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Description

BACKGROUND OF THE INVENTION

1) Field of the Invention

[0001] A system and method for fabrication of integrat-
ed lightning strike protection material are provided. More
particularly, a system and method for the fabrication of
automated placement of integrated metal resin lightning
strike protection material on a composite structure are
provided.

2) Description of Related Art

[0002] Aircraft and aerospace structures are increas-
ingly being made of composite materials, such as carbon
fiber reinforced plastics (CFRP), rather than aluminum
alloy and similar metallic materials formerly used, largely
because composite materials improve structural per-
formance, provide favorable strength and stiffness char-
acteristics, and reduce aircraft weight. However, com-
posite materials are less conductive than metallic mate-
rials and are less capable of withstanding lightning
strikes. Composite materials cannot distribute current
and heat from a lightning strike, which is typically about
100,000 Amperes at 50,000 Volts, as quickly as metallic
materials. Known systems and methods have been de-
veloped to provide lightning strike protection for compos-
ite structures such as aircraft and aerospace structures.
Several known systems and methods add metallic con-
ductors or incorporate metal foil systems of various con-
figurations into composite exterior surfaces of the aircraft,
such as skin panels on the wings and fuselage, to provide
improved electrical conductivity and distribute and divert
current away from flight critical areas and underlying air-
craft components, thus minimizing physical damage from
lightning strike events. The addition of metallic conduc-
tors may include applique-based systems that use alter-
nate layers of dielectric and conductive materials applied
over the composite structure surface and secured to the
surface with an adhesive. This insulates underlying air-
craft components from a lightning strike and provides a
conductive path for rapid distribution and dissipation of
lightning current and heat. The incorporation of metal foil
systems may include the use of copper or aluminum foil
in either solid or expanded mesh form that is laminated
into and co-cured with the composite material. This sys-
tem provides a conductive path for diversion and distri-
bution of lightning current which, in combination with spe-
cial fasteners and other features, provides a degree of
lightning strike protection for composite structures. How-
ever, such known systems and methods often involve
manual, tedious, and time consuming placement of mul-
tiple material components necessary for effective inte-
gration of the lightning strike protection system.
[0003] In addition, known systems and methods for
lightning strike protection are generally made by individ-

ually layering a surfacing top layer to provide a smooth
surface for application of subsequent topcoat finish sys-
tems, a metal foil layer to conduct lightning current, and
an optional isolation layer, typically a resin-reinforced fib-
erglass ply, to prevent galvanic corrosion and improve
thermal expansion mismatches that cause paint and in-
terlaminate cracking. For example, a lightning strike pro-
tection material for composite structures is disclosed in
U.S. Patent No. 5,225,265, where the epoxy layer and
metal foil layer are not integrated and are individually
layered on top of each other. However, the lay-up of these
known multilayer systems in separate plies is time con-
suming and labor intensive. In addition, problems may
arise with material wrinkling, contamination, and mishan-
dling of the material. Material tack to tool or composite
substrate may also be a challenge when materials are
applied individually.
[0004] US 2007/0141927 describes a method and sys-
tem for exterior protection of an aircraft. The protective
structure comprises a surfacer having a resin and carrier,
a metal mesh substrate having a plurality of holes and
an isolator having a resin and carrier. The surfacer, the
metal mesh substrate and the isolator are combined such
that the resin in the surfacer and the isolator fill in the
plurality of holes in the metal mesh.
[0005] WO 2008/015082 describes a method for pro-
ducing a component for aerospace using a lay-up ar-
rangement and a structural arrangement. The structural
arrangement comprises a structure which is made of met-
al and is preimpregnated with a resin matrix. The lay-up
arrangement is composed of a backing layer, a glass
fiber lay-up and a protective film. The structural arrange-
ment and/or the lay-up arrangement are applied to a con-
tour of a wing section by means of a tape-laying machine.
The different materials are fed to the tape-laying machine
by means of a feeding device that is designed to feed
material from different bales.
[0006] Several material suppliers have offered inte-
grated expanded metal foil and epoxy-based films which
minimally improve manufacturing flow time and handling.
For example, a known process of making a lightning
strike composite is disclosed in U.S. Patent No.
5,470,413, which provides for a multilayered composite
comprising a layer of expanded metal foil, a single layer
of epoxy-based resin film, and a carrier layer. Another
known system is disclosed in U.S. Patent No. 7,277,266
for a lightning protection system for a composite structure
that is directed to a lightning protection appliqué. How-
ever, this known system uses an appliqué that is not co-
cured and it uses a pressure-sensitive adhesive. More-
over, these known systems do not allow for automated
manufacturing processes to support high volume
processing, and in particular, automated handling, cut-
ting, and placement. In addition, known integrated sys-
tems may also need additional surfacing layers, such as
epoxy surfacing layers, to provide sufficient surfacing,
sealing, and smoothness to meet environmental require-
ments for aerospace applications. While some known
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systems may be designed to meet environmental re-
quirements, they have not been optimized within the re-
straints of automatability and minimum weight. Integrat-
ed systems designed for lightning strike protection and/or
environmental durability have not been created with flex-
ibility and tack requirements. They do not have the tack
on both sides so they are unable to go onto contoured
surfaces as easily. Moreover, tack on both sides is nec-
essary to stably spool material in automated placement
systems. If there are some minorly integrated systems,
they have tack only on one side.
[0007] Accordingly, there is a need for a system and
method for fabrication of integrated lightning strike pro-
tection material that does not have the problems associ-
ated with known systems and methods.

SUMMARYOF THE INVENTION

[0008] This need for a system and method for fabrica-
tion of integrated lightning strike protection material that
does not have the problems associated with known sys-
tems and methods, as well as a unique, nonobvious, and
advantageous system and method, is satisfied by a sys-
tem and method according to the independent claims.
None of the known systems and methods provides all of
the numerous advantages discussed herein. Unlike
known systems and methods, the invention may provide
one or more of the following advantages: the system and
method provide for integrating a resin film, typically
epoxy-based, with expanded metal foil and a tack layer
on a paper-based carrier paper so that it can be proc-
essed in various automated placement machines to sup-
port high volume processing such as handling, cutting,
and placement, and to support high volume lay-up of
lightning protected composite skin systems; the system
and method provide for the integration of expanded metal
and resin film material components, typically epoxy-
based, into one single integrated product, which can be
used with existing composite tape and fabric automated
placement machines for quick and efficient material
placement over flat and contoured composite skin struc-
tures to provide protection against electromagnetic ef-
fects such as lightning strikes; the system and method
provide a material with tack on both sides which is nec-
essary to stably spool the material; the system and meth-
od provide an integrated material that is both environ-
mentally durable and is able to work seamlessly with con-
tour tape laying machines, vacuum-assisted bulk place-
ment systems, and other automated placement ma-
chines; the system and method provide for improved
manufacturing flow time, improved material uniformity,
reduced labor hours and resources, and minimized han-
dling and contamination concerns; the system and meth-
od provide automation as a stand alone system capable
of meeting electromagnetic effects, protection and envi-
ronmental performance without the addition of extra sur-
face, extra isolators or extra metal; the system and meth-
od provide material with improved flexibility that can more

easily curve in the x-y plane and curve in the z plane; the
system and method provide for a reduced amount of re-
jected parts or materials that can result from mishandling,
contamination, wrinkling, or other manufacturing defects;
the system and method require no or minimal additional
machine development to place the material on composite
structures; and, the system and method provide for over-
all improved composite parts in terms of appearance and
amount of potential defects and irregularities, while pro-
viding improved lightning strike and electromagnetic ef-
fects protection and environmental durability during serv-
ice life.
[0009] In an embodiment of the invention, there is pro-
vided an integrated lightning strike protection system
adapted for automated placement on a composite struc-
ture comprising: a surfacing layer consisting of an organic
polymer resin; a conductive layer of an expanded metal
foil; an isolation layer; and, a carrier paper layer.
[0010] In another embodiment of the invention, there
is provided an integrated lightning strike protection sys-
tem comprising: an integrated lightning strike protection
material consisting of an expanded metal foil encapsu-
lated in organic polymer resin mounted on a carrier paper;
and, an automated placement machine suitable for plac-
ing the material on an aircraft composite part for protec-
tion of the composite part from lightning strikes.
[0011] In another embodiment of the invention, there
is provided a method for fabricating a composite structure
with lightning strike protection comprising: loading an in-
tegrated lightning strike protection material into an auto-
mated lamination machine, wherein the lightning strike
protection material comprises an expanded metal foil en-
capsulated in organic polymer resin mounted on a carrier
paper; and, laminating the material onto an exposed sur-
face of a composite skin to form the composite structure
with lightning strike protection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The foregoing and other advantages and fea-
tures, and the manner in which the same are accom-
plished, will become readily apparent upon consideration
of the following detailed description taken in conjunction
with the accompanying drawings which illustrate pre-
ferred and exemplary embodiments, but which are not
necessarily drawn to scale, wherein:

Fig. 1 is a top plan view of an aircraft showing various
lightning strike zones on the aircraft;
Fig. 2 is a schematic diagram showing a multilayered
lightning strike protection material system of the in-
vention;
Fig. 3 is a schematic diagram showing precursor ma-
terials converted to an integrated product of the mul-
tilayered lightning strike protection material system
of the invention;
Fig. 4 is a perspective back view of a contour tape
laying machine laying down the integrated lightning
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strike protection material system of the invention on
a composite structure;
Fig. 5 is a perspective side view of the contour tape
laying machine of Fig. 4 laying down the integrated
lightning strike protection material system of the in-
vention on a composite structure;
Fig. 6 is a perspective front view of the contour tape
laying machine of Fig. 4 laying down the integrated
lightning strike protection material system of the in-
vention on a composite structure;
Fig. 7 is a front perspective view of the finished place-
ment of the integrated lightning strike protection ma-
terial system of the invention on a composite struc-
ture; and,
Fig. 8 is a front perspective view of the finished place-
ment of two integrated lightning strike protection ma-
terial systems of the invention on a composite struc-
ture.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Embodiments of the invention now will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which some, but not all embod-
iments of the invention are shown. Indeed, several dif-
ferent embodiments may be provided and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this dis-
closure will be thorough and complete and will fully con-
vey the scope of the invention to those skilled in the art.
[0014] The invention is directed to a lightning strike pro-
tection system and method that is suitable for automated
placement or lamination on composite structures or
parts, such as aircraft and aerospace composite struc-
tures and parts. Referring now to the drawings, Fig. 1 is
a top plan view of an aircraft 10 showing various lightning
strike zones of the aircraft. Such zones of the aircraft 10
where there is a high probability of direct lightning strike
may include wing zones 12, wing tip zones 14, a nose
zone 16, fuselage zones 18, and tail zones 20.
[0015] Fig. 2 is a schematic diagram showing the inte-
grated, multilayered lightning strike protection system of
the invention adapted for automated placement on a
composite structure, such as an aircraft wing zone, wing
tip zone, fuselage zone, tail zone, or nose zone. The in-
vention involves an integrated metal resin lightning pro-
tection material system comprising several components
where each component is specifically optimized for ideal
lightning protection, environmental performance, as well
as automated manufacturing. The system comprises a
surfacing layer 22 consisting of an organic polymer resin.
Preferably, the organic polymer resin comprises a par-
tially cured phenolic-epoxy resin, such as Cytec Metl-
bond 1515-3 or Cytec SurfaceMaster 905, obtained from
Cytec Engineered Materials, Inc. of Havre de Grace, Mar-
yland. However, other suitable organic polymer resins
may also be used. Preferably, the surfacing layer is epoxy
based and designed to encapsulate and environmentally

protect a conductive layer 24, discussed below, and may
be designed to act as and provide a sacrificial layer for
surface preparation and paint system application. Pref-
erably, the surfacing layer has a thickness in the range
of 0.0508 mm [0.002 inch] to 1.905 mm [0.075 inch]. Pref-
erably, the surfacing layer has a weight in the range of
73 g/m2 [0.015 psf] (pounds per square foot) to 342 g/m2

[0.070 psf]
[0016] As shown in Fig. 2, the integrated, multilayered
lightning strike protection system further comprises the
conductive layer 24 adjacent the surfacing layer 22. The
conductive layer comprises an expanded foil. The con-
ductive layer 24 conducts lightning current away from the
point of attachment and/or shields electronics/electrical
systems against interfering signals. Preferably, the ex-
panded metal foil of the conductive layer comprises cop-
per, aluminum, titanium, nickel, bronze, gold, silver, and
alloys thereof, or other conductive metals. Preferably,
the conductive layer has a thickness in the range of
0.0381 mm [0.0015 inch] to 0.152 mm [0.006 inch]. Pref-
erably, the conductive layer has a weight in the range
420 g/m2 [0.086 psf] to 488 g/m2 [0.100 psf]. Expanded
metal foils are preferred to solid metal foils because they
are lightweight and offer the potential for automatability
due to their ability to flex in the x-y plane and z plane.
[0017] As shown in Fig. 2, the integrated, multilayered
lightning strike protection system further comprises an
isolation or tack layer 26 to galvanically isolate the con-
ductive layer from the underlying carbon fiber reinforced
plastic laminate when necessary (i.e. aluminum alloys).
The isolation or tack layer is adjacent the conductive lay-
er. Preferably, the isolation or tack layer comprises an
epoxy-based resin material, a fiberglass-epoxy prepreg
material, a thin adhesive material, or other organic poly-
mer resins. Adhesive on the isolation or tack layer pro-
vides tack so the isolation or tack layer can adhere to a
side of a carrier paper layer 28 and can improve the ap-
plication of the adjacent carbon fiber reinforced plastic
layer. In certain embodiments, the isolation or tack layer
may be of the same composition as the surfacing layer.
Preferably, the isolation or tack layer has a thickness in
the range of 0.0381 mm [0.0015 inch] to 0.127 mm [0.005
inch]. Preferably, the isolation or tack layer has a weight
in the range of 73 g/m2 [0.015 psf] to 292 g/m2[0.060 psf]
[0018] As shown in Fig. 2, the integrated, multilayered
lightning strike protection system further comprises the
carrier paper layer 28 which is adjacent the isolation or
tack layer. Preferably, the carrier paper layer comprises
suitable paper having a variable tack. More preferably,
the carrier paper layer has a low or medium tack. The
carrier paper layer has a silicone release agent. The sil-
icone provides a slick surface to remove the lightning
strike material from the paper. Preferably, the carrier lay-
er has a thickness in the range of 0.1016 mm [0.004 inch]
to 0.2032 mm [0.008 inch]. The carrier paper layer is
preferably removed and discarded as the material is
placed on the composite structure. Thus, when the carrier
paper layer is removed from the isolation or tack layer,
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the exposed tack side of the isolation or tack layer is
attached to the surface of the composite structure when
the material is placed or laid down on the composite struc-
ture.
[0019] While flexibility is a driving feature that allows
for automatability, overall system thickness, material
tack, and carrier paper tack and thickness are also im-
portant. Some combinations will require very specific pa-
per characteristics. For example, thinner foil-resin film
systems require a thicker carrier paper. The isolation or
tack layer is selected based on the appropriateness and
compatibility to the metal system and the automated
placement machine for which the system is being de-
signed. Preferably, the expanded metal foil is encapsu-
lated in resin and mounted on the carrier paper and
wound onto a core at widths specific to the automated
placement machine requirements. The types of foil and
resins used are dependant on the lightning strike and
durability requirements. Parameters such as tack and
flexibility are optimized such that the system can be au-
tomated. The integrated material is preferably made by
embedding the expanded metal foil into the polymer resin
in-line while the resin is being filmed, or in a post-process-
ing manner where the partially cured resin has already
been filmed and the expanded metal foil is sandwiched
in-between the resin film layer and isolation or tack layer
or between the resin film layers.
[0020] Fig. 3 is a schematic diagram showing precur-
sor materials "A" that comprise the surfacing layer 22
with a fiber reinforcement material layer 30, such as a
scrim carrier, typically comprising a fiberglass or carbon
fiber reinforcement, woven mat, or knit polyester. The
precursor materials "A" further comprise the conductive
layer 24, isolation or tack layer 26, and carrier paper layer
28. The precursor materials are combined and integrated
to form an integrated product "B" comprising integrated
layers of the surfacing layer 22 with fiber reinforcement
material layer 30, conductive layer 24, and isolation or
tack layer 26, layered on the carrier paper layer 28.
[0021] Preferably, the automated placement of the in-
tegrated, multilayered lightning strike protection system
onto the composite structure is carried out with an auto-
mated placement or lamination machine, such as a con-
tour tape laying machine or a vacuum-assisted bulk
placement system. Preferably, the contour tape laying
machines used with the invention are obtained from MAG
Cincinnati of Cincinnati, Ohio, Forest-Line of Toulouse,
France, or M. Torres of Pamplona, Spain. Preferably, the
contour tape laying machines are capable of high rate
composite tape lay-up over large contoured parts and
typically accommodate lightning protection material
widths of 6 inches or 12 inches. Vacuum-assisted bulk
placement systems have larger surface areas and can
accommodate lightning protection material widths up to
48 inches. The lightning strike protection system is load-
ed onto the automated placement machine, and the au-
tomated placement machine places or laminates the
lightning strike protection system over the composite

structure or tool. The laminated composite structures or
parts having the integrated lightning protection material
may be later assembled into an aircraft.
[0022] Fig. 4 shows an integrated lightning strike pro-
tection material 32 according to the system and method
of the invention being placed or laid up on an exposed
surface of a composite skin 34 by a conventional contour
tape laying machine 36. Fig. 4 shows a perspective back
view of a back end 38 of the contour tape laying machine
36 laying the material 32 in direction 40. Fig. 5 is a per-
spective side view of a side 42 of the contour tape laying
machine 36 of Fig. 4 laying down the integrated lightning
strike protection material 32 of the invention on the com-
posite skin 34 in direction 40. Fig. 6 is a perspective front
view of a front end 44 of the contour tape laying machine
36 of Fig. 4 laying down the integrated lightning strike
protection material 32 of the invention on the composite
skin 34 in direction 40. Fig. 7 is a front perspective view
of the finished placement or lamination of two pieces of
the integrated lightning strike protection material 32 of
the invention on the composite skin 34 by the contour
tape laying machine. The finished placed or laminated
material 32 has a starting end 48 where the starting end
48 of one piece of material 32 slightly overlaps with the
starting end of the other piece of material 32. Each piece
of the finished placed material 32 has a spaced side end
50 that is laid down at a slight angle. Each piece of the
finished placed material 32 has a finishing end 52 where
the finishing end 52 of one piece of material 32 forms a
small gap 46 with the finishing end 52 of the other piece
of material 32. With this invention it is possible to control
exactly where and how the material is laid down or placed
on the composite skin or lay-up tool.
[0023] Fig. 8 is a front perspective view of the finished
placement of several pieces of two integrated lightning
strike protection materials 32, 54 of the invention on the
composite skin 34 by a contour tape laying machine (not
shown). The finished placed or laminated material 32, 54
has a starting end 56 where the starting end 56 of material
32 overlaps with the starting end 56 of material 54. Each
piece of the finished placed material 32, 54 has a finishing
end 58 where the finishing ends 58 of material 32 are
spaced from the finishing ends 58 of material 54. The
finishing ends 58 of material 32, 54 form a curve 60, and
as each piece is continuously laid down from start to fin-
ish, the radius of curvature decreases with each subse-
quent piece that is laid down. With this invention it is
possible to control exactly where and how the material
is laid down or placed on the composite skin or lay-up
tool. Advantages of the lightning protection material and
system of the invention include the ability to conform to
contours and the curving capabilities in the x-y plane and
the z plane due to the expanded metal foil geometry with-
in the resin film.
[0024] In another embodiment, the invention is direct-
ed to an integrated lightning strike protection system
comprising: an integrated lightning strike protection ma-
terial consisting of an expanded metal foil encapsulated
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in organic polymer resin mounted on a carrier paper; and,
an automated placement machine suitable for placing
the material on an aircraft composite part for protection
of the composite part from lightning strikes. Preferably,
the automated placement comprises a contour tape lay-
ing machine. It should be noted that the particulars relat-
ing to the embodiment of the invention, as described
above and in relation to the Figures, apply with equal
force to the particulars of this embodiment of the inven-
tion.
[0025] In another embodiment, the invention is direct-
ed to a method for fabricating a composite structure with
lightning strike protection. The method comprises the
step of loading an integrated lightning strike protection
material into an automated lamination machine. Prefer-
ably, the lightning strike protection material comprises
an expanded metal foil encapsulated in organic polymer
resin mounted on a carrier paper. The method further
comprises the step of laminating the lightning strike pro-
tection material onto an exposed surface of a composite
skin to form the composite structure with lightning strike
protection. Preferably, the automated lamination ma-
chine comprises a contour tape laying machine. Prefer-
ably, the composite structure comprises an aircraft wing
zone, fuselage zone, tail zone, or nose zone. Preferably,
the method is carried out at ambient temperature, and
preferably, the method can be performed in a matter of
hours depending on how large a composite is to be lam-
inated. It should be noted that the particulars relating to
the embodiment of the invention, as described above and
in relation to the Figures, apply with equal force to the
particulars of this embodiment of the invention.
[0026] The invention provides an integrated material
that is both environmentally durable and is able to work
seamlessly with contour tape laying machines and other
automated placement machines. The material systems
covered by this invention are designed with the explicit
purpose of automation, and as a stand alone system ca-
pable of meeting electromagnetic effects protection,
such as protection against lightning strikes, and environ-
mental performance. This invention provides improved
manufacturing flow time, reduced labor and resources,
minimized handling and contamination concerns, and im-
proved composite parts in terms of appearance and
amount of potential defects and irregularities, while pro-
viding improved lightning strike and electromagnetic ef-
fects protection, and environmental durability during
service-life.
[0027] Many modifications and other embodiments of
the invention will come to mind to one skilled in the art
to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and
the associated drawings. Therefore, it is to be understood
that the invention is not to be limited to the specific em-
bodiments disclosed and that modifications and other
embodiments are intended to be included within the
scope of the appended claims. Although specific terms
are employed herein, they are used in a generic and de-

scriptive sense only and not for purposes of limitation.

Claims

1. An integrated, multilayered lightning strike protection
system adapted for automated placement on a com-
posite structure comprising:

- a surfacing layer (22) consisting of an organic
polymer resin and comprising a fiber reinforce-
ment material layer (30);
- a conductive layer (24) comprising an expand-
ed metal foil, the conductive layer (24) adjacent
the surfacing layer (22);
- an electrical isolation layer (26) adjacent the
conductive layer (24), the isolation layer (26)
comprising a tack side for attaching the isolation
layer (26) to a surface of the composite structure
when the system is placed on the composite
structure; and
- a carrier paper layer (28) adjacent the isolation
layer (26), the carrier paper layer (28) compris-
ing a silicone release agent, thereby being re-
movable from the isolation layer (26) for expos-
ing the tack side of the isolation layer (26) when
the system is placed on the composite structure.

2. The system of claim 1, wherein the organic polymer
resin comprises a phenolic-epoxy resin.

3. The system of claim 1, wherein the surfacing layer
(22) has a thickness in the range of 0.0508 mm
[0.002 inch] to 1.905 mm [0.075 inch].

4. The system of claim 1, wherein the surfacing layer
(22) has a weight in the range of 73 g/m2 [0.015 psf]
to 342 g/m2 [0.070 psf].

5. The system of claim 1, wherein the expanded metal
foil comprises a metal selected from the group com-
prising copper, aluminum, titanium, nickel, bronze,
gold, silver, and alloys thereof.

6. The system of claim 1, wherein the conductive layer
(24) has a thickness in the range of 0.0381 mm
[0.0015] inch to 0.1524 mm [0.006 inch].

7. The system of claim 1, wherein the conductive layer
(24) has a weight in the range of 420g/m2 [0.086 psf]
to 488 g/m2 [0.100 psf].

8. The system of claim 1, wherein the isolation layer
(26) comprises a material selected from the group
comprising an epoxy-based resin material, a fiber-
glass-epoxy prepreg material, a thin adhesive ma-
terial, and an organic polymer resin.
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9. The system of claim 1, wherein the isolation layer
(26) has a thickness in the range of 0.0381 mm
[0.0015 inch] to 0.127 mm [0.005 inch].

10. The system of claim 1, wherein the isolation layer
(26) has a weight in the range of 73 g/m2 [0.015 psf]
to 292 g/m2 [0.060psf].

11. The system of claim 1, wherein the carrier paper lay-
er (28) comprises paper having a specific tack adapt-
ed to allow automated placement of the system.

12. The system of claim 1, wherein the carrier paper lay-
er 28 has a thickness in the range of 0.1016 mm
[0.004 inch] to 0.2032 mm [0.008 inch].

13. A method for fabricating a composite structure with
lightning strike protection comprising:

- loading an integrated, multilayered lightning
strike protection system (32) according to any
one of claims 1 to 12 into an automated place-
ment machine (36); and
- placing the system (32) onto an exposed sur-
face of a composite skin (34) to form the com-
posite structure with lightning strike protection,
wherein the carrier paper layer (28) is removed
from the isolation layer (26) to expose the tack
side of the isolation layer (26) when the system
is placed on the composite skin (34).

14. The method of claim 13, wherein the automated
placement machine comprises a contour tape laying
machine (36).

15. The method of claim 13, wherein the composite
structure comprises an aircraft wing zone (12), wing
tip zone (14), fuselage zone (18), tail zone (20), or
nose zone (16).

Patentansprüche

1. Integriertes mehrschichtiges Blitzeinschlag-Schutz-
system, das ausgebildet ist zum automatisierten An-
ordnen an einer Verbundstruktur, mit:

- einer eine Oberfläche bildenden Schicht (22),
die ein organisches Polymerharz und eine fa-
serverstärkte Materialschicht (30) aufweist;
- einer elektrisch leitenden Schicht (24), die eine
Streckmetallfolie aufweist, wobei die elektrisch
leitende Schicht (24) an die eine Oberfläche bil-
dende Schicht (22) angrenzt;
- eine elektrische Isolationsschicht (26) angren-
zend an die elektrisch leitende Schicht (24), wo-
bei die Isolationsschicht (26) eine Klebseite auf-
weist, um die Isolationsschicht (26) an einer

Oberfläche der Verbundstruktur anzubringen,
wenn das System an der Verbundstruktur an-
geordnet wird; und
- eine Papierträgerschicht (28) angrenzend an
die Isolationsschicht (26), wobei die Papierträ-
gerschicht (28) ein Silikontrennmittel aufweist
und dadurch von der Isolationsschicht (26) ab-
lösbar ist, um die Klebseite der Isolationsschicht
(26) freizulegen, wenn das System an der Ver-
bundstruktur angeordnet wird.

2. System nach Anspruch 1, wobei das organische Po-
lymerharz ein Phenolepoxidharz aufweist.

3. System nach Anspruch 1, wobei die eine Oberfläche
bildende Schicht (22) eine Dicke im Bereich von
0,0508 mm [0,002 Zoll] bis 1,905 mm [0,075 Zoll]
aufweist.

4. System nach Anspruch 1, wobei die eine Oberfläche
bildende Schicht (22) ein Gewicht im Bereich von 73
g/m2 [0,015 psf] bis 342 g/m2 [0,070 psf] aufweist.

5. System nach Anspruch 1, wobei die Streckmetallfo-
lie ein Metall aufweist, das aus der Gruppe mit Kup-
fer, Aluminium, Titan, Nickel, Bronze, Gold, Silber
und Legierungen dieser Metalle ausgewählt ist.

6. System nach Anspruch 1, wobei die elektrisch lei-
tende Schicht (24) eine Dicke im Bereich von 0,0381
mm [0,0015 Zoll] bis 0,1524 mm [0,006 Zoll] auf-
weist.

7. System nach Anspruch 1, wobei die elektrisch lei-
tende Schicht (24) ein Gewicht im Bereich von 420
g/m2 [0,086 psf] bis 488 g/m2 [0,100 psf] aufweist.

8. System nach Anspruch 1, wobei die Isolations-
schicht (26) ein Material aufweist, das aus der Grup-
pe mit einem Epoxy-basierten Harzmaterial, einem
Fiberglasepoxy-Prepreg-Material, einem dünnen
Klebematerial und einem organischen Polymerharz
ausgewählt ist.

9. System nach Anspruch 1, wobei die Isolations-
schicht (26) eine Dicke in dem Bereich von 0,0381
mm [0,0015 Zoll] bis 0,127 mm [0,005 Zoll] aufweist.

10. System nach Anspruch 1, wobei die Isolations-
schicht (26) ein Gewicht in dem Bereich von 73 g/m2

[0,015 psf] bis 292 g/m2 [0,060 psf] aufweist.

11. System nach Anspruch 1, wobei die Papierträger-
schicht (28) Papier mit einer bestimmten Klebrigkeit
aufweist, die angepasst ist, um ein automatisiertes
Anordnen des Systems zu ermöglichen.

12. System nach Anspruch 1, wobei die Papierträger-
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schicht (28) eine Dicke in dem Bereich von 0,1016
mm [0,004 Zoll] bis 0,2032 mm [0,008 Zoll] aufweist.

13. Verfahren zur Herstellung einer Verbundstruktur mit
einem Blitzeinschlag-Schutz mit:

- Laden eines integrierten, mehrschichtigen Blit-
zeinschlags-Schutzsystems (32) nach einem
der Ansprüche 1 bis 12 in eine automatisierte
Anordnungsvorrichtung (36); und
- Anordnen des Systems (32) an einer freilie-
genden Oberfläche einer Verbundverkleidung
(34), um die Verbundstruktur mit Blitzein-
schlags-Schutz zu bilden, wobei die Papierträ-
gerschicht (28) von der Isolationsschicht (26)
entfernt wird, um die Klebeseite der Isolations-
schicht (26) freizulegen, wenn das System an
der Verbundverkleidung (34) angeordnet wird.

14. Verfahren nach Anspruch 13, wobei die automati-
sierte Anordnungsvorrichtung eine Konturbandlege-
maschine (36) aufweist.

15. Verfahren nach Anspruch 13, wobei die Verbund-
struktur einen Flugzeugflügelbereich (12), einen Flü-
gelspitzenbereich (14), einen Rumpfbereich (18), ei-
nen Heckbereich (20) oder einen Nasenbereich (16)
aufweist.

Revendications

1. Système de protection contre la foudre intégré, mul-
ticouche, adapté pour un positionnement automatisé
sur une structure composite, comprenant :

- une couche de surfaçage (22) constituée d’une
résine polymère organique et comprenant une
couche de matériau de renforcement fibreux
(30) ;
- une couche conductrice (24) comprenant une
feuille de métal déployé, la couche conductrice
(24) étant adjacente à la couche de surfaçage
(22) ;
- une couche d’isolation électrique (26) adjacen-
te à la couche conductrice (24), la couche d’iso-
lation (26) comprenant un côté collant pour at-
tacher la couche d’isolation (26) à une surface
de la structure composite quand le système est
positionné sur la structure composite ; et
- une couche de support en papier (28) adjacen-
te à la couche d’isolation (26), la couche de sup-
port en papier (28) comprenant un agent anti-
adhésif à base de silicone, pouvant ainsi être
retirée de la couche d’isolation (26) pour expo-
ser le côté collant de la couche d’isolation (26)
quand le système est positionné sur la structure
composite.

2. Système de la revendication 1, dans lequel la résine
polymère organique comprend une résine époxy-
phénolique.

3. Système de la revendication 1, dans lequel la couche
de surfaçage (22) a une épaisseur dans la gamme
de 0,0508 mm [0,002 pouce] à 1,905 mm [0,075 pou-
ce].

4. Système de la revendication 1, dans lequel la couche
de surfaçage (22) a un poids dans la gamme de 73
g/m2 [0,015 psf] à 342 g/m2 [0,070 pst].

5. Système de la revendication 1, dans lequel la tôle
de métal déployé comprend un métal choisi dans le
groupe comprenant le cuivre, l’aluminium, le titane,
le nickel, le bronze, l’or, l’argent, et les alliages de
ceux-ci.

6. Système de la revendication 1, dans lequel la couche
conductrice (24) a une épaisseur dans la gamme de
0,0381 mm [0,0015 pouce] à 0,1524 mm [0,006 pou-
ce].

7. Système de la revendication 1, dans lequel la couche
conductrice (24) a un poids dans la gamme de 420
g/m2 [0,086 pst] à 488 g/m2 [0,100 psf].

8. Système de la revendication 1, dans lequel la couche
d’isolation (26) comprend un matériau choisi dans
le groupe comprenant un matériau en résine à base
d’époxy, un matériau préimprégné fibres de verre-
époxy, un matériau adhésif mince, et une résine po-
lymère organique.

9. Système de la revendication 1, dans lequel la couche
d’isolation (26) a une épaisseur dans la gamme de
0,0381 mm [0,0015 pouce] à 0,127 mm [0,005 pou-
ce].

10. Système de la revendication 1, dans lequel la couche
d’isolation (26) a un poids dans la gamme de 73 g/m2

[0,015 psf] à 292 g/m2 [0,060 psf].

11. Système de la revendication 1, dans lequel la couche
de support en papier (28) comprend un papier ayant
une pégosité spécifique adaptée pour permettre un
positionnement automatisé du système.

12. Système de la revendication 1, dans lequel la couche
de support en papier 28 a une épaisseur dans la
gamme de 0,1016 mm [0,004 pouce] à 0,2032 mm
[0,008 pouce].

13. Procédé de fabrication d’une structure composite
avec protection contre la foudre comprenant :

- le chargement d’un système de protection con-
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tre la foudre intégré, multicouche (32) selon
l’une quelconque des revendications 1 à 12
dans une machine de positionnement automa-
tisé (36) ; et
- le positionnement du système (32) sur une sur-
face exposée d’un revêtement composite (34)
pour former la structure composite avec protec-
tion contre la foudre, la couche de support en
papier (28) étant retirée de la couche d’isolation
(26) pour exposer le côté collant de la couche
d’isolation (26) quand le système est positionné
sur le revêtement composite (34).

14. Procédé de la revendication 13, dans lequel la ma-
chine de positionnement automatisé comprend une
machine de pose de bandes de contour (36).

15. Procédé de la revendication 13, dans lequel la struc-
ture composite comprend une zone d’aile d’aéronef
(12), une zone d’extrémité d’aile (14), une zone de
fuselage (18), une zone d’empennage (20), ou une
zone de pointe avant (16).
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