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ANTI-ICING SYSTEM AND METHOD FOR
PREVENTING ICE ACCUMULATION

BACKGROUND OF THE INVENTION

[0001]  The field of the disclosure relates generally to awrcrall anti-
wing svstems, and more spectlically to a system for electrically preventing the

accumulation of yee buld-up on leading edge surfaces.

{002 Gas tarbine engines ty pically mclude an mnlet, a fan, low and
high pressure compressors, a combustor, and at least one turbine. The comprassors
compress air which 1s channeled 1o the combusior where it is mixed with fuel, The
nuxiure 18 then 1enited for generating hot combustion zases. The combustion gases
are channeled 1o the turbme{s) which extracts energy from the combustion gases for
powening the compressor(s), as well as produang usefwl work to propel an airerait

flipht or to power a load, such as an elecirical generator

[O003]  Amrcraft, during flight andior while on the ground, may
encounter atmospheric conditions that cause the tormation of 1ce on airfods and other
surfaces of the arerall structure, mcluding wings, stabthrers, rudder, atlerons, engine
inlets, propetlers, rotors, fuselage and the tike. Accumulabing 1ce, 1 not removed, can
add excessive weight (o the amrcrafl and alter the airfml confipuration, causing
undesirable and/or dangerous flving condifions.  More specifically, 1if engmes are
operated within scing condstions at low power for extended pertods of time, ice
accumulation within the engine and over exposed engine structures may  be
sigmitcant. Over time, continued operation of the engine, a throtile burst from lower
power operalions to higher power operations, andfor vibrations due 1o either
turbulence or asvmmelry of ice accretion. mav cause the accumulated 1ce build-up Lo
be ingested by the hugh pressure comprassor. Such a condiion, known as an we shed.,
may cause the compressor discharge temperature (o be suddenty reduced. In response

to the sudden decrease in compressor discharge temperature, the corrected core spead
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aft stage corrected core speed mav adverselv impact compressor stall margin.  In

some cases, it mav also lead 10 an engine flame out

|[0004]  To facilitate preventing ice gccumudation withun the engine
and over axposad surfaces adjacent the engine, at least some known engines inclade a

de-1cing svstem to reduce ice bunld-up on the gas turbine engine struts. Some known

Q‘

de-icing svstems mechanically remove the ice with the use of pneumatic boots. In
such a svsiemt, the leading edge zone or wing or strul component of an airerall 18
covered with a pi urals 173-" of expandable cuffs that are mflatable with a pressunized
fhad, such ag air. W

is then dispersed into the air stream.  Although prieumatic boots have been used on
commercial aireraft and some hght twin or small jet amrcrafl, the system, which
requires an ay compressor and vacuuam system. 13 expensive and adds appreciable
weteht to beght areraft. A sinwlar mechamcal svslem emplovs multiple juxtaposed
electro-expulsive elements placed within an elastomeric or metal clad boot that 18
aflachable 1o airloid surfaces. When an elecinical impulse 18 applied, the force ellects
an impulse separation of one element {rom the other that 13 sullicient to mechanically
throw oll thin accretions ol sce.  In each of these mechamcal systems, boot operation
affects the airfoill characteristics of the wing, with the result that the boots cannot be
operated during landing or iakeofl. In addition to the drawbacks of the added weight
and expense of current mechanical ice removal svstems, egach of these svstems
requires visual attention to the degree of ice buld-up and carefud iming of activation
for maxtmum effectivengss, Moreover, none of these svstems are suitable for use as

an anti-1ce system (1.e. to prevent ice from forming).

[0003]  Another common approach for de-icmg andfor anti-icing
atrcralt surfaces mvolves the application of a chenucal, such as for example alcohol,
io reduce adbesion forces associated with ice accumuiation and/or depress the
freezing point of water collecting on the surfaces. Such svstems mav be used while
the arrcratt 1s on the ground or mn fhighl. One such system prevents the build-up o 1ce

on the teading edges ol arfoil surlaces, mcluding propeller and rotor blades, by the

{

weeping of alcohol {from g plurality of holes m an attached titmuum cull. Such an on-
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chenucal during fhight

[G006]  Some known anti-ice or de-ice svstems inciude thermually
removing 1¢e or preveniing the formation of 1ce. One known svstem diverts blead ar
of hot air from one of the turbine slages to heat the airloit leading edges.  Other
known thenmnal systems employ electnically conducting resistance heating elements,
such as those contamead in heating pads bonded {o the leading edues of the atrcralt or
on the propeller or rotor blades, or those mcorporated mito the structural members of
the aircraft.  Heating pads of this type generally mclude an electrically conductive
material in contact with wire or other metal heating elements dispersed throughout the
conductive laver which 18 sandwiched between two lavers of msulation.  Electncal
energy for the heating elements 1s denved from a generating source driven by ong or

- 4, +

more of the aireraft engines. The electrical energy 15 continuously supplied to provide
heat sufficient to prevent the formation of e or internutiently supplied o loosen
accumulating 1ce. However, such gystems are only usable where sullicient watlage 1s
avatlable to raise andior mamntain the lemperatwre of the artodd surface above the

freezing pomnt at typical aireralt speeds,

[0007]  To achieve operabional temperatures for such thermal
svstems, the power supply required 10 power a wire heating pad type anti-ice or de-ice
svatem iy signtficant, because of the melliciencies of the resistive heating pad
clements. and may not been a feasible allernative as anti-ice or de-ice systems for

general avigtion atrerail.

BRIEF DESCRIPTION OF THE INVENTION

- - L L

[6008]  One aspect is directed {0 an artti-icing svstem that includes @
component surface having a composite structure mncluding a composiie laver, and at
least one heating element formed within the composile laver, whergin the healing

element 15 configured {o provide a transfer of heat 1o the component surlace.
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[0009]  Another aspect s direcled {0 an aevodynamic surface that
inciudes a compostie structure having at teast one composite laver, and an anfi-temg
svstem having at feast one heating element formed within the composile {aver,
wharein the heating element 1s configured to provide a transfer of heat o the

aerodynamic surface

[G010]  Another aspect 15 directed to a method for substandiatly
prevent accumulation of e on an aerodvnhamic surface.  The method includes
fabncating a composite structure mncluding at least one composiie laver, formung at
least one heating element within the composite laver, and configuring the heabing

glement 1o provide a transter of heat (o the acrodvnamic surface.

[O011] Varous refinements exist of the features noted in relation to
the above-mentioned aspects of the present invention.  Additional features may also
be mceorporated m the above-mentioned aspects of the present mvention as well.
These refinemenis and addiional features mav ewist mdividually or m any
combination. For mstance, vanous features discussed below in relation {o any of the
itlustrated embodimenis of the present invention mav be mcorporated into anv of the

above-described aspeets of the present invention, alone or in any combination.
BRIEF DESCRIPTION OF THE DRAWINGS

(00121 Non-lumting and non-exhaustive embodiments are described

»

with reference to the following figures, wherein hke reference numerals refer 1o like

parts throughout the various views uniess otherwise specified.

BRI 3] Figure 115 g schemance view of an exemplary gas turbine

engine.

[(8314] Figure 2 is a perspective view of an inlet section of the gas

tarbine engme shown in Figwee 1

[OOSR Frgore 3 s an mntemal view of inlet cowl 108 that mcludes an

exempiary anti-icing svstem.
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[0016]  Fiogure 4 15 an exploded view of a portion of external skin

shown in Figure 3 that mncludes the exemplary anti-icig systerm.

[G017]  Figure 5 15 an altemative configuration for exemplary anti-

1icing system that may be used with the engine shown m Figure 1

[ 8] Frgure 6 18 a perspective view ol an altemative configuration

tor exemplary anbi-rcmg systern that mav be used with the engine shown m Figure 1
DETAILED DESCRIPTION OF THE INVENTION

(0019 Figure 118 a8 cross-sectional view of a porbion ol turbine
engine 14, In the exemplary embodiment, turbine engine 10 mchudes a fan assembly
16 that iz rotatably coupled about a longtudinal centerling axis 32, In the exemplary
embodiment. fan assembly 16 15 posiioned at a forward end 33 of lurbine engme 10
In an aliernative embodiment, fan assembly 16 18 posthioned at an all end 35 of
turbine engine 10, Fan assemblv 16 includes a plarality of rows of fan blades 19

positioned within a nacelle assembly 12, In one embodiment, nacelle assemblyv 12

houses vanoees oparating components {not shown} of lurbine engine 10

[20] In the exemplary embodument, twhbineg engine 10 also
includes a core engine 17 that 15 posttioned downstream from fan assembly 16, Core
engine 17 mclodes a comprassor 18, a combustor 20, and a turbine 22 that is coupled

to compressor 18 via a core rotor shalt 26,

[0021]  Dunng operalion, core engme 17 generates combustion gases
that are channeled dowustream Lo a turbine 24 whoch extracis energy from the gases

for powering fan assembly 16 through a shaft 28

[O0221  Figure 2 15 g perspective view of an mndet section 100 of gas
turbine engine 10 shown m Figure 1. A forward portion 102 of inlet section 100
inciudes an intake guide vane assembly 104 and a nose cong 106 enclosed within a
veneraily tubular, axially extendimg mdet cowd 108 that includes an putboard wail 110

and an mboard wall 112, Inboard wall 112 forms an et duct 114 that divects engine
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inlet air through guide vane assembiyv 104 and info the engine compressor 22 {shown

in Figure 1).

|0023] Dunng fhght andfor ground  operations under ng
conditions, 1ce tends (o form on a feading edge surface 116 of walls 110 and 112, The
ice changes the geometry (1.e. area) of miet duct 114 between cowl 108 and nose cone
166, thereby adversely affecting the required quantity and {low path of inconing air.
In addition, pieces of ice may break away and cause damage to mternal or external

downsiream engine components.

[0024]  Figure 3 i3 an mtemal view of inlet cowd 108 that includes an
exemplary anti-icing svsterm 200, In the exemplary embodiment, niet cowi 108
mciudes gn extemal skin 202 that substantiatly encloses a toam element 204 that
provides a structural reinforcement during asrodvnamic and impacting loading, and
that provides a foundation for structural repairs.  More speortfically, and m the
exemplary embodiment, foam element 204 1s adhesively bonded to an mienor side
206 of skin 202, Altemmatively, foam element 204 mayv be adhered o mtemal side 206
of skin 202 by anv method that enables anti-icing system 202 to function as described
herem. In the exemplary embodiment, foam element 204 provides insulation for skin
202 to enable a substantially etficient and etlective How of heat through the ieading
adge of mlet section 100, as desenbed in more detal herem,  In the exemplary
embodimant, skin 202 15 a laminate composite structure, as deseribed i more detal
herein.  Ant-iamng svstem 200 mmcludes an electrical power source 208 that 1
electrically coupled 10 a heating element (not shown m Figure 3) that enables
increasing a temperature of the heating element, wherain power sowrce 208 18
posittionad adjacent 1o miat cowl 108, Alternatively, power source 208 mav be

positionad in anv location that enables anti-icing svstem 200 to function as described

herem,

[025]  Figure 4 15 an exploded view of a portion of external skin 202
shown w1 Figure 3 that includes exemplary anbi-icing svstem 2080 In the exemplary

embodiment, extemnal skin 202 15 a lavered composile matnx that mcludes a woven
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carbon-fiber matenal 210, and a thermoplashic resin 212, Alternatively, the composiie
mainx mav melude g graphife weave, or may mchude a thermoset resin. A plurality of
composite lavers 214 are illustrated in Figure 4, however, external skin 202 may
mnciude a single composiie materiat laver, or any number of composiie matenat lavers

that enable anti-icing svstent 200 o function as described herem.

[0026]  In the exemplary embodiment, anti-tcing svstem 200 mcludes
a heating element 220 that 15 woven withun a carbon fiber material 214, In the

xemplany embodiment, heating elemeant 226 mcludes a pluralidy of conductive wires

-3

22 that are each electncally coupled to power source 208 (shown w Figure 3) and
that extend in a substantially umform onentatton within the woven matrix 210,
Conductive wires 222 are substantially umiformly spaced within the woven matnx
weave, and m the exemplary embodiment are onenied circumiberentially around
engme cowl feading edge 116 {shown i Figure 2)  Altematively, conduchive wires
may be onented axially within engine cowl 108, or be onenied in any conflipuration

that enables anfi-icing svsiem 200 {o function as described herain.

[0027] Dunng operations, when the heating element/matrix {aver
combination 210 and 220 13 assembled for vse, a unstary composite structure 18
tormed. More specihically, heating element 220 provides a transter of heat (o external
skin 202 durmg iang conditions,  Such a structure reduces part count by eliminating
tastening alements neaded (o hold the heater elements to mlet surtace, and maxumizes
an efficiency level associated with heat transfer within wmlet section by providing a
conductive heat from inside the mlet section surface that 1s prone 1o e under cmg
conditions.  Alternativelv, healing element 220 mav be distnbuted within woven
mairix 210 m any spacing configuration thal enables anti-icing svstem 200 to function
as described herein, such as for example braided andior bunched mn groups.
Altematively, heating element 220 may be any elecincally conductive conmponent,
such as a thread, a ribbon, a plurality of conductive particles, a conductive ink, and/or
a conductive nanolube, as 18 described m more detald herain.  In an allernative

embodiment, and as shown i Figure 4, heating element 230 inclades a plurahily of
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conductive wires 232 that may be distnbuted between adjacent woven mainx lavers

234 and 236.

[OO28]  Fiowre § is an altemative configuration for exemplary anti-

icing system 200 vsed with engme 10 shown i Figure 1 As described herem, mlat
cowl 108 mcludes a foam element 204 that is couple to an mtemal side 206 of an
external skin 202 as described beremn.  Referring specificaliv to Figure 5, mn the
iustrated embodiment, extemal skin 202 15 a three-dimensional braided carbon-fiber
mainx 230, and includes a heating elements 252 tormed within the carbon-fiber
matrnx 250, Move specifically, healing element 2532 15 woven within malnx 250,
alternatively, bheating element 232 mav be wound theretn.  When the heating
alementymainx laver combination 250 and 252 15 assembled for use dunng operations.
a unitary composite structare s formed.  In the slustrated embodiment, heating
element 252 includes a conductive wire 234 that extends mn a substantially wuform
ortentation within the three~dimensional mainx 232, Aliematively, heating element
232 may be a thread. a nibbon, a pluralitv of conductive particles, a conductive ink,
and/or a conductive nanofube, as 13 descubed m more detas] heram. Such a struclure
eliminates use of multiple composite matnx favers, as shown in Figure 4. However,

-

multiple three~dimensional woven lavers, or any number of

composite lavers may be used that enable anti-icing system 200 to function as

described heremn.

[O029] Figare 6 15 a perspective view ol an altemative configuration
for exemplary anfi-icing system 200 used with engme 10 shown m Figure 1. Ag
described herein, indet cowl 108 mcludes a foam element 204 that is coupled to an
internal side 2006 of an external skin 202 as descitbed heremn. Referring specifically to
Figure 6, 1 the lustrated embodiment, external skin 202 may be a lavered composite
matenial as shown m Figure 4, or a three-dimensional braided carbon-{iber mainx as
shown m Figure 3, and includes a heating element 260 formed within the carbon-fiber
laver as desceribed harein. More speotfically, heating element 260 mcludes a plurahiy

ol conductive wires 262 that are woven within mainx, altematively, heating elements
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mayv be wound and/or displaced therem (o enable anti~icing svstem 200 to function as

dascribad heremn,

G030 In the exemyplarv embodimerd, the matnixheating element
combmation includes a plurahiv of acoustic holes 264 formed theremn, such thatl
conductive wirgs 262 are substantially undisturbed danmg fabneation, 1.e. not broken
durinng fabnication of acousiic holes 264, Such a structure enables anti~icing i an
aircrall surface where it is alse beneficial to reduce the noise thereon, for exampie

smmediately alt ol the engime cowl leading edge 116, shown in Figure 2.

(00311 In an altemative embodument, anti-icmg system 200 mav ba
used on any aucrall jeading~edge sarface. More specifically, heating elements, for
example hegting elements 220 shown mn Figure 4, mavbe may be wound, woven
and/or otherwise formed within any aircraft surface that 1s prone to ice during icing

conditions, for axample a wing leading edge, slat, Hap or other control surface, {al

leading edge. and/or engine cowl leading edge.

[0032]  Referring to Figures 2-6, during operations, power source 208
energizes heating element 220, 230, 2532 and/or 260 that are embedded within the
laminate structure of the composite leading edge surface.  In the exemplary
embodiment. the highly conductive heating elements 220, 230, 232 andfor 260
mcrease in temperature 1o a level that i saflicient (o substantially prevent a buldup of

ice on the extemal surface of the component leadmy edge.

1133 Exemplary embodiments of anfi-icing svstems are described
i detail above.  The above-descnibed anti-icing systems [facililate substantially
preventing a buildup of 1ce on the exiernal surface of an aircrall leading edge. To
prevent 1ce accumulation, the systems and methods described heretn use heating
elements formed within a composite structure that delines an aircrafl {eading edge
surlace. Such a structure reduces pant count by elimunating lastening elaments needed
to hold the heater elements (o indet surface, and maximizes an efficiency level
associated with heat transter within inlet section by providing a conductive heat from

inside the inlet section surface that 18 prong {0 1ce under 1cing conditions. Moreover,
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the anti~icing svstems descnbed herein provide structural remnforcement 1o the skin

within which the heating elements are formed.

[0034]  Moreover, the svstemi and methods described herain
overcome many of the deliciencies realized m g poeumabic-type anti-cing system. In
contrast {0 poeunalic svsiem, the svstem component count and complexaty is reduced.
Addittonally, maintenance on aircraft leading edee surfaces, as well as the anti-<icing
svstem themselves i sumphified.  Furthermore, the svstem and methods described
herem requure no engme bleed~air as feedstock as 1s required by an on-board
meumatic svstenss,  As such, the system has substantially lugh efficrency when
compared fo pneumatic syvstems.  The system requires only electnical power for its
operation, and requires no myjor changes to existing svstems and re-ceritfication of
existing svstems.  Therelore, non-recurmmg  costs may  be substanbially lower
compared o poneamatic svstems, which requive changes to the engine bleed-air

svsiem, atr~condifioning svsiem rani-air svstenm, and/or doct leak detection systen,

[0035]  Although the foregomyg description contams many specifics.
these should not be construed as hmiting the scope of the present disclosure, but
merely as providing llustrations of some of the presently preterred embodiments.
Simtlarly, other embodiments mayv be devised which do not depart [rom the spirit or
scope of the preserd disclosure.  Features from dillerent embodiments may be
emploved m combmation. The scope of the disclosure 15, therafore, mdicated and
limited only by the appended claims and thosr legal equivalents. rather than by the
foregoing description.  All additions, deletions and modifications as disclosed herein

which fall within the meaning and scope of the claims are {0 be embraced thereby,

[6036]  Although the apparatus and methods described heremn are
described v the context of anfi~icing svstems for amrcralt gas turbine engines, it 1s
understood thal the apparatus and methods are not himsted to aerospace apphications.
Likewise, the svstem components tliostrated are not hmited to the specific
ambodimen{s described heremn, but rather, svstem componenis can be utilized

mdependently and separately from other components described herem.

=} 0=
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[0037] As used herein, an element or step recited in the singular and
proceeded 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 disclosure are not intended to be interpreted as
excluding the existence of additional embodiments that also incorporate the recited

features.

[0038] While there have been described herein what are considered to
be preferred and exemplary embodiments of the present invention, other
modifications of these embodiments falling within the scope of the invention

described herein shall be apparent to those skilled 1n the art.

_11-
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WHAT IS CLAIMED IS:

1. An ant1-1c1ng system comprising:

a non-mectallic component member comprising:

a non-metallic composite structure including a plurality of woven
non-metallic composite layers;

an outer surface and an interior surface, said outer surface exposed to
1cing conditions when said component member 1s 1nstalled 1n use; and

a leading tip, a first wall extending in an aft direction from said
lcading tip, and a second wall extending in the aft direction from said leading tip such
that a cross-scction of said component member 1s substantially U-shaped;

a plurality of conductive heating elements positioned adjacent at least one
composite layer of said plurality of non-metallic composite layers, said plurality ol
heating clements comprising an electrically conductive ribbon configured to provide a
transfer of heat to said component member, wherein each of said plurality of heating
elements extends axially in the aft direction from said leading tip along said first wall
and along said second wall, each of said plurality of heating clements contigured to
conform {o the substantially U-shaped cross-section of said component member; and

a structural foam element coupled to said interior surface, said structural
foam element configured to facilitate substantially preventing a loss of heat through
said intcrior surface during said heat transfcr, said structural foam element further

configured to provide structural reinforcement to said component member.

2. An anti-icing system in accordance with claim 1, wherein said at least

onc composite layer compriscs:
a woven carbon-fiber matrix; and
one of a thermoplastic bonding agent or a thermoset bonding agent;
whercin said at least one heating element is positioned adjacent said at least

one composite layer forming a unitary composite structure.

3. An anti-icing system in accordance with claim 1, wherein said at lcast
one heating element is wound, woven, or distributed within said at least one composite

layer.
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4. An anti-icing system in accordance with claim 1, wherein said
composite structure comprises a laminate structure including a plurality of layers, said

at lcast one heating element received between said plurality of layers.

J. An anti-1cing system in accordance with claim 1, further comprising
a power source electrically coupled to said at least one heating element and configured

to provide an electrical voltage across said at least one heating element.

0. An aircraft inlet cowl comprising:
a non-metallic component member defining an air inlet duct, said non-
metallic component member comprising:

a non-metallic composite structure incl(uding a plurality of woven
non-metallic composite layers;

an outer surface and an interior surface, said outer surface exposed to
icing conditions when said component member 1s installed 1n use; and

a leading tip, an outer wall cxtending 1n an aft direction from said
leading tip, and an inner wall extending in the aft direction from said leading tip such
that a cross-scction of said component member 1s substantially U-shaped; and

an anti-icing system comprising:

a plurality of conductive heating elements positioned adjacent at least
onc¢ composite layer of said plurality of non-metallic composite layers, said plurality of
heating clements comprising an ¢lectrically conductive ribbon configured to provide a
transfer of heat to said component member, wherein cach of said plurality of heating
elements extends axially in the aft direction from said leading tip along said f{irst wall
and along said second wall, cach of said plurali'ty of heating elements configured to
conform to the substantially U-shaped cross-section of said component member; and

a structural foam element coupled to said interior surface, said structural
foam clement configured to facilitate substantially preventing a loss ol heat through
said interior surface during said hcat transfer, said structural foam element further

configured to provide structural reinforcement to said component member.

7. An aircraft inlet cowl in accordance with claim 6, wherein said at least
one composite layer comprises:

a woven carbon-fiber matrix; and
13-
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one of a thermoplastic bonding agent or a thermoset bonding agent;
wherein said at least on¢ heating element 1s positioned adjacent said at least

one composiie layer forming a unitary composite structure.

3. An aircraft inlet cowl 1n accordance with claim 6, wherein said at least
on¢ heating clement is wound, wovcen, or distributed within said at least one composite

layer.

9. An aircraft inlet cowl in accordance with claim 6, wherein said
composite structure comprises a laminate structure including a plurality of layers, said

at lcast one heating element received between said plurality of layers.

10.  An aircraft inlet cowl 1in accordance with claim 6, further comprising
a power source electrically coupled to said at least one heating element and configured

to provide an electrical voltage across said at Ieast one heating element.

11. A mcthod for substantially preventing accumulation of ice on an
aecrodynamic surface of a non-metallic composite structure, said method comprising:

fabricating the non-metallic composite structure including a plurality of
woven non-metallic composite layers, wheretn the composite structure includes an
outer surface and an interior surface, the outer surface being exposed to 1cing conditions
when the composite structure is installed in use, and wherein the composite structure
includes a leading tip, an outer wall cxtending in an aft direction from the leading tip,
and an inner wall extending in the aft direction from the leading tip such that a cross-
section of the composite structure is substantially U-shaped;

positioning a plurality of conductive ribbon heating elements adjacent at least
onc composite layer of the a plurality of non-metallic composite layers, wherein
positioning the plurality of heating clements includes axially orienting the plurality ol
heating elements such that each heating clement extends in an aft direction from the
leading tip along the inner wall and along the outer wall such that each of the plurality
of heating elements is configured to conform to the substantially U-shaped cross-
scction of the composite structure;

configuring the at least one hecating element to provide a transfer of heat to

the aerodynamic surface; and
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coupling a structural foam element to the interior surface such that the
structural foam element substantially reduces a loss of heat through the interior surface
during the heat transfer, and such that the structural foam element provides structural

reinforcement to the composite structure.

12. A method in accordance with claim 11, wherein fabricaling a
composite structure further comprises:

forming a unitary composite structure by providing a woven carbon-fiber
matrix, wherein thc at least onc heating element 1s positioned adjacent said at least onc
composite layer; and

reinforcing the unitary composite structure using one of a thermoplastic

bonding agent or a thermoset bonding agent.

13. A method in accordance with claim 11, wherein fabricating a
composite structure further comprises fabricating a laminate structure including a
plurality of layers, wherein the at least onc heating element 1s received between the

plurality of layers.

14. A method in accordance with claim 11, further comprises clectrically
coupling a powcr source to the at least one heating element, the powcer source

configured to provide an electrical voltage across the at least one heating clement.
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