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(57) ABSTRACT 

A processed ?ber is used to distribute energy from an 
electromagnetic (EM) energy source to a material in Which 
the ?ber is embedded. The electromagnetic energy source 
supplies electromagnetic energy to the ?ber and the ?bers 
emit portions of the EM energy along the length of the ?ber. 
The sealant material absorbs a quantity of the electromag 
netic energy suf?cient to cure the sealant material and 
propagates excess electromagnetic energy through the seal 
ant material Without signi?cant additional absorption. This 
prevents the sealant material from over-curing. Additionally, 
a fully cured material can be used to generate thermal energy 
and thereby serve as a heat blanket that can be used to de-ice 
aircraft. 
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PROCESSED FIBER FOR EMISSION OF ENERGY 
INTO A MEDIUM AND METHOD THEREFOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to a method and 
apparatus for a specially processed ?ber to distribute energy 
to a medium in Which the ?ber is embedded. More particu 
larly, this invention relates to a processed ?ber embedded in 
a sealant material that is capable of propagating excess 
energy through the sealant material Without substantial 
absorption. 
[0003] 2. Description of the Art 

[0004] Sealant materials are used to repair structure parts 
of aircraft such as helicopters, by adhering parts that require 
repair. The sealant material interacts With the structure and 
can adhere broken portions or seal cracks. Unfortunately, 
conventional sealant materials used to repair aircraft parts 
require extended periods of time to adequately cure. This 
removes the aircraft from active ?ight status for several 
hours. Curing the sealant material can be enhanced by using 
an external source of thermal energy, such as a heating 
blanket. HoWever, since the sealant material may have poor 
thermal conductivity, there may be unbalanced curing of the 
material. For example, a portion of the sealant material in 
close proximity to the heat source may be over-cured, While 
a portion of the sealant more remote from the heat source 
may remain essentially uncured. Thus, the physical proper 
ties of the sealant materials necessitate extended cure times 
causing an aircraft to be removed from active status While 
the sealant cures. 

[0005] A second draWback to curing processes that utiliZe 
conventional external heat sources is that these heat sources 
are typically bulky and cumbersome. Application of an 
external heat source may require removal of components 
and/or cargo from the aircraft to enable access for the repair 
operation. Furthermore, the use of a bulky heat source 
makes access to small areas dif?cult. Additionally, thermal 
blankets and electric heat sources may spark and are there 
fore a ?re haZard. 

[0006] For thick repair regions, the poor thermal conduc 
tivity of the sealant material could preclude proper heating 
of the repair sealant. In order to adequately cure the entire 
sealant volume, the additional heat often results in over 
heating, and Weakening, of the surrounding regions. 

[0007] Separately, US. Pat. No. 5,770,296 discloses an 
adhesive device that absorbs electromagnetic Waves con 
tiguous With a heat-activatable adhesive material. This ref 
erence does not solve the problem of efficient curing because 
a portion of the adhesive material closest to the heat energy 
Will cure before a portion of adhesive material further from 
the heat source. This reference is hereby incorporated by 
reference. Furthermore, this reference does not relate to 
aircraft or repairing parts on aircraft. Therefore, What is 
needed to streamline aircraft arid other structure repair is a 
process for repairing damage that is time ef?cient and does 
not introduce the unnecessary risk of spark that is present 
With electric heating blankets. Fibers, such as optical ?bers, 
typically provide a conduit for signals or energy to be 
transmitted to a destination location, Which is usually at a 
terminal end of the ?ber. HoWever, it has been discovered 
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that processing a ?ber and embedding the processed ?ber in 
a medium permits energy to be distributed along the length 
of the ?ber and absorbed by the medium generally uni 
formly. Speci?cally, embedding processed ?bers in a curable 
sealant material facilitates rapid uniform cure of the sealant. 

BRIEF SUMMARY OF THE INVENTION 

[0008] One embodiment of the instant invention is draWn 
to a system for adhering a sealant material to a structure. 
This system comprises an electromagnetic energy source for 
supplying electromagnetic (EM) energy. The sealant mate 
rial is mounted on the structure for interfacing With the 
structure. One or more ?bers are embedded in the sealant 
material for receiving electromagnetic energy from the 
electromagnetic energy source and transmitting the electro 
magnetic energy Within the sealant material. The sealant 
material absorbs a quantity of the electromagnetic energy 
suf?cient to cure the sealant material and propagates excess 
electromagnetic energy through the sealant material Without 
signi?cant additional absorption. The embedded ?bers 
facilitate uniform cure of the sealant material. 

[0009] A second embodiment of the instant invention is 
draWn to a method for adhering a sealant to a structure. This 
method comprises: 

[0010] disposing the sealant material on at least a 
portion of the structure; 

[0011] providing electromagnetic energy to the seal 
ant material; 

[0012] transmitting electromagnetic energy through 
the sealant material via ?bers embedded in the 
sealant material thereby curing the sealant material 
such that the sealant material ?xedly adheres to the 
structure; and 

[0013] propagating excess electromagnetic energy 
through the sealant material Without substantial 
absorption of the excess electromagnetic energy by 
the sealant material. 

[0014] A third embodiment of the instant invention is 
draWn to a method for delivering energy to a material using 
embedded ?bers. This method comprises: 

[0015] providing an energy source for supply elec 
tromagnetic energy to a ?ber; 

0016 rocessin the ?ber such that the ?ber emits a P g 
portion of the electromagnetic energy from one or 
more intermediate sections of the ?ber; and 

[0017] 
[0018] Wherein the processing is selected from the 

group consisting of bending, doping, crimping, 
scratching, coating and etching and combinations 
thereof. 

embedding the ?ber in a material; 

[0019] A fourth embodiment of the instant invention is 
draWn to an apparatus for delivering energy to a material. 
This apparatus comprises an electromagnetic energy source 
for providing electromagnetic energy. One or more pro 
cessed ?bers are embedded in the material. The ?bers 
receive electromagnetic energy from the electromagnetic 
energy source and disburse at least a portion of the electro 
magnetic energy from one or more intermediate sections of 
the ?ber to the material. 
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[0020] The ?bers are processed using a technique selected 
from the group consisting of scratching, etching, coating 
doping, crimping, and bending and combinations thereof. 

[0021] A ?fth embodiment of the instant invention is 
forming a heating mat With ?bers embedded in the mat. The 
mat can be a heat blanket to provide thermal energy to a 
structure. 

[0022] Each of these embodiments is particularly useful in 
the repairing and reconstruction of aircraft, such as helicop 
ters. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shoWs a ?rst embodiment of the instant 
invention that uses a single ?ber embedded in a material. 

[0024] FIGS. 2A and 2B shoW a second embodiment of 
the instant invention that uses a heat blanket as a source of 

thermal energy. 

[0025] FIG. 3 shoWs a third embodiment of the instant 
invention. 

[0026] FIG. 4 shoWs a graph of curing data for the instant 
invention. 

[0027] FIGS. 5A and 5B shoW stages of a resin material 
that has a self-limiting cure. 

[0028] FIG. 6 shoWs a fourth embodiment of the instant 
invention for repairing an aircraft. 

[0029] FIG. 7 shoWs a ?fth embodiment of the instant 
invention using a prepreg material. 

[0030] FIG. 8 shoWs a cross-sectional vieW of a ?ber 
processed to emit energy from intermediate sections of the 
?ber. 

[0031] 
?bers. 

FIG. 9 shoWs a heating apparatus using processed 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The instant invention utiliZes processed ?bers 
embedded in a material to propagate electromagnetic (EM) 
energy through the material. The EM energy can be photonic 
energy, thermal energy or a combination of photonic and 
thermal energy. 

[0033] FIG. 1 shoWs a ?rst embodiment 10 of the instant 
invention. As shoWn by the system 10, an electromagnetic 
energy source 110 emits electromagnetic (EM) energy to 
coupler 112 via an interconnector 111. Interconnector 111 is 
suitably a ?ber. The electromagnetic energy source 110 is 
suitably a laser source such as a CO2 laser, Ho:YAG laser, 
ErzYAG laser, a diode laser, a Nd:YAG laser or a ruby laser. 
The Nd:YAG laser has a Wavelength of 1.06 microns and is 
suitably a Heraeus, 60W, CW laser. The coupler 112 is used 
to connect the electromagnetic energy source 110 to ?ber 
122 (only one ?ber 122 is shoWn but a plurality of ?bers 
could be used) via interconnector 113 Which is typically a 
?ber. Material 114 is suitably a B-stage resin, a prepreg 
material a thermosetting polymer or a thermoplastic poly 
mer. The material 114 is suitably mounted to a structure (not 
shoWn) such as an aircraft or other structure and receives 
electromagnetic energy from the EM source 110 through 
coupler 112. The ?ber 122, Which is suitably a transmissive 
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?ber, is processed to disburse energy along intermediate 
portions 122(a) and 122(b) of the ?ber 122. Examples of 
processing include: doping, bending, scratching, etching, 
coating, and crimping as Well as combinations thereof. 

[0034] Doping of the ?ber 122 Will cause the ?ber 122 to 
emit energy along the length of ?ber 122. Rare-earth dopants 
can be added to silica or other oxide glass ?bers to selec 
tively absorb radiation. For example, samarium can be used 
With an Nd:YAG laser and praseodynium, europium, and 
terbium can be used With a Ho:YAG laser. Metallic particles 
such as silver may be added to a glass ?ber in the from of 
AgBr. The ?ber 122 may also be doped to have a leached 
cladding making it porous to liquids. 

[0035] Bending the ?ber 122 is typically accomplished by 
micro-bending and/or macro-bending to out-couple a set 
amount of EM energy. Energy losses occur at bends and the 
amount of energy emitted can be controlled by the type of 
bend in the ?ber 122. 

[0036] The surface of the ?ber 122 can be scratched using 
emery paper, such as 500 grit emery paper. 

[0037] Chemical etching can also be used to alter the ?ber 
122. 

[0038] The ?ber 122 may also be coated With materials 
such as epoxy, paint and varnish to induce leakage along the 
length of the ?ber. 

[0039] The ?ber 122 may also be crimped or fusion 
spliced to create thick portions of ?ber at predetermined 
intervals. 

[0040] Fiber 122 is suitably a polymer clad silica (PCS) 
?ber, hard clad silica (HCS) ?ber, a gloWing ?ber, sapphire 
?ber or a PCS ?ber With high poWer connections. The ?ber 
122 suitably has a core siZe of approximately 400 microns 
and is up to approximately 3 meters in length. The actual 
dimensions of the ?ber depend on the desired application. 

[0041] The energy is disbursed along the ?ber 122, Which 
is embedded in material 114, and causes the material 114 to 
cure. The material 114 is suitably selected from materials 
that are photo-catalytic, Which utiliZe photonic energy for 
curing. The photocatalytic material absorbs the EM energy 
and forms ions. This photochemical reaction does not gen 
erate a signi?cant amount of heat When the ?bers are 
processed to emit energy in the form of photons rather than 
thermal energy. Excess photonic energy, Which is not 
absorbed, simply dissipates and does not signi?cantly 
increase the temperature of material 114 or an object that is 
in proximity or in contact With material 114. 

[0042] Material 114 is suitably phenylaZide that can be 
photopolymeriZed by EM energy. Further details relating to 
this material is the subject of “Conjugated Polymeric Mate 
rials: Opportunities in Electronics, Optoelectronics and 
Molecular Electronics”, by J. C. Bredas et al., 1990, Which 
is incorporated by reference in its entirety herein. The 
material 114 is suitably positioned in locations that are 
dif?cult to access. Once the material 114 is positioned, it is 
not necessary to add a thermal blanket to cure material 114. 

[0043] FIGS. 2A and 2B shoW a second embodiment 20 
of the instant invention, Which is implemented for the repair 
of a structure shoWn as 217. Structure 217 has tWo portions, 
a ?rst portion 220, Which is suitably an access panel on an 
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aircraft and second portion 218, Which is suitably the 
fuselage of an aircraft. A cavity 219 is suitably ?lled With 
sealant material 216. The sealant material 216 is typically an 
epoxy, caulk, resin, thermoset polymer, thermoplastic poly 
mer, B-stage resin, liquid resin or any suitable adhesive 
material for repairing structure 217. 

[0044] A heat source 210 is placed in proximity to the 
sealant material 216 so that thermal energy from the source 
210 is transmitted to the sealant material 216 to enable 
curing of the sealant material 216. 

[0045] FIG. 2B shoWs the heat source 210 as a mat 205 
that has one or more ?bers 222 (only one ?ber is shoWn). 
The ?ber 222 is processed so that it disburses thermal energy 
along its length at intermediate portions. The surrounding 
material 205 can be positioned so as to provide heat to a 
structure 217. The material 205 is suitably an epoxy material 
or a thermoplastic polymer. The sealant material 216 may 
also have processed ?bers (not shoWn) that can transmit and 
disperse thermal energy from mat 205 throughout sealant 
material 216. Thus FIGS. 2A and 2B shoW that the pro 
cessed ?bers 222 can be used to disburse thermal energy 
224, from an EM source (not shoWn) in a heating blanket to 
sealant material 216. This facilitates enhanced and more 
uniform curing of sealant material 216. 

[0046] FIG. 3 shoWs a third embodiment 30 in Which the 
sealant material 316 is embedded With a plurality of ?bers 
shoWn as ?ber 322, for the distribution and transmission of 
EM energy 324, from an EM source (not shoWn in FIG. 3), 
Within the sealant material 316. Similar to FIG. 2A, a ?rst 
portion 320 of a structure 317 can be attached to a second 
portion 318 of structure 317 utiliZing the sealant material 
316. The sealant material 316 is suitably an epoxy resin, a 
stage B resin, a caulking material, or a liquid resin. The 
?bers 322 are processed so as to disburse and/or dispense 
and/or transmit EM energy 324 along their length. 

[0047] In one embodiment, ?bers 322 are suitably made 
from glass, or plastic such as silicone, acrylic and plexiglass, 
and are processed to emit substantially entirely photonic 
energy. Glass or plastic ?bers have the advantage that they 
are radar transparent and can be used for loW observable 
(LO) applications. The glass or plastic ?bers are suitably 
used in LO applications for repairs that do not reach the 
ground plane of an aircraft. The sealant material 316 is 
suitably a photosensitiZed material, Which absorbs the pho 
tonic energy. The photochemical reaction does not generate 
substantial heat due to the use of photonic energy. The ?bers 
322 provide photons for curing the sealant material 316. The 
use of this photochemical reaction prevents the sealant 
material 316 from over curing and/or burning. Areas sur 
rounding the repair area (ie 318, 320) Will not be subjected 
to excess heat, Which could damage the structure 317. The 
sealant material 316 is typically in a solid form for easy 
manipulation at ambient temperatures. The sealant material 
316 is also typically fabricated such that exposure to ambi 
ent light Will not cause the sealant material 316 to signi? 
cantly cure. 

[0048] FIG. 4 shoWs a graph 40 of temperature versus 
time for the curing of a sealant material as described herein. 
Graph 40 shoWs temperature in degrees Celsius plotted on 
the Y axis and time in seconds plotted on the X axis. As 
shoWn by line 410, the temperature of the sealant material, 
Which in this case is a resin exposed to an Nd:YAG laser and 
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has embedded scratched ?bers that Were micro-bent. This 
experiment demonstrated sufficient energy Was transferred 
in 60 seconds to adequately cure the material. 

[0049] Maintaining the temperature beloW 100° C. helps 
prevent over-curing of the sealant material. A stable tem 
perature beloW 100° C. also helps prevent combustion of the 
sealant material, thereby reducing the risk of ?re. 

[0050] FIG. 5A shoWs an illustration 50 of a B-staged 
resin material that has the properties of self-limiting cure. As 
shoWn in FIG. 5A, cross links 530 and 532 are present in the 
resin material 516 and 525 is the polymer chain. As shoWn 
in FIG. 5B, the density of the cross links, shoWn as 530, 532, 
534, 536, 538, and 540 increases With time. The density of 
the cross links in the resin material 516 is substantially 
greater in FIG. 5B than in FIG. 5A. As additional EM 
energy (not shoWn) is added to the material 516, the cross 
link density increases. This increase in cross-link density 
changes the frequency of the polymer chain 525. The neW 
frequency is no longer “excited” by the EM frequency 
inputted to the material 516. This change of natural fre 
quency results in the curing material 516 being self-limiting. 
This self-limiting feature prevents over heating of the curing 
material 516 because the excess EM energy Will be dissi 
pated from the material 516 and not a signi?cant amount of 
EM energy Will be absorbed by the portion of the sealant 
material 516 that has been cured. 

[0051] FIG. 6 shoWs a fourth embodiment 60 of the 
instant invention. As shoWn in FIG. 6, structure 640 is 
suitably a honeycomb structure and a repair area 647 is ?lled 
With sealant material 616 that has ?bers (not shoWn) embed 
ded therein. The sealant material 616 receives energy from 
an energy source (not shoWn) and the embedded ?bers 
distribute at least a portion of the energy to material 616. 
Sealant material 616 bonds to bond area 642 in cavity 647 
as Well as the side portions 643, 645 of cavity 647 thereby 
returning the structure 640 to a useable form. The sealant 
material 616 suitably experiences proper curing despite a 
relatively thick cavity portion 647 because the embedded 
?bers disperse the energy substantially uniformly through 
out sealant material 616. The ability for the sealant material 
616 to propagate EM energy Without over curing enables the 
instant invention to provide adequate repair to structure 640. 
The sealant material 616 also bonds to surface 644, provid 
ing added stability to the repair site. In this embodiment, 
Which requires a relatively thick repair region 647, it is 
preferable to use ?bers that are processed to emit more 
photonic energy than thermal energy to inhibit a substantial 
increase in temperature. 

[0052] FIG. 7 shoWs a ?fth embodiment 70 of the instant 
invention. TWo portions 754, 756 of a structure 752 are 
bonded by applying doublers 748(a) and 748(b) to the 
portions 754, 756 of the structure. The doublers 748(a) and 
(b) include a special prepreg material 750 that includes 
embedded ?bers (not shoWn) that are coupled to a source of 
EM energy (not shoWn in FIG. 7). The prepreg material 750 
absorbs EM energy from the EM energy source. The prepreg 
material 750 enables adequate bonding of the doublers 
748(a) and 748(b) to the structure members 756 and 754. 
The use of the prepreg material 750 With the ?bers as 
described herein enables adequate curing of the prepreg 
material 750 Without over curing. 

[0053] FIG. 8 shoWs a cross-sectional vieW of a ?ber 822 
that has been processed by micro-bending. Bends at points 
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822(a), (b) and (c) cause energy 824(a), (b) and (c) from 
input energy 830, to be emitted from the ?ber 822 at those 
intermediate points. Apparatus 862 has upper portion 864 
loWer portion 866 that can be used to bend ?ber 822 in a 
predetermined manner. The number and placement of bends 
822(a), (b) and (c) is a design choice and depends on the 
desired application for the ?ber 822. 

[0054] FIG. 9 shoWs an embodiment 90 that comprises a 
material 905 coupled to electromagnetic energy source 910. 
Fibers 922(a), (b), (c), are shoWn but the number of ?bers is 
a design choice and not critical to understand the invention. 
Fibers 922 are embedded in the material 905 and receive 
electromagnetic energy from source 910 via interconnector 
911. A thermocoupler (not shoWn) could be used if desired. 

[0055] Fibers 922 are processed so that they emit thermal 
energy to material 905. Material 905 is suitably a thermoset 
polymer, a thermoplastic polymer or an epoXy material that 
has been cured and shaped in a useable form such as a mat. 
Material 905 is suitably positioned on a surface to increase 
the temperature of that surface, speci?cally, material 905 can 
be used to emit thermal energy to de-ice aircraft. The 
material 905 can be initially cured using photonic or thermal 
energy or a combination of both. After curing the material 
905 is suitably shaped into a mat or blanket that Will provide 
a source of heat Without the risk of sparking. Such a heating 
mat 905 can be positioned on a helicopter engine inlet lips, 
ducts or rotor blades. 

[0056] While the instant invention has been described in 
terms of repairing an aircraft structure, it is readily apparent 
to those skilled in the art that the use of ?bers embedded 
Within a sealant material to transmit and disburse energy for 
proper curing or heating could be applied to any structure. 

[0057] While the invention has been described above With 
reference to speci?c embodiments thereof, it is apparent that 
many changes, modi?cations and variations can be made 
herein. Accordingly, it is intended to embrace all such 
changes, modi?cations and variations that fall Within the 
spirit and broad scope of the appended claims. 

What is claimed is: 
1. A system for adhering a sealant material to a structure 

comprising: 
an electromagnetic energy source for supplying electro 

magnetic energy to one or more ?bers; 

the sealant material mounted on the structure for inter 
facing With the structure; and 

the ?bers being embedded in the sealant material for 
receiving electromagnetic energy from the electromag 
netic energy source and disbursing electromagnetic 
energy at intermediate sections of the ?ber; 

Whereby the sealant material absorbs a quantity of the 
electromagnetic energy suf?cient to cure the sealant 
material and permits eXcess electromagnetic energy to 
pass through the sealant material Without signi?cant 
additional absorption. 

2. The system as claimed in claim 1 Wherein the ?bers are 
processed prior to being embedded in the sealant material. 

3. The system as claimed in claim 2 Wherein the ?ber 
processing is selected from the group consisting of scratch 
ing, etching, doping, crimping, coating and bending and 
combination thereof. 
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4. The system as claimed in claim 3 Wherein the electro 
magnetic energy source is selected from the group consist 
ing of carbon dioxide lasers, Nd:YAG lasers Ho:YAG lasers, 
Er:YAG lasers, diode lasers and ruby lasers. 

5. The system as claimed in claim 4 Wherein the sealant 
material is photocatalytic 

6. The system as claimed in claim 4 Wherein the sealant 
material is fabricated in the form selected from the group 
consisting of thermoplastic polymer and thermosetting poly 
mer. 

7. The system as claimed in claim 4 Wherein the ?bers are 
fabricated from a material selected from the group consist 
ing of glass and plastic. 

8. The system as claimed in claim 1 Wherein the structure 
comprises an aircraft. 

9. A method for adhering a sealant material to a structure 
comprising: 

disposing the sealant material on at least a portion of the 
structure; 

providing electromagnetic energy to the sealant material; 

transmitting electromagnetic energy through the sealant 
material via one or more ?bers embedded in the sealant 
material thereby curing the sealant material such that 
the sealant material ?Xedly adheres to the structure; and 

propagating eXcess electromagnetic energy through the 
sealant material Without substantial absorption of the 
eXcess electromagnetic energy by the sealant material. 

10. The method as claimed in claim 9 further comprising: 

processing the ?bers prior to embedding the ?bers in the 
sealant material such that the ?bers disburse electro 
magnetic energy from intermediate sections of the 
?bers. 

11. The method as claimed in claim 10 Wherein the 
processing is selected from the group consisting of bending, 
scratching, etching, doping, coating and crimping and com 
binations thereof. 

12. The method as claimed in claim 11 further compris 
mg: 

fabricating the sealant material from a material selected 
from the group consisting of thermoset polymer and 
thermoplastic polymer. 

13. The method as claimed in claim 12 further compris 
mg: 

generating the electromagnetic energy from a source 
selected from the group consisting of CO2 lasers, 
Nd:YAG lasers Ho:YAG lasers, diode lasers, Er:YAG 
lasers and ruby lasers. 

14. A method for delivering energy to a material having 
one or more embedded ?bers comprising: 

providing an energy source for supply energy to a ?ber; 

processing the ?ber such that the ?ber emits a portion of 
the energy from one or more intermediate sections of 

the ?ber; and 

embedding the ?ber in the material; 

Wherein the processing is selected from the group con 
sisting of bending, doping, crimping, scratching, coat 
ing and etching and combinations thereof. 
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15. The method as claimed in claim 14 wherein the energy 
emitted from the ?ber is in the form selected from the groups 
consisting of photonic energy and thermal energy. 

16. An apparatus for delivering electromagnetic energy to 
a material comprising: 

an electromagnetic energy source for providing electro 
magnetic energy; and 

one or more processed ?bers embedded in the material, 
the ?bers receiving electromagnetic energy from the 
electromagnetic energy source and disbursing at least a 
portion of the electromagnetic energy from one or more 
intermediate sections of the ?ber to the material; 

Wherein the ?bers are processed using a technique 
selected from the group consisting of scratching, etch 
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ing, doping, crimping, coating, bending and combina 
tions thereof; and 

the material propagates eXcess electromagnetic energy. 
17. The apparatus as claimed in claim 16 Wherein the one 

or more ?bers disburse the electromagnetic energy in the 
form of thermal energy. 

18. The apparatus as claimed in claim 17 Wherein the 
material comprises a composite epoXy material for emitting 
the thermal energy. 

19. The apparatus as claimed in claim 18 Wherein the 
composite epoXy material is mounted on a structure to 
increase the temperature of the structure. 


