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(54) Lightning protection system

(57) A lightning diverter strip (4, 22, 30) comprising:
a substrate base strip (6, 23, 31); and a plurality of elec-
trically conductive elements (8, 24, 32) (e.g. electrically
conductive strip, V-shaped elements, or carbon nano-
tubes) resistively coupled on the base strip (6, 23, 31)
and arranged in a spaced apart relation; wherein the con-

ductive elements (8, 24, 32) are configured to, for a plu-
rality of angles of incidence, not reflect a radar signal that
is incident on the lightning diverter strip (4, 22, 30) at one
of those angles of incidence back along the path along
which the incident radar signal travelled.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to lightning pro-
tection systems for vehicles.

BACKGROUND

[0002] Lightning diverter strips (such as those dis-
closed in US 3,416,027 and US 4, 506,311) include a
series of electrically conductive elements mounted along
the length of a supporting fibre-glass strip.
[0003] Such devices are widely used, e.g. on aircraft
radomes and the like, and divert electrical energy from
lightning strikes, lightning attachments and the like, over
an aircraft surface to a ground. This occurs due to the
ionisation of air between the electrically conductive ele-
ments of the lightning diverter strip which creates a low
impedance path along the length of the lightning diverter
strip along which the electrical energy of the lightning
strike travels.
[0004] In a separate field, planform alignment is used
in the design of many stealth, or "Low Observable" (LO)
(i.e. low detectability by radar systems), aircraft. Planform
alignment involves using a small number of surface ori-
entations in the shape of the structure of the aircraft. For
example, leading and trailing edges of the aircraft wing,
tail surfaces of the aircraft, and surface of other aircraft
structures (such as intakes and apertures) may be set to
be the same angle. This is done to so that the aircraft
reflects radar signals that are detectable only in very spe-
cific directions relative to the aircraft, rather than returning
a radar signal that may be detected at many different
angles.

SUMMARY OF THE INVENTION

[0005] The present inventor has realised that conven-
tional lightning diverter strips return or reflect radar sig-
nals that may be detected at many different angles.
[0006] In a first aspect, the present invention provides
a lightning diverter strip comprising a substrate base strip
and a plurality of electrically conductive elements resis-
tively coupled on the base strip and arranged in a spaced
apart relation, wherein the conductive elements are con-
figured to, for a plurality of angles of incidence, not reflect
a radar signal that is incident on the lightning diverter
strip at one of those angles of incidence back along the
path along which the incident radar signal travelled. Thus,
the conductive elements are configured to, for a plurality
of angles of incidence, not reflect a radar signal that is
incident on the lightning diverter strip at one of those an-
gles of incidence back towards a source of that radar
signal.
[0007] The conductive elements may be configured
not to reflect radar signals incident on the lightning di-
verter strip.

[0008] The conductive elements may be carbon nan-
otubes. The lengths of the carbon nanotubes may be
aligned with the length of the base strip.
[0009] The conductive elements may be configured
such that, only for certain angles of incidence, a radar
signal incident on the lightning diverter strip at one of
those certain angles of incidence is reflected by the con-
ductive elements back along the path along which the
incident radar signal travelled, whereas for all other an-
gles of incidence, a radar signal incident on the lightning
diverter strip at one of those other angles of incidence is
not reflected by the conductive elements back along the
path along which the incident radar signal travelled.
[0010] Each conductive element may comprise an
elongate portion. The elongate portion of each conduc-
tive element may be substantially parallel to the elongate
portion of at least one other conductive element. The
elongate portion of each conductive element may be sub-
stantially parallel to the elongate portion of every other
conductive element.
[0011] Each conductive element may be an electrically
conductive strip.
[0012] At least one end of each electrically conductive
strip may be proximate to, and electrically separated
from, an end of a different electrically conductive strip.
[0013] At least one end of each electrically conductive
strip may be proximate to a side edge of the base strip.
[0014] Each conductive element may be an electrically
conductive V-shaped element.
[0015] A vertex or an end of each V-shaped element
may be proximate to, and electrically separated from, a
vertex or an end of a different V-shaped element.
[0016] At least one end of each V-shaped element may
be proximate to a side edge of the base strip.
[0017] In a further aspect, the present invention pro-
vides an aircraft comprising a lightning diverter strip in
accordance with the first aspect.
[0018] The aircraft may be configured such that, only
for certain angles of incidence, a radar signal incident on
the aircraft at one of those certain angles of incidence is
reflected by an aircraft surface back along the path along
which the incident radar signal travelled, whereas, for all
other angles of incidence, a radar signal incident on the
aircraft at one of those other angles of incidence is not
reflected by an aircraft surface back along the path along
which the incident radar signal travelled. Also, the con-
ductive elements of the lightning diverter strip may be
configured such that, only for certain angles of incidence,
a radar signal incident on the lightning diverter strip at
one of those certain angles of incidence is reflected by
the conductive elements back along the path along which
the incident radar signal travelled, whereas, for all other
angles of incidence, a radar signal incident on the light-
ning diverter strip at one of those other angles of inci-
dence is not reflected by the conductive elements back
along the path along which the incident radar signal trav-
elled. The lightning diverter strip may be coupled to the
aircraft such that the angles of incidence for which the
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conductive elements reflect a radar signal back along the
path along which the incident radar signal travelled are
substantially the same as the angles of incidence for
which the aircraft surfaces reflect a radar signal back
along the path along which the incident radar signal trav-
elled.
[0019] In a further aspect, the present invention pro-
vides a method of protecting an aircraft against lightning
strikes, the method comprising coupling, to an external
surface of the aircraft, a lightning diverter strip, the light-
ning diverter strip being in accordance with any of the
above aspects.
[0020] The aircraft may be configured such that, only
for certain angles of incidence, a radar signal incident on
the aircraft at one of those certain angles of incidence is
reflected by an aircraft surface back along the path along
which the incident radar signal travelled, whereas, for all
other angles of incidence, a radar signal incident on the
aircraft at one of those other angles of incidence is not
reflected by an aircraft surface back along the path along
which the incident radar signal travelled. The conductive
elements of the lightning diverter strip may be configured
such that, only for certain angles of incidence, a radar
signal incident on the lightning diverter strip at one of
those certain angles of incidence is reflected by the con-
ductive elements back along the path along which the
incident radar signal travelled, whereas, for all other an-
gles of incidence, a radar signal incident on the lightning
diverter strip at one of those other angles of incidence is
not reflected by the conductive elements back along the
path along which the incident radar signal travelled. The
coupling of the lightning diverter strip to the aircraft may
be such that the angles of incidence for which the con-
ductive elements reflect a radar signal back along the
path along which the incident radar signal travelled are
substantially the same as the angles of incidence for
which the aircraft surfaces reflect a radar signal back
along the path along which the incident radar signal trav-
elled.
[0021] In a further aspect, the present invention pro-
vides a method of producing a lightning diverter strip, the
method comprising providing a substrate base strip and
resistively coupling, on to the base strip, a plurality of
electrically conductive elements such that the conductive
elements are arranged in a spaced apart relation and, at
least for some angles of incidence, a radar signal incident
on the lightning diverter strip at one of those angles of
incidence is not reflected by the conductive elements
back along the path along which the incident radar signal
travelled.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Figure 1 is a schematic illustration (not to scale) of
a top view of an example aircraft in which an embod-
iment of a lightning protection system is implement-

ed;

Figure 2 is a schematic illustration (not to scale)
showing a portion of a lightning diverter strip;

Figure 3 is a schematic illustration (not to scale)
showing a second embodiment of the lightning di-
verter strip;

Figure 4 is a schematic illustration (not to scale)
showing a third embodiment of the lightning diverter
strip;

Figure 5 is a schematic illustration (not to scale)
showing a fourth embodiment of the lightning diverter
strip;

Figure 6 is a schematic illustration (not to scale)
showing a top view of the aircraft; and

Figure 7 is a schematic illustration (not to scale) of
a portion of the lightning diverter strip shown in Figure
6.

DETAILED DESCRIPTION

[0023] Figure 1 is a schematic illustration (not to scale)
of a top view of an example aircraft 2 in which an em-
bodiment of a lightning protection system is implement-
ed.
[0024] In this embodiment, the aircraft 2 is a manned
aircraft. However, in other embodiments, the aircraft 2 is
an unmanned or autonomous aircraft. In other embodi-
ments, the lightning protection
[0025] In this is embodiment, the aircraft 2 is a "Low
Observable" (LO) aircraft, i.e. an aircraft that is relatively
difficult to detect using radar systems. In this embodi-
ment, the principle of planform alignment has been used
in the design of the shape of the aircraft 2, i.e. there are
a relatively small number of different orientations of the
surfaces of the aircraft structure compared to the number
of different surface orientations in aircraft that are not
Low Observable aircraft. In this embodiment, the leading
edges of the aircraft wing are at the same angle as the
edges of the trailing surfaces of the aircraft 2. Also, other
structures, such as an air intake bypass doors and a re-
fuelling aperture, also use the same angles as the aircraft
wing/tail portions. The effect of planform alignment is that
only radar radiation (emitted by a radar antenna) that is
incident onto the aircraft 2 at a small number of specific
angles (i.e. normal to the angles of orientation of the sur-
faces of the aircraft) is reflected back towards the radar
antenna, whereas radar radiation that is incident onto the
aircraft 2 at an angle other than one or those specific
angles tends to be reflected away from the radar antenna.
This is in contrast to aircraft that are not Low Observable
aircraft. Such non-Low Observable aircraft would typical-
ly reflect incident radar radiation in many directions so
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that that aircraft is detectable at many angles. Thus, the
aircraft 2 tends only to be "visible" to radar systems when
it is at certain, very specific angles relative to the radar
antenna of that system.
[0026] In this embodiment, the external surface of the
aircraft 2 is made of or is coated in a radar-absorbent
material (RAM) such as a foam absorber. The RAM that
forms the external skin of the aircraft 2 tends to have
relatively low electrical conductivity e.g. compared to the
material that forms the aircraft frame.
[0027] In this embodiment, the aircraft 2 comprises a
radome 3. The radome 3 is an enclosure that encases
and protects (e.g. from the weather, debris etc.) a radar
antenna (not shown). The radome 3 is constructed of
material that minimally attenuates the electromagnetic
signal transmitted or received by the radar antenna, i.e.
the radome 3 is substantially transparent to radar or radio
waves. In this embodiment, the surfaces of the radome
3 are orientated at the same angle as the other surfaces
of the aircraft (e.g. the aircraft wing/tail portions) thereby
preserving the aircraft’s Low Observable properties.
[0028] In this embodiment, the aircraft 2 further com-
prises a lightning diverter strip 4. The lightning diverter
strip 4 is disposed, at least partially, on an outer surface
of the radome 3. The lightning diverter strip 4 connects
a point on the radome 3 to a different point on the structure
of the aircraft, where a lightning strike can be safely
grounded.
[0029] Typically, in practice a plurality of lightning di-
verter strips 4 will be arranged over the radome 3. How-
ever, for reasons of clarity and ease of understanding,
only a single lightning diverter strip 4 is shown in Figure 1.
[0030] Figure 2 is a schematic illustration (not to scale)
showing a portion of the lightning diverter strip 4.
[0031] In this embodiment, the lightning diverter strip
4 includes a base or substrate strip 6 of relatively thin,
flexible dielectric material. For example, the substrate
strip 6 may be a strip of made of glass fibres held together
by a suitable epoxy material.
[0032] The lightning diverter strip 4 further comprises
a plurality of metal strips 8. In this embodiment, the metal
strips 8 are straight metal strips.
[0033] Each of the metal strips 8, when viewed from
above as in Figure 2, has a rectangular shape having a
small width 14 and longer length 16. The metal strips 8
may be any appropriate size. Relatively smaller metals
strips 8 may be used to protect a radome 3 that houses
very high frequency radar systems, as such strips 8 would
tend to be less visible (i.e. more transparent) to such high
frequencies than would a relatively larger strip. Relatively
larger metal strips 8 may be used to protect a radome 3
that houses low frequency radar systems.
[0034] A metal strip 8 may, for example, have a length
of between 1mm and 5mm. A metal strip 8 may, for ex-
ample, have a width of less than 1mm. A spacing between
adjacent metal strips 8 may, for example, be between
0.1 mm and 1mm.
[0035] In this embodiment, the metal strips 8 are dis-

posed along the length of the substrate strip 6 such that
they are not parallel with, or perpendicular to, the sides
10, 12 of the substrate strip 6.
[0036] Also, the metal strips 8 are disposed along the
length of the substrate strip 6 such that they lie between
the sides 10, 12 of the substrate strip 6, and such that
an end 18 of a metal strip 8 is proximate to, but electrically
and physically separated by a distance 20, from an end
of a different metal strip 8. This separation (by distance
20) of the end points 18 of the metal strips 8 provides for
ionisation of the space between adjacent metal strips 8.
[0037] When the lightning diverter strip 4 is attached
to the aircraft 2 (as shown in Figure 1 and described in
more detail above), the metal strips 8 are located on the
exposed outer surface of the lightning diverter strip 4,
and are thus exposed to atmospheric conditions.
[0038] The lightning diverter strip 4 may further include
any appropriate structures so as to provide a desired
resistive coupling between the metal strips 8. For exam-
ple, as described in more detail in U.S. Patent No.
4,506,311 (the contents of with are included herein by
reference), the lightning diverter strip 4 may further com-
prise a series of metal pads located on the back side of
the substrate strip 6. Each metal pad may be located
opposite to a respective metal strip 8. Also, each of the
metal pads may be electrically connected to its respective
metal strip 8. Alternatively, for example, the metal strips
8 may be rivets through the substrate strip 6 such as
disclosed in an embodiment of U.S. Patent No. 3,416,027
(the contents of with are included herein by reference).
[0039] The distance 20 between end points 18 of the
metal strips 8 may be any appropriate distance. In some
embodiments, the distances 20 between the ends 18 of
the metal strips 8 are non-uniform along the length of the
lightning diverter strip 4. In other words, the distances 20
may be varied (e.g. each distance 20 may be randomly
selected from within a predetermined range of distances)
along the length of the lightning diverter strip 4. This tends
to advantageously provide a lower breakdown voltage
across the length of the strip. However, in other embod-
iments, the distances 20 between the ends 18 of the met-
al strips 8 are non-uniform along the length of the lightning
diverter strip 4.
[0040] In this embodiment, the ends 18 of the metal
strips 8 are located proximate to the edges 10, 12 of the
lightning diverter strip 4. The ends 18 tend to capture
lightning strikes from the side of the lightning diverter strip
4 more readily than if round or circular buttons were used.
This is due to the fact that the end 18 of the metal strips
are relatively thin compared to a round or circular shape,
and that gas at a relatively "sharp" point tends to break
down at a lower voltage than that gas located at a round
surface.
[0041] When struck by lightning, ionisation of gas be-
tween adjacent metal strips 8 (across the distance 20)
occurs, thereby creating an ionised channel along which
the lightning strike is directed to where it is safely ground-
ed. Advantageously, due to the shape of the metal strips
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8 (i.e. the relatively thin ends 18 of the strips), this ioni-
sation between adjacent metal strips 8 tends to occur at
lower voltages, compared to the voltages at which ioni-
sation occurs when using diverter strips comprising cir-
cular metal buttons.
[0042] The shape of the metal strips 8 (i.e. the relatively
long, relatively thin, straight strip shape) tends to provide
only radar radiation that is incident onto the aircraft 2 at
a small number of specific angles (e.g. normal to the long
straight edges of the metal strip 8) is reflected back to-
wards the emitting radar antenna, whereas radar radia-
tion that is incident onto the metal strip at other angles
(e.g. onto an end 18 of the metal strip 8) tends to be
reflected away from the radar antenna.
[0043] In this embodiment, the lightning diverter strip
4 is attached to the outer surface of the aircraft 2 (i.e. to
the outer surface of the radome 3 and other aircraft struc-
tures) such that metal strips 8 are aligned with the sur-
faces of the aircraft structure. In other words, the orien-
tation of each of the metal strips is such that that metal
strip is aligned, along its length, with (i.e. parallel to) a
surface of the aircraft (e.g. a leading edge of the aircraft
wing, an edge of the aircraft tail surface, etc.). In other
words, the longitudinal axis of each metal strip 8 is sub-
stantially parallel with a surface of the aircraft 2.
[0044] Thus, the metallic strips 8 of the lightning divert-
er strip 4 tend to reflect, back towards an emitting radar
antenna, only radar radiation that is incident onto the air-
craft 2 at the same small number of specific angles at
which the aircraft surfaces reflect radar radiation back
towards an emitting radar antenna. Thus, the lightning
diverter strip 4 onboard the aircraft 2 tends only to be
"visible" to radar systems when it is at the same very
specific angles relative to the radar antenna at which the
aircraft 2 is visible.
[0045] In other words, the metallic strips 8 of the light-
ning diverter strip 4 tend to reflect, back towards an emit-
ting radar antenna, only radar radiation that would be
reflected back towards an emitting radar antenna by oth-
er aircraft structures. Thus, the lightning diverter strip 4
advantageously tends not to be detrimental to the low-
observability, or "stealthiness", of the aircraft 2.
[0046] Thus, by arranging lightning diverter strip 4 such
that the metal strips 8 are aligned with the aircraft sur-
faces, the aircraft’s Low Observable properties are pre-
served.
[0047] Thus, a lightning diverter strip is provided.
[0048] The above described lightning diverter strip ad-
vantageously provides protection against lightning
strikes to sensitive equipment housed in the aircraft ra-
dome.
[0049] The above described lightning diverter strip is
advantageously aerodynamic, i.e. produces low drag.
[0050] The above described lightning diverter strip ad-
vantageously has insignificant effect on the radiation pat-
terns of radar antenna housed within the aircraft radome.
[0051] The above described lightning diverter strip is
advantageously as undetectable to radar systems as the

aircraft upon which that lightning diverter strip is imple-
mented, i.e. the lightning diverter strip may be used upon
an aircraft while maintaining that aircraft’s low-observa-
ble properties.
[0052] In the above embodiments, the conductive el-
ements of the lightning diverter strip are metal strips.
However, in other embodiments, a lightning diverter strip
contains one or more differently shaped conductive ele-
ments instead of or in addition to one or more of the metal
strips, the differently shaped conductive elements being
arranged such that the above described Low Observable
properties of the aircraft are maintained.
[0053] Figure 3 is a schematic illustration (not to scale)
showing a second embodiment of the lightning diverter
strip, hereinafter referred to as the "second diverter strip"
and indicated in Figure 3 by the reference numeral 22.
[0054] In this second embodiment, the second diverter
strip 22 includes a base or substrate strip 23 made of
relatively thin, flexible dielectric material.
[0055] The second diverter strip 22 further comprises
a plurality of metal V-shaped, or chevron-shaped, con-
ductive elements 24. The V-shaped elements 24 may be
any appropriate size e.g. a size based upon the type of
radar system housed within the radome 3 with which the
second diverter strip 22 is to be implemented.
[0056] Each of the V-shaped elements 24 comprises
a vertex 25 and two ends 26. In this embodiment, the V-
shaped elements 24 are disposed along the length of the
substrate strip 23 such that the vertices 25 of the V-
shaped elements 24 lie longitudinally along the centre
line of the substrate strip 23 between the sides of the
substrate strip 23. Also, a of the V-shaped elements 24
"point" in the same direction along the length of the sub-
strate strip 23 such that the vertex 25 of a V-shaped el-
ement 24 is proximate to the ends 26 of the adjacent V-
shaped element 24. In particular, in this second embod-
iment, the V-shaped elements 24 are disposed on the
substrate strip 23 such that the vertex 25 of a V-shaped
element 24 is proximate to, but electrically and physically
separated by a distance 28, the ends 26 of the adjacent
V-shaped element 2. This separation (by distance 28)
between adjacent V-shaped elements 24 along the sec-
ond diverter strip 22 provides for ionisation of the space
between adjacent V-shaped elements 24.
[0057] When the second diverter strip 22 is attached
to the aircraft 2, the V-shaped elements 24 are located
on the exposed outer surface of the second diverter strip
22, and are thus exposed to atmospheric conditions.
[0058] The second diverter strip 22 may further include
any appropriate structures so as to provide a desired
resistive coupling between the V-shaped elements 24.
[0059] The distance 28 between adjacent V-shaped
elements 24 may be any appropriate distance. The dis-
tances 28 may be non-uniform, or uniform, along the
length of the second diverter strip 22.
[0060] In this embodiment, the ends 26 of the V-
shaped elements 24 are located proximate to the edges
of the second diverter strip 22. The ends 26 tend to cap-
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ture lightning strikes from the side of the second diverter
strip 22 more readily than if round or circular buttons were
used.
[0061] When struck by lightning, ionisation of gas be-
tween adjacent V-shaped elements 24 (across the dis-
tance 28) occurs, thereby creating an ionised channel
along which the lightning strike is directed to where it is
safely grounded. Advantageously, due to the shape of
the V-shaped elements 24, this ionisation between ad-
jacent V-shaped elements 24 tends to occur at lower volt-
ages, compared to the voltages at which ionisation oc-
curs when using diverter strips comprising circular metal
buttons.
[0062] The shape of the V-shaped element 24 tends
to provide only radar radiation that is incident onto the
aircraft 2 at a small number of specific angles (e.g. normal
to either of the straight portions/sides of the V-shaped
element 24) is reflected back towards the emitting radar
antenna, whereas radar radiation that is incident onto a
V-shaped element 24 at other angles tends to be reflect-
ed away from the radar antenna.
[0063] In this second embodiment, the second diverter
strip 22 is attached to the outer surface of the aircraft 2
(i.e. to the outer surface of the radome 3 and other aircraft
structures) such that each of the two straight sides of
each V-shaped element 24 is aligned with a surface of
the aircraft structure. Thus, in this embodiment, the
shape of the V-shaped element 24 mirrors that of the
aircraft 2. The orientation of each of the V-shaped ele-
ments 24 is such that each side, or edge, of a V-shaped
element 24 is aligned, along its length, with (i.e. parallel
to) a surface of the aircraft (e.g. a leading edge of the
aircraft wing, an edge of the aircraft tail surface, etc.).
[0064] Thus, the V-shaped elements 24 of the second
diverter strip 22 tend to reflect, back towards an emitting
radar antenna, only radar radiation that is incident onto
the aircraft 2 at the same small number of specific angles
as which the aircraft surfaces reflect radar radiation back
towards an emitting radar antenna. Thus, the second di-
verter strip 22 onboard the aircraft 2 tends only to be
"visible" to radar systems when it is at the same very
specific angles relative to the radar antenna at which the
aircraft 2 is visible. Thus, the second diverter strip 22
advantageously tends not to be detrimental to the low-
observability, or "stealthiness", of the aircraft 2.
[0065] Thus, a further embodiment of a lightning di-
verter strip is provided.
[0066] Figure 4 is a schematic illustration (not to scale)
showing a third embodiment of the lightning diverter strip,
hereinafter referred to as the "third diverter strip" and in-
dicated in Figure 4 by the reference numeral 30.
[0067] In this second embodiment, the third diverter
strip 30 includes a base or substrate strip 31 made of
relatively thin, flexible dielectric material.
[0068] The third diverter strip 30 further comprises a
plurality of carbon nanotubes 32. Further information on
carbon nanotubes may be found, for example, at Amer-
ican Physical Society, Phys. Rev. Lett. 87, 256805 (2001)

"Ambipolar Electrical Transport in Semiconducting Sin-
gle-Wall Carbon Nanotubes", which is incorporated here-
in by reference.
[0069] In this embodiment, the carbon nanotubes 32
are arranged such that the longitudinal axes of the carbon
nanotubes 32 are substantially parallel to the longitudinal
axis, i.e. centre line, of the substrate strip 31. In this way
an end of a carbon nanotube 32 will tend to be located
proximate to, but electrically and physically separated
from, an end of a different, adjacent nanotube 32.
[0070] Each carbon nanotube 32 has relatively high
electrical conductivity in the direction along the length of
that carbon nanotube 32 (i.e. along the longitudinal axis
of that carbon nanotube 32), and relatively very low elec-
trical conductivity in other directions (e.g. perpendicular
to the longitudinal axis of the carbon nanotubes 32).
[0071] When the third diverter strip 30 is attached to
the aircraft 2, the carbon nanotubes 32 are located on
the exposed outer surface of the third diverter strip 30,
and are thus exposed to atmospheric conditions.
[0072] When struck by lightning, ionisation of gas be-
tween adjacent carbon nanotubes 32 occurs, thereby
creating an ionised channel along which the lightning
strike is directed to where it is safely grounded. Advan-
tageously, due to the shape of the carbon nanotubes 32,
this ionisation between carbon nanotubes 32 tends to
occur at lower voltages, compared to the voltages at
which ionisation occurs when using diverter strips com-
prising circular metal buttons.
[0073] The size and shape of the carbon nanotubes
32 advantageously means that they are substantially in-
visible, i.e. undetectable, by radar systems. In other
words, advantageously, the carbon nanotubes 32 tend
to have no measureable radar cross-section. In this em-
bodiment, the carbon nanotubes 32 tend no to reflect
incident radar radiation.
[0074] Thus, the third diverter strip 30 onboard the air-
craft 2 tend to be "invisible" to radar systems, even if the
axes of the carbon nanotubes 32 are not aligned with the
aircraft surfaces. Thus, the third diverter strip 30 advan-
tageously tends not to be detrimental to the low-observ-
ability, or "stealthiness", of the aircraft 2.
[0075] Thus, a further embodiment of a lightning di-
verter strip is provided.
[0076] In the lightning diverter strip shown in Figure 1
and described in more detail earlier above, the metal
strips are orientated in substantially the same direction.
However, in other embodiments, one or more of the metal
strips may be oriented in a different direction to the other
metal strips. This may be such that, when the lightning
diverter strip is coupled to the aircraft, metal strips align
with different respective surfaces of the aircraft.
[0077] Figure 5 is a schematic illustration (not to scale)
showing a fourth embodiment of the lightning diverter
strip. The reference numerals used to describe Figure 1
have been used in Figure 4 to indicate like elements. In
this fourth embodiment, some of the metal strips 8 have
different orientations relative to other metal strips 8.
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[0078] Having the capability of being able to orient met-
al strips in different directions, while maintaining the Low
Observable properties of the aircraft, advantageously
tends to lightning diverter strips of different shapes (e.g.
curved diverter strips) to be produced and implemented,
while maintaining the Low Observable properties of the
aircraft. Such diverter strips may advantageously be
used to direct lightning strikes away from, or around, sys-
tems located at or proximate to the aircraft’s surface.
[0079] For example, Figure 6 is a schematic illustration
(not to scale) showing a top view of the aircraft 2. The
aircraft 2 comprises a system 50 located on the surface
of the aircraft2. The lightning diverter strip 4 is arranged
on the aircraft’s surface such that lightning is directed, or
diverted, away from and around the system 50. Thus,
the system 50 is advantageously protected from a light-
ning strike by the lightning diverter strip 4, whilst the Low
Observable properties of the aircraft 2 are maintained.
[0080] Figure 7 is a schematic illustration (not to scale)
of a portion of the lightning diverter strip 4 used in Figure
6 to protect the aircraft system 50 from lightning strikes.
In this embodiment, the metal strips 8 of the lightning
converter strip 4 are oriented such that a curved lightning
diverter strip 4 is provided. The curved lightning diverter
strip 4 shown in Figures 6 and 7 advantageously directs
lightning around the system 50, from its strike point to
ground, thereby protecting the system from lightning.
[0081] In the above embodiments, the lightning pro-
tection system (provided by one or more of the above
described lightning diverter strips) is implemented on an
aircraft. However, in other embodiments, the lightning
protection is implemented on a different type of system
such as a different vehicle (e.g. a land-based, or sea-
based vehicle), or a building.
[0082] In the above embodiments, the lightning pro-
tection system (provided by one or more of the above
described lightning diverter strips) is used to protect sys-
tems and apparatus (e.g. a radar antenna) housed within
a radome. However, in other embodiments, the lightning
protection system is used to protect a different type of
system.
[0083] In some of the above embodiments, some of
the electrically conductive elements of the lightning di-
verter strips are made of metal. However, in other em-
bodiments, one or more of the electrically conductive el-
ements of a lightning diverter strip is made of a different
type of material that is electrically conductive. Such dif-
ferent electrically conductive elements may have an
above described shape so that the above described ad-
vantages are provided.

Claims

1. A lightning diverter strip (4, 22, 30) comprising:

a substrate base strip (6, 23, 31); and
a plurality of electrically conductive elements (8,

24, 32) resistively coupled on the base strip (6,
23, 31) and arranged in a spaced apart relation;
wherein
the conductive elements (8, 24, 32) are config-
ured to, for a plurality of angles of incidence, not
reflect a radar signal that is incident on the light-
ning diverter strip (4, 22, 30) at one of those an-
gles of incidence back along the path along
which the incident radar signal travelled.

2. A lightning diverter strip (4, 22, 30) according to claim
1, wherein the conductive elements (8, 24, 32) are
carbon nanotubes (32), the lengths of the carbon
nanotubes (32) being aligned with the length of the
base strip (31).

3. A lightning diverter strip (4, 22, 30) according to claim
1, wherein the conductive elements (8, 24, 32) are
configured such that:

only for certain angles of incidence, a radar sig-
nal incident on the lightning diverter strip (4, 22,
30) at one of those certain angles of incidence
is reflected by the conductive elements (8, 24,
32) back along the path along which the incident
radar signal travelled; whereas
for all other angles of incidence, a radar signal
incident on the lightning diverter strip (8, 24, 32)
at one of those other angles of incidence is not
reflected by the conductive elements (8, 24, 32)
back along the path along which the incident ra-
dar signal travelled.

4. A lightning diverter strip (4, 22, 30) according to any
of claims 1 to 3, wherein
each conductive element (8, 24, 32) comprises an
elongate portion; and
along the length of the base strip (6, 23, 31), the
elongate portion of each conductive element (8, 24,
32) is substantially parallel to the elongate portion of
every other conductive element (8, 24, 32).

5. A lightning diverter strip (4, 22, 30) according to any
of claims 1, 3 or 4, wherein each conductive element
(8, 24, 32) is an electrically conductive strip (8).

6. A lightning diverter strip (4) according to claim 5,
wherein at least one end of each electrically conduc-
tive strip (8) is proximate to, and electrically separat-
ed from, an end of a different electrically conductive
strip (8).

7. A lightning diverter strip (4) according to claim 5 or
6, wherein at least one end of each electrically con-
ductive strip (8) is proximate to a side edge of the
base strip (6).

8. A lightning diverter strip (4, 22, 30) according to claim
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1, 3 or 4, wherein each conductive element (8, 24,
32) is an electrically conductive V-shaped element
(24).

9. A lightning diverter strip (22) according to claim 8,
wherein a vertex (25) or an end (26) of each V-
shaped element (24) is proximate to, and electrically
separated from, a vertex (25) or an end (26) of a
different V-shaped element (24).

10. A lightning diverter strip (22) according to claim 8 or
9, wherein at least one end (26) of each V-shaped
element (24) is proximate to a side edge of the base
strip (23).

11. An aircraft (2) comprising a lightning diverter strip (4,
22, 30) according to any of claims 1 to 10.

12. An aircraft (2) according to claim 11, wherein
the aircraft (2) is configured in such a way that:

only for certain angles of incidence, a radar sig-
nal incident on the aircraft at one of those certain
angles of incidence is reflected by an aircraft
surface back along the path along which the in-
cident radar signal travelled; and
for all other angles of incidence, a radar signal
incident on the aircraft at one of those other an-
gles of incidence is not reflected by an aircraft
surface back along the path along which the in-
cident radar signal travelled;

the conductive elements (8, 24, 32) of the lightning
diverter strip (4, 22, 30) are configured in such a way
that:

only for certain angles of incidence, a radar sig-
nal incident on the lightning diverter strip (4, 22,
30) at one of those certain angles of incidence
is reflected by the conductive elements (8, 24,
32) back along the path along which the incident
radar signal travelled; and
for all other angles of incidence, a radar signal
incident on the lightning diverter strip (4, 22, 30)
at one of those other angles of incidence is not
reflected by the conductive elements (8, 24, 32)
back along the path along which the incident ra-
dar signal travelled; and

the lightning diverter strip (4, 22, 30) is coupled to
the aircraft (2) such that:

the angles of incidence for which the conductive
elements (8, 24, 32) reflect a radar signal back
along the path along which the incident radar
signal travelled are substantially the same as
the angles of incidence for which the aircraft sur-
faces reflect a radar signal back along the path

along which the incident radar signal travelled.

13. A method of protecting an aircraft (2) against light-
ning strikes, the method comprising coupling, to an
external surface of the aircraft (2), a lightning diverter
strip (4, 22, 30), the lightning diverter strip (4, 22, 30)
being in accordance with any of claims 1 to 10.

14. A method according to claim 13, wherein
the aircraft (2) is configured in such a way that:

only for certain angles of incidence, a radar sig-
nal incident on the aircraft at one of those certain
angles of incidence is reflected by an aircraft
surface back along the path along which the in-
cident radar signal travelled; and
for all other angles of incidence, a radar signal
incident on the aircraft at one of those other an-
gles of incidence is not reflected by an aircraft
surface back along the path along which the in-
cident radar signal travelled;

the conductive elements (8, 24, 32) of the lightning
diverter strip (4, 22, 30) are configured in such a way
that :

only for certain angles of incidence, a radar sig-
nal incident on the lightning diverter strip at one
of those certain angles of incidence is reflected
by the conductive elements (8, 24, 32) back
along the path along which the incident radar
signal travelled; and
for all other angles of incidence, a radar signal
incident on the lightning diverter strip at one of
those other angles of incidence is not reflected
by the conductive elements (8, 24, 32) back
along the path along which the incident radar
signal travelled; and

the coupling of the lightning diverter strip (4, 22, 30)
to the aircraft (2) is such that:

the angles of incidence for which the conductive
elements (8, 24, 32) reflect a radar signal back
along the path along which the incident radar
signal travelled are substantially the same as
the angles of incidence for which the aircraft sur-
faces reflect a radar signal back along the path
along which the incident radar signal travelled.

15. A method of producing a lightning diverter strip (4,
22, 30), the method comprising:

providing a substrate base strip (6, 23, 31); and
resistively coupling on to the base strip (6, 23,
31) a plurality of electrically conductive elements
(8, 24, 32) such that:
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the conductive elements (8, 24, 32) are ar-
ranged in a spaced apart relation; and
at least for some angles of incidence, a ra-
dar signal incident on the lightning diverter
strip (4, 22, 30) at one of those angles of
incidence is not reflected by the conductive
elements (8, 24, 32) back along the path
along which the incident radar signal trav-
elled.
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