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(54) PROTECTIVE SHIELD INCLUDING HYBRID NANOFIBER COMPOSITE LAYERS

(57) A method of forming a protective shield (76) to
protect an aircraft component (74) from EMI or energy
bursts includes the steps of combining a carbon-based
or silicon-based preceramic polymer precursor and a me-
tallic precursor to form a dope, processing the dope to

provide a deposit that includes nano-structures,
post-processing the deposit to provide a nano-structure
material with a uniformly distributed base metal or metal
compound, and forming a protective shield (76) using the
nano-structure material.
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Description

BACKGROUND OF THE INVENTION

[0001] A gas turbine engine includes many different
electronic components and communication devices that
can be susceptible to electromagnetic interference (EMI)
and other types of intense energy conditions. EMI and
intense energy bursts, such as that generated by light-
ning for example, can adversely affect the operation of
electronic components and communication devices by
causing current fluctuation, circuit overloading, commu-
nication disruptions, etc.
[0002] It is desirable to protect aircraft structures, in-
ternal electronic components, and communication devic-
es from EMI and energy bursts such that the aircraft can
operate efficiently even when subject to extreme operat-
ing conditions. Existing protection solutions utilize fine
metal meshes and electrically conductive composites to
form EMI shields. While these types of materials have
been able to provide the desired EMI protection, they are
disadvantageous from size and weight aspects. Further,
shields made from these types of materials are difficult
to incorporate during manufacturing processes. Thus, a
more lightweight and efficient solution is needed to pro-
tect components from EMI and energy bursts.

SUMMARY OF THE INVENTION

[0003] From a first aspect, the invention provides a
method of forming a protective shield to protect an aircraft
component from EMI or energy bursts includes the steps
of combining a carbon-based or silicon-based preceram-
ic polymer precursor and a metallic precursor to form a
dope, processing the dope to provide a deposit that in-
cludes nano-structures, post-processing the deposit to
provide a nano-structure material with a uniformly dis-
tributed base metal or metal compound, and forming a
protective shield using the nano-structure material.
[0004] In an embodiment according to the above, the
preceramic polymer precursor is an inorganic polymer
[0005] In another embodiment according to any of the
previous embodiments, the inorganic polymer is at least
one of polycarbosilanes, polysilazanes, polysiloxanes,
polycarbosilazanes, polycarbosiloxanes, polysilsesqui-
oxanes as well as metal-modified polymers of carbosi-
lanes, silazanes, siloxanes, carbosilazanes, carbosi-
loxanes, or combinations thereof.
[0006] In another embodiment according to any of the
previous embodiments, the metallic precursor is a ferro-
magnetic metal or alloy.
[0007] In another embodiment according to any of the
previous embodiments, the ferromagnetic metal is nickel,
cobalt, iron, alloys of nickel, cobalt, or iron, rare earth
alloys, or ferritic metal oxides.
[0008] In another embodiment according to any of the
previous embodiments, the nano-structures comprise
nanofibers, nanoparticulates, and/or beaded nanofibers.

[0009] In another embodiment according to any of the
previous embodiments, the preceramic polymer precur-
sor includes carbon-based fibers.
[0010] In another embodiment according to any of the
previous embodiments, a substrate is provided and the
dope is processed by electrospraying, which comprises
depositing a coating with the nano-structures on the sub-
strate. Post-processing includes using one or more of
heat, pressure, atmosphere, and radiation to convert the
carbon- or silicon-based polymer precursors to a final
desired form in the nano-structure material such that the
protective shield is provided as a coated substrate with
directed energy and EMI protection.
[0011] In another embodiment according to any of the
previous embodiments, the dope is processed by elec-
trospinning, which is performed to prepare a nonwoven
mat. Post-processing includes using one or more of heat,
pressure, atmosphere, and radiation to convert the pre-
cursors to a final desired form in the nano-structure ma-
terial of the nonwoven mat.
[0012] In another embodiment according to any of the
previous embodiments, the nano-structure material is in-
corporated into a composite structure to provide the pro-
tective shield as a composite with integral directed ener-
gy and EMI protection.
[0013] The invention also provides a protective shield
to protect an aircraft component from EMI or energy
bursts that has a shield body comprising a coated sub-
strate or an integrated composite formed from a nano-
structure material that includes a uniformly distributed
base metal.
[0014] In an embodiment according to the above, the
nano-structures are nanofibers, nanoparticulates, and/or
beaded nanofibers.
[0015] In another embodiment according to any of the
previous embodiments, the nano-structures are electro-
spun or electrosprayed nano-structures.
[0016] In another embodiment according to any of the
previous embodiments, the nano-structure material is
formed from a dope formed from a combination of a car-
bon-based or silicon-based preceramic polymer precur-
sor and a metallic precursor.
[0017] In another embodiment according to any of the
previous embodiments, the preceramic polymer precur-
sor is an inorganic polymer, and the metallic precursor
is a ferromagnetic metal or alloy.
[0018] In another embodiment according to any of the
previous embodiments, the inorganic polymer is at least
one of polycarbosilanes, polysilazanes, polysiloxanes,
polycarbosilazanes, polycarbosiloxanes, polysilsesqui-
oxanes as well as metal-modified polymers of carbosi-
lanes, silazanes, siloxanes, carbosilazanes, carbosi-
loxanes, or combinations thereof and the magnetic metal
is nickel, cobalt, iron, alloys of nickel, cobalt, or iron, rare
earth alloys, or ferritic metal oxides
[0019] The invention also provides an aircraft compo-
nent that has a housing, at least one electrical component
at least partially enclosed within the housing, and a pro-
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tective shield to protect the electrical component from
EMI or energy bursts. The protective shield comprises a
shield body comprising a coated substrate or an integrat-
ed composite formed from a nano-structure material that
includes a uniformly distributed base metal.
[0020] In an embodiment according to the above, the
nano-structures are electrospun or electrosprayed nano-
structures.
[0021] In another embodiment according to any of the
previous embodiments, the nano-structure material is
formed from a dope formed from a combination of a car-
bon-based or silicon-based preceramic polymer precur-
sor and a metallic precursor, and wherein the silicon-
based preceramic polymer precursor is an inorganic pol-
ymer, and wherein the metallic precursor is a ferromag-
netic metal or alloy.
[0022] In another embodiment according to any of the
previous embodiments, the inorganic polymer is at least
one of polycarbosilanes, polysilazanes, polysiloxanes,
polycarbosilazanes, polycarbosiloxanes, polysilsesqui-
oxanes as well as metal-modified polymers of carbosi-
lanes, silazanes, siloxanes, carbosilazanes, carbosi-
loxanes, or combinations thereof and wherein the mag-
netic metal is nickel, cobalt, iron, alloys of nickel, cobalt,
iron, rare earth alloys, or ferritic metal oxides.
[0023] The foregoing features and elements may be
combined in any combination without exclusivity, unless
expressly indicated otherwise.
[0024] These and other features may be best under-
stood from the following drawings and specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

Figure 1 is a schematic representation of one exam-
ple of a gas turbine engine.
Figure 2 is a schematic representation of an aircraft
component comprising an electrical component that
is protected by a shield incorporating the subject in-
vention.
Figure 3 is a flowchart indicating steps used for man-
ufacturing a protective shield from a nano-structure
material incorporating the subject invention.

DETAILED DESCRIPTION

[0026] Figure 1 schematically illustrates an exemplary
gas turbine engine 20. The gas turbine engine 20 is dis-
closed herein as a two-spool turbofan that generally in-
corporates a fan section 22, a compressor section 24, a
combustor section 26 and a turbine section 28. Alterna-
tive engines might include an augmentor section (not
shown) among other systems or features. The fan section
22 drives air along a bypass flow path B in a bypass duct
defined within a nacelle 15, while the compressor section
24 drives air along a core flow path C for compression
and communication into the combustor section 26 then

expansion through the turbine section 28. Although de-
picted as a two-spool turbofan gas turbine engine in the
disclosed non-limiting embodiment, it should be under-
stood that the concepts described herein are not limited
to use with two-spool turbofans as the teachings may be
applied to other types of turbine engines including three-
spool architectures.
[0027] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0028] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 48 to drive the fan 42 at a lower speed than the low
speed spool 30. The high speed spool 32 includes an
outer shaft 50 that interconnects a second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 57 of
the engine static structure 36 is arranged generally be-
tween the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 57 further supports
bearing systems 38 in the turbine section 28. The inner
shaft 40 and the outer shaft 50 are concentric and rotate
via bearing systems 38 about the engine central longitu-
dinal axis A which is collinear with their longitudinal axes.
[0029] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The mid-turbine frame 57 includes air-
foils 59 which are in the core airflow path C. The turbines
46, 54 rotationally drive the respective low speed spool
30 and high speed spool 32 in response to the expansion.
It will be appreciated that each of the positions of the fan
section 22, compressor section 24, combustor section
26, turbine section 28, and fan drive gear system 48 may
be varied. For example, gear system 48 may be located
aft of combustor section 26 or even aft of turbine section
28, and fan section 22 may be positioned forward or aft
of the location of gear system 48.
[0030] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six, with an example
embodiment being greater than about ten, the geared
architecture 48 is an epicyclic gear train, such as a plan-
etary gear system or other gear system, with a gear re-
duction ratio of greater than about 2.3 and the low pres-
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sure turbine 46 has a pressure ratio that is greater than
about five. In one disclosed embodiment, the engine 20
bypass ratio is greater than about ten, the fan diameter
is significantly larger than that of the low pressure com-
pressor 44, and the low pressure turbine 46 has a pres-
sure ratio that is greater than about five. Low pressure
turbine 46 pressure ratio is pressure measured prior to
inlet of low pressure turbine 46 as related to the pressure
at the outlet of the low pressure turbine 46 prior to an
exhaust nozzle. The geared architecture 48 may be an
epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater
than about 2.3:1. It should be understood, however, that
the above parameters are only exemplary of one embod-
iment of a geared architecture engine and that the
present invention is applicable to other gas turbine en-
gines including direct drive turbofans.
[0031] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10,668 metres). The flight condition of 0.8
Mach and 35,000 ft (10,668 m), with the engine at its best
fuel consumption - also known as "bucket cruise Thrust
Specific Fuel Consumption (’TSFC’)" - is the industry
standard parameter of (pound-mass) lbm of fuel being
burned divided by (pound-force) lbf of thrust the engine
produces at that minimum point. "Low fan pressure ratio"
is the pressure ratio across the fan blade alone, without
a Fan Exit Guide Vane ("FEGV") system. The low fan
pressure ratio as disclosed herein according to one non-
limiting embodiment is less than about 1.45. "Low cor-
rected fan tip speed" is the actual fan tip speed in ft/sec
divided by an industry standard temperature correction
of [(Tram °R) / (518.7 °R)]0.5 (where °R = K x 9/5). The
"low corrected fan tip speed" as disclosed herein accord-
ing to one non-limiting embodiment is less than about
1150 ft / second (350.5 m/s).
[0032] Figure 2 is a schematic representation of an air-
craft component 70 that comprises a housing 72 that at
least partially encloses an electronic component 74. A
protective shield 76 is provided to protect the electrical
component 74 from EMI or other types of energy bursts.
The protective shield 76 is comprised of a material that
includes silicon-containing or carbonaceous nanofibers
that are hybridized with a metal-based phase to form a
protective composite layer or coated substrate. One ob-
jective of this disclosure is to provide a protective shield
76 that provides electrical conductivity, thermal conduc-
tivity and magnetic functionality to protect the electrical
component 74.
[0033] The process for forming the composite layer or
coated substrate includes fabricating and deploying so-
lution or melt electrospun/electrosprayed silicon-contain-
ing, e.g. silicon carbide (SiC) nanofibers or carbonaceous
nanofibers, e.g. polyacrylonitrile (PAN) nanofibers, that
are then hybridized by the inclusion of a ferromagnetic
phase, e.g. ferritic metal oxides; nickel (Ni), cobalt (Co),

or iron (Fe), or their alloys, other alloys of rare earth met-
als, cerium (Ce), dysprosium (Dy), erbium (Er), europium
(Eu), gadolinium (Gd), holmium (Ho), lanthanum (La),
lutetium (Lu), neodymium (Nd), praseodymium (Pr), pro-
methium (Pm), samarium (Sm), scandium (Sc), terbium
(Tb), thulium (Tm), ytterbium (Yb) and yttrium (Y), etc.,
that is incorporated into the precursor dope as nanopar-
ticles (spheres, rods, etc., for example) as well as metal-
based salts or precursors intended to be converted post-
fiber formation. With controlled conversion (thermal, ra-
diative, ultraviolet (UV), etc.), composite nanofibers are
formed with homogeneously dispersed ferromagnetic
phases. These nanofibers can then be readily formed to
create veils, scrims, mats, etc. of well-dispersed fibers in
a separate operation, or the nanofibers can be deposited
directly as a nanofiber network onto the composite struc-
ture of the subject component 70. This process will inte-
grate the nanofiber material (silicon-containing or car-
bonaceous fiber including metal-based phases) in the
final desired structure to provide the necessary protection
layer against EMI and high energy pulses or bursts.
[0034] Figure 3 shows a flowchart of an example meth-
od of forming a hybrid nano-structure material. The sche-
matic flow chart gives an overall view of the process op-
tions. In general, a carbon-based or preceramic polymer
precursor 80 and a metallic precursor 82 are initially com-
bined to form a dope as indicated at 84. Any suitable
solvent(s) can be used to dissolve the carbon-based or
preceramic polymer precursor 80 and metallic precursor
82. In one example, the carbon-based polymer 80 is a
polyacrylonitrile (PAN) homopolymer, a PAN copolymer,
a cellulosic polymer or a pitch polymer. In one example,
the preceramic polymer precursor 80 is an inorganic pol-
ymer containing silicon (Si) covalently bonded in the
backbone chain, e.g. a polycarbosilane; however, other
polymer types could also be used (polysilazanes, polysi-
loxanes, polycarbosilazanes, polycarbosiloxanes,
polysilsesquioxanes, as well as metal-modified polymers
of carbosilanes, silazanes, siloxanes, carbosilazanes,
carbosiloxanes, and combinations thereof, etc.). In one
example, the metallic precursor 82 includes nickel (Ni),
cobalt (Co), iron (Fe), or other known ferromagnetic met-
als or combinations of ferromagnetic metal alloys. Mix-
tures of one or more carbon-based and one or more
preceramic polymers with metallic precursor(s) are also
contemplated.
[0035] The dope is then subjected to a step 86 of elec-
trospinning or electrospraying using methods known in
the art, e.g. a high voltage potential applied between one
or more extrusion nozzles, needles or orifices and the
substrate, for example. In one example, the substrate is
stationary. In other examples, the substrate can be po-
sitioned on a rotary stage or a translational stage (capa-
ble of x, y or z movement) or both. The resulting material
for step 86 comprises a nano-structure material that is
comprised mostly of nanofibers, nanoparticulate, beaded
nanofibers or other geometries demonstrated in the art
of electrospinning/spraying. Nano-structures in this ma-
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terial are all experimentally controllable by modifying volt-
age, dope concentration, molecular weight of polymer
precursors, delivery rate, additive presence and concen-
tration, deposition rig geometry, nozzle geometry,
number and location relative to one another, tempera-
ture, atmosphere/relative humidity, fluid viscosity and
surface tension, etc. as known in the art. Nanofibers in
the nano-structure are generally considered to have di-
ameters between 5 to 1000 nanometers; preferably be-
tween 20 to 750 nanometers and more preferably be-
tween 50 to 500 nanometers. Ideally the distribution of
nanofiber diameters within the network falls within +/-
25% of the mean nanofiber diameter. The nanofibers can
have an aspect ratio of at least 10:1, preferably at least
100:1 and more preferably at least 1000:1. Nanopartic-
ulates within the nano-structure are generally considered
to have at least one dimension (i.e. average diameter)
between 1 to 250 nanometers; preferably below 100 na-
nometers. The morphology or shape of the nanopartic-
ulate can be acicular, rod-like, spherical, etc. The aspect
ratio of the nanoparticulate preferably ranges from about
1 to about 250. Particle size distributions are preferably
uniform.
[0036] Preferable formulations of spinning dope com-
prising blends of carbon- or preceramic polymer-based
to metallic precursor-based components range from
about 50/50 to about 99/1 by weight percent of the pre-
cursors, more preferably from about 75/25 to about 95/5
weight percent. Preferable weight percentage ranges in
the final product are about 75/25 to about 99/1, more
preferably from about 90/10 to 99/1 weight percent of
carbon- or silicon-based nano-structure to magnetic na-
no-structure. In one example, it is desirable to create a
random distribution of deposited nanofibers. In another
example, it is desirable to control the growth rate and
relative size of the magnetic particles, as well as their
spatial distribution. In yet another example, it is prefera-
ble to increase the orientation of the nanofiber network,
as might be needed to direct absorbed energy during the
EMI shielding or lightning event away from certain elec-
tronic components 74. Increased orientation of the hybrid
nanofibers can be performed by moving the substrate
relative to the delivery nozzles or by varying the relative
position of the electrodes used to create the nanofibers.
In another example, it is desirable to locally concentrate
the magnetic phase to enhance the relative magnetic
strength of portions of the hybrid nanofiber mat. In this
case, the presence of beads within the nanofiber mat is
desirable and can be controlled using the experimental
parameters noted above, but most importantly metallic
precursor concentration as well as surface tension and
viscosity of the starting dope.
[0037] When using the electrospray process, a sub-
strate 90 is provided. The electrospraying process then
deposits a coating of the nano-structure material on the
substrate to provide a coated substrate 92. Post-process-
ing steps, indicated at 94, are then performed to provide
a final product 96 comprising a coated substrate with

directed energy and EMI protection.
[0038] When using the electrospinning process, a non-
woven mat layer or series of layers is prepared using the
nano-structure material as indicated at 100. The nano-
structure material can be deposited directly onto a sta-
tionary or nonstationary substrate or can be deposited
on a temporary or sacrificial substrate, which can then
be removed leaving behind a free standing nonwoven
structure. Post-processing steps, indicated at 102, are
then performed and the nonwoven structure is incorpo-
rated into a composite structure as indicated at 104. The
resulting final product 106 comprises a composite with
integral directed energy and EMI protection.
[0039] It is also contemplated that a combination of
electrospray and electrospinning processes can be used.
In one example, the electrospray process can be used
to form one or more layers and the electrospinning proc-
ess can be used to form one or more layers. The elec-
trosprayed and electrospun layers can then be stacked
in any desired order, and in any desired combination of
electrosprayed/electrospun layers, to form the final prod-
uct. It is also contemplated that the final product could
be comprised of a hybrid nanofiber network which con-
tains carbon-based or preceramic polymer network as
well as an independent network of Fe- Co- or Ni-based
nanofibers.
[0040] Once the nano-structure material is formed us-
ing the electrospraying or electrospinning process, the
electrospun/sprayed nano-structure material is subject-
ed to post-processing to form the desired final material
structure. For example, the nano-structure material can
be further processed via a combination of one or more
of heat, atmosphere, pressure, radiation, etc. to convert
the carbon-based or preceramic polymer precursor 80
and metallic precursor 82 into their final desired forms,
composition, crystallinity, etc. In one example, if the
preceramic polymer precursor 80 is a polycarbosilane
precursor to SiC, the resulting polycarbosilane nanofiber
can be heat treated to temperatures greater than 600
degrees Celsius in a non-oxidizing atmosphere for a suit-
able time to convert the precursor-based nanofiber into
a SiC-containing nanofiber. The extent of crystallinity and
crystal size of the SiC-containing nanofiber can be further
increased with additional exposure to temperatures
above 600 degrees Celsius and for extended times as
known in the art.
[0041] In another example, if the carbon-based precur-
sor contains an additive suitable for photochemical curing
(i.e. UV exposure), then the precursor/additive mixture
can be electrosprayed/spun onto a substrate then ex-
posed to UV radiation to induce crosslinking of the struc-
ture (i.e. nanofiber mat or coating or a combination) to
rigidize the structure for subsequent handling. The re-
sulting structure could then be exposed to thermal treat-
ment (i.e. heating to greater than 900 degrees Celsius in
an inert atmosphere) to convert the original structure to
a carbonaceous structure. In one example, the carbon-
aceous structure includes amorphous networks of cov-

7 8 



EP 3 333 139 A1

6

5

10

15

20

25

30

35

40

45

50

55

alently bonded carbon in a combination of sp2 and sp3
hybridization. In other examples, the carbonaceous
structure is partially crystalline, turbostratic, fully crystal-
line, glassy or combinations of these. In other examples
the carbonaceous material comprises planar graphene
layers that are generally parallel to one another, yet do
not include carbon nanotubes. In still other examples the
carbon in the structure is generally graphitic in nature. In
one example, the ferromagnetic metallic precursor is pro-
vided as a solid metal compound such as oxides of iron,
nickel or cobalt. In another example, the ferromagnetic
precursor is a soluble source of metal ions, e.g.
Fe3+/Fe4+. When metal ions are present, an exemplary
way to process the electrospun nanofiber is to briefly heat
the nanofiber in an oxidizing atmosphere at a tempera-
ture and time sufficient to oxidize the metal ion to ferro-
magnetic oxide, e.g. Fe3+/Fe4+ precursor oxidizing to
Fe3O4 phase dispersed within the polymer-derived na-
nofiber. (These metal oxides have not been claimed but
are known to be good EMI absorbers.)
[0042] Metal sources (metallic precursors) can also in-
clude salts of iron, cobalt, nickel, or combinations thereof.
Examples of salts are nitrates, sulfates, sulfites, phos-
phates, chlorides, phosphites, chromates, citrates, ace-
tates, fluorides, or the like, or combinations thereof. The
salts can be dissolved in a suitable solvent and initially
mixed with the carbon-based or silicon-based preceram-
ic source(s). The mixture is then subjected to a reducing
atmosphere (e.g., hydrogen) at temperatures of 150 to
300°C to convert the metal salt to a metal prior to further
post-processing to form the nanofibers.
[0043] By initially mixing the metal source(s) with the
carbon-based or silicon-based preceramic source(s), the
metal(s) will be initially homogeneously distributed at the
atomic/molecular level.
[0044] Upon suitable post-processing, this metal can
be selectively reduced, oxidized or concentrated (or the
metallic precursor selectively converted) to provide a
generally uniformly distributed base metal or desired fer-
romagnetic phase(s) within the carbon-containing or sil-
icon-containing nanofiber. In this manner, the resulting
material that includes a carbon-based or silicon-based
nonwoven nanofiber network is sufficiently electrically
conductive to provide protection against directed energy
and/or to provide EMI shielding, while the magnetic metal
can provide additional magnetic functionality to the re-
sulting structure.
[0045] The subject invention provides several benefits
compared with prior protective configurations. The nano-
structure material formed by the process described
above has an extremely low weight and thickness, which
is preferential over traditional metal meshes which are
heavy and bulky. Multiple layers of the nano-structure
material can be used together, can be used as a coating,
or can be used in distributed arrays within other compos-
ite prepreg layups to form an integrated composite. The
nano-structure material can be applied as a scrim cloth
or can be embedded deeper within a multi-layered struc-

ture. The subject invention combines a fibrous conduc-
tive network with magnetic functionality on a nanoscale
basis. This provides highly customizable fiber size, den-
sity, composition and filler composition, as well as cus-
tomizable shield size and functionality.
[0046] Although embodiments of this invention have
been disclosed, a worker of ordinary skill in this art would
recognize that certain modifications would come within
the scope of this invention. For that reason, the following
claims should be studied to determine the true scope and
content of this invention.

Claims

1. A method of forming a protective shield (76) to pro-
tect an aircraft component (74) from EMI or energy
bursts comprising the steps of:

combining a carbon-based or silicon-based
preceramic polymer precursor and a metallic
precursor to form a dope;
processing the dope to provide a deposit that
includes nano-structures;
post-processing the deposit to provide a nano-
structure material with a uniformly distributed
base metal or metal compound; and
forming a protective shield (76) using the nano-
structure material.

2. The method according to claim 1, wherein the prece-
ramic polymer precursor is an inorganic polymer

3. The method according to claim 2, wherein the inor-
ganic polymer is at least one of polycarbosilanes,
polysilazanes, polysiloxanes, polycarbosilazanes,
polycarbosiloxanes, polysilsesquioxanes as well as
metal-modified polymers of carbosilanes, silazanes,
siloxanes, carbosilazanes, carbosiloxanes, or com-
binations thereof.

4. The method according to any preceding claim,
wherein the metallic precursor is a ferromagnetic
metal or alloy, for example nickel, cobalt, iron, alloys
of nickel, cobalt, or iron, rare earth alloys, or ferritic
metal oxides.

5. The method according to any preceding claim,
wherein the nano-structures comprise nanofibers,
nanoparticulates, and/or beaded nanofibers.

6. The method according to any preceding claim,
wherein the preceramic polymer precursor includes
carbon-based fibers.

7. The method according to any preceding claim, fur-
ther including providing a substrate and processing
the dope by electrospraying, wherein the step of
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electrospraying comprises depositing a coating with
the nano-structures on the substrate, and wherein
the step of post-processing includes using one or
more of heat, pressure, atmosphere, and radiation
to convert the carbon- or silicon-based polymer pre-
cursors to a final desired form in the nano-structure
material such that the protective shield (76) is pro-
vided as a coated substrate with directed energy and
EMI protection.

8. The method according to any preceding claim, in-
cluding processing the dope by electrospinning,
wherein the step of electrospinning is performed to
prepare a nonwoven mat, and wherein the step of
post-processing includes using one or more of heat,
pressure, atmosphere, and radiation to convert the
precursors to a final desired form in the nano-struc-
ture material of the nonwoven mat.

9. The method according to claim 8, further including
incorporating the nano-structure material into a com-
posite structure to provide the protective shield (76)
as a composite with integral directed energy and EMI
protection.

10. A protective shield (76) to protect an aircraft compo-
nent (74) from EMI or energy bursts comprising a
shield body comprising a coated substrate or an in-
tegrated composite formed from a nano-structure
material that includes a uniformly distributed base
metal.

11. The protective shield (76) according to claim 10,
wherein the nano-structures are nanofibers, nano-
particulates, and/or beaded nanofibers.

12. The protective shield (76) according to claim 10 or
11, wherein the nano-structures are electrospun or
electrosprayed nano-structures.

13. The protective shield (76) according to any of claims
10 to 12, wherein the nano-structure material is
formed from a dope formed from a combination of a
carbon-based or silicon-based preceramic polymer
precursor and a metallic precursor.

14. The protective shield (76) according to claim 13,
wherein the preceramic polymer precursor is an in-
organic polymer, for example at least one of poly-
carbosilanes, polysilazanes, polysiloxanes, polycar-
bosilazanes, polycarbosiloxanes, polysilsesquiox-
anes as well as metal-modified polymers of carbosi-
lanes, silazanes, siloxanes, carbosilazanes, car-
bosiloxanes, or combinations thereof and the metal-
lic precursor is a ferromagnetic metal or alloy, for
example nickel, cobalt, iron, alloys of nickel, cobalt,
or iron, rare earth alloys, or ferritic metal oxides.

15. An aircraft component (70) comprising:

a housing (72);
at least one electrical component (74) at least
partially enclosed within the housing (72); and
a protective shield (76) to protect the electrical
component (74) from EMI or energy bursts ac-
cording to any of claims 10 to 14.
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