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an inner polyurethane coating (304), and an outer heat
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dancy, and electrical properties. Moreover, the outer heat
reflective coating may comprise nanofillers that enable
hot air welding and radio frequency welding of the plu-
rality composite textiles to form the aircraft evacuation
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Description
FIELD
[0001] The following disclosure relates to aircraft evac-

uation systems, more specifically, aircraft evacuation
systems fabric materials.

BACKGROUND

[0002] An evacuation slide assembly may include an
inflatable slide that helps passengers disembark from an
aircraft in the event of an emergency or other evacuation
event. Polymer coated fabrics are typically used in the
manufacture of aircraft evacuation system slides and
rafts. Aluminum particles may be dispersed in poly-
urethane (PU) coating compounds that are integrated
into the fabrics. The fabrics may be composite structures
in which woven nylon base cloth is sandwiched between
PU coatings. The inner coating may be an air retentive
coating. The outer coating may be a radiant heat reflec-
tive coating.

SUMMARY

[0003] A composite textile is disclosed herein. In vari-
ous embodiments, the composite textile may comprise
a fabric substrate, an inner polyurethane coating, and an
outer heat reflective coating. In various embodiments,
the outer heat reflective coating may comprise nanofill-
ers. In various embodiments, the nanofillers may be con-
figured to be mixed into the outer heat reflective coating.
[0004] In various embodiments, the outer heat reflec-
tive coating may comprise ceramic nanoparticles. In var-
ious embodiments, the outer heat reflective coating may
comprise carbon allotropes. In various embodiments, the
outer heat reflective coating may comprise graphite
flakes. In various embodiments, the outer heat reflective
coating may comprise graphene nanosheets. In various
embodiments, the outer heat reflective coating may be
configured to be bonded to the fabric substrate. In various
embodiments, the outer heatreflective coating may com-
prise nano metal particles. In various embodiments, the
fabric substrate may be comprised of nylon.

[0005] An aircraft evacuation slide assembly is also
disclosed herein. In various embodiments, the assembly
may comprise an inert gas inflation system and an evac-
uation slide. In various embodiments, the evacuation
slide may be comprised of a plurality of composite tex-
tiles. Each composite textile of the plurality of composite
textiles may be configured to be joined to one another.
In various embodiments, each composite textile may
comprise a fabric substrate. In various embodiments, the
composite textile may comprise an inner polyurethane
coating. In various embodiments, the composite textile
may comprise an outer heat reflective coating. In various
embodiments, the outer heatreflective coating may com-
prise nandfillers. In various embodiments, the nanofillers
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may be configured to be mixed into the outer heat reflec-
tive coating.

[0006] In various embodiments, the outer heat reflec-
tive coating may comprise ceramic nanoparticles. In var-
ious embodiments, the outer heat reflective coating may
comprise carbon allotropes. In various embodiments, the
outer heat reflective coating may comprise graphite
flakes. In various embodiments, the outer heat reflective
coating may comprise graphene nanosheets. In various
embodiments, the outer heat reflective coating may be
configured to be bonded to the fabric substrate. In various
embodiments, the outer heat reflective coating may com-
prise nano metal particles. In various embodiments, the
fabric substrate may be comprised of nylon.

[0007] A method of manufacturing an aircraft evacua-
tion slide is also disclosed herein. In various embodi-
ments, the method may comprise assembling a plurality
of composite textiles. In various embodiments, the as-
sembly of each composite textile may further comprise
forming an outer heat reflective coating. In various em-
bodiments, the forming may further comprise mixing a
nanofiller compoundin a polyurethane coating. In various
embodiments, the assembling of each composite textile
may comprise applying the outer heat reflective coating
to a first surface of a fabric substrate. In various embod-
iments, the assembling of each composite textile may
comprise applying an inner polyurethane coating to a
second surface of the fabric substrate. In various embod-
iments, the assembling of each composite textile may
comprise bonding the outer heat reflective coating and
the inner polyurethane coating to the fabric substrate. In
various embodiments, the method may further comprise
joining the plurality of composite textiles to one another,
wherein the joining is configured to form the aircraft evac-
uation slide.

[0008] In various embodiments, the applying the outer
heat reflective coating may further comprise coating the
fabric substrate with the outer heat reflective coating. In
various embodiments, the applying the inner poly-
urethane coating may further comprise coating the fabric
substrate with the inner polyurethane coating. In various
embodiments, the joining may further comprise radio fre-
quency welding the plurality of composite textiles to one
another. In various embodiments, the joining may further
comprise hotairwelding the plurality of composite textiles
to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the following
illustrative figures. In the following figures, like reference
numbers refer to similar elements and steps throughout
the figures.
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FIG. 1 illustrates an aircraft, in accordance with var-
ious embodiments;

FIG. 2 illustrates an aircraft evacuation slide, in ac-
cordance with various embodiments;

FIG. 3 illustrates a cross-section of a composite tex-
tile, in accordance with various embodiments;

FIG. 4 illustrates a cross-section of the composite
textile, in accordance with various embodiments;
FIG. 5 illustrates a cross-section of the composite
textile, in accordance with various embodiments;
and

FIG. 6 illustrates a method of manufacturing an air-
craft evacuation slide, in accordance with various
embodiments.

DETAILED DESCRIPTION

[0010] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosures, it should be understood
that other embodiments may be realized and that logical
changes and adaptations in design and construction may
be made in accordance with this disclosure and the
teachings herein, that fall within the scope of the invention
as defined by the claims. Thus, the detailed description
herein is presented for purposes of illustration only and
not of limitation.

[0011] The scope of the disclosure is defined by the
appended claims rather than by merely the examples
described. For example, the steps recited in any of the
method or process descriptions may be executed in any
order and are not necessarily limited to the order pre-
sented. Furthermore, any reference to singular includes
plural embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to tacked, attached, fixed,
coupled, connected or the like may include permanent,
removable, temporary, partial, full and/or any other pos-
sible attachment option. Additionally, any reference to
without contact (or similar phrases) may also include re-
duced contact or minimal contact. Surface shading lines
may be used throughout the figures to denote different
parts but not necessarily to denote the same or different
materials.

[0012] As used herein, "aft" refers to the direction as-
sociated with the tail (e.g., the back end) of an aircraft,
or generally, to the direction of exhaust of the gas turbine.
As used herein, "forward" refers to the direction associ-
ated with the nose (e.g., the front end) of an aircraft, or
generally, to the direction of flight or motion.

[0013] Polymer coated fabrics may be used in evacu-
ation slide and raft systems. Coated fabrics may be com-
posite structures comprising a woven fabric substrate
sandwiched between polyurethane (PU) polymer coat-
ings on either side of the fabric substrate. The coated
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fabrics may be integrated into inflatable evacuation slides
and rafts by various fabrication techniques, such as, for
example, adhesive bonding, heat sealing, inductive
welding, radio frequency (RF) welding, and the like.
[0014] In various embodiments, the PU coatings may
possess air retentive characteristics and radiant heat re-
flective characteristics. Heat reflective PU coatings may
comprise nanofillers disposed in the coatings. Nanofillers
may improve polymer properties, such as mechanical,
barrier, thermal, flame retardancy, and electrical proper-
ties. Moreover, nanofillers may enable modification of
polymer morphology. It may be advantageous for aircraft
evacuation slides and rafts to be comprised of coated
fabrics comprising fillers that may improve the thermal
radiant heat characteristics of the coating, improve the
coating’s mechanical properties, and impart flame retard-
ant characteristics. Moreover, it may be advantageous
to disperse or mix nanofillers in coatings, which may en-
able hot air welding and RF welding of coated fabrics.
These nanofillers may also be lightweight and reduce
reliance on chemicals, adhesives, and solvents to bond
the coated fabric. Accordingly, these heat reflective PU
coatings may reduce emission of volatile organic com-
pounds (VOCs) to the environment and may reduce days
for manufacturing the evacuations slides and rafts.
[0015] Referring to FIG. 1, an exemplary aircraft 100
is shown, in accordance with various embodiments. Air-
craft 100 may comprise a fuselage 102 with wings 104
fixed to fuselage 102. Emergency exit door 106 may be
disposed on fuselage over wing 104 such that passen-
gers exiting emergency exit door 106 would exit onto
wing 104. An evacuation slide assembly 108 may be dis-
posed aft of emergency exit door 106. Blowout panel 110
may cover evacuation slide assembly 108 when installed
on the aircraft 100. In various embodiments, the evacu-
ation slide assembly 108 may include and/or be housed
within a packboard mounted to the aircraft 100. The evac-
uation slide assembly 108 may jettison the blowout panel
110 and deploy an evacuation slide 200 (FIG. 2), such
as an inflatable slide, in response to emergency exit door
106 opening or in response to another evacuation event.
[0016] FIG. 2illustrates an aircraft evacuation slide as-
sembly 200 in accordance with various embodiments. In
various embodiments, the assembly 200 may comprise
an inert gas inflation system 202 and an evacuation slide
204. The inert gas inflation system 202 may enable in-
flation of the evacuation slide 204 in the event of an emer-
gency.

[0017] In various embodiments, the evacuation slide
204 assembly may be comprised of a plurality of com-
posite textiles. As shown in FIG. 3, in various embodi-
ments, each composite textile 300 may comprise a fabric
substrate 302. In various embodiments, the fabric sub-
strate 302 may be comprised of nylon, polybutylene
terephthalate (PBT), polyethylene naphthalate, and the
like.

[0018] In various embodiments, the composite textile
300 may comprise an inner polyurethane (PU) coating
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304. A PU coating may be a layer applied to the surface
of a substrate and may be configured to protect the sub-
strate. Forexample, a PU coating may protect a substrate
from defects such as corrosion, weathering, abrasion,
and like deterioration. In various embodiments, a PU
coating may be substantially waterproof, preventing wa-
ter from penetrating a fabric substrate. For aircraft evac-
uation slides and rafts, it may be advantageous for the
slide or raft to comprise an air retentive PU coating. In
various embodiments, a PU coating, in a single or multi-
layer, may prevent air held in an enclosed space from
dissipating through the fabric and into the atmosphere.
For evacuation slides and rafts, the inner PU coating 304
may be configured for an inner surface of the slide (204,
FIG. 2) or raft.

[0019] In various embodiments, the composite textile
300 may further comprise an outer heatreflective coating
306. In various embodiments, the outer heat reflective
coating 306 may comprise nanofillers mixed into the coat-
ing. Nanofillers may be mixed into the coating when the
coating is in its soluble stage. Nanofillers may be addi-
tives in solid form. In various embodiments, nanofillers
may differ from the polymer matrices to which they may
be added in terms of their composition and structure. In
various embodiments, nanofillers may be configured to
improve the mechanical and physical properties of a pol-
ymer. Nanofillers may be one-dimensional, having one
dimension less than 100 nanometers (nm). One-dimen-
sional nanofillers may be formed in sheets of 1 to 2 nm
thickness. One-dimensional nanofillers may be useful in
electrical and thermal applications due to their singular
dimensionality.

[0020] Nanofillers may be two-dimensional, having two
dimensions less than 100 nm. Two-dimensional nanofill-
ers may be shaped as tubes, fibers, or filaments. Two-
dimensional nanofillers may impart strong flame-retard-
ant properties to a polymer. Nanofillers may be three-
dimensional, having spherical, cubical, or crystalline con-
figurations. Many three-dimensional nanofillers may be
useful in coatings applications due to their transparency
in visible light.

[0021] As shown in FIG. 3, in various embodiments,
the outer heat reflective coating 306 may comprise ce-
ramic nanoparticles 308. Ceramic nanoparticles 308 may
possess beneficial thermal properties such as elevated
heat capacity and thermal conductivity. For example, alu-
minum nitride may exhibit a thermal conductivity of 160
watts per meter Kelvin (W/mK), whereas the thermoplas-
tic polyurethane may exhibit a thermal conductivity of 0.2
(W/mK). Moreover, ceramic nanoparticles 308 may
store, dissipate, and/or effuse a radiant heat flux applied
to the fabric substrate 302 during, for example, heat seal-
ing or radio frequency (RF) welding. For example, alu-
minum nitride may exhibit a thermal effusivity of 19.65
(Ws12/m2K) x 103, whereas the thermoplastic poly-
urethane may exhibit a thermal effusivity of 0.60
(Ws12/m2K) x 103,

[0022] Moreover, ceramic nanoparticles 308 may be
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electrically insulating due to their dielectric properties.
For example, ceramic nanoparticles 308 may comprise
a high dielectric constant and low dissipation factor,
which may prevent arcing. The addition of ceramic nan-
oparticles 308 may be advantageous in that a small
number of ceramic nanoparticles 308 may suffice to im-
part the requisite thermal properties to support hot air
welding and RF welding of the polyurethane coated fabric
substrate 302. For example, the addition of nanofillers,
such as the ceramic nanoparticles 308, may enable join-
ing a plurality of composite textiles to one another using
hot air welding and/or RF welding techniques to form an
evacuation slide. Additionally, ceramic nanoparticles 308
dispersed within the outer heatreflective coating 306 may
possess a high surface area, enabling effective resist-
ance to a radiant heat flux. Ceramic nanoparticles 308
may be, for example, aluminum nitride (AIN), silicon ni-
tride (Si3N4), boron nitride (BN), Alumina, and/or com-
binations thereof.

[0023] Referring to FIG. 4, the composite textile 300 is
shown in accordance with various embodiments. In var-
ious embodiments, the heat reflective coating 306 may
comprise carbon allotropes 408. Carbon allotropes 408
may be, for example, carbon nanotubes (CNTs). CNTs
may have a cylindrical nanostructure wherein carbons
are hybridized with neighboring atoms resembling a
graphitic structure. In various embodiments, the heat re-
flective coating 306 may comprise graphite flakes. In var-
ious embodiments, the heat reflective coating 306 may
comprise graphene nanosheets.

[0024] In various embodiments, dispersing a small
amount of carbon allotropes 408 in the outer heat reflec-
tive coating 306 may improve radiant heat characteristics
of the coating 306. Carbon allotropes 408 may comprise
high thermal conductivity and electrical conductivity. For
example, graphene may exhibit a thermal conductivity of
4000 (W/mK), whereas the thermoplastic polyurethane
may exhibit a thermal conductivity of 0.2 (W/mK). The
carbon allotropes 408 may comprise a high dielectric
constant. In various embodiments, the carbon allotropes
408 may enable a molecular structure to break the move-
ment of free electrons in the outer heat reflective coating
306. The addition of carbon allotropes 408 may be ad-
vantageous in that a small amount of carbon allotropes
408 may suffice to impart the requisite thermal properties
to support hot air welding and RF welding of the poly-
urethane coated fabric 302. Specifically, a high polymer
content ratio may aid in bonding or joining the radiant
heat reflective coated fabric 302 using hot air welding
and RF welding techniques. Moreover, carbon allotropes
408 mixed into the outer heat reflective coating 306 may
possess a high surface area, enabling effective resist-
ance to a radiant heat flux.

[0025] Referring to FIG. 5, the composite textile 300 is
shown in accordance with various embodiments. In var-
ious embodiments, the outer heat reflective coating 306
may comprise nano metal particles 508. The nano metal
particles 508 may be mixed into the heat reflective coat-
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ing 306 to improve the radiant heat characteristics of the
coated fabric substrate 302. In various embodiments, the
nano metal particles 508 may comprise a high thermal
and electrical conductivity. For example, aluminum may
exhibit a thermal conductivity of 190 (W/mK), whereas
the thermoplastic polyurethane may exhibit a thermal
conductivity of 0.2 (W/mK).

[0026] Moreover, the nano metal particles 508 may be
modified to act as a high dielectric in the heat reflective
coating 306 to break the movement of free electrons in
the heat reflective coating 306. The addition of nano met-
al particles 508 may be advantageous in that a small
amount of nano metal particles 508 may suffice to impart
the requisite thermal properties to support hot air welding
and RF welding of the polyurethane coated fabric 302.
Specifically, a high polymer content ratio may aid in bond-
ing the radiant heat reflective coated fabric 302 using hot
air welding and RF welding techniques. Moreover, nano
metal particles 508 dispersed within the outer heat re-
flective coating 306 may possess a high surface area,
enabling effective resistance to a radiant heat flux. Nano
metal particles 508 may be, for example, nano-sized alu-
minum, copper, silver, tungsten, and/or combinations
thereof. The nano metal particles 508 may be mixed into
the outer heat reflective coating 306 such that the nano
metal particles are evenly distributed throughout the out-
er heat reflective coating 306.

[0027] Referring to FIG. 6, a method of manufacturing
(step 600) an aircraft evacuation slide is shown. The
method (step 600) may comprise assembling (step 601)
a plurality of composite textiles. The assembling (step
601) of each composite textile may further comprise
forming (step 602) an outer heat reflective coating. In
various embodiments, the forming (step 602) may further
comprise mixing (step 604) a nanofiller compound in a
polyurethane coating. In various embodiments, the as-
sembling (step 601) may comprise applying (step 606)
the outer heat reflective coating to a first surface of a
fabric substrate. In various embodiments, the assem-
bling (step 601) may comprise applying (step 608) an
inner polyurethane coating to a second surface of the
fabric substrate. In various embodiments, the assem-
bling (step 601) may comprise bonding (step 610) the
outer heat reflective coating and the inner polyurethane
coating to the fabric substrate. In various embodiments,
the method (step 600) may further comprise joining (step
611) the plurality of composite textiles to one another,
wherein the joining may be configured to form the aircraft
evacuation slide.

[0028] In various embodiments, the applying (step
606) the outer heat reflective coating may further com-
prise coating (step 613) the fabric substrate with the outer
heat reflective coating. In various embodiments, the ap-
plying (step 608) the inner polyurethane coating may fur-
ther comprise coating (step 615) the fabric substrate with
the inner polyurethane coating. Both the outer heat re-
flective coating and the inner polyurethane coating may
be applied to the fabric substrate by any other suitable
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application methods, such as, for example, brushing or
spraying. In various embodiments, the joining (step 611)
may further comprise radio frequency welding (step 612)
each composite textile of the plurality of composite tex-
tiles to one another. In various embodiments, the joining
(step 611) may further comprise hot air welding (step
614) each composite textile of the plurality of composite
textiles to one another.

[0029] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed torepresent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosures.

[0030] The scope of the disclosure is accordingly to be
limited by nothing other than the appended claims and
their legal equivalents, in which reference to an element
in the singular is notintended to mean "one and only one"
unless explicitly so stated, but rather "one or more." More-
over, where a phrase similar to "at least one of A, B, or
C"is used in the claims, itis intended that the phrase be
interpreted to mean that A alone may be present in an
embodiment, B alone may be presentin an embodiment,
C alone may be present in an embodiment, or that any
combination of the elements A, B and C may be present
in a single embodiment; for example, A and B, A and C,
B and C, or A and B and C.

[0031] Systems, methods, and apparatus are provided
herein. In the detailed description herein, references to
"various embodiments", "one embodiment", "an embod-
iment", "an example embodiment", etc., indicate that the
embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not nec-
essarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is de-
scribed in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connec-
tion with other embodiments whether or not explicitly de-
scribed. After reading the description, it will be apparent
to one skilled in the relevant art(s) how to implement the
disclosure in alternative embodiments.

Claims

1. A composite textile, comprising:
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a fabric substrate (302);

an inner polyurethane coating (304); and

an outer heat reflective coating (306), wherein
the outer heat reflective coating comprises na-
nofillers, wherein the nanofillers are configured
to be mixed into the outer heat reflective coating.

The composite textile of claim 1, wherein the outer
heat reflective coating comprises ceramic nanopar-
ticles.

The composite textile of claim 1, wherein the outer
heat reflective coating comprises carbon allotropes.

The composite textile of claim 3, wherein the outer
heat reflective coating comprises graphite flakes.

The composite textile of claim 4, wherein the outer
heat reflective coating comprises graphene na-
nosheets.

The composite textile of any preceding claim, where-
in the heatreflective coating is configured to be bond-
ed to the fabric substrate.

The composite textile of claim 1, wherein the heat
reflective coating comprises nano metal particles.

The composite textile of any preceding claim, where-
in the fabric substrate is comprised of nylon.

An aircraft evacuation slide assembly, comprising:

an inert gas inflation system (202);

and

an evacuation slide (204), wherein the evacua-
tion slide is comprised of a plurality of composite
textiles (300), wherein each composite textile of
the plurality of composite textiles is configured
to be joined to one another, wherein each com-
posite textile is a composite textile as claimed
in any preceding claim.

10. A method of manufacturing an aircraft evacuation

slide, comprising:

assembling a plurality of composite textiles,
wherein the assembling of each composite tex-
tile further comprises:

forming an outer heat reflective coating,
wherein the forming further comprises mix-
ing a nanofiller compound in a polyurethane
coating;

applying the outer heat reflective coating to
a first surface of a fabric substrate;
applying an inner polyurethane coating to a
second surface of the fabric substrate; and
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1.

12.

13.

bonding the outer heat reflective coating
and the inner polyurethane coating to the
fabric substrate; and

joining the plurality of composite textiles to one
another, wherein the joining is configured to form
the aircraft evacuation slide.

The method of claim 10, wherein the applying the
outer heat reflective coating further comprises coat-
ing the fabric substrate with the outer heat reflective
coating, wherein the applying the inner polyurethane
coating further comprises coating the fabric sub-
strate with the inner polyurethane coating.

The method of claim 10 or 11, wherein the joining
further comprises radio frequency welding each
composite textile of the plurality of composite textiles
to one another.

The method of claim 10 or 11, wherein the joining
further comprises hot air welding each composite
textile of the plurality of composite textiles to one
another.
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