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(54) Aircraft with protective nanocoating

(57) An aircraft (100) component has an exterior sur-
face and a protective nanocoating (PN 200) carried by
the exterior surface. An aircraft (100) has an engine
(106), a fuselage (102), and a component having an ex-
terior surface and a protective nanocoating carried by
the exterior surface. A method (600) of protecting an air-

craft component includes selecting at least one harmful
environmental component and applying (604) a protec-
tive nanocoating (PN 200) to the aircraft component,
wherein the protective nanocoating (PN 200) is config-
ured to protect the aircraft component from the selected
harmful environmental component.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not applicable.

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

REFERENCE TO A MICROFICHE APPENDIX

[0003] Not applicable.

Background

[0004] Aircraft components may be exposed to oils,
ultraviolet radiation, and/or ozone. In some cases, aircraft
components may degrade, change a performance char-
acteristic, and/or prematurely fail as a result of exposure
to oils, ultraviolet radiation, and/or ozone. Some aircraft,
such as, but not limited to, helicopters, comprise elasto-
meric components (e.g., shear bearings, dampers, seals,
and/or boots) that may be degraded in response to ex-
posure to oils, ultraviolet radiation, and/or ozone. Some
aircraft components may comprise a relatively thick
and/or inflexible external coating configured to protect
the components from oils, ultraviolet radiation, and/or
ozone. However, the external coating may require appli-
cation of a primer coating prior to application of the coat-
ing, the external coating thickness may lead to breakage
when flexed, and/or the external coating may obscure
signs of component wear or damage that would other-
wise be noticeable by visual inspection. In some other
aircraft components comprising elastomeric compo-
nents, oleophobic, ultraviolet radiation resistant, and/or
ozone resistant elements may be intermingled, dis-
persed, mixed, impregnated within, and/or otherwise in-
tegrated into the elastomeric component near an outer
surface of the elastomeric component. In some cases,
the above-described integration of oleophobic, ultraviolet
radiation resistant, and/or ozone resistant elements may
undesirably affect a performance and/or service life of
the elastomeric components into which they are integrat-
ed.

SUMMARY

[0005] In some embodiments of the disclosure, an air-
craft component is disclosed as comprising an exterior
surface and a protective nanocoating carried by the ex-
terior surface.
[0006] In other embodiments of the disclosure, an air-
craft is disclosed as comprising an engine, a fuselage,
and a component comprising an exterior surface and a
protective nanocoating carried by the exterior surface.
[0007] In still other embodiments of the disclosure, a

method of protecting an aircraft component is disclosed
as comprising selecting at least one harmful environmen-
tal component and applying a protective nanocoating to
the aircraft component, wherein the protective nanocoat-
ing is configured to protect the aircraft component from
the selected harmful environmental component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] For a more complete understanding of the
present disclosure and the advantages thereof, refer-
ence is now made to the following brief description, taken
in connection with the accompanying drawings and de-
tailed description:

FIG. 1 is an oblique view of an aircraft according to
an embodiment of the disclosure;

FIG. 2 is an orthogonal cross-sectional view of a
bearing of the aircraft of FIG. 1;

FIG. 3 is a partial view of the bearing of FIG. 2;

FIG. 4 is a partial view of the bearing of FIG. 3;

FIG. 5 is a schematic partial view of a protective na-
nocoating according to an embodiment of the inven-
tion; and

FIG. 6 is a flowchart of a method of protecting an
aircraft component according to an embodiment of
the disclosure.

DETAILED DESCRIPTION

[0009] It should be understood at the outset that al-
though an illustrative implementation of one or more em-
bodiments are provided below, the disclosed systems
and/or methods may be implemented using any number
of techniques, whether currently known or in existence.
The disclosure should in no way be limited to the illus-
trative implementations, drawings, and techniques illus-
trated below, including the exemplary designs and im-
plementations illustrated and described herein, but may
be modified within the scope of the appended claims
along with their full scope of equivalents.
[0010] In some cases, it may be desirable to provide
an elastomeric component of an aircraft with a protective
nanocoating (PN) to at least one of protect the elasto-
meric component from degradation and/or alteration of
a functional characteristic of the elastomeric component
as a result of exposure to at least one of oils, ultraviolet
radiation, ozone, and/or other elastomeric-degrading en-
vironments. In some embodiments, a PN may be provid-
ed to an elastomeric component that consistently pro-
vides one or more of the above-described protections
even though the elastomeric component may flex. In
some cases, a PN may be provided to an elastomeric
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component that allows the above-described flexure with-
out being predisposed to chipping and flaking and without
visually obscuring signs of elastomeric component wear
and/or damage. Throughout this disclosure, a nanocoat-
ing may be defined as a coating comprising at least one
of (1) a thickness comprising a dimension between about
0.1 nanometers to about 200 nanometers and (2) con-
stituent particles comprising a dimension between about
0.1 nanometers to about 200 nanometers.
[0011] Referring now to FIG. 1, a tiltrotor rotary-wing
aircraft 100 comprising a PN 200 is shown. The aircraft
100 is shown in a helicopter mode of flight operation. The
aircraft 100 comprises a fuselage 102, wings 104, na-
celles 106, and rotor systems 108. The wings 104 are
attached to the fuselage 102 and carry the nacelles 106.
The nacelles 106 may substantially enclose and/or carry
engines and/or transmissions for powering the rotor sys-
tems 108. The rotor systems 108 may comprise compos-
ite components such as, but not limited to, a composite
hub, composite rotor blades 110, elastomeric dampers,
elastomeric bearings, and/or any other suitable compo-
nent. Some of the above-described components may
generally be relatively more sensitive to exposure to oils,
ultraviolet radiation, and/or ozone as compared to other
components of the aircraft 100. In some embodiments,
the PN 200 may be provided to an exterior surface of one
or more of the fuselage 102, wings 104, nacelles 106,
rotor systems 108, and/or rotor blades 110 and/or any
component of the aircraft 100, fuselage 102, wings 104,
nacelles 106, rotor systems 108, and/or rotor blades 110.
Further, the PN 200 may be provided to an exterior sur-
face of one or more elastomeric components (e.g., elas-
tomeric elements of bearings, dampers, seals, boots,
electrical wiring insulators/casings, electrical harnesses)
and/or any other suitable aircraft component that may
benefit from the protection provided by the PN 200 re-
gardless of whether the component is located inside the
aircraft 100 or exposed to the environment surrounding
the aircraft 100.
[0012] Referring now to FIG. 2, an orthogonal cross-
sectional view of a centrifugal force bearing 112 is shown.
In some embodiments, the centrifugal force bearing 112
may be a component of the rotor system 108. The cen-
trifugal force bearing 112 generally comprises a stack of
offset metallic shims 114 that are generally bonded to
adjacent elastomeric elements 116. The bearing 112 is
generally flexible insofar as the elastomeric elements 116
may elastically deform, shear, expand, and/or compress
in response to applied forces. In some embodiments, the
centrifugal force bearing 112 is provided with a PN 200
that protects the centrifugal force bearing from at least
one of oils, ultraviolet radiation, and ozone. While the PN
200 may be applied to the exterior surface of both the
shims 114 and elastomeric elements 116, in alternative
embodiments, the PN may be applied to only the exterior
surface of the elastomeric elements 116. Accordingly,
the above-described provision of the PN 200 to the bear-
ing 112 enables the bearing 112 to provide a longer serv-

ice life without substantially altering a dynamic mechan-
ical performance characteristic of the bearing. In some
embodiments, the PN 200 may be not be provided to an
entire exterior portion of the shims 114 and elastomeric
elements 116 and/or may be provided only to portions of
the bearing 112 most likely to be exposed to oil, ultraviolet
radiation, ozone, and/or other elastomeric-degrading en-
vironments.
[0013] Referring now to FIG. 3, a close-up orthogonal
partial view of the centrifugal bearing 112 is shown. In
this embodiment, the PN 200 is shown in greater detail
and generally comprises a thickness 202 measured rel-
ative to at least one of the shims 114 and elastomeric
elements 116. In some embodiments, the thickness 202
may vary along the exterior path 120. In some embodi-
ments, the thickness 202 may comprise a value of about
0.1 nanometers to about 200 nanometers, about 1 na-
nometer to about 175 nanometers, about 10 nanometers
to about 150 nanometers, about 75 nanometers to about
125 nanometers, about 100 nanometers, and/or any oth-
er suitable combination of nanocoating thicknesses. In
some embodiments, the PN 200 may be substantially
transparent and/or otherwise visually non-obstructive to
visual inspection of the bearing 112 for wear and/or dam-
age. In some embodiments, the thickness 202 may be
selected to be thinner or thicker at particularly high flexure
locations of the bearing 112.
[0014] Referring now to FIG. 4, an even closer orthog-
onal partial view of the centrifugal bearing 112 is shown.
In this embodiment, the PN 200 is shown in still greater
detail and comprises protective particles (PPs) 204. The
PPs 204 may comprise any hydrophobic, oleophobic, ul-
traviolet radiation reflective, ultraviolet radiation sink,
ozone repellant, ozone sink, and/or any other material or
matter suitable for shielding against oils, ultraviolet radi-
ation, and/or ozone. For example, zinc oxide nanoparti-
cles may be used to minimize degradation due to expo-
sure to ultraviolet radiation. In this embodiment, the PPs
204 are generally disposed within a substrate 206 that
may itself comprise one or more of the above-described
protective characteristics. In alternative embodiments,
the PN 200 may comprise no substrate 206, but rather,
may be comprised substantially of PPs 204. Regardless
the manner in which the PP 204 locations are maintained
relative to the bearing 112, PPs 204 may be spaced rel-
ative to each other to provide at least one of a molecularly
impervious shield against selected harmful environmen-
tal components such as oils, a barrier for capturing and/or
reflecting a harmful environmental component such as
ultraviolet radiation energy, and/or a barrier for repelling
and/or otherwise chemically altering a harmful environ-
mental component such as ozone. Depending on the PP
204 material and the substrate 206 material, a critical
path distance may be known and defined as a maximum
distance between adjacent PPs 204 of similar material
that provides the above-described barrier effectiveness.
The distances 208 may change depending on the flexure
and/or position of the bearing 112 so that in a first position
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of the bearing 112 one or more of the above-described
barriers is provided while in a second position of the bear-
ing 112 the distances 208 are too large for the same level
of barrier effectiveness to be achieved. In some embod-
iments, the PPs 204 may comprise a variety of maximum
dimension sizes 210 and the sizes 210 may comprise
values of about 0.1 nanometers to about 200 nanome-
ters, about 1 nanometer to about 175 nanometers, about
2 nanometers to about 100 nanometers, about 3 nanom-
eters to about 50 nanometers, about 5 nanometers,
and/or any other suitable combination of protective nan-
oparticle maximum dimension sizes 210. In some em-
bodiments, the distances 208 and/or sizes 210 may be
selected to provide a localized response to deformation
of the bearing 112.
[0015] Referring now to FIG. 5, a schematic view of
the PN 200 is shown. While some embodiments of the
PN 200 may comprise a single type of PP 204, in some
embodiments the PN 200 may comprise a mixture or
combination of PP 204 materials. Specifically, the PN
200 may comprise oleophobic PPs 204’, ultraviolet radi-
ation reflective PPs 204", and/or ozone reactive and/or
repellant PPs 204"’. In some cases, the PN 200 may be
configured to shield against oil smoke particles compris-
ing a maximum dimension of about 30-1000 nanometers,
ultraviolet radiation comprising electromagnetic wave-
lengths between about 10-400 nanometers, and ozone
molecules comprising a maximum dimension of about 1
nanometer. PPs 204’ may be dispersed relative to each
other within the PN 200 a distance 208’ selected in as-
sociation with the oil smoke particle size and/or in asso-
ciation with an effective oil smoke particle repellant force
distance of the PPs 204’. The PPs 204’ may be provided
in a three dimensional configuration configured to repel,
filter, chemically alter, and/or capture the oil smoke par-
ticles at one or more depths within the PN 200. PPs
204" may be dispersed relative to each other within the
PN 200 a distance 208" selected in association with the
ultraviolet radiation wavelength and/or in a three dimen-
sional configuration configured to filter, reflect, and/or
capture the ultraviolet radiation at one or more depths
within the PN 200. PPs 204"’ may be dispersed relative
to each other within the PN 200 a distance 208"’ selected
in association with the ozone particle size and/or in as-
sociation with an ozone repellant force distance of the
PPs 204"’. The PPs 204"’ may be provided in a three
dimensional configuration configured to repel, filter,
chemically alter, and/or capture the ozone particles at
one or more depths within the PN 200. In some embod-
iments, the distances 208’, 208", 208"’ may be carefully
controlled by selectively placing individual PPs 204’,
204", 204"’. In other embodiments, the distances 208’,
208", 208"’ may be managed statistically as a function
of a controlled mixture content, mixing methodology, any
other suitable substantially predictable methodology of
PP 204’, 204", 204"’ dispersion within a substrate 206,
and/or any other suitable substantially predictable meth-
odology of PP 204’, 204", 204"’ dispersion within an ag-

gregate mixture.
[0016] Referring now to FIG. 6, a flowchart of a method
600 of protecting an aircraft component is shown. The
method 600 may begin at block 602 by selecting at least
one harmful environmental component against which the
aircraft component is to be protected. In some embodi-
ments, the harmful environmental components may com-
prise oil, ultraviolet radiation, ozone, and/or any other
environmental component harmful to elastomeric com-
ponents. The method 600 may progress at block 604 by
applying a nanocoating, such as PN 200, to the aircraft
component to be protected, such as centrifugal bearing
112. In some embodiments, the nanocoating may com-
prise at least one of a substrate and protective particles
configured to impede interaction between the selected
harmful environmental components and the aircraft com-
ponent to be protected. The method 600 may progress
at block 606 by exposing the aircraft component com-
prising the nanocoating to an environment comprising at
least one of the selected harmful environmental compo-
nents and impeding an interaction between the selected
harmful environmental components and the aircraft com-
ponent.
[0017] The PN 200 and PNs substantially similar to PN
200 may be utilized to reduce the harmful effects of ex-
posing an aircraft component to any number of harmful
environmental components. In some embodiments, a PP
204 may be selected to protect against multiple different
harmful environmental components. For example, a PP
may be selected that repels oil in addition to reflecting
ultraviolet radiation. PNs such as PN 200 may be applied
to any aircraft, vehicle, stationary object, material, and/or
component thereof that may be exposed to the selected
harmful environmental components. Further, the teach-
ings disclosed and applied to the bearing 112 may be
similarly applied to any other aircraft and/or aircraft com-
ponent such as shear bearings for helicopter main and
tail rotors. The PNs disclosed herein may be applied to
vulcanized elastomeric assemblies, seals, composite
panels and/or bushings regardless of whether expected
to encounter the selected harmful environmental com-
ponents. Further, the PNs disclosed herein may be ap-
plied to a component of any material construction suitable
for receiving a PN. In some cases a PN may be applied
to an underlying coating already applied to a component
and/or a PN may be provided as an intermediate layer
between other coatings and/or devices. In some embod-
iments, a PP may comprise carbon nanotubes. In some
embodiments, the carbon nanotubes may be provided
only in a PN, only integral to an elastomeric component,
and/or in both a PN and an elastomeric component. The
elastomeric components may comprise rubber. In some
embodiments, the PN may be applied to a component
by spraying, painting, electrostatically depositing, and/or
any other suitable manner of applying a nanocoating to
a surface.
[0018] At least one embodiment is disclosed and var-
iations, combinations, and/or modifications of the em-
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bodiment(s) and/or features of the embodiment(s) made
by a person having ordinary skill in the art are within the
scope of the disclosure. Alternative embodiments that
result from combining, integrating, and/or omitting fea-
tures of the embodiment(s) are also within the scope of
the disclosure. Where numerical ranges or limitations are
expressly stated, such express ranges or limitations
should be understood to include iterative ranges or lim-
itations of like magnitude falling within the expressly stat-
ed ranges or limitations (e.g., from about 1 to about 10
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11,
0.12, 0.13, etc.). For example, whenever a numerical
range with a lower limit, Rl, and an upper limit, Ru, is
disclosed, any number falling within the range is specif-
ically disclosed. In particular, the following numbers with-
in the range are specifically disclosed: R=Rl+k*(Ru-Rl),
wherein k is a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, ..., 50 percent,
51 percent, 52 percent, ..., 95 percent, 96 percent, 97
percent, 98 percent, 99 percent, or 100 percent. Unless
otherwise stated, the term "about" shall mean plus or
minus 10 percent of the subsequent value. Moreover,
any numerical range defined by two R numbers as de-
fined in the above is also specifically disclosed. Use of
the term "optionally" with respect to any element of a
claim means that the element is required, or alternatively,
the element is not required, both alternatives being within
the scope of the claim. Use of broader terms such as
comprises, includes, and having should be understood
to provide support for narrower terms such as consisting
of, consisting essentially of, and comprised substantially
of. Accordingly, the scope of protection is not limited by
the description set out above but is defined by the claims
that follow, that scope including all equivalents of the sub-
ject matter of the claims. Each and every claim is incor-
porated as further disclosure into the specification and
the claims are embodiment(s) of the present invention.

Claims

1. An aircraft component, comprising:

an exterior surface; and
a protective nanocoating carried by the exterior
surface.

2. An aircraft, comprising:

an engine;
a fuselage; and
a component, comprising:

an exterior surface; and
a protective nanocoating carried by the ex-
terior surface.

3. A method of protecting an aircraft component, com-
prising:

selecting at least one harmful environmental
component; and
applying a protective nanocoating to the aircraft
component, wherein the protective nanocoating
is configured to protect the aircraft component
from the selected harmful environmental com-
ponent.

4. The method of claim 3, wherein the protective nano-
coating is applied directly to an exterior surface of
the aircraft component.

5. The aircraft component of claim 1, or the aircraft of
claim 2, or the method of claim 4, wherein the exterior
surface comprises an exterior surface of a bearing.

6. The aircraft component or aircraft or method of claim
5, wherein the bearing comprises an elastomeric ma-
terial.

7. The aircraft component or aircraft or method of claim
6, wherein the bearing comprises offset metallic
shims that bound the elastomeric material.

8. The aircraft component or aircraft or method of any
preceding claim, wherein the protective nanocoating
comprises a thickness of about 0.1 nanometers to
about 200 nanometers.

9. The aircraft component or aircraft of any preceding
claim, wherein the protective nanocoating comprises
protective particles comprising a maximum dimen-
sion of about 0.1 nanometers to about 200 nanom-
eters; or
the method of any preceding method claim further
comprising providing the protective nanocoating with
protective particles comprising a maximum dimen-
sion of about 0.1 nanometers to about 200 nanom-
eters.

10. The aircraft component or aircraft or method of claim
9, wherein the protective particles are configured to
protect against at least one of oil, ultraviolet radiation,
and ozone; or
the method of claim 3 or any preceding method claim
wherein the selected harmful environmental compo-
nent comprises at least one of oil, ultraviolet radia-
tion, and ozone.

11. The aircraft of claim 2 or any preceding aircraft claim,
or the method of claim 3 or any preceding method
claim, wherein the aircraft comprises a helicopter.

12. The aircraft component or aircraft or method of any
preceding claim, wherein the component comprises
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a centrifugal force bearing.

13. The aircraft component or aircraft or method of any
of claims 1 to 11, wherein the component comprises
a shear bearing.

14. The method of claim 3 or of any preceding method
claim, further comprising providing the protective na-
nocoating with protective particles comprising a
maximum dimension of about 0.5 nanometers to
about 10 nanometers.

15. The aircraft component, or aircraft, or method of any
preceding claim, wherein the aircraft component
comprises at least one of a centrifugal force bearing
and a shear bearing.
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