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(54) Leading edge for an aircraft lifting surface

(57) The present invention refers to an optimized
leading edge (1) for an aircraft lifting or supporting sur-
faces, such as wings and stabilizers, wherein the leading
edge comprises inboard and outboard leading edge sec-
tions (2,3) span-wise arranged so as to form together an
aerodynamic surface (4) of the leading edge, each of
said leading edge sections (2,3), comprising a skin panel
(5,6) and a support structure (7,8) formed by spars (9,
10, 11, 14) internally arranged in the skin panel. These
two support structures are designed taking into account

the different load requirements of those two different sec-
tions, so that the number of spars in each leading edge
section, is progressively reduced from root to tip of the
leading edge, in such a way that the support structure
(7) of the outboard leading edge section (3), has less
spars than the support structure (8) of the inboard leading
edge section (2), hence the weight of the leading edge
is reduced but maintaining the required structural behav-
ior.
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Description

Object of the invention

[0001] The present invention refers in general to a
leading edge for an aircraft lifting or supporting surfaces,
such as wings and stabilizers. One object of the present
invention is to provide an optimized structure for a leading
edge of an aircraft, in order to reduce its weight and to
thereby reduce fuel consumption.
[0002] Additionally, it is also an object of the present
invention to provide a leading edge of an aircraft which
can be manufactured with a reduced number of compo-
nents, in order to simplify its assembly and manufacturing
process.

Background of the invention

[0003] Aircraft lifting surfaces such as wings, Horizon-
tal Tail Planes (HTP), Vertical Tail Planes (VTP), etc.,
are formed by skin panels reinforced internally by a sup-
porting structure, which typically comprises longitudinal
front and rear spars, transverse ribs joining the spars,
and stringers between the ribs and skin panels.
[0004] On the leading edge of a wing,, that is, on the
front edge of the wing as seen in the direction of flight,
there are one or more leading edge sections longitudi-
nally arranged to form the outermost surface of the wing.
The leading edge is coupled with the torsion box of the
wing and comprises its own skin panel and support struc-
ture.
[0005] Known leading edge designs comprise skin
panels internally stiffened by several leading edge ribs.
In the case of large commercial aircraft, two additional
metallic spars are used, wherein one of them is vertically
arranged next to the foremost point or nose of the leading
edge, and the other one is diagonally arranged in a cross-
sectional view of the leading edge.
[0006] Conventionally, the skin panels of leading edg-
es have a C-shaped configuration in a cross-sectional
view, and are constructed as non-monolithic structures
which consist of a sandwiched structure formed by a hon-
eycomb core with Carbon Fiber Reinforced Plastic
(CFRP) or Glass Fiber Reinforced Plastic (GFRP)
facesheets, or by a honeycomb core covered by a me-
tallic protection sheet made of steel or aluminium alloys
to protect the leading edge from erosion phenomena.
The US Patent US-6.616.101 B2 is an example of a lead-
ing edge having sandwich skin panels of the above-men-
tioned type.
[0007] It is known that honeycomb sandwiched panels
are difficult to repair and suffer from water ingestion dur-
ing flight.
[0008] Additional elements such as leading edge ex-
tensions are used in transition areas between the leading
edge and the fuselage. These elements are usually con-
structed with the same sandwich philosophy used for skin
panels.

[0009] Due to the large span of most leading edges,
these are split in several sections which are constructed
as sub-assemblies to ease their manufacture, assembly
and maintenance. Although the profile of the leading
edge varies progressively from root to tip, the internal
supporting structure is basically the same in all the sec-
tions of the leading edge.
[0010] There is therefore he need for leading edge
structures which are lighter and which can be constructed
with a reduced number of components in order to simplify
their manufacture.

Summary of the invention

[0011] The present invention is defined in the attached
independent claim and it is based on an optimized archi-
tecture of an existing leading edge, taking into account
the deformation induced by the torsion box on the leading
edge structure as well as the pressure distribution acting
on it with the aim of reducing its weight and simplifying
its manufacturing method.
[0012] The invention relates to a leading edge of an
aircraft wing or stabilizer, which comprises a skin panel
which has an essentially C-shaped cross-section or
some other similar shape with a closed front edge and
open tail edge, as seen in the flight direction. The leading
edge further comprises a support structure arranged on
the inner surface side of the skin panel.
[0013] Therefore, an aspect of the invention refers to
a leading edge for an aircraft lifting surface, such as a
wing or a stabilizer, which typically comprises several
sub-assemblies or leading edge sections, arranged
span-wise one after the other to form together the aero-
dynamic surface of the leading edge. For example, the
leading edge may be formed by an inboard leading edge
section and an outboard leading edge section, both of
them comprising a skin panel having a substantially C-
shaped cross-sectional configuration, and in such a man-
ner that the profile of the leading edge varies progres-
sively from root to tip.
[0014] Said inboard and outboard leading edge sec-
tions are provided internally with a support structure to
reinforce the respective skin panel, wherein said support
structures comprise a number of spars longitudinally ar-
ranged in the leading edge.
[0015] According to the invention, the leading edge ar-
chitecture is formed by at least two different support struc-
ture configurations, one for the inboard leading edge sec-
tion (closer to the leading edge root), and another for the
outboard leading edge section (closer to the leading edge
tip), in such a manner that the spars of each support
structure are located in correspondence with the main
torsion and bending load paths created in the leading
edge, thus, the number of elements of both support struc-
tures and their arrangement is different.
[0016] These two support structures are designed tak-
ing into account the different geometry and load require-
ments of those two different sections, wherein the in-
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board section has a wider cross-section than the out-
board section, so that the structural behavior at the out-
board section is different than the structural behavior at
the inboard section.
[0017] More precisely, according to the invention, the
number of spars in each leading edge section, is pro-
gressively reduced from root to tip of the leading edge.
Therefore, the support structure of the outboard leading
edge section, has less spars than the inboard leading
edge section.
[0018] A technical effect obtained from the above-de-
scribed progressive reduction of the number of spars is
that a significant weight saving is achieved due to the
fact that the spars of each support structure are located
in correspondence with the main load paths created in
the leading edge. In this manner, the same or an even
better structural behavior of the leading edge is achieved,
but with a reduced number of components (spars) com-
pared with prior art designs.
[0019] Since a leading edge according to the invention
can now be manufactured with a reduced number of com-
ponents, the manufacturing method thereof can also be
simplified.
[0020] The leading edge according to the invention can
now be manufactured using only monolithic panels, such
as CFRP laminates and the associated manufacturing
methods, avoiding therefore the use of sandwiched pan-
els with honeycomb core. Since those honeycomb pan-
els are not used, the afore-mentioned water ingestion
problems are eliminated, and repair tasks are greatly sim-
plified.

Brief description of the drawings

[0021] Preferred embodiments of the invention, are
henceforth described with reference to the accompany-
ing drawings, in which:

Figure 1.- shows a schematic representation of a
perspective view of a leading edge according to the
invention, wherein drawing (a) shows an outboard
section, drawing (b) shows an inboard section, and
drawing (c) shows a complete leading edge formed
by the assembly of these two sections.

Figure 2.- shows a schematic representation of a
cross-sectional view of a leading edge formed by
outboard and inboard sections operatively assem-
bled together.

Figure 3.- shows a schematic representation of a
cross-sectional view of a leading edge formed by
inboard, intermediate and outboard sections opera-
tively assembled together. Drawing (a) is a top plan
view, drawing (b) is a cross-section al view of the
inboard section, drawing (c) is a cross-section al view
of the intermediate section, drawing (d) is a cross-
section al view of the outboard section, drawing (e)

is a cross-sectional view of the interface
""A" between inboard and intermediate sections,
and drawing (f) is a cross-sectional view of the
interface ""B" between intermediate and outboard
sections.

Preferred embodiment of the invention

[0022] Figure 1 shows an exemplary embodiment of a
leading edge (1) for an aircraft lifting surface which com-
prises an inboard leading edge section (2) and an out-
board leading edge section (3), which in an operative
state are longitudinally arranged as shown in drawing
(1c) to form together the aerodynamic surface (4) of the
leading edge (1).
[0023] The inboard and outboard leading edge sec-
tions (2,3) respectively comprise inboard and outboard
C-shaped skin panels (5,6), and inboard and outboard
support structures (8,7) fixed to the inner surface of the
respective skin panels (5,6). The support structures (7,8)
comprise a number of longitudinal spars diagonally ar-
ranged along the leading edge, that is, each spar of the
outboard and inboard leading edge sections is laying on
an oblique plane with respect to the chord plane of the
aerodynamic surface (4) of the leading edge (1), as
shown in figure 2.
[0024] The support structure (8) of the inboard leading
edge section (2) comprises three spars: a main spar (9),
a front spar (11) and an intermediate spar (10), wherein
the front and intermediate spars (11,10) are shorter than
the main spar (9). These three spars are diagonally ar-
ranged (in a cross-sectional view), in such a manner that
the front and intermediate spars (11,10) are inclined in
an opposite direction to the inclination of the main spar
(9).
[0025] The main spar (9) has first and second edges
(9’,9") respectively joined to upper and lower parts of an
inner surface (12) of the inboard skin panel (5), as shown
in figure 2, and in such a manner that the first edge (9’)
is closer to the foremost point (13) of the leading edge,
than the second edge (9"). In turn, the intermediate spar
(10) has a first edge (10’) joined at an intermediate point
of the main spar (9), and a second edge (10") joined with
a lower part of the inner surface (12) of skin panel (5),
whereas the front spar (11) has a first end (11’) joined
with the first edge (9’) of the main spar (9), and a second
end (11") joined with a lower part of the skin panel (5),
closer to the foremost point (13) than the second edge
(10").
[0026] In an alternative embodiment, the first end (11’)
of the front spar (11) is joined with an upper part of the
skin panel at a point closer to the foremost point (13) of
the leading edge, than the first edge (9’) of the main spar
(9).
[0027] The configuration of the support structure (7) of
the outboard leading edge section (3) is different from
the previously described support structure (8), with re-
gard to the number of spars and the arrangement of these
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spars. In the preferred embodiment of figure 2, the out-
board leading edge section (3) comprises only one spar
(14) diagonally arranged with opposite inclination than
the main spar (9).
[0028] Additionally, the position of that single spar (14)
is different from the position of any spar of the inboard
section. More specifically in view of figure 2, the single
spar (14) of the outboard leading edge section is posi-
tioned in such a way that in a cross-sectional view of the
leading edge, a part (A) of the spar (14) is located be-
tween the front an read spars (11,10) of the inboard lead-
ing edge section (2). A first edge (14’) of the single spar
(14) is fixed to an upper part of the skin panel (6), and a
second edge (14") of the spar (14) is fixed at a point of
a lower part of the skin panel (6), which is located between
the second edges (11’,10’) of the front and read spars
(11,10).
[0029] Figure 3 shows another preferred embodiment
of the invention corresponding to a leading edge for a
larger aircraft, in which a third section is added at the
inboard part of the leading edge of figure 1, this third
section having more spars than the other two sections.
The leading edge section (1) of figure 3 comprises an
inboard section (2), and an outboard section (3) and an
intermediate section (18) assembled in between inboard
and outboard sections (2,3). Therefore the support struc-
ture (8) of the inboard leading edge section (2) in this
case comprises four spars: a rear spar (15), main spar
(9), front and intermediate spars (10, 11). This rear, in-
termediate and front spars (15,10,11) are also shorter
than the main spar (9), and are also diagonally arranged
with an opposite inclination to the inclination of the main
spar (9).
[0030] The rear spar (15) has a first edge (15’) fixed to
a point of the main spar (9) and a second edge (15") fixed
to a point of the lower part of the corresponding skin panel
(5). In this embodiment, the spars (11,10,15) are ar-
ranged so that the main spar (9) (a transverse section
thereof as shown in figure (3a)) is divided in three seg-
ments (a,b,c) of the same length (L), that is, the distance
between edges (11’) and (10’), between (10’) and (15’),
and between (15’) and (9") is substantially the same.
[0031] In this embodiment the support structure (20)
of the intermediate section (18) includes two diagonal
spars (16,17) as shown in figure 3c, both with the same
inclined/oriented in the same direction (opposite to the
inclination of the main spar) but at different angles. More
specifically, the support structure (20) includes a first spar
(17) and a second spar (16), wherein the first spar (17)
is closer to the foremost point (13) of the leading edge
(1) than the second spar (16). The first spar and the sec-
ond spars (17,16) are joined with the main spar (9) re-
spectively at upper edges (17’, 16’) and with a lower part
of the skin panel respectively at lower edges (17", 16").
[0032] The support structure (7) of the outboard sec-
tion (3) in the embodiment of figure 3, only includes one
spar (19) obliquely arranged with an opposite inclination
to that of the main spar (9). This spar (19) is joined to the

skin panel respectively at its upper and lower edges
(19’,19"), and it arranged such a part of it is located (in
a cross-sectional view) between the first and second
spars (17,16) as shown in figure (3f).
[0033] Similarly to the embodiment of figure 3, the po-
sition of the first and second spars (17,16) is selected in
such a way that a part of each of said spars is located
between two of the spars of the inboard support structure
(8). As shown in figure (3e), a part of the first spar (17)
is located (in a cross-sectional view) between front and
intermediate spars (11,10), and a part of the second spar
(16) is located (in a cross-sectional view) between inter-
mediate and rear spars (10,15).
[0034] The leading edge (1) structure is formed entirely
by spars which are advantageously arranged following
the position of the main load paths which appear at the
leading edge, that is, no ribs are needed to internally
reinforce the nose of the leading edge. Therefore, it can
be appreciated that the number of spars is progressively
reduced from the inboard section to the outboard section,
so that the support structure of the outboard section has
less spars than the inboard section.
[0035] Due to the optimization of the leading edge
structure, the skin panel and the support structure of both
leading edge sections, can be constructed now as mon-
olithic structures, for example they consists of spars only
are constructed entirely of composite material.
[0036] Other preferred embodiments of the present in-
vention are described in the appended dependent claims
and the multiple combinations of those claims.

Claims

1. Leading edge for an aircraft lifting surface, compris-
ing:

an inboard leading edge section and an out-
board leading edge section arranged span-wise
so as to form together the aerodynamic surface
of the leading edge,
each of said outboard and inboard leading edge
sections comprising a skin panel comprising a
substantially C-shaped cross-sectional configu-
ration and a support structure internally joined
to the skin panel,
wherein said support structures comprises a
number of spars longitudinally arranged along
the leading edge,
characterized in that the support structure of
the outboard leading edge section has less
spars than the inboard leading edge section.

2. Leading edge according to claim 1 wherein the spar
of the outboard leading edge section is positioned
so that in a cross-sectional view of the leading edge,
a part of that spar is located between two spars of
the inboard leading edge section.
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3. Leading edge according to claim 1 or 2 wherein the
support structure of the inboard leading edge section
comprises a main spar, a front spar and a interme-
diate spar, wherein the front and intermediate spars
are shorter than the main spar, and wherein the main,
front and intermediate spars are obliquely arranged,
in such a manner that the front and intermediate
spars are inclined in an opposite direction to the in-
clination of the main spar.

4. Leading edge according to any of the preceding
claims, wherein the support structure of the outboard
leading edge section comprises only one spar diag-
onally arranged with the same inclination direction
than the front and intermediate spars.

5. Leading edge according to claim 3 wherein the main
spar has first and second edges joined with an inner
surface of the skin panel, wherein the main spar is
arranged so that a first edge is joined with an upper
part of the skin panel, wherein the first edge is closer
to the foremost point of the leading edge than the
second edge, and wherein the intermediate spar has
a first edge joined at an intermediate point of the
main spar, and a second edge joined with a lower
part of the skin panel.

6. Leading edge according to claim 5 wherein the front
spar has a first end joined with the first edge of the
main spar, and a second end joined with a lower part
of the skin panel.

7. Leading edge according to claim 5 wherein the front
spar has a first end joined with an upper part of the
skin panel at a point closer to the foremost point of
the leading edge than the first edge of the main spar.

8. Leading edge according to claim 3, wherein the sup-
port structure of the inboard leading edge section,
further comprises a rear spar diagonally arranged
with the same inclination than front and intermediate
spars, and wherein the distance between the edges
of the front, intermediate and rear spars joined with
the main spar, is substantially the same.

9. Leading edge according to claim 8 wherein the sup-
port structure of the outboard leading edge section,
comprises two spars, and wherein a part of each of
said spars is located between two of the spars of the
inboard support structure.

10. Leading edge according to claim 1 further comprising
an intermediate section assembled in between the
inboard and outboard sections, and wherein the sup-
port structure of the outboard leading edge section
has less spars than the support structure of the in-
termediate section, and wherein the support struc-
ture of the intermediate section has less spars than

the support structure of the inboard leading edge
section.

11. Leading edge according to claim 10 wherein the sup-
port structure of the outboard leading edge section
has only one spar which is positioned so that in a
cross-sectional view of the leading edge, a part of
that spar is located between two spars of the inter-
mediate leading edge section, and wherein at least
one spar of the intermediate leading edge section is
positioned such as a part of it is located between two
spars of the inboard leading edge section.

12. Leading edge according to any of the preceding
claims wherein the skin panel and the support struc-
ture of the edge sections, are constructed as mon-
olithic structures, and they are made of a composite
material.

13. Leading edge according to any of the preceding
claims wherein the support structure of each section
consist of spar.
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