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(57) ABSTRACT

A method of assembling an aircraft radome and a radome
comprising at least a first skin and a second skin arranged on
two opposite faces of the same shell, the first skin and the
second skin being formed from a first assembly of skin
pieces and from a second assembly of skin pieces, respec-
tively, the assemblies being such that all or some of the skin
pieces of the first and second assemblies partially overlap
one or more neighboring skin pieces of the assembly that
includes them, and such that the ratio between the surface
area of a piece of skin overlapping one or more neighboring
pieces of skin and the total surface area of that piece of skin
does not exceed a predetermined threshold value.
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METHOD FOR MANUFACTURING AN
AIRCRAFT RADOME BY ASSEMBLING
SMALL-SIZED PIECES OF SKIN, AIRCRAFT
RADOME AND AIRCRAFT

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the French
patent application No. 2206672 filed on Jun. 30, 2022, the
entire disclosures of which are incorporated herein by way
of reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to aircraft radomes.
More particularly, the invention relates to a method for
manufacturing an aircraft radome, as well as an aircraft
radome and an aircraft comprising a radome of this kind.

BACKGROUND OF THE INVENTION

[0003] Many aircraft, including civil and military trans-
port planes, have a radome installed at the front of the
fuselage, forming a dome or a tip. The function of a radome
of'this kind is to protect a radar device positioned at the front
of the aircraft, while at the same time providing the aircraft
with good aerodynamic performance. The fact that there is
a radar beneath it means that the radome must be made of a
material that is permeable to electromagnetic waves, for
example an electrically insulating composite material.
[0004] Existing aircraft radomes are generally sandwich
constructions which involve a rigid assembly being con-
structed comprising at least one shell, also known as a core,
arranged between two skins. This allows the bending rigidity
to be substantially increased while providing good transpar-
ency to electromagnetic waves, in particular by adjusting the
thickness of the radome to the wavelength of the radar which
is covered. The role of a core is to provide support for the
assembled skins, so that the assembly can withstand bending
stresses, with the core itself exhibiting shear resistance
characteristics. The skins used for radomes are made of large
petals assembled by hand. These petals are typically fabrics
(e.g., quartz or glass fabrics) impregnated with an organic or
synthetic resin. Some aircraft radomes have a double-sand-
wich construction, meaning they are made by stacking an
outer skin, a first shell, a central skin, a second shell and
finally an inner skin. Other radomes may exhibit an even
more complex structure, such as a triple-sandwich, in which
three shells are arranged in an alternating stack of skins and
shells. In one manufacturing example, a first skin is
assembled on a mold, then a shell is assembled on this first
skin and a second skin is then assembled on the shell. The
shape of radomes, exhibiting a pronounced double curva-
ture, requires manual assembly and the size of the petals is
limited by the deformability of the fabric sheets in respect of
the shape of the support structure exhibiting this double
curvature.

[0005] The situation therefore leaves room for improve-
ment.

SUMMARY OF THE INVENTION
[0006] An object of the present invention is to provide a

method for manufacturing an aircraft radome that is capable
of being automated and allows the rate of manufacturing
material waste to be reduced.
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[0007] To this end, an aircraft radome is proposed which
comprises at least one shell, a first skin and a second skin
formed from a first assembly of skin pieces and a second
assembly of skin pieces, respectively. The radome is con-
figured such that:

[0008] all or some of the skin pieces of the first and
second assemblies partially overlap one or more neigh-
boring skin pieces of the assembly that includes them,
and

[0009] the ratio between the surface area of a skin piece
overlapping one or more neighboring skin pieces and
the total surface area of that skin piece does not exceed
a predetermined threshold value.

[0010] It is therefore advantageously possible to operate
an automated assembly of skin pieces with a smaller uni-
form size which allows them to be positioned by an auto-
mated device, such as an industrial robot. In addition, the
assemblies of skin pieces are such that partial overlaps
provide structural rigidity and the fact that these overlaps do
not exceed a predefined percentage of the surface area per
skin piece allows good transparency to electromagnetic
waves to be guaranteed. This electromagnetic transparency
is particularly advantageous when one or more electromag-
netic beams from a radar or antennas positioned inside or at
the rear of the radome pass through the radome in an area
referred to as the “radiofrequency zone.”

[0011] The radome according to the invention may like-
wise include the following characteristics, considered alone
or in combination:

[0012] The threshold value of the ratio is 30%.

[0013] The first and second assemblies each reproduce
a predetermined assembly pattern.

[0014] Each skin piece has a rectangular, trapezoidal or
triangular shape.

[0015] The largest dimension of each skin piece is
smaller than one-third of the largest overall dimension
of the radome, preferably smaller than 42 cm (approxi-
mately the length of an A3 format), and even more
preferably smaller than 30 cm (approximately the
length of an A4 format).

[0016] A skin layer comprises skin pieces arranged
side-by-side to form at least one circular crown
assembled on a rear portion of the radome and skin
pieces arranged side-by-side forming parallel align-
ments of skin pieces in a front portion of the radome.

[0017] The skin pieces are made of a composite mate-
rial comprising a fabric reinforcement made of fibers
such as flax, hemp, plain polyethylene or polyethylene
with a very high molecular weight, glass fabric, quartz
fabric, aramid fabric, the fabric being pre-impregnated
with a thermosetting or thermoplastic organic or syn-
thetic resin.

[0018] The radome shell is made of foam, paper or
resin, and has a cellular structure.

[0019] The invention also relates to a method for assem-
bling an aircraft radome comprising at least one assembly of
a first skin and a second skin on two opposite faces of the
same shell, respectively, the first skin and the second skin
being formed from a first assembly of skin pieces and from
a second assembly of skin pieces, respectively. The method
is characterized in that:
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[0020] all or some of the skin pieces of the first and
second assemblies partially overlap one or more neigh-
boring skin pieces of the assembly that includes them,
and

[0021] the ratio between the surface area of a piece of
skin overlapping one or more neighboring pieces of
skin and the total surface area of that piece of skin does
not exceed a predetermined threshold value, the thresh-
old value preferably being equal to 30%.

[0022] The invention also relates to an aircraft comprising
a radome such as the one described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The characteristics of the invention mentioned
above, as well as others, will become more apparent from
reading the following description of an exemplary embodi-
ment, the description being provided in relation to the
accompanying drawings, in which:

[0024] FIG. 1 is a schematic front-view representation of
an aircraft radome according to one embodiment;

[0025] FIG. 2 is a schematic perspective-view represen-
tation of the aircraft radome already depicted in FIG. 1;
[0026] FIG. 3 is a diagram illustrating the steps involved
in an aircraft radome assembly method already depicted in
FIGS. 1 and 2, according to one embodiment; and

[0027] FIG. 4 illustrates an aircraft comprising an aircraft
radome according to one embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0028] FIG. 1 is a schematic representation illustrating an
aircraft radome 100 assembled according to one embodi-
ment, seen from the front. The radome exhibits a generally
pointed shell shape, forming a dome which is intended to be
attached to the front of an aircraft fuselage. The front of the
aircraft radome 100 is defined here as the tip of the radome
(or the top of the dome), and therefore as the part furthest
away from the fuselage members of the aircraft to which the
radome is attached. Conversely, the rear of the radome is
defined as the part closest to the fuselage members of the
aircraft to which the radome is attached. According to one
embodiment, the radome comprises an assembly of two
skins 110 and 130 on a shell 120. According to variants, the
aircraft radome 100 may include several shells which are
similar to shell 120, each of the inner and outer faces of these
shells then being overlapped by at least one assembly of skin
pieces. An assembly of this kind constitutes a layer of skin
pieces, also commonly referred to as “skin thickness,” “skin
ply,” or “ply”. Hence, according to variants, the aircraft
radome 100 may comprise alternate shells 120 and skin
plies, each surface of each shell 120 being covered with at
least one skin ply alternating with two shells of a pair of
neighboring shells 120 being separated by at least one skin
ply.

[0029] According to the example described in connection
with FIG. 1, a first skin 110 constitutes an outer skin of the
radome 100 and a second skin 130, not referenced in FIG.
1 but referenced in FIG. 2, constitutes an inner skin of the
radome 100. The outer skin 110 of the radome 100 is
composed of a plurality of skin pieces 111a and 1115, also
referred to as patches, which are assembled according to a
predefined assembly pattern. In this case, the term “assem-
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bly pattern” refers to a positioning combination of each of
the skin pieces of the outer skin 110 or of the inner skin 130.
[0030] According to one embodiment, the skin pieces
111a exhibit a rectangular shape and the skin pieces 1116
exhibit a trapezoidal shape, these examples being non-
limiting, and skin pieces may exhibit a different shape, for
example a triangular shape. Only one of the skin pieces 111a
and one of the skin pieces 1115 are referenced in FIG. 1, in
order to preserve the clarity and readability of this figure.
[0031] Advantageously and ingeniously, all or some of the
skin pieces of the first and of the second assemblies partially
overlap one or more neighboring skin pieces of the assembly
that includes them, such that structural rigidity is obtained
and therefore a good capacity for transmitting forces
between two neighboring skin pieces.

[0032] Also advantageously and ingeniously, the ratio
between the surface area of a piece of skin overlapping one
or more neighboring skin pieces and the total surface area of
that piece of skin does not exceed a predetermined threshold
value, such as, for example, a value with a ratio of 30%.
[0033] Moreover, each of the skin pieces 111a and 1115
has an overall dimension that is smaller than a predeter-
mined length based on the overall size of the radome 100, so
that a skin piece is substantially smaller in size compared
with the size of the radome 100 and the positioning of a skin
piece is made easier in view of the double curvature of the
radome.

[0034] For example, it may be defined that the maximum
dimension of a skin piece, such as its length when the skin
piece has a rectangular shape, for example, is substantially
smaller than half of the largest overall dimension of the
radome 100. According to the example described in FIG. 1,
the largest overall dimension of the aircraft radome 100 is
the height H1 at the rear of the radome 100. It is therefore
possible to manipulate and position a skin piece easily, in
particular with the help of an automated device such as an
industrial assembly robot.

[0035] According to another exemplary embodiment, each
of the skin pieces used for assembling the radome has a
rectangular shape with an A3 format or a trapezoidal or
triangular shape with dimensions that fit within a rectangular
template with an A3 format.

[0036] According to another exemplary embodiment, each
of the skin pieces used for assembling the radome has a
rectangular shape with an A4 format or a trapezoidal or
triangular shape with dimensions that fit within a rectangular
template with an A4 format.

[0037] In yet another embodiment, each of the skin pieces
used for assembling the radome has a rectangular shape with
an AS format or a trapezoidal or triangular shape with
dimensions that fit within a rectangular template with an A5
format.

[0038] According to an exemplary assembly pattern, rect-
angular skin pieces 111a are assembled end-to-end to form
one or more circular crowns of the outer skin 110 of the
radome 100, starting from the rear of the radome. Then,
rectangular skin pieces 111a are assembled to form lines
which are parallel to one another in the central portion of the
remaining surface of the outer skin 110 of the radome 100,
and trapezoidal skin pieces 1115 are assembled in the
remaining surface portion to cover the total surface of the
radome between the aforementioned circular crowns and
parallel lines. This advantageously allows for better control
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of'the dimensions of overlapping areas between neighboring
skin pieces, one from the other.

[0039] According to one embodiment, each of the inner
skin 110 and outer skin 130 may comprise multiple layers
(also referred to as plies) of skin pieces, each having
different assembly patterns. Preferably, the overlapping
areas between the skin pieces are evenly distributed over the
surface of the radome, so that the electromagnetic transpar-
ency is homogeneous or evenly distributed.

[0040] For example, one layer of skin may comprise skin
pieces arranged to form vertical parallel lines in the central
area of the radome, and two other layers may comprise skin
pieces arranged to form lines oriented at +60° and -60°,
respectively, in the same area of the radome relative to the
orientation of the lines in the first layer.

[0041] Similarly, one layer of skin may comprise pieces of
skin arranged to form parallel lines in the central area of the
radome, and another layer may comprise pieces of skin
arranged to form crossed lines oriented at +/-90° relative to
the orientation of the lines in the first layer. According to one
embodiment, a reference for positioning the skin pieces is
defined as being an intersection line between a vertical plane
passing through the tip of the radome 100.

[0042] It should be noted that FIG. 1 illustrates a super-
position of two assemblies of outer skin pieces 110, or in
other words, two layers of skin pieces 11la and 1115
assembled according to two different patterns, thanks to a
transparency effect.

[0043] According to one embodiment, the outer skin 110
is made up of three layers of skin pieces 111¢ and 1115
exhibiting different assembly patterns, and the inner skin
130 is made up of two layers of skin pieces 131a and 1316
exhibiting different assembly patterns.

[0044] Advantageously, when multiple layers (or plies) of
skin pieces are superposed to form a skin, the assembly of
this skin is performed in such a manner that the overlapping
areas in one thickness of skin pieces do not superpose
overlapping areas in another thickness, so as to optimize the
electromagnetic permeability of the radome 100. The elec-
tromagnetic permeability of the radome 100 depends on
several factors, the thickness of the radome skins being one.
[0045] FIG. 2 is a schematic representation illustrating the
assembled aircraft radome 100 according to one embodi-
ment, viewed in perspective. The perspective view shown
makes it possible to visualize an assembly of skin pieces
1314 and 1315 to form the inner skin 130 on the shell 120
and the assembly of skin pieces 111a, 1115 to form the inner
skin 110 on the shell 120. According to one embodiment, the
skin pieces 131a have a rectangular shape and the skin
pieces 1315 have a trapezoidal shape. According to one
embodiment, the assembly patterns of the skin pieces 110
are different from the assembly patterns of the skin pieces
130. Advantageously, the patterns are defined so as to meet
the requirements of absorbing the stresses applied to the
radome, for example through computer simulations or test-
ing devices, by reproducing representative stresses from
flight or impacts with external objects.

[0046] FIG. 3 illustrates a method of assembling the
aircraft radome 100 according to one embodiment. Step SO
is a preparation step for the manufacture of the radome 100,
at the end of which a concave mold with a shape that
matches the outer shape of the radome 100 and virtually
matches the shape of the shell 120 is positioned in a
manufacturing workshop.
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[0047] Then, in step S1, an assembly of the first outer skin
110 is performed by positioning the skin pieces 111a and
1115 in one or more layers, according to a predefined
assembly pattern for the outer skin 110. The shell 120 is then
positioned and fixed in step S2 against the outer skin 110
applied to the mold. In step S3, an assembly of the second
inner skin 130 is performed by positioning the skin pieces
131a and 13154 on the shell 120. Advantageously, the largest
dimension of each of the pieces of skin used in steps S1 and
S3 is smaller than a predetermined length equal to one-third
of the largest overall dimension H1 of the radome 100. This
allows for very easy positioning and enables the radome 100
to be assembled both manually and with the help of one or
more programmed industrial robots for positioning accord-
ing to predefined assembly patterns. Preferably, the skin
pieces each have a rectangular, trapezoidal or triangular
shape with dimensions that fit within a template with an A3,
A4 or AS format, as the smaller the skin pieces, the easier it
is for their assembly as skin thickness(es) to be automated.
[0048] According to another embodiment, the shell 120 is
held on a support during the manufacture of the radome 100
and the assemblies of the inner skin pieces 130 and outer
skin pieces 110 are performed straight onto the shell 120.
[0049] FIG. 4 represents an aircraft 1 comprising a radome
100 according to an embodiment. Advantageously, the abil-
ity to automate the assembly of the radome 100 of the
aircraft 1, due to the method which has been described,
makes it possible to achieve a substantial gain in terms of
productivity. Moreover, the use of smaller-sized skin pieces
allows for cutting from strips of material with a smaller,
fixed width, which substantially limits material waste and
optimizes production costs.

[0050] The invention is not limited only to the embodi-
ments and examples referred to, but more broadly encom-
passes any method of manufacturing an aircraft radome
comprising at least one first assembly of skin pieces to
assemble an outer skin on a first surface of a radome shell
and a second assembly of skin pieces to assemble an inner
skin on a second surface of the same shell, opposite the first
surface, with some or all of the skin pieces in the first and
second assemblies partially overlapping one or more neigh-
boring skin pieces in the assembly that includes them, and
such that the ratio between the surface of a skin piece
overlapping one or more neighboring skin pieces and the
total surface of that skin piece does not exceed a predeter-
mined threshold value, for example 30%. Hence, according
to variants, a radome may comprise more than three layers
of skin pieces on the outer surface of a shell and more than
two layers of skin pieces on the inner surface of the same
shell. Furthermore, the skin pieces may have smaller dimen-
sions than those described earlier. Therefore, according to
one variant, a skin piece may have dimensions smaller than
those described, for example fitting within a format smaller
than AS.

[0051] While at least one exemplary embodiment of the
present invention(s) is disclosed herein, it should be under-
stood that modifications, substitutions and alternatives may
be apparent to one of ordinary skill in the art and can be
made without departing from the scope of this disclosure.
This disclosure is intended to cover any adaptations or
variations of the exemplary embodiment(s). In addition, in
this disclosure, the terms “comprise” or “comprising” do not
exclude other elements or steps, the terms “a” or “one” do
not exclude a plural number, and the term “or” means either
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or both. Furthermore, characteristics or steps which have
been described may also be used in combination with other
characteristics or steps and in any order unless the disclosure
or context suggests otherwise. This disclosure hereby incor-
porates by reference the complete disclosure of any patent or
application from which it claims benefit or priority.

1. An aircraft radome comprising:

at least one shell,

a first skin, and

a second skin,

said at least one shell, first skin and second skin being
assembled on two opposite faces of each of the at
least one shell,

said first skin and said second skin being formed from
a first assembly of skin pieces and from a second
assembly of skin pieces,

wherein all or some of the skin pieces of said first and

second assemblies partially overlap one or more neigh-
boring skin pieces of the assembly that includes them,
and

wherein a ratio between a surface area of a piece of skin

overlapping one or more neighboring pieces of skin and
a total surface area of that piece of skin does not exceed
30%.

2. The aircraft radome according to claim 1, wherein said
first and second assemblies each reproduce a predetermined
assembly pattern.

3. The aircraft radome according to claim 1, wherein each
of the skin pieces has a rectangular, trapezoidal or triangular
shape.

4. The aircraft radome according to claim 1, wherein a
largest dimension of each skin piece is smaller than one-
third of a largest overall dimension of the radome.

5. The aircraft radome according to claim 4, wherein the
largest dimension of each skin piece is smaller than 42 cm.

6. The aircraft radome according to claim 5, wherein the
largest dimension of each skin piece is smaller than 30 cm.
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7. The aircraft radome according to claim 1, wherein a
skin layer comprises skin pieces arranged side-by-side to
form at least one circular crown assembled on a rear portion
of said radome and skin pieces arranged side-by-side form-
ing parallel alignments of skin pieces in a front portion of the
radome.

8. The aircraft radome according to claim 1, wherein the
skin pieces are made of a composite material comprising a
fabric reinforcement made of fibers, said fabric being pre-
impregnated with a thermosetting or thermoplastic organic
or synthetic resin.

9. The aircraft radome according to claim 8, wherein said
fibers comprise flax, hemp, plain polyethylene or polyeth-
ylene with a very high molecular weight, glass fabric, quartz
fabric, or aramid fabric.

10. The aircraft radome according to claim 1, wherein the
shell is made of foam, paper or resin, and has a cellular
structure.

11. A method for assembling an aircraft radome compris-
ing an assembly of a first skin and of a second skin on two
opposite faces of the same shell, respectively, said first skin
and said second skin being formed from a first assembly of
skin pieces and a second assembly of skin pieces, respec-
tively, the method comprising the steps:

partially overlapping all or some of the skin pieces of said

first and second assemblies with one or more neigh-
boring skin pieces of the assembly that includes them,
and

maintaining a ratio between a surface area of a piece of

skin overlapping one or more neighboring pieces of
skin and a total surface area of that piece of skin below
a predetermined threshold value.

12. The method according to claim 11, wherein the
predetermined threshold value comprises 30%.

13. An aircraft comprising an aircraft radome according to
claim 1.



