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(54) BLADE VIBRATION MITIGATION OF INTEGRALLY BLADED ROTOR BY DAMPING ON DISK

(57) A vibration mitigation coating for an integrally
bladed rotor (60) including a disk (64) including an in-
terior radius hub (66) proximate to an axis (68) and an
exterior radius flange (70) distal from the axis, blades
(62) originating from the exterior radius flange portion
of the disk, the blades extend from the exterior radius
flange at an exterior radius flange outer face (71); the
disk including a substrate with an external surface, the

external surface extends from the interior radius hub to
the exterior radius flange and along the exterior radius
flange outer face; and a damping material (76) dis-
posed directly onto the external surface of the sub-
strate, the damping material is located radially between
the interior radius hub and the exterior radius flange
and along the exterior radius flange outer face and be-
tween the blades.
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Description

[0001] The present disclosure is directed to mitiga-
tion of blade vibration of an integrally bladed rotor
(IBR). Particularly, coating the disk of the IBR with a
damping material having a thickness, shape and loca-
tion configured to optimize damping on a specific fre-
quency range.
[0002] The integrally bladed rotor shows advantages
of decreasing drag and increasing efficiency of air com-
pression of the gas turbine engine. Vibration localiza-
tions and concentration is a common phenomenon in
IBR’s, which poses high risk to induce excessive blade
vibration. This issue becomes more pronounced for the
IBR, which has lower damping compared to conven-
tional fir-tree type bladed rotor. The high-frequency
blade vibration leads to blade high cycle fatigue and
causes severe engine damage.
[0003] Blade to blade interaction is the root cause of
the vibration localization and concentration. The disk
serves as the media and path to store and transfer
vibratory energy between blades. However, it is very
hard to implement any direct vibration mitigation me-
chanism on the blade itself. A damper ring is a prior
technique used to mitigate the vibration of rotating
structures. However, the damper ring damping effect is
limited due to its size and energy dissipation mechan-
ism. The damper ring is a separate ring that is inserted
between two fixed walls of the disk and is not a coating
onto the surface of the disk.
[0004] What is needed is a coating that can suppress
the disk vibration by damping the vibration.
[0005] In accordance with the present disclosure,
there is provided a vibration mitigation coating for an
integrally bladed rotor comprising a disk including an
interior radius hub proximate to an axis and an exterior
radius flange distal from the axis, blades originating
from the exterior radius flange portion of the disk, the
blades extend from the exterior radius flange at an ex-
terior radius flange outer face; the disk including a sub-
strate with an external surface, the external surface ex-
tends from the interior radius hub to the exterior radius
flange and along the exterior radius flange outer face;
and a damping material disposed directly onto the ex-
ternal surface of the substrate, the damping material is
located radially between the interior radius hub and the
exterior radius flange and along the exterior radius
flange outer face and between the blades.
[0006] Particular embodiments further may include at
least one, or a plurality of, the following optional fea-
tures, alone or in combination with each other:
[0007] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material is located at a radial loca-
tion across the exterior radius flange and exterior ra-
dius flange outer face.
[0008] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-

clude the damping material comprises a width dimen-
sion 1/4 of the exterior radius to 1/8 of the exterior
radius.
[0009] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material comprises a first damping
material disposed on the external surface and a second
damping material disposed on the first damping materi-
al.
[0010] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material comprises a cross section
shape configured to mitigate a predetermined fre-
quency.
[0011] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material comprises a predetermined
shape responsive to a frequency range targeted to be
dampened and material properties of the damping ma-
terial.
[0012] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material is selected from the group
consisting of a viscoelastic material, a super-elastic
memory alloy and combinations thereof.
[0013] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude wherein the damping material comprises a thick-
ness dimension with a range from about 10 mils to
about 50 mils.
[0014] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material is located at a radial loca-
tion of from 2/3 the exterior radius up to the exterior
radius of the disk.
[0015] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude wherein the damping material is located on oppo-
site sides of disk.
[0016] In accordance with the present disclosure,
there is provided a process of vibration mitigation
through coating an integrally bladed rotor comprising
providing a disk including an interior radius hub proxi-
mate to an axis and an exterior radius flange distal from
the axis, blades originating from the exterior radius
flange portion of the disk, the blades extend from the
exterior radius flange at an exterior radius flange outer
face; the disk including a substrate with an external
surface, the external surface extends from the interior
radius hub to the exterior radius flange and along the
exterior radius flange outer face; and disposing a
damping material directly onto the external surface of
the substrate, the damping material is located radially
between the interior radius hub and the exterior radius
flange and along the exterior radius flange outer face
and between the blades.
[0017] Particular embodiments further may include at
least one, or a plurality of, the following optional fea-
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tures, alone or in combination with each other:
[0018] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising locating the
damping material at a radial location across the exterior
radius flange and exterior radius flange outer face.
[0019] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing the
damping material at a width dimension ¼ of the exterior
radius to 1/8 of the exterior radius.
[0020] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing a first
damping material on the external surface; and dispos-
ing a second damping material on the first damping
material.
[0021] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing the
damping material with a cross section shape config-
ured to mitigate a predetermined frequency.
[0022] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing the
damping material in a predetermined shape responsive
to a frequency range targeted to be dampened and
material properties of the damping material.
[0023] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the damping material is selected from the group
consisting of a viscoelastic material, a super-elastic
memory alloy and combinations thereof.
[0024] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing the
damping material with a thickness dimension having a
range from about 10 mils to about 50 mils.
[0025] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing the
damping material is located at a radial location of from
2/3 the exterior radius up to the exterior radius of the
disk.
[0026] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising disposing the
damping material on opposite sides of disk.
[0027] Other details of the damping material coating
are set forth in the following detailed description and
the accompanying drawings wherein like reference nu-
merals depict like elements.

FIG. 1 is a schematic longitudinal sectional view of
a turbofan engine.
FIG. 2 illustrates a perspective view of an exemp-
lary integrally bladed rotor with damping material
coating in accordance with various embodiments.

Fig. 3 illustrates a perspective view of an exemp-
lary integrally bladed rotor with damping material
coating in accordance with various embodiments.
FIG. 4 illustrates a cross-section of an exemplary
integrally bladed rotor disk with damping material
coating in accordance with various embodiments.

[0028] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed here-
in 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. The fan section 22
may include a single-stage fan 42 having a plurality of
fan blades 43. The fan blades 43 may have a fixed
stagger angle or may have a variable pitch to direct
incoming airflow from an engine inlet. The fan 42 drives
air along a bypass flow path B in a bypass duct 13
defined within a housing 15 such as a fan case or na-
celle and also drives air along a core flow path C for
compression and communication into the combustor
section 26 then expansion through the turbine section
28. A splitter 29 aft of the fan 42 divides the air between
the bypass flow path B and the core flow path C. The
housing 15 may surround the fan 42 to establish an
outer diameter of the bypass duct 13. The splitter 29
may establish an inner diameter of the bypass duct 13.
Although depicted as a two-spool 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 two-spool turbofans
as the teachings may be applied to other types of tur-
bine engines including three-spool architectures.
[0029] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32
mounted for rotation about an engine central longitudi-
nal 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, and the
location of bearing systems 38 may be varied as appro-
priate to the application.
[0030] The low speed spool 30 generally includes an
inner shaft 40 that interconnects, a first (or low) pres-
sure compressor 44 and a first (or low) pressure turbine
46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in the ex-
emplary gas turbine engine 20 is illustrated as a geared
architecture 48 to drive the fan 42 at a lower speed
than the low speed spool 30. The inner shaft 40 may
interconnect the low pressure compressor 44 and low
pressure turbine 46 such that the low pressure com-
pressor 44 and low pressure turbine 46 are rotatable at
a common speed and in a common direction. In other
embodiments, the low pressure turbine 46 drives both
the fan 42 and low pressure compressor 44 through the
geared architecture 48 such that the fan 42 and low
pressure compressor 44 are rotatable at a common
speed. Although this application discloses geared ar-
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chitecture 48, its teaching may benefit direct drive en-
gines having no geared architecture. The high speed
spool 32 includes an outer shaft 50 that interconnects
a second (or high) pressure compressor 52 and a sec-
ond (or high) pressure turbine 54. A combustor 56 is
arranged in the exemplary gas turbine 20 between the
high pressure compressor 52 and the high pressure
turbine 54. A mid-turbine frame 57 of the engine static
structure 36 may be arranged generally between the
high pressure turbine 54 and the low pressure turbine
46. The mid-turbine frame 57 further supports bearing
systems 38 in the turbine section 28. The inner shaft 40
and the outer shaft 50 are concentric and rotate via
bearing systems 38 about the engine central longitudi-
nal axis A which is collinear with their longitudinal axes.
[0031] Airflow in the core flow path C is compressed
by the low pressure compressor 44 then the high pres-
sure compressor 52, mixed and burned with fuel in the
combustor 56, then expanded through the high pres-
sure turbine 54 and low pressure turbine 46. The mid-
turbine frame 57 includes airfoils 59 which are in the
core flow path C. The turbines 46, 54 rotationally drive
the respective low speed spool 30 and high speed
spool 32 in response to the expansion. It will be appre-
ciated that each of the positions of the fan section 22,
compressor section 24, combustor section 26, turbine
section 28, and fan drive gear system 48 may be var-
ied. For example, gear system 48 may be located aft of
the low pressure compressor, or aft of the combustor
section 26 or even aft of turbine section 28, and fan 42
may be positioned forward or aft of the location of gear
system 48.
[0032] The low pressure compressor 44, high pres-
sure compressor 52, high pressure turbine 54 and low
pressure turbine 46 each include one or more stages
having a row of rotatable airfoils. Each stage may in-
clude a row of static vanes adjacent the rotatable air-
foils. The rotatable airfoils and vanes are schematically
indicated at 47 and 49.
[0033] The engine 20 may be a high-bypass geared
aircraft engine. The bypass ratio can be greater than or
equal to 10.0 and less than or equal to about 18.0, or
more narrowly can be less than or equal to 16.0. The
geared architecture 48 may be an epicyclic gear train,
such as a planetary gear system or a star gear system.
The epicyclic gear train may include a sun gear, a ring
gear, a plurality of intermediate gears meshing with the
sun gear and ring gear, and a carrier that supports the
intermediate gears. The sun gear may provide an input
to the gear train. The ring gear (e.g., star gear system)
or carrier (e.g., planetary gear system) may provide an
output of the gear train to drive the fan 42. A gear
reduction ratio may be greater than or equal to 2.3, or
more narrowly greater than or equal to 3.0, and in some
embodiments the gear reduction ratio is greater than or
equal to 3.4. The gear reduction ratio may be less than
or equal to 4.0. The fan diameter is significantly larger
than that of the low pressure compressor 44. The low

pressure turbine 46 can have a pressure ratio that is
greater than or equal to 8.0 and in some embodiments
is greater than or equal to 10.0. The low pressure tur-
bine pressure ratio can be less than or equal to 13.0, or
more narrowly less than or equal to 12.0. Low pressure
turbine 46 pressure ratio is pressure measured prior to
an 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. It should be understood,
however, that the above parameters are only exemp-
lary of one embodiment of a geared architecture engine
and that the present invention is applicable to other gas
turbine engines including direct drive turbofans. All of
these parameters are measured at the cruise condition
described below.
[0034] 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 (10,668 meters). The flight condition
of 0.8 Mach and 35,000 ft. (10,668 meters), with the
engine at its best fuel consumption - also known as
"bucket cruise Thrust Specific Fuel Consumption
(’TSFC’)" - is the industry standard parameter of lbm of
fuel being burned divided by lbf of thrust the engine
produces at that minimum point. The engine para-
meters described above, and those in the next para-
graph are measured at this condition unless otherwise
specified.
[0035] "Low fan pressure ratio" is the pressure ratio
across the fan blade 43 alone, without a Fan Exit Guide
Vane ("FEGV") system. A distance is established in a
radial direction between the inner and outer diameters
of the bypass duct 13 at an axial position correspond-
ing to a leading edge of the splitter 29 relative to the
engine central longitudinal axis A. The low fan pressure
ratio is a span-wise average of the pressure ratios
measured across the fan blade 43 alone over radial
positions corresponding to the distance. The low fan
pressure ratio can be less than or equal to 1.45, or
more narrowly greater than or equal to 1.25, such as
between 1.30 and 1.40. "Low corrected fan tip speed"
is the actual fan tip speed in feet/second divided by an
industry standard temperature correction of [(Tram °R) /
(518.7 °R)]0.5. The "low corrected fan tip speed" can be
less than or equal to 1150.0 feet/second (350.5 me-
ters/second), and greater than or equal to 1000.0 feet/-
second (304.8 meters/second).
[0036] Referring also to Fig. 2 and Fig. 3, a rotor 60
can be of any variety of rotor, with an exemplary embo-
diment being an integrally bladed rotor (IBR). IBRs 60
are formed of a unitary or monolithic construction,
wherein the radially projecting rotor blades 62 are inte-
grally formed with the central hub or simply disk 64.
Although the present disclosure will focus on a rotor 60
that is an IBR, it is to be understood that the presently
described configuration could be equally applied to
other types of rotor such as impellors (i.e. centrifugal
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compressors) which may or may not be IBRs, to IBR
fans, or to other rotors used in the gas turbine engine
20.
[0037] Referring also to Fig. 4, the disk 64 can in-
clude an interior radius hub 66 that is nearest an axis
68, and an exterior radius flange 70 that is radially dis-
tal from the axis 68. The blades 62 originate from the
exterior radius flange 70 portion of the disk 64. Particu-
larly, the blades 62 extend from the exterior radius
flange 70 at an exterior radius flange outer face 71.
The disk 64 includes a substrate 72 with an external
surface 74. The external surface 74 extends radially
from the interior radius hub 66 outward to the exterior
radius flange 70 and extends across the exterior radius
flange outer face 71.
[0038] A damping material 76 can be disposed di-
rectly onto the external surface 74 of the substrate 72.
The damping material 76 can be disposed directly onto
the external surface 74 of the substrate 72 in between
the blades 62 on the exterior radius flange outer face
71. The damping material 76 can be coated having a
thickness T. The thickness T can range from about 10
mils to about 50 mils (thousandth of an inch). In an
exemplary embodiment the thickness T of the coating
can be tailored to be a predetermined thickness of 50
mils depending on the specific frequency range that is
targeted to be dampened. The predetermined thick-
ness provides a technical advantage because it can
provide more damping without compromising the struc-
tural integrity of the coating layer under high centrifugal
force). In an exemplary embodiment, the damping ma-
terial 76 can be deposited on both sides, (i.e., opposite
sides) of disk 64.
[0039] The damping material 76 can be located ra-
dially between the interior radius hub 66 and the exter-
ior radius flange 70. The radial location 78 can be tai-
lored to be a predetermined radial location 78 depend-
ing on the specific frequency range that is targeted to
be dampened and the material properties of the damp-
ing material 76. The damping material 76 coating the
exterior surface 74 is shown to be proximate to the
exterior radius flange 70 at Fig. 2 and proximate the
exterior radius flange 70 at Fig. 3. The predetermined
radial location 78 can range from 2/3 the exterior sur-
face 74 up to the exterior radius flange 70 of the disk
64. The radial location 78 provides a technical advan-
tage because the damping material 76 works more ef-
fectively when the damping material 76 is closest to the
blades 62. Applying the damping material 76 to the ex-
terior surface 74 effectively disrupts the energy flow
between blades 62 which is the root cause of the en-
ergy localization to a few blades 62 which then poten-
tially fail. The blades 62 extend from the exterior sur-
face 74 adjacent the exterior radius flange outer face
71 of the turbine rotor 60. A path of energy flow be-
tween one blade 62 to another blade 62 thru the exter-
ior radius flange outer face 71 can be disrupted by
utilizing the damping material 76. The energy flow can

be minimized and hence prevalent failures can be mini-
mized and reduce the blade-to-blade interaction.
[0040] The damping material 76 can be coated in a
width dimension 80 along the external surface 74. The
width dimension 80 can be tailored to be a predeter-
mined width dimension 80 depending on the specific
frequency range that is targeted to be dampened and
the material properties of the damping material 76. The
damping material 76 coating the exterior surface 74 is
shown to have a narrower width dimension at Fig. 2
and wider width dimension 80 at Fig. 3. In an exemp-
lary embodiment, the width dimension 80 can be from
about 1/4 of the dimension from the axis 68 to the ex-
terior radius flange 70 to about 1/8 of a dimension from
the axis 68 to the exterior radius flange 70. The width
dimension 80 provides a technical advantage because
those width dimensions are a balance between the
damping effect and the material to be deposited.
[0041] In an exemplary embodiment the damping
material 76 can be coated in layers 82, for example a
first layer 84 and a second layer 86. The first layer 84
can be composed of a first damping material 88. The
second layer 86 can be composed of a second damp-
ing material 90. The materials can be tailored to meet a
predetermined damping function depending on the spe-
cific frequency range that is targeted to be dampened
and the material properties of the damping materials
88, 90. The damping materials 88, 90 provide a techni-
cal advantage because the damping materials 88, 90
have very high loss modulus at high temperature,
which can dissipate vibratory energy effectively.
[0042] In an exemplary embodiment, the thickness T
can be varied across the width 80 of the damping ma-
terial 76 to create shaped cross-section 92. The cross-
section shape 92 can be tailored to be a predetermined
shape 92 depending on the specific frequency range
that is targeted to be dampened and the material prop-
erties of the damping material 76. The shape 92 of the
damping material 76 provides a technical advantage
because the shape 92 can maximize the damping ef-
fect on target frequency ranges.
[0043] The damping material 76 can be a viscoelastic
material, a super-elastic memory alloy and combina-
tions thereof. The viscoelastic material can exhibit both
elastic and viscous behavior when deformed. There are
three main characteristics of viscoelastic materials,
creep, stress relaxation, and hysteresis. The creep
phenomenon is used to describe the continued defor-
mation of a viscoelastic material after the load has
reached a constant state. A superelastic alloy can be-
long to the larger family of shape-memory alloys. When
mechanically loaded, a superelastic alloy deforms re-
versibly to very high strains (up to 10%) by the creation
of a stress-induced phase. When the load is removed,
the new phase becomes unstable, and the material re-
gains its original shape.
[0044] The damping material 76 coating can be
achieved through coating processes, such as plasma
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spraying, additive manufacturing and adhering pre-
formed damping material 76 strip.
[0045] A technical advantage of the disclosed damp-
ing material coating includes a coating pattern - shape,
thickness, location, and the like can be optimized to
target on a specific frequency range.
[0046] A technical advantage of the disclosed damp-
ing material coating includes the capacity to prevent the
high cycle fatigue caused by the blade vibration of IBR.
[0047] A technical advantage of the disclosed damp-
ing material coating includes overcoming the obstacle
of a direct blade mitigation system by suppressing the
disk vibration, such that the energy flow into the blade
is suppressed.
[0048] There has been provided a damping material
coating. While the damping material coating has been
described in the context of specific embodiments there-
of, other unforeseen alternatives, modifications, and
variations may become apparent to those skilled in the
art having read the foregoing description. Accordingly,
it is intended to embrace those alternatives, modifica-
tions, and variations which fall within the broad scope
of the appended claims.

Claims

1. A vibration mitigation coating for an integrally
bladed rotor comprising:

a disk including an interior radius hub proxi-
mate to an axis and an exterior radius flange
distal from the axis, blades originating from the
exterior radius flange portion of the disk, the
blades extend from the exterior radius flange
at an exterior radius flange outer face; the disk
including a substrate with an external surface,
the external surface extends from the interior
radius hub to the exterior radius flange and
along the exterior radius flange outer face; and
a damping material disposed directly onto the
external surface of the substrate, the damping
material is located radially between the interior
radius hub and the exterior radius flange and
along the exterior radius flange outer face and
between the blades.

2. The vibration mitigation coating for an integrally
bladed rotor according to claim 1, wherein the
damping material is located at a radial location
across the exterior radius flange and exterior ra-
dius flange outer face.

3. The vibration mitigation coating for an integrally
bladed rotor according to claim 1 or 2, wherein the
damping material comprises a width dimension 1/4
of said exterior radius to 1/8 of the exterior radius.

4. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 3,
wherein the damping material comprises a first
damping material disposed on the external surface
and a second damping material disposed on the
first damping material.

5. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 4,
wherein the damping material comprises a cross
section shape configured to mitigate a high re-
sponse at a predetermined frequency.

6. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 5,
wherein the damping material comprises a prede-
termined shape responsive to a frequency range
targeted to be dampened and material properties
of the damping material.

7. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 6,
wherein the damping material is selected from the
group consisting of a viscoelastic material, a super-
elastic memory alloy and combinations thereof.

8. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 7,
wherein the damping material comprises a thick-
ness dimension with a range from 10 mils to 50
mils.

9. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 8,
wherein the damping material is located at a radial
location of from 2/3 the exterior radius up to the
exterior radius of the disk.

10. The vibration mitigation coating for an integrally
bladed rotor according to any of claims 1 to 9,
wherein the damping material is located on oppo-
site sides of the disk.

11. A process of vibration mitigation through coating
an integrally bladed rotor comprising:

providing a disk including an interior radius
hub proximate to an axis and an exterior radius
flange distal from the axis, blades originating
from the exterior radius flange portion of the
disk, the blades extend from the exterior radius
flange at an exterior radius flange outer face;
the disk including a substrate with an external
surface, the external surface extends from the
interior radius hub to the exterior radius flange
and along the exterior radius flange outer face;
and
disposing a damping material directly onto the
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external surface of the substrate, the damping
material is located radially between the interior
radius hub and the exterior radius flange and
along the exterior radius flange outer face and
between the blades.

12. The process according to claim 11 further compris-
ing:

locating the damping material at a radial loca-
tion across the exterior radius flange and ex-
terior radius flange outer face; and/or
further comprising:
disposing the damping material at a width di-
mension 1/4 of the exterior radius to 1/8 of the
exterior radius.

13. The process according to claim 11 or 12, wherein
disposing the damping material further comprises:

disposing a first damping material on the ex-
ternal surface; and
disposing a second damping material on the
first damping material; and/or
further comprising:
disposing said damping material with a cross
section shape configured to mitigate a prede-
termined frequency.

14. The process according to any of claims 11 to 13
further comprising:

disposing said damping material in a predeter-
mined shape responsive to a frequency range
targeted to be dampened and material proper-
ties of the damping material; and/or
wherein said damping material is selected
from the group consisting of a viscoelastic ma-
terial, a super-elastic memory alloy and combi-
nations thereof.

15. The process according to any of claims 11 to 14,
further comprising:

disposing the damping material with a thick-
ness dimension having a range from 10 mils
to 50 mils; and/or
further comprising:

disposing the damping material is located
at a radial location of from 2/3 the exterior
radius up to the exterior radius of the disk;
and/or
further comprising:
disposing the damping material on oppo-
site sides of the disk.
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