent decelerations.
[0034] FIG. 17 is an axial view of two adjacent CMC
turbine blade assemblies 100 and damper 300 with an-
other alternative damper retaining apparatus 350 cou-
pled to and extending from rotor wheel disk 32 that may
be used with aircraft gas turbine engine 10 (shown in
FIG. 1). In this exemplary alternative embodiment, damp-
er retaining apparatus 350 includes a disk-to-damper ex-

tension 352 that defines a cavity 354 that is complimen-
tary to radial extension 306 of damper 300, and receives
extension 306 therein via an interference fit. Damper re-
taining apparatus 350 also includes a dovetail portion
356 that is complementary to a dovetail cavity 358 de-
fined within rotor wheel disk 32. Therefore, damper re-
taining apparatus 350 is coupled to rotor wheel disk 32
via an interference fit. In the exemplary embodiment,
damper retaining apparatus 350 is unitarily formed. Al-
ternatively, damper retaining apparatus 350 is assem-
bled and/or fabricated via any method that enables op-
eration of damper retaining apparatus 350 as described
herein. Also, damper retaining apparatus 350 is formed
from any material that enables operation of damper re-
taining apparatus 350 as described herein.
[0035] While FIG. 17 shows radial extension 306 and
disk-to-damper extension 352 not touching within cavity
358 for clarity, radial extension 306 is extended into cavity
358 with sufficient adhesion to facilitate coupling radial
extension 306 to disk-to-damper extension 352 via an
interference fit. Damper retaining apparatus 350 is ex-
tended between rotor wheel disk 32 and damper 300,
and damper 300 is inserted into cavity 354 to facilitate
securing damper 300 against underside 129 of platform
104 via a series of interference fits. Such interference fits
facilitate damper 300 being maintained in position re-
gardless of operation of gas turbine engine 10, such op-
eration including, without limitation, substantially station-
ary rotor 30 (shown in FIG. 1) conditions, slow rotation
of rotor 30 via turning gear (not shown), accelerations to
predetermined operating speeds, and subsequent decel-
erations.
[0036] FIG. 18 is an axial view of two adjacent CMC
turbine blade assemblies 100 and an exemplary com-
bined damper 360 with a damper retaining apparatus 362
coupled to and extending from rotor wheel disk 32 that
may be used with aircraft gas turbine engine 10 (shown
in FIG. 1). Alternative damper 360 is substantially
T-shaped with a plate portion 364 and an elongated radial
extension 366 coupled to plate portion 364. In this exem-
plary alternative embodiment, damper retaining appara-
tus 362 includes elongated radial extension 366 extend-
ing into a disk cavity 368 defined within rotor wheel disk
32. Disk cavity 368 is complementary to elongated radial
extension 366 of damper 360, and receives extension
366 therein via an interference fit. Therefore, damper 360
is coupled to rotor wheel disk 32 via an interference fit.
In the exemplary embodiment, damper 360 is unitarily
formed. Alternatively, damper 360 is assembled and/or
fabricated via any method that enables operation of
damper 360 and damper retaining apparatus 362 as de-
scribed herein. Also, damper 360 is formed from any ma-
terial that enables operation of damper 360 and damper
retaining apparatus 362 as described herein.
[0037] While FIG. 18 shows elongated radial extension
366 and rotor wheel disk 32 not touching within cavity
368 for clarity, radial extension 366 is extended into cavity
368 with sufficient adhesion to facilitate coupling radial
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extension 366 to rotor wheel disk 32 via an interference
fit. Damper 360 is extended between rotor wheel disk 32
and is inserted into cavity 368 to facilitate securing damp-
er 360 against underside 129 of platform 104 via a series
of interference fits. Such interference fits facilitate damp-
er 360 being maintained in position regardless of oper-
ation of gas turbine engine 10, such operation including,
without limitation, substantially stationary rotor 30
(shown in FIG. 1) conditions, slow rotation of rotor 30 via
turning gear (not shown), accelerations to predetermined
operating speeds, and subsequent decelerations.
[0038] FIG. 19 is an axial view of two adjacent CMC
turbine blade assemblies 100 and sheet metal damper
122 with another alternative damper retaining apparatus
370 coupled to and extending from rotor wheel disk 32
that may be used with aircraft gas turbine engine 19
(shown in FIG. 1).
[0039] In this exemplary alternative embodiment,
damper retaining apparatus 370 includes a damper con-
tact portion 372 that extends substantially circumferen-
tially between adjacent shank portions 106 of adjacent
blades 100 and contacts sheet metal damper 122 with
an interference fit. Damper retaining apparatus 370 also
includes a plurality of radial support extensions 374 cou-
pled to damper contact portion 372. Radial support ex-
tensions 374 extend from approximately damper 122 to
rotor wheel disk 32. Damper retaining apparatus 370 fur-
ther includes a plurality of dovetail insertion portions 376,
wherein each portion 376 is coupled to an associated
radial support extension 374. Each dovetail insertion por-
tion 376 is complementary to a passage 378 defined be-
tween dovetail portion 108 of blade 100 and rotor wheel
disk 32. Therefore, dovetail insertion portion 376 of
damper retaining apparatus 370 is coupled to rotor wheel
disk 32 via an interference fit. In the exemplary embod-
iment, damper retaining apparatus 370 is unitarily
formed. Alternatively, damper retaining apparatus 370 is
assembled and/or fabricated via any method that enables
operation of damper 122 and damper retaining apparatus
370 as described herein. Also, damper retaining appa-
ratus 370 is formed from any material that enables op-
eration of damper 122 and damper retaining apparatus
370 as described herein.
[0040] Damper retaining apparatus 370 is extended
between damper 122 and rotor wheel disk 32 and is in-
serted into passages 378 to facilitate securing damper
122 against underside 129 of platform 104 via a series
of interference fits. Such interference fits facilitate damp-
er 122 being maintained in position regardless of oper-
ation of gas turbine engine 10, such operation including,
without limitation, substantially stationary rotor 30
(shown in FIG. 1) conditions, slow rotation of rotor 30 via
turning gear (not shown), accelerations to predetermined
operating speeds, and subsequent decelerations.
[0041] FIG. 20 is an axial view of two adjacent CMC
turbine blade assemblies 100 and sheet metal damper
122 with another alternative damper retaining apparatus
380 coupled to and extending from rotor wheel disk 32

that may be used with aircraft gas turbine engine 10
(shown in FIG. 1). FIG. 21 is a cutaway side view of one
of CMC turbine blade assemblies 100 and sheet metal
damper 122 with alternative damper retaining apparatus
380 taken along line 21-21 (shown in FIG. 20). In this
exemplary alternative embodiment, damper retaining ap-
paratus 380 is similar to damper retaining device 370
(shown in FIG. 19) including damper contact portion 372
and radial support extensions 374 coupled to portion 372.
However, rather than dovetail insertion portions 376
(shown in FIG. 19), damper retaining apparatus 380 in-
cludes a plurality of disk contact portions 382, wherein
each portion 382 is coupled to an associated radial sup-
port extension 374. In addition, disk contact portions 382
is coupled to rotor wheel disk 32 via an interference fit.
Also, damper retaining apparatus 380 differs from damp-
er retaining device 370 with apparatus 380 further includ-
ing a flexible wire structure 384 coupled to each of damp-
er contact portion 372, radial support extensions 374,
disk contact portions 382, and rotor wheel disk 32.
[0042] In the exemplary embodiment, flexible wire
structure 384 includes a plurality of flexible wires 386 that
extend axially aft from a forwardmost radial support ex-
tension 388 to any aft portion of sheet metal damper 122
that enables operation of sheet metal damper 122 and
damper retaining apparatus 380 as described herein. In
FIG. 21, for example, without limitation, flexible wires 386
extend to approximately a blade centerline 390.
[0043] Damper retaining apparatus 380 is extended
between damper 122 and rotor wheel disk 32 and facil-
itates securing damper 122 against underside 129 of plat-
form 104 via a series of interference fits. Such interfer-
ence fits facilitate damper 122 being maintained in posi-
tion regardless of operation of gas turbine engine 10,
such operation including, without limitation, substantially
stationary rotor 30 (shown in FIG. 1) conditions, slow
rotation of rotor 30 via turning gear (not shown), accel-
erations to predetermined operating speeds, and subse-
quent decelerations.
[0044] FIG. 22 is a cutaway side view of CMC turbine
blade assembly 100 and an exemplary combined damper
and slotted retaining apparatus 400 that may be used
with aircraft gas turbine engine 10 (shown in FIG. 1). In
the exemplary embodiment, combined damper and slot-
ted retaining apparatus 400 includes a platform damper
portion 402 that extends along platform underside 129
from a point proximate to forward angel wing 107 to ap-
proximately to platform centerline 150. Alternatively, plat-
form damper portion 402 extends any distance along
platform underside 129 that enables operation of appa-
ratus 400 as described herein. Combined damper and
slotted retaining apparatus 400 also includes a forward
angel wing protrusion 404 that extends into a portion of
forward angel wing 107 via a slot 406. Combined damper
and slotted retaining apparatus 400 further includes an
angled portion 408 that couples platform damper portion
402 to forward angel wing protrusion 404, wherein portion
408 has any orientation and configuration that enables
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operation of apparatus 400 as described herein. In the
exemplary embodiment, combined damper and slotted
retaining apparatus 400 is unitarily formed. Alternatively,
apparatus 400 is assembled and/or fabricated via any
method that enables operation of apparatus 400 as de-
scribed herein. Moreover, apparatus 400 is formed from
any materials that enable operation of apparatus 400 as
described herein.
[0045] Combined damper and slotted retaining appa-
ratus 400 is extended along platform underside 129 of
platform 104 any distance from forward angel wing 107
and facilitates securing damper portion 402 against un-
derside 129 via a series of interference fits. In addition,
in some alternative embodiments, damper portion 402
may be used to facilitate retaining a damper device, e.g.,
sheet metal damper 122 (shown in FIGs. 10 and 11), in
a manner similar to that performed by retaining apparatus
160 and 162 (shown in FIGs. 10 and 11, respectively).
Such interference fits facilitate damper portion 402 being
maintained in position regardless of operation of gas tur-
bine engine 10, such operation including, without limita-
tion, substantially stationary rotor 30 (shown in FIG. 1)
conditions, slow rotation of rotor 30 via turning gear (not
shown), accelerations to predetermined operating
speeds, and subsequent decelerations.
[0046] FIG. 23 is a cutaway side view of CMC turbine
blade assembly 100 and an exemplary combined damper
and clipped retaining apparatus 410 that may be used
with aircraft gas turbine engine 10 (shown in FIG. 1). In
the exemplary embodiment, combined damper and
clipped retaining apparatus 410 includes a platform
damper portion 412 that extends along platform under-
side 129 from a point proximate to forward angel wing
107 to approximately to platform centerline 150. Alterna-
tively, platform damper portion 412 extends any distance
along platform underside 129 that enables operation of
apparatus 410 as described herein. Combined damper
and clipped retaining apparatus 410 also includes a for-
ward angel wing clip 414 that extends through a portion
of forward angel wing 107 via a slot 416. Combined
damper and clipped retaining apparatus 410 further in-
cludes an angled portion 418 that couples platform damp-
er portion 412 to forward angel wing clip 414, wherein
portion 418 includes a U-shaped portion 420 and has
any additional orientation and configuration that enables
operation of apparatus 410 as described herein. In the
exemplary embodiment, combined damper and clipped
retaining apparatus 410 is unitarily formed. Alternatively,
apparatus 410 is assembled and/or fabricated via any
method that enables operation of apparatus 410 as de-
scribed herein. Moreover, apparatus 410 is formed from
any materials that enable operation of apparatus 410 as
described herein.
[0047] Combined damper and clipped retaining appa-
ratus 410 is extended along platform underside 129 of
platform 104 any distance from forward angel wing 107
and facilitates securing damper portion 412 against un-
derside 129 via a series of interference fits. In addition,

in some alternative embodiments, damper portion 402
may be used to facilitate retaining a damper device, e.g.,
sheet metal damper 122 (shown in FIGs. 10 and 11), in
a manner similar to that performed by retaining apparatus
160 and 162 (shown in FIGs. 10 and 11, respectively).
Such interference fits facilitate damper portion 412 being
maintained in position regardless of operation of gas tur-
bine engine 10, such operation including, without limita-
tion, substantially stationary rotor 30 (shown in FIG. 1)
conditions, slow rotation of rotor 30 via turning gear (not
shown), accelerations to predetermined operating
speeds, and subsequent decelerations.
[0048] FIG. 24 is a cutaway side view of CMC turbine
blade assembly 100 and sheet metal damper 122 and
an exemplary pinned damper retaining apparatus 500
that may be used with aircraft turbine engine 10 (shown
in FIG. 1). In the exemplary embodiment, pinned damper
retaining apparatus 500 includes at least one pin device
502 that extends axially along blade assembly 100 from
forward angel wing 107 to aft angel wing 109. Pin device
502 includes a shaft portion 504 that is coupled to sheet
metal damper 122 via an interference fit. Pin device 502
also includes a head portion 506 that extends through a
slot 508 formed within a portion of forward angel wing
107 and extends at least partially into the working fluid
flowpath. Head portion 506 and slot 508 facilitate cou-
pling pin device 502 to blade assembly 100 via an inter-
ference fit.
[0049] In the exemplary embodiment, pin device 502
is unitarily formed. Alternatively, pin device 502 is as-
sembled and/or fabricated via any method that enables
operation of pinned damper retaining apparatus 500 as
described herein. Pinned damper retaining apparatus
500 includes any number of pin devices 502 in any con-
figuration and orientation, and formed from any materials
that enable operation of apparatus 500 as described
herein.
[0050] Pinned damper retaining apparatus 500 is ex-
tended along sheet metal damper 122 that extends along
platform underside 129 of platform 104 from forward an-
gel wing 107 to aft angel wing 109 and facilitates securing
sheet metal damper 122 against underside 129 via a se-
ries of interference fits. Such interference fits facilitate
sheet metal damper 122 being maintained in position re-
gardless of operation of gas turbine engine 10, such op-
eration including, without limitation, substantially station-
ary rotor 30 (shown in FIG. 1) conditions, slow rotation
of rotor 30 via turning gear (not shown), accelerations to
predetermined operating speeds, and subsequent decel-
erations.
[0051] FIG. 25 is a cutaway side view of CMC turbine
blade assembly 100 and an exemplary alternative, i.e.,
mailbox damper 520 and an alternative pinned damper
retaining apparatus 522 that may be used with aircraft
turbine engine 10 (shown in FIG. 1). In this exemplary
alternative embodiment, alternative damper 520 includes
a forward pin contact portion 524 and an aft pin contact
portion 526, both coupled to a platform contact portion
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528.
[0052] Also, in this exemplary alternative embodiment,
pinned damper retaining apparatus 522 includes at least
one pin device 530 that extends axially along blade as-
sembly 100. In contrast to pin device 502 (shown in FIG.
24), pin device 530 extends from forward angel wing 107
to aft angel wing 109 snug to blade assembly 100 rather
than positioned in the working fluid flowpath.
[0053] Pin device 530 includes a shaft portion 532 that
is coupled to forward pin contact portion 524 and aft pin
contact portion 526 via an interference fit. Pin device 530
also includes a head portion 534 that extends through a
slot 536 formed within a portion of forward angel wing
107. Shaft portion 532 extends through a slot 538 formed
within a portion of aft angel wing 109.
[0054] In the exemplary embodiment, pin device 530
is unitarily formed. Alternatively, pin device 530 is as-
sembled and/or fabricated via any method that enables
operation of pinned damper retaining apparatus 522 as
described herein. Pinned damper retaining apparatus
522 includes any number of pin devices 530 in any con-
figuration and orientation, and formed from any materials
that enable operation of apparatus 522 as described
herein.
[0055] Pin device 530 is extended from forward angel
wing 107 to aft angel wing 109 a distance below platform
underside 129 that facilitates insertion of damper 520
between underside 129 and pin device 530. Platform
contact portion 528 of damper 520 extends along plat-
form underside 129 of platform 104 such that an interfer-
ence fit is attained between underside 129 and platform
contact portion 528 to secure damper 520. Also, an in-
terference fit is attained between forward pin contact por-
tion 524 and aft pin contact portion 526, both of damper
520, and pin device 530. Such interference fits facilitate
damper 520 being maintained in position regardless of
operation of gas turbine engine 10, such operation in-
cluding, without limitation, substantially stationary rotor
30 (shown in FIG. 1) conditions, slow rotation of rotor 30
via turning gear (not shown), accelerations to predeter-
mined operating speeds, and subsequent decelerations.
[0056] FIG. 26 is an axial view of two adjacent CMC
turbine blade assemblies 100 and sheet metal damper
122 and an alternative exemplary pinned damper retain-
ing apparatus 560 that may be used with aircraft turbine
engine 10 (shown in FIG. 1). FIG. 27 is a cutaway side
view of one of CMC turbine blade assemblies 100 and
sheet metal damper 122 and alternative pinned damper
retaining apparatus 560 taken along line 27-27 (shown
in FIG. 26). In this exemplary alternative embodiment,
alternative damper 560 includes a plurality of pin devices
562 extending substantially orthogonally through shank
106 proximate to forward angle wing107. Alternatively,
pin devices 562 may penetrate shank 106 at any point
with respect to forward angel wing 107, aft angel wing
109, and platform centerline 150 that enables operation
of apparatus 560.
[0057] In the exemplary embodiment, each pin device

562 is unitarily formed. Alternatively, pin device 562 is
assembled and/or fabricated via any method that enables
operation of pinned damper retaining apparatus 560 as
described herein. Pinned damper retaining apparatus
560 includes any number of pin devices 562 in any con-
figuration and orientation, and formed from any materials
that enable operation of apparatus 560 as described
herein.
[0058] Pin devices 562 include a first pin device 564
positioned between forward angel wing 107 and sheet
metal damper 122 such that pin device 564 facilitates
axial positioning and support of damper 122 via an inter-
ference fit. Also, pin devices 562 include a second pin
device 566 positioned below damper 122 such that pin
device 566 facilitates radial positioning and securing of
damper 122 against underside 129 of platform 104 via
an interference fit. Such interference fits facilitate damper
122 being maintained in position regardless of operation
of gas turbine engine 10, such operation including, with-
out limitation, substantially stationary rotor 30 (shown in
FIG. 1) conditions, slow rotation of rotor 30 via turning
gear (not shown), accelerations to predetermined oper-
ating speeds, and subsequent decelerations.
[0059] FIG. 28 is a cutaway side view of CMC turbine
blade assembly 100 and sheet metal damper 122 with
two axially opposing L-bracket retaining apparatus 160
similar to that shown in FIG. 10. In the exemplary em-
bodiment, axially opposing L-bracket retaining apparatus
160 cooperate to retain sheet metal damper 122 against
underside 129 of platform 104 via an interference fit.
[0060] FIG. 29 is a cutaway side view of CMC turbine
blade assembly 100 and sheet metal damper 122 with
an L-bracket retaining apparatus 160 similar to that
shown in FIG. 10 and with a pinned damper retaining
apparatus 560 similar to that shown in FIGs. 26 and 27.
In the exemplary embodiment, L-bracket retaining appa-
ratus 160 and pinned damper retaining apparatus 560
cooperate to retain sheet metal damper 122 against un-
derside 129 of platform 104 via an interference fit.
[0061] FIG. 30 is a cutaway side view of CMC turbine
blade assembly 100 and a combined damper and clipped
retaining apparatus 410 similar to that shown in FIG. 23
with an L-bracket retaining apparatus 160 similar to that
shown in FIG. 10. In the exemplary embodiment, L-brack-
et retaining apparatus 160 and combined damper and
clipped retaining apparatus 410 cooperate to retain ap-
paratus 410 against underside 129 of platform 104 via
an interference fit.
[0062] FIG. 31 is a cutaway side view of CMC turbine
blade assembly 100 and a combined damper and slotted
retaining apparatus 400 similar to that shown in FIG. 22
with an L-bracket retaining apparatus 160 similar to that
shown in FIG. 10. In the exemplary embodiment, L-brack-
et retaining apparatus 160 and combined damper and
slotted retaining apparatus 400 cooperate to retain ap-
paratus 400 against underside 129 of platform 104 via
an interference fit.
[0063] FIGs. 28, 29, 30, and 31 are examples of com-
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binations of embodiments described herein that may be
used to facilitate dampening vibrations of blade assembly
100 as described above. Alternatively, any combination
of L-bracket retaining apparatus 120 (shown in FIGs. 4
through 9), L-bracket retaining apparatus 160 (shown in
FIG. 10), L-bracket retaining apparatus 162 (shown in
FIG. 11), ring damper 200 (shown in FIG. 12), ring damp-
er 210 (shown in FIG. 13), ring retaining apparatus 220
(shown in FIG. 14), damper retaining apparatus 302, 330,
350. 362, 370, and 380 (shown in FIGs. 15, 16, 17, 18,
19, and 20, respectively), combined damper and slotted
retaining apparatus 400 (shown in FIG. 22), combined
damper and clipped retaining apparatus 410 (shown in
FIG. 23), exemplary pinned damper retaining apparatus
500 (shown in FIG. 24), pinned damper retaining appa-
ratus 522 (shown in FIG. 25), and pinned damper retain-
ing apparatus 560 (shown in FIG, 26) and their associ-
ated dampers (as shown in the respective figures) may
be used to enable operation of CMC turbine blade as-
semblies 100 as described herein.
[0064] FIG. 32 is a perspective view of two sides of an
exemplary alternative CMC turbine blade assembly 600
with an exemplary triangular bar damper retaining appa-
ratus 601. FIG. 33 is a perspective view of two sides of
CMC turbine blade assembly 600 and triangular bar
damper retaining apparatus 601 with an exemplary tri-
angular bar damper 602 installed. FIG. 34 is a cutaway
schematic side view of CMC turbine blade assembly 100
with triangular bar damper retaining apparatus 601 and
with a machined triangular pocket 604 defined therein.
[0065] Referring to FIG. 32, CMC turbine blade assem-
bly 600 is similar to blade assembly 100 (shown in FIGs.
3 and 34), with the exception that blade assembly 600
has an alternative platform portion 605. In the exemplary
embodiment, platform portion 605 has a radial thickness
T2 and is referred to a "thick platform configuration." This
is in contrast to the "thin platform configuration" described
above for platform 104, wherein radial thickness T2 is
greater than radial thickness T1. Alternatively, platform
portion 605 has any radial thickness that enables oper-
ation of blade assembly 600 as described herein.
[0066] Also, referring to FIG. 32, some embodiments
of triangular bar damper retaining apparatus 601 includes
a triangular groove 606 formed into a flat vertical face
608 of platform portion 605. In the exemplary embodi-
ment, triangular groove 606 is formed my machining. Al-
ternatively, triangular groove 606 is formed by any meth-
od that enables operation of apparatus 601 as described
herein, including, without limitation, casting blade assem-
bly 600 with triangular groove 606 in platform portion 605.
Referring to FIG. 33, triangular bar damper 602 is formed
in a substantially triangular shape from a CMC material
that is similar to and/or compatible with the CMC material
of turbine blade assembly 600. In the exemplary embod-
iments, triangular bar damper retaining apparatus 601
includes triangular bar damper 602 and triangular groove
606. In the exemplary embodiment, triangular bar damp-
er 602 is sized, configured, and oriented on flat vertical

face 608 of a first platform portion 605 to be received and
retained within triangular groove 606 of an adjacent flat
vertical face 608. Machined triangular pocket 604 and
triangular groove 606 is sized to receive and retain trian-
gular bar damper 602 via an interference fit, i.e., without
coupling methods such as welding, brazing, and fastener
hardware. Moreover, triangular bar damper 602 extends
from a platform portion 605 of a first blade assembly 600
to a platform portion 605 of an adjacent blade assembly
600, wherein triangular bar damper 602 is maintained in
position via the interference fit.
[0067] Referring to FIG. 34, some embodiments of tri-
angular bar damper retaining apparatus 600 include ma-
chined pocket 604 formed within a CMC insert 610. Plat-
form 104 and CMC insert 610 define an alterative flat
vertical face 611, wherein machined triangular pocket
604 is defined within CMC insert 610. Machined triangu-
lar pocket 604 is sized to receive and retain triangular
bar damper 602 via an interference fit, i.e., without cou-
pling methods such as welding, brazing, and fastener
hardware. An interface 612 is defined between a portion
of shank 106 and a portion of underside 129 of platform
104. In this exemplary alternative embodiment, CMC in-
sert 610 is coupled to a portion of underside 129 the
portion of shank side wall 106 at interface 612 via an
interference fit, i.e., without coupling methods such as
welding, brazing, and fastener hardware. In the exem-
plary embodiment, triangular bar damper retaining ap-
paratus 601 includes triangular bar damper 602 and ma-
chined triangular pocket 604. CMC insert 610 is used to
make blade assembly 100 with platform portion 104 and
thickness T1 compatible with triangular bar retaining ap-
paratus 601. Triangular bar damper 602 is sized, config-
ured, and oriented on flat vertical face 608 of a platform
portion 605 to be received and retained within machined
triangular pocket 604 of an adjacent flat vertical face 611
of a platform portion 104.
[0068] FIG. 35 is a flowchart of an exemplary method
700 of assembling turbine rotor blade assemblies 100
(shown in FIGs. 1-9) as described herein. Shank portion
106 (shown in FIGs. 2-9) is formed 702 from a ceramic
matrix composite (CMC) material. Platform portion 104
(shown in FIGs. 2-9) is formed 704 from a substantially
similar CMC material as that of shank portion 106. Plat-
form portion 104 is coupled 706 to shank portion 106.
Platform portion 104 and shank portion 106 cooperate
to at least partially define two opposing side portions 128
(shown in FIGs. 4 and 5) of rotor blade assembly 100.
Opposing side portions 128 are angularly separated with
respect to an axis of rotation 8 (shown in FIG. 1) of a
rotor 30 (shown in FIG. 1) of a gas turbine engine 10
(shown in FIG. 1). Damper retention apparatus 120
(shown in FIGs. 4-9) is formed 708. At least one angled
bracket apparatus 120 is formed 710. Angled bracket
apparatus 120 is coupled 712 to shank portion 106. An-
gled bracket apparatus 120 is circumferentially extended
714 away from shank portion 106.
[0069] The above-described embodiments of methods
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and apparatus of the turbine blade dampening apparatus
for CMC aircraft turbine blades reduce vibration in the
turbine blades, thereby reducing excitation stresses, in-
creasing the strain tolerance of the blade shanks, and
increasing a capability to handle wakes from other com-
ponents in the engine. The blade dampening apparatus
described herein may be coupled to the blade shank,
blade platform, forward and/or aft angel wings, and the
rotor disk. Also, the blade dampening apparatus may be
oriented and configured as necessary to facilitate vibra-
tion dampening on a variety of blade designs and types.
Furthermore, the embodiments described herein may be
used independently and exclusively, as well as conjunc-
tively and interchangeably. Therefore, existing aircraft
gas turbines may be retrofitted with the blade dampening
apparatus described herein. Moreover, the blade damp-
ening apparatus may receive a coating, including, without
limitation, friction coatings, wear coatings, recession
coatings (e.g., environmental barrier coatings), and ther-
mal barrier coatings. Also, the various embodiments de-
scribed herein are configured and oriented within the tur-
bine such that they will remain in place when the turbine
rotor is slowed or stopped. As a result, the methods and
apparatus described herein facilitate aircraft operations
in a cost-effective and reliable manner.
[0070] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.
[0071] Various aspects and embodiments of the inven-
tion are indicated in the following clauses:

1. A rotor blade assembly for a rotor of a gas turbine
engine having an axis of rotation, said rotor blade
assembly comprising:

a shank portion formed from a ceramic matrix
composite (CMC) material;

a platform portion formed from a substantially
similar CMC material as that of said shank por-
tion, said platform portion coupled to said shank
portion, wherein said platform portion and said
shank portion cooperate to at least partially de-
fine two opposing side portions of said rotor
blade assembly, wherein said opposing side
portions are angularly separated with respect to
the axis of rotation; and

a damper retention apparatus, wherein at least
a portion of said damper retention apparatus is
coupled to said shank portion, said damper re-
tention apparatus comprises at least one angled
bracket apparatus extending toward a circum-
ferentially adjacent rotor blade assembly.

2. A rotor blade assembly in accordance with Clause
1, wherein said at least one angled bracket appara-
tus comprises a first portion and a second portion,
said second portion coupled to said first portion, said
first portion and said second portion define an angle
therebetween, said first portion coupled to said
shank portion, said second portion extends outward-
ly from said shank portion toward an adjacent shank
portion of the circumferentially adjacent rotor blade
assembly.

3. A rotor blade assembly in accordance with Clause
2, wherein said second portion of said at least one
angled bracket apparatus and said platform portion
cooperate to define a platform gap therebetween,
wherein said platform gap is sized and oriented to
receive a damper therein and to establish an inter-
ference fit of said damper between said second por-
tion and said platform portion.

4. A rotor blade assembly in accordance with Clause
1, wherein said at least one angled bracket appara-
tus is formed from a substantially similar CMC ma-
terial as that of said shank portion and said platform
portion.

5. A rotor blade assembly in accordance with Clause
4, wherein said at least one angled bracket appara-
tus is formed substantially unitarily with said shank
portion and said platform portion.

6. A rotor blade assembly in accordance with Clause
1, wherein said damper retention apparatus com-
prises a CMC insert coupled to an interface defined
by said shank portion and said platform portion,
wherein a pocket is formed within said CMC insert,
said pocket is sized and oriented to receive at least
a portion of said second portion of said at least one
angled bracket apparatus via an interference fit.

7. A rotor blade assembly in accordance with Clause
6 further comprising:

said at least one angled bracket apparatus cou-
pled to a first side of said two opposing side por-
tions; and

said CMC insert coupled to a second side of said
two opposing side portions.

8. A rotor assembly for a gas turbine engine having
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an axis of rotation, said rotor assembly comprising:

a rotor disk defining a periphery thereon;

a plurality of rotor blades coupled to said periph-
ery of said rotor disk, said plurality of rotor blades
positioned substantially circumferentially adja-
cent to each other in an angularly spaced rela-
tionship with respect to the axis of rotation,
wherein each of said rotor blades comprises:

a shank portion formed from a ceramic matrix
composite (CMC) material;

a platform portion formed from a substantially
similar CMC material as that of said shank por-
tion, said platform portion coupled to said shank
portion, wherein said platform portion and said
shank portion cooperate to at least partially de-
fine two opposing side portions of each of said
rotor blades, wherein said opposing side por-
tions are angularly separated with respect to the
axis of rotation; and

a damper retention apparatus, wherein at least
a portion of said damper retention apparatus is
coupled to said shank portion, said damper re-
tention apparatus comprises at least one angled
bracket apparatus extending toward said cir-
cumferentially adjacent rotor blade.

9. A rotor assembly in accordance with Clause 8,
wherein said at least one angled bracket apparatus
comprises a first portion and a second portion, said
second portion coupled to said first portion, said first
portion and said second portion define an angle ther-
ebetween, said first portion coupled to said shank
portion, said second portion extends outwardly from
said shank portion toward an adjacent shank portion
of said circumferentially adjacent rotor blade.

10. A rotor assembly in accordance with Clause 9,
wherein said second portion of said at least one an-
gled bracket apparatus and said platform portion co-
operate to define a platform gap therebetween,
wherein said platform gap is sized and oriented to
receive a damper therein and to establish an inter-
ference fit of said damper between said second por-
tion and said platform portion.

11. A rotor assembly in accordance with Clause 8,
wherein said at least one angled bracket apparatus
is formed from a substantially similar CMC material
as that of said shank portion and said platform por-
tion.

12. A rotor assembly in accordance with Clause 11,
wherein said at least one angled bracket apparatus

is formed substantially unitarily with said shank por-
tion and said platform portion.

13. A rotor assembly in accordance with Clause 8,
wherein said damper retention apparatus comprises
a CMC insert coupled to an interface defined by said
shank portion and said platform portion, wherein a
pocket is formed within said CMC insert, said pocket
is sized and oriented to receive at least a portion of
said second portion of said at least one angled brack-
et apparatus via an interference fit.

14. A rotor assembly in accordance with Clause 13
further comprising:

said at least one angled bracket apparatus cou-
pled to a first side of said two opposing side por-
tions; and

said CMC insert coupled to a second side of said
two opposing side portions,

wherein, said at least one angled bracket appa-
ratus coupled to a first of said rotor blades and
said CMC insert coupled to said circumferential-
ly adjacent rotor blade are complementary such
that said angled bracket apparatus, said CMC
insert, and a damper positioned between said
at least one angled bracket apparatus and said
platform portion remain substantially in position
via a series of interference fits throughout accel-
eration, deceleration, and substantially station-
ary operation of said rotor assembly.

15. A method of assembling a rotor blade assembly,
said method comprising:

forming a shank portion from a ceramic matrix
composite (CMC) material;

forming a platform portion from a substantially
similar CMC material as that of the shank por-
tion;

coupling the platform portion to the shank por-
tion, wherein the platform portion and the shank
portion cooperate to at least partially define two
opposing side portions of the rotor blade assem-
bly, wherein the opposing side portions are an-
gularly separated with respect to an axis of ro-
tation of a rotor of a gas turbine engine;

forming a damper retention apparatus compris-
ing:

forming at least one angled bracket apparatus;

coupling the at least one angled bracket appa-
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ratus to the shank portion; and

circumferentially extending the at least one an-
gled bracket apparatus away from the shank
portion.

16. A method in accordance with Clause 15, wherein
forming the at least one angled bracket apparatus
comprises:

forming a first portion of the at least one angled
bracket apparatus;

forming a second portion of the at least one an-
gled bracket apparatus; and

coupling the first portion to the second portion,
wherein the first portion and the second portion
define an angle therebetween.

17. A method in accordance with Clause 16, wherein
coupling the at least one angled bracket apparatus
to the shank portion comprises:

positioning the at least one angled bracket ap-
paratus with respect to the platform portion to
cooperate with the platform portion to define a
platform gap therebetween; and

sizing and oriented the platform gap to receive
a damper therein and to establish an interfer-
ence fit of the damper between the second por-
tion and the platform portion.

18. A method in accordance with Clause 15, wherein
forming at least one angled bracket apparatus com-
prises forming the at least one angled bracket appa-
ratus from a substantially similar CMC material as
that of the shank portion and the platform portion.

19. A method in accordance with Clause 19 further
comprising forming the at least one angled bracket
apparatus substantially unitarily with the shank por-
tion and the platform portion.

20. A method in accordance with Clause 15 further
comprising:

forming a CMC insert;

coupling the CMC insert to an interface defined
by the shank portion and the platform portion;
and

forming a pocket within the CMC insert such that
the pocket is sized and oriented to receive at
least a portion of the second portion of the at
least one angled bracket apparatus via an inter-

ference fit.

Claims

1. A rotor blade assembly (100) for a rotor (30) of a gas
turbine engine (10) having an axis of rotation (8),
said rotor blade assembly comprising:

a shank portion (106) formed from a ceramic
matrix composite (CMC) material;
a platform portion (104) formed from a substan-
tially similar CMC material as that of said shank
portion, said platform portion coupled to said
shank portion, wherein said platform portion and
said shank portion cooperate to at least partially
define two opposing side portions (128) of said
rotor blade assembly, wherein said opposing
side portions are angularly separated with re-
spect to the axis of rotation; and
a damper retention apparatus (120), wherein at
least a portion of said damper retention appara-
tus is coupled to said shank portion, said damper
retention apparatus comprises at least one an-
gled bracket apparatus (120) extending toward
a circumferentially adjacent rotor blade assem-
bly (100).

2. A rotor blade assembly (100) in accordance with
Claim 1, wherein said at least one angled bracket
apparatus (120) comprises a first portion (119) and
a second portion (121), said second portion coupled
to said first portion, said first portion and said second
portion define an angle (126) therebetween, said first
portion coupled to said shank portion, said second
portion extends outwardly from said shank portion
(106) toward an adjacent shank portion of the cir-
cumferentially adjacent rotor blade assembly (100).

3. A rotor blade assembly (100) in accordance with
Claim 2, wherein said second portion (121) of said
at least one angled bracket apparatus (120) and said
platform portion (104) cooperate to define a platform
gap (130) therebetween, wherein said platform gap
is sized and oriented to receive a damper (122) there-
in and to establish an interference fit of said damper
between said second portion and said platform por-
tion.

4. A rotor blade assembly (100) in accordance with any
preceding Claim, wherein said at least one angled
bracket apparatus (120) is formed from a substan-
tially similar CMC material as that of said shank por-
tion (106) and said platform portion (104).

5. A rotor blade assembly (100) in accordance with any
preceding Claim, wherein said at least one angled
bracket apparatus (120) is formed substantially uni-
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tarily with said shank portion (106) and said platform
portion (104).

6. A rotor blade assembly (100) in accordance with any
preceding Claim, wherein said damper retention ap-
paratus (120) comprises a CMC insert (134) coupled
to an interface (131) defined by said shank portion
(106) and said platform portion (104), wherein a
pocket (124) is formed within said CMC insert, said
pocket is sized and oriented to receive at least a
portion of said second portion (121) of said at least
one angled bracket apparatus (120) via an interfer-
ence fit.

7. A rotor blade assembly (1000 in accordance with
Claim 6 further comprising:

said at least one angled bracket apparatus (120)
coupled to a first side (128) of said two opposing
side portions (128); and
said CMC insert (134) coupled to a second side
(128) of said two opposing side portions.

8. A rotor assembly (30) for a gas turbine engine (10)
having an axis of rotation (8), said rotor assembly
comprising:

a rotor disk (32) defining a periphery thereon;
a plurality of rotor blades (100) coupled to said
periphery of said rotor disk, said plurality of rotor
blades positioned substantially circumferentially
adjacent to each other in an angularly spaced
relationship with respect to the axis of rotation,
wherein each of said rotor blades comprises:
a shank portion (106) formed from a ceramic
matrix composite (CMC) material;
a platform portion (104) formed from a substan-
tially similar CMC material as that of said shank
portion, said platform portion coupled to said
shank portion, wherein said platform portion and
said shank portion cooperate to at least partially
define two opposing side portions (128) of each
of said rotor blades, wherein said opposing side
portions are angularly separated with respect to
the axis of rotation; and
a damper retention apparatus (120), wherein at
least a portion of said damper retention appara-
tus is coupled to said shank portion, said damper
retention apparatus comprises at least one an-
gled bracket apparatus (120) extending toward
said circumferentially adjacent rotor blade.

9. A rotor assembly (30) in accordance with Claim 8,
wherein said at least one angled bracket apparatus
(120) comprises a first portion (119) and a second
portion (121), said second portion coupled to said
first portion, said first portion and said second portion
define an angle (126) therebetween, said first portion

coupled to said shank portion (106), said second por-
tion extends outwardly from said shank portion to-
ward an adjacent shank portion of said circumferen-
tially adjacent rotor blade.

10. A rotor assembly (30) in accordance with Claim 9,
wherein said second portion (121) of said at least
one angled bracket apparatus (120) and said plat-
form portion (104) cooperate to define a platform gap
(130) therebetween, wherein said platform gap is
sized and oriented to receive a damper (122) therein
and to establish an interference fit of said damper
between said second portion and said platform por-
tion.

11. A method of assembling a rotor blade assembly
(100), said method comprising:

forming a shank portion (106) from a ceramic
matrix composite (CMC) material;
forming a platform portion (104) from a substan-
tially similar CMC material as that of the shank
portion;
coupling the platform portion to the shank por-
tion, wherein the platform portion and the shank
portion cooperate to at least partially define two
opposing side portions (128) of the rotor blade
assembly, wherein the opposing side portions
are angularly separated with respect to an axis
of rotation (8) of a rotor of a gas turbine engine;
forming a damper retention apparatus (120)
comprising:
forming at least one angled bracket apparatus
(120);
coupling the at least one angled bracket appa-
ratus to the shank portion; and
circumferentially extending the at least one an-
gled bracket apparatus away from the shank
portion.

12. A method in accordance with Claim 11, wherein
forming the at least one angled bracket apparatus
(120) comprises:

forming a first portion (119) of the at least one
angled bracket apparatus;
forming a second portion (121) of the at least
one angled bracket apparatus; and
coupling the first portion to the second portion,
wherein the first portion and the second portion
define an angle (126) therebetween.

13. A method in accordance with Claim 12, wherein cou-
pling the at least one angled bracket apparatus (120)
to the shank portion (106) comprises:

positioning the at least one angled bracket ap-
paratus with respect to the platform portion (104)
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to cooperate with the platform portion to define
a platform gap (130) therebetween; and
sizing and orienting the platform gap to receive
a damper (122) therein and to establish an in-
terference fit of the damper between the second
portion and the platform portion.

14. A method in accordance with any of Claims 11 to 13,
wherein forming at least one angled bracket appa-
ratus (120) comprises forming the at least one an-
gled bracket apparatus from a substantially similar
CMC material as that of the shank portion (106) and
the platform portion (104).

15. A method in accordance with any of Claims 11 to 14,
further comprising forming the at least one angled
bracket apparatus substantially unitarily with the
shank portion (106) and the platform portion (104).
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