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(57) ABSTRACT

A leading edge structure for providing an aerodynamic
surface of an aircraft is disclosed having a skin structure, the
skin structure providing an outer aerodynamic surface and
an inner surface, both surfaces extending in a chordwise and
spanwise direction of the structure, and a plurality of struc-
tural members, each structural member being connected to
the inner surface of the skin structure and extending in the
chordwise direction along the inner surface, wherein the
structural members are integrally formed with the inner
surface of the skin structure. The disclosure is also related to
an aircraft wing, aircraft tailplane, wing box structure, wing
or wing structure and an aircraft including the leading edge
structure.
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LEADING EDGE STRUCTURE

CROSS RELATED APPLICATIONS

[0001] This application is a Divisional of U.S. patent
application Ser. No. 14/360,512, filed May 23, 2014, now
pending, which is the U.S. National Phase of International
Application No. PCT/GB2012/052888, filed Nov. 22, 2012,
and claims priority from United Kingdom (GB) Patent
Application No. 1120707.3, filed Dec. 1, 2011, the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention concerns a leading edge
structure. More particularly, but not exclusively, this inven-
tion concerns a leading edge structure for providing an
aerodynamic surface of an aircraft, the leading edge struc-
ture comprising a skin structure and a plurality of ribs and/or
sub-spars for supporting the skin structure.

[0003] In aircraft wing design, it is important to design the
wings such that flow over the wings stays laminar for as long
as possible. This requires the leading edge structure of the
wing to be designed and manufactured as accurately as
possible to provide good wave control over the whole of the
leading edge structure and to minimise the impact of dis-
turbances in the airflow by minimising steps, lumps and
bumps (e.g. fasteners) on the leading edge structure. Fur-
thermore, the leading edge structure must be capable of
being robust and light enough for use on an aircraft. In
particular, for use on a commercial transport aircraft, it must
be capable of flying for, for example, 18 hours a day without
any degradation to the laminar flow. In addition, the leading
edge structure must be capable of supporting a high lift
mechanism, such as a leading edge flap or slat.

[0004] A leading edge structure generally comprises a
smooth aerodynamic nose, which forms the foremost edge
of'a wing (in relation to the oncoming airflow). The leading
edge structure extends rearwardly, with aecrodynamic upper
and lower surfaces extending outwardly from the nose. The
leading edge structure also generally has a rearmost edge
region which attaches to the front of the main wing structure
to form the complete wing structure.

[0005] It should be noted that the some of the same
problems apply to other leading edge structures that are part
of a structural member of an aircraft, but not part of a wing
structure. For example, the concept of achieving laminar
flow also applies to other surfaces of an aircraft, such as a
tailplane.

[0006] Leading edge structures are normally constructed
with skins and a sub-structure.

[0007] The skins can be structural skins that transmit load
from the leading edge into the main wing box. They are
usually made of metal (for example, aluminium or titanium
alloy or steel) or composite material (for example, Glass
Fibre Reinforced Polymer (GFRP) or Carbon Fibre Rein-
forced Polymer (CFRP)). The structural skins are tradition-
ally monolithic in nature, each skin being formed from a
single piece of material. They often have stringers/stiffeners
running along them in the spanwise direction (i.e. inboard-
outboard).

[0008] Another type of skin structure is a panel. These
panels do not generally carry the main wing loads and,
instead, simply maintain the aerodynamic shape. Again,
these panels can be made from metals or composite mate-
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rials. The panels can be monolithic but, more usually, are
made as sandwich panels with a layer of core material (such
as honeycomb or closed cell foam) in between two face
sheets.

[0009] All known prior art sub-structures contain ribs.
Most ribs are constructed from aluminium alloy and can be
machined from a billet or assembled in parts. Some ribs have
been made with composite materials but this is generally
done when neighbouring components are also made of
composite materials.

[0010] Some prior art sub-structures also contain a sub-
spar running in a spanwise direction. These sub-spars are
generally assembled with the skins and ribs and are gener-
ally made from the same material as the ribs.

[0011] The various components of leading edge structures
are normally mechanically fastened together (for example,
using rivets) but can also be bonded, or even thermoplasti-
cally welded, together.

[0012] Atypical prior art leading edge structure 1 is shown
attached to a typical wing box structure 9 in FIG. 1. The
leading edge structure 1 comprises a sub-structure with a
sub-spar 2 and ribs 3a, 35, 3¢, 3d. The sub-spar 2 and the ribs
3 are mechanically fastened to a leading edge skin 4 using
rivets 5. In addition, the skin 4 has spanwise stringers 6
running along it. A buttstrap 7 and further rivets 8 are used
to attach the leading edge structure 1 to a skin 10 and main
front spar 11 of the wing box structure 9.

[0013] In this prior art example, there are various rivets 5,
8 through the leading edge skin 4. This provides bumps on
the leading edge skin surface, which have a negative effect
on laminar flow.

[0014] An object of the present invention is to improve the
laminar flow properties of leading edge structures, whilst
also ensuring they are sufficiently robust and able to support
a leading edge high lift mechanism.

SUMMARY OF THE INVENTION

[0015] According to a first aspect, the present invention
provides a leading edge structure for providing an aerody-
namic surface of an aircraft, the leading edge structure
comprising a skin structure, the skin structure providing an
outer aerodynamic surface and an inner surface, both sur-
faces extending in a chordwise and spanwise direction of the
structure, and a plurality of structural members, each struc-
tural member being connected to the inner surface of the
skin structure and extending in the chordwise direction
along the inner surface, wherein the structural members are
integrally formed with the inner surface of the skin structure.
[0016] Having structural members integrally formed with
the inner surface of the skin structure means that a separate
fastening does not have to be used to attach the structural
members to the skin structure. This means that, for example,
there are fewer rivets through the skin structure and there-
fore fewer corresponding bumps on the outer aerodynamic
surface of the leading edge structure skin. This encourages
laminar flow over the leading edge structure.

[0017] Preferably, the structural members are stiffeners or
ribs for supporting the skin structure.

[0018] Preferably, the skin structure and the structural
members are machined from a single billet or manufactured
as a unitary composite material structure. Preferably, the
skin structure and the structural members are cast together in
a mould.
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[0019] Preferably, the integral skin structure and structural
members are provided with a plurality of mounting points
for mounting aircraft systems.

[0020] More preferably, the structural members are ribs
and each rib comprises a lattice structure of cells. A lattice
structure provides a strong structure for the ribs. It allows the
ribs to be shallow, and therefore easier to manufacture by
casting.

[0021] Preferably, at least some of the lattice cells of the
ribs are triangular.

[0022] Preferably, there are webs extending across at least
some of the rib cells. The webs aid material flow in a casting
mould during the casting process.

[0023] More preferably, at least some of the webs have at
least one hole through them. Removing material, especially
in thin sections of the webs, prevents poor material flow and
cooling during casting.

[0024] Preferably, there is a riser node on at least some of
the rib cell walls, preferably located at an apex of two or
more rib cell walls. These riser nodes act as risers during the
casting process.

[0025] Preferably, the structural members are flanges inte-
grally formed with the inner surface of the skin structure and
wherein the leading edge structure further comprises a
plurality of ribs for supporting the skin structure, each rib
extending by a depth below the skin structure and in the
chordwise direction and being connected to an integrally
formed flange. Having flanges integrally formed with the
inner surface of the skin structure and having ribs connected
to the flanges means that the ribs can be connected to the
skin structure with fewer rivets through the skin structure
and therefore fewer corresponding bumps on the outer
aerodynamic surface of the leading edge structure skin. This
encourages laminar flow over the leading edge structure. In
addition, having the ribs separately formed from the skin/
flanges structure, allows the skin/flanges structure to be
manufactured by machining from solid billet, more easily
and with a reduced wastage.

[0026] Preferably, each rib is connected to its flange using
a plurality of fasteners extending through the rib and flange
in the spanwise direction.

[0027] Preferably, the skin structure comprises a lattice of
skin stiffening elements on the inner surface. These aid
stiffness of the skin structure and the leading edge structure,
as a whole.

[0028] Preferably, at least some of the lattice cells of the
skin stiffening elements are triangular.

[0029] Preferably, there is a riser node at an apex of at least
some of the skin stiffening elements. These riser nodes act
as risers during the casting process.

[0030] Preferably, the skin structure has a variable thick-
ness between the outer acrodynamic surface and the inner
surface, in the chordwise and/or spanwise directions. The
thickness can be varied to optimise stiffness (and waviness).
[0031] Preferably, the structural members are ribs for
supporting the skin structure and wherein each rib comprises
a removable portion, the removable portion preferably
towards the front of the rib. Having a removable portion
allows systems to be installed without having to feed them
through holes in the ribs. The removable portion is prefer-
ably at the front of some or all of the ribs. Having the
removable portion at the front of the ribs allows it to be used
for rigging the leading edge skin structure to achieve toler-
ances suitable for achieving laminar flow. In other words, the
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leading edge skin structure could be set in the optimum
position for laminar flow and then the removable portion
could be made to the correct size/shape to accommodate this
leading edge skin position. The removable portion could
also be located at the underside of some or all of the ribs.

[0032] Preferably, the structural members are ribs and the
leading edge structure comprises a support member con-
nected to the underside of at least one rib, the support
member being suitable for connection to another aircraft
structural component, for example, an aircraft structural
component that extends lower than the rib, such as a wing
box. Having a support member allows the ribs to be shal-
lower than they would be otherwise, as they do not have to
extend down to the lower aircraft structural component. It
also allows for the support member to be removed, allowing
easier system installation and removal.

[0033] Preferably, the support member has a substantial
depth compared to the depth of the ribs such that the depth
that the ribs extend down from the skin structure is signifi-
cantly less than the total depth of the leading edge structure.
This provides a shallow rib.

[0034] More preferably, support member has a vertical
component of approximately the same as the depth of the
ribs such that the ribs extend down from the skin structure
by approximately half of the total depth of the leading edge
structure.

[0035] According to the first aspect, the present invention
also provides a wing box structure comprising a front spar,
a plurality of fitting components extending forwardly in a
chordwise direction from the front spar, a support member
extending vertically upwards from each fitting component
and the leading edge structure as described above, wherein
the leading edge structure is connected at the underside of at
least one rib to the support member.

[0036] According to a second aspect, the present invention
provides a leading edge structure for providing an aerody-
namic surface of an aircraft, the leading edge structure
comprising a skin structure, wherein the skin structure
comprises an outer skin providing an outer aerodynamic
surface and an inner skin, both surfaces extending in a
chordwise and spanwise direction of the structure, wherein,
at a plurality of locations, the inner skin is spaced apart from
the outer skin so as to form a plurality of chordwise inwardly
extending portions.

[0037] Having a double layered skin structure means that
structural members can be connected to the inner skin
surface, and therefore connected to the skin structure using
fewer rivets through the outer skin surface and therefore
fewer corresponding bumps on the outer aerodynamic sur-
face of the leading edge structure skin. This encourages
laminar flow over the leading edge structure. In addition, the
outer skin can be manufactured to a greater tolerance than
the inner skin, in order to meet the high tolerances required
for laminar flow. The inner skin can be produced to provide
additional stiffness to the skin structure.

[0038] Preferably, each chordwise inwardly extending
portions has two side walls and a top wall, so as to provide
a protrusion with a spanwise width between the two side
walls. This allows a sub-structure to be connected to the top
wall of the inner skin, spaced apart from the outer skin.

[0039] More preferably, the leading edge structure further
comprises a sub-structure for supporting the skin structure,



US 2019/0092450 Al

and wherein the sub-structure is connected to the inwardly
extending portions, preferably connected only to the
inwardly extending portions.

[0040] More preferably, the sub-structure comprises a
plurality of ribs and each rib is connected to at least one of
the inwardly extending portions.

[0041] Preferably, the top wall comprises a surface spaced
apart from and approximately parallel to the outer skin and
wherein the ribs are attached to the parallel surface. This
means the ribs are connected to a surface parallel to the outer
skin but not on the outer skin.

[0042] Preferably, the chordwise inwardly extending por-
tions are stiffeners attached to the inner skin, each rib being
provided with a chordwise recess corresponding to the shape
of at least one of the stiffeners, such that each rib sits over
the stiffener. This allows each rib to be kept in place on the
stiffener, whilst providing a small amount of spanwise float
of the rib in relation to the stiffener.

[0043] More preferably, the stiffeners are integrally
formed with the inner skin. This means that fewer fasteners
can be used.

[0044] Preferably, the corners of the walls are rounded so
as to provide a U-shaped cross section.

[0045] Preferably, each rib is pinned to its corresponding
chordwise protrusion in at least one chordwise location. This
means that the rib is fixed in place, whist still aiding the
spanwise float. Pinning, rather than bolting, also avoids
crushing of the stiffeners.

[0046] Alternatively, each rib is bolted to its correspond-
ing chordwise protrusion in at least one chordwise location.
[0047] Preferably, the inner and outer skins are connected
together along a spanwise edge of the skins.

[0048] More preferably, the inner and outer skins are
connected together by means of a fold of the edge of one of
the skins, for example the outer skin, around the edge of the
other skin, for example the inner skin.

[0049] According to a third aspect, the present invention
provides a wing structure for an aircraft, the wing structure
comprising a wing box structure with a wing skin structure,
the wing skin providing an outer aerodynamic surface over
the wing box structure extending in a chordwise and span-
wise direction of the structure, wherein, at the front of the
wing box structure, the wing skin structure provides a
connection flange extending inwardly from the outer surface
of the wing box structure, and a leading edge structure with
a leading edge skin structure providing an outer aerody-
namic surface over the leading edge structure extending in
a chordwise and spanwise direction of the structure,
wherein, at the rear of the leading edge structure, the leading
edge skin structure provides a connection flange extending
inwardly from the outer surface of the leading edge struc-
ture, wherein the wing box structure is connected to the
leading edge structure by at least one fastener extending
through both inwardly extending connection flanges.
[0050] Having the fastener extend through both inwardly
extending flanges means that the fastener does not provide
a corresponding bump on any of the outer aerodynamic
surfaces of the wing. This encourages laminar flow.

[0051] In addition, the step height between the leading
edge structure and the wing box structure can be adjusted
during assembly. This can be done by rigging the two
components and adjusting the height of the rigging to line up
the upper surface of the wing box structure and the leading
edge structure.
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[0052] Preferably, the leading edge skin structure is a
sandwich panel comprising an outer skin and an inner skin
and wherein the leading edge connection flange is a stiff-
ening member extending between the two skins. By having
the fastener extending though the stiffening member pro-
vides a load path that travels around the fastener. This
provides a more efficient joint.

[0053] Preferably, at least in the region of the rear of the
leading edge structure, a core material is sandwiched
between the inner and outer skins.

[0054] Preferably, a hole that the fastener passes through
is a threaded hole, for example, provided by an anchor nut.
[0055] Preferably, the fastener is a single-sided fastener. In
other words, installation of the fastener can be done with
access to only one side of the fastener. For example, the
fastener may comprise a barrel nut and screw or an anchor
nut. This allows the fastener to be installed more easily.
Preferably, a corresponding recess or passageway is pro-
vided to one side of the connection flanges, to allow the
second part of the fastener to be connected into the first part
of the fastener on one side of the connection flanges.
[0056] Preferably, the structure further comprises a wing
box front spar and a sub-spar, the sub-spar being connected
at an upper portion in between the two connection flanges
and extending by a depth below the two skin structures. The
sub-spar transfers some of the load from the fastener joint to
the wing box structure. It also forms a closed box between
the wing box front spar, and upper and lower wing box skin
structures. This prevents a gap forming at the fastener joint
(and therefore, a gap in the aerodynamic surface) and helps
maintain laminar flow. The sub-spar also acts as a shield to
prevent the wing box front spar (which could be made of
composite material) from foreign object damage.

[0057] Preferably, the sub-spar is connected at a lower
portion to a lower wing skin structure, for example, it may
be connected to the lower wing skin structure by a lower
flange. This provides better load transfer to the wing box
structure.

[0058] Preferably, the wing structure comprises a for-
wardly extending portion, connected to the sub-spar.
[0059] Preferably, the structure also comprises a plurality
of stub-ribs located to the rear of the sub-spar, each stub-rib
being connected to an inner surface of the wing skin
structure and extending by a depth below the wing skin
structure and extending in the chordwise direction. Stub-ribs
are desirable in view of the sub-spar, in order to provide a
supporting structure in front of and behind the sub-spar.
[0060] According to a fourth aspect, the present invention
provides a leading edge structure for providing an aerody-
namic surface of an aircraft, the leading edge structure
comprising a skin structure, the skin structure providing an
outer aerodynamic upper surface extending in a chordwise
and spanwise direction of the structure, an outer aerody-
namic downwardly curved surface at the front of the upper
surface, and an inner surface, a nose stiffening member for
supporting the skin structure, wherein the nose stiffening
member is attached to the inner surface of the skin structure
behind the outer aerodynamic downwardly curved front
surface and extends in the spanwise direction along the front
portion of the leading edge structure.

[0061] Having a nose stiffening member at the front of the
leading edge structure allows the skin structure to be sup-
ported above (and spaced apart from) the sub-structure
beneath it. This helps to maintain the aerodynamic shape of
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the skin structure and prevents it being affected by “hard
points™ at joints with the sub-structure. These “hard points”
induce waves. In addition, having a separate skin structure
means there are fewer joints between the skin structure and
sub-structure and therefore fewer fasteners providing bumps
on the outer aerodynamic surface of the leading edge
structure. Also, as the skin is separate from the sub-structure,
there are fewer interfaces (whose tolerances have to be
managed) and fewer fasteners that need installing. This
makes assembly and repair quicker and easier. Furthermore,
an Ice Protection System (IPS) can be simpler as it does not
have to be installed around a sub-structure.

[0062] Preferably, the nose stiffening member has a
curved front portion corresponding to the curve of the skin
structure inner surface behind the outer acrodynamic down-
wardly curved front surface. The curved front portion is
ideally a tight radius, meaning the nose stiffening member is
inherently stiff.

[0063] Preferably, the nose stiffening member has a depth
extending from the inner surface of the upper aerodynamic
surface to an inner surface of a lower portion of the leading
edge structure. Preferably, the nose stiffening member has a
plate at its rear surface. Preferably, the nose stiffening
member comprises a core made of a lightweight material,
such as foam.

[0064] Preferably, the leading edge structure further com-
prises a plurality of ribs for supporting the skin structure,
each rib extending by a depth below the skin structure and
in the chordwise direction. More preferably, each rib is
spaced apart from the inner surface of the skin structure,
along at least a substantial portion of its chordwise length.
The gap between the top of the ribs and the bottom of the
skin structure could be 5 to 10 mm. This gap size would
prevent fretting of the ribs and skin structure.

[0065] Preferably, the skin structure is a sandwich struc-
ture comprising an outer skin, providing the outer aerody-
namic surfaces, an inner skin, providing the inner surface,
and a core material.

[0066] Preferably, the leading edge structure further com-
prises a closing rib at each spanwise end for connecting to
a wing box structure. The closing ribs may be connected to
the nose stiffening member. This allows the nose stiffening
member to transfer load to the closing ribs.

[0067] Preferably, the spanwise edges of the skin structure
are attached inside recesses extending a depth inside each
closing rib.

[0068] Preferably, each leading edge structure is con-
nected to the wing box structure by at least its closing ribs.
The leading edge structure may also be connected to the
wing box structure by a fastener through both the skin
structure and a forwardly extending portion of the wing box
structure.

[0069] Preferably, the leading edge structure further com-
prises a plurality of stiffening members on the inner surface
of the skin structure and extending in the chordwise direc-
tion, and a plurality of ribs for supporting the skin structure,
each rib extending by a depth below the skin structure and
in the chordwise direction and being connected to at least
one of the stiffening members. The stiffening members on
the inner surface of the skin reduce the unsupported panel
size of the skin structure. This allows the weight of the
leading edge structure to be reduced, whilst preventing
buckling.
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[0070] Preferably, each rib is connected to at least one
stiffening member by a connection strut. This allows the ribs
to not be directly connected to the skin structure and allows
there to be a gap between the top of the ribs and the bottom
of' the skin structure. The gap between the top of the ribs and
the bottom of the skin structure could be 5 to 10 mm. This
gap size would prevent fretting of the ribs and skin structure.
The ribs could also be bolted, or otherwise fastened, to a
lower skin structure of the leading edge structure, as the
lower skin structure is more protected from the oncoming
airflow and achieving laminar flow is not so important.
[0071] Preferably, each rib is spaced in the chordwise
direction from the stiffening member it is connected to and
the connection strut extends diagonally between the rib and
the stiffening member.

[0072] Preferably, the strut has an adjustable length. This
allows the skin structure to be connected to the sub-structure
in an adjustable way in order to achieve and maintain the
optimum waviness.

[0073] The present invention also provides an aircraft
wing, aircraft tailplane or aircraft vertical fin comprising a
leading edge structure, wing box structure or wing structure
according to any of the aspects of the invention.

[0074] The present invention also provides an aircraft
comprising a wing, tailplane, vertical fin, leading edge
structure, wing box structure or wing structure according to
any of the aspects of the invention.

[0075] It will of course be appreciated that features
described in relation to one aspect of the present invention
may be incorporated into other aspects of the present inven-
tion. For example, features related to the ribs referred to in
some aspects may also or alternatively be applied to the
closing ribs of other aspects and vice versa. As another
example, a skin structure of one aspect can comprise a skin
panel, with both inner and outer skins, of another aspect. As
a further example, the leading edge structure of one aspect
can be attached to a wing box structure or wing structure as
for another aspect. As a further example, the structural
members (e.g. the ribs, stiffeners, inward protrusions or
flanges) of one aspect can be formed or connected to the
inner surface of the skin structure as for another aspect.

DESCRIPTION OF THE DRAWINGS

[0076] Embodiments of the present invention will now be
described by way of example only with reference to the
accompanying schematic drawings of which:

[0077] FIG. 1 shows a typical prior art leading edge
structure;
[0078] FIG. 2a shows a side sectional view of part of a

wing structure, including a leading edge structure according
to a first embodiment of the first aspect of the invention;
[0079] FIG. 2b shows a perspective view of part of a rib
structure of the leading edge structure of FIG. 2a;

[0080] FIG. 3a shows a perspective view of part of the top
of a leading edge skin structure according to a second
embodiment of the first aspect of the invention;

[0081] FIG. 356 shows an underside view of the skin
structure of FIG. 3a;

[0082] FIG. 4a shows an inside view of part of a leading
edge structure according to a first embodiment of the second
aspect of the invention;

[0083] FIG. 45 shows a sectional side view of the leading
edge structure of FIG. 4a;
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[0084] FIG. 5a shows a side perspective view of part of a
wing structure, including a leading edge structure, according
to a first embodiment of the third aspect of the invention;
[0085] FIG. 5b shows a partial cutaway view of the
leading edge structure of FIG. 5a;

[0086] FIG. 6 shows a cutaway inside view of a part of a
leading edge structure according to a second embodiment of
the second aspect of the invention;

[0087] FIG. 7a shows a side sectional view of a wing
structure, including a leading edge structure according to a
first embodiment of the fourth aspect of the invention;
[0088] FIG. 7b shows a partial perspective view of the
leading edge structure of FIG. 7a;

[0089] FIG. 8 shows a partial side sectional view of a wing
structure, including a leading edge structure, according to a
second embodiment of the third aspect of the invention;
[0090] FIG. 9a shows a side sectional view of a wing
structure including a leading edge structure according to a
second embodiment of the fourth aspect of the invention;
and,

[0091] FIG. 956 shows a partial inside underside view of
the leading edge structure of FIG. 9a.

DETAILED DESCRIPTION

[0092] FIG. 2a shows a view of part of a wing structure
100, including a wing box structure 110 and a leading edge
structure 120, according to a first embodiment of the first
aspect of the invention.

[0093] The wing box structure 110 comprises a front main
spar 111 with a machined fitting 112 attached to it. The
machined fitting 112 has two forwardly extending portions
113, 114. The first, lower forwardly extending portion 113
extends from the bottom of the spar 111. The second, upper
forwardly extending portion 114 extends from the top of the
spar 111.

[0094] The leading edge structure 120 comprises an upper
skin 121 which forms the front nose 120a of the wing.
Underneath the upper 121 are various ribs (one, 122,
shown). Each rib 122 is integrally formed with the upper
skin 121 and has a lower stiffening flange 129. In addition,
the upper skin 121 is provided with integral stiffeners/varied
thickness (not shown).

[0095] Each rib 122 has a front portion 124 near the nose
120a, which is a solid portion, with various weight saving
“cut-outs” 125. Of course, these holes 125 do not have to
actually be formed by “cutting out” material, they could be
formed from a casting mould, for example. The “cut-outs”
125 could be used for mounting or running of systems. Each
rib also has a rear portion 123 where the rib 122 has a lattice
pattern. This lattice pattern is shown in more detail in FIG.
2b and described below.

[0096] The rear portion 123 of each rib 122 has a depth
approximately that of the forward face 116 of the upper
forwardly extending portion 114 of the wing box structure
110. At the rear of the leading edge portion is a rear abutment
face 128 which abuts a forward face 116 of the upper
forwardly extending portion 114 of the wing box structure
110. Below at least some of the ribs 122, there is a support
flange 126. A support member 127 is bolted to this flange
126 and rests upon a top surface 115 of the lower forwardly
extending portion 113 of the wing box structure 110. This
supports the shallow ribs 122.

[0097] Turning to FIG. 24, the lattice pattern in the rear
portion 123 of each rib 122 comprises a plurality of trian-
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gular cells 123a with walls 1235 and webs 123¢ extending
across the cells 1234 between the walls 1235. The webs
123¢ have “cut-outs” 123d. Again, these holes 1234 in the
webs do not have to actually be formed by “cutting out”
material, they could be formed from a casting mould, for
example. At an apex of the cell walls 1235 are riser nodes
123e.

[0098] Inmanufacture, the upper skin 121 and the ribs 122
are cast together in a casting mould. The mould provides the
rib cell webs 123¢ in order to aid material flow during the
casting process. The mould also removes the central “cut-
out” portions 1234 of the webs 123 ¢ to prevent poor material
flow and unwanted cooling during the casting process. In
addition, the mould provides the riser nodes 123e¢ to act as
risers during the casting process. The mould would also
provide the various support flanges 126 on the underside of
the ribs 122. In addition, the mould would also provide
various systems mounting points (not shown) on the leading
edge structure.

[0099] Each rib 122 and upper skin 121 component would
be cast in (spanwise) lengths of approximately 4 metres. The
components have a width (chordwise length) and depth
ranging from 1 mx1 m to 450 mm to 150 mm. After casting,
machining is used to achieve the required tolerance in key
areas.

[0100] Alternatively, the upper skin 121 and ribs 122 can
be manufactured as an integral composite component or can
be machined from a solid metallic alloy billet.

[0101] During assembly, the machined fitting 112 is
attached to the wing box structure front main spar 111.
Various machined support members 127 are then attached to
the upper surface 115 of the lower forwardly extending
portion 113. The integral rib 122 and upper skin 121
components are then attached to the forward face 116 and
the various support members 127 are bolted to the various
support flanges 126.

[0102] During maintenance, the support members 126
could be removed to allow access for systems removal and
installation. In addition, the leading edge structure 120 can
be removed from machined fitting 112, without damaging a
seal around a fuel tank in the wing, formed by the front main
spar 111.

[0103] FIGS. 3a and 35 show views of part of a leading
edge 120" skin structure 121", according to a second embodi-
ment of the first aspect of the invention.

[0104] The skin structure 121' comprises various flanges
1304a', 1305' extending in a chordwise direction from the
nose 1204' along the inside of the skin structure 121'. These
flanges 1304', 1304', 130¢', 1304 are integrally formed with
the skin structure 121' by casting, for example. During
assembly, ribs are mounted on these flanges 130'.

[0105] In addition, the skin structure 121' has a varying
thickness and has a lattice pattern 131' formed in between
each of the flanges 130" on the inner face of the skin structure
121'". The lattice pattern 131' comprises triangular cells 1314
with cell walls 1315' and riser nodes 131¢’.

[0106] As well as casting, the skin structure 121' can be
manufactured as an integral composite component or can be
machined from a solid metallic alloy billet.

[0107] FIGS. 4a and 45 show views of part of a leading
edge structure 220 according to a first embodiment of the
second aspect of the invention.

[0108] The leading edge structure 220 comprises an upper
skin structure 220 with both an outer (upper) skin 221a¢ and
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an inner (lower) skin 2215. The outer 221a and inner 2215
skins are generally adjacent to one another. However, at
various spanwise locations, the inner skin 22154 is bent
inwards to form “top hat” sections. These “top hat” sections
are formed by two side edges 221¢, 221d extending inwards,
substantially perpendicular (within about 5 degrees) to the
planes of the two skins and a top edge 221e extending
substantially parallel, but spaced inwardly apart from the
planes of the two skins. The top edge 221e of each “top hat”
section has a rib 222 mounted on it. The “top hat” sections
provide stiffness to the skin structure 221.

[0109] In addition, the inside of the outer skin 221a is
formed with some milling/chemical etching of areas to tailor
the stiffness.

[0110] FIG. 45 shows an end view of the nose region of the
leading edge structure. Here, it can be seen that the outer
221a and inner 2215 skins are cinched together by folding
the outer skin 221a around the inner skin 2215 by a 180
degree fold 221/ This fold 221f extends along the spanwise
length of the leading edge structure 220. Alternatively, the
two skins 221a, 2215 could be bonded together. In addition,
the skins 2214, 2215 can be connected to each other through
a combination of bonding, cinching and mechanical fasten-
ing. However, mechanical fastening would only be used in
regions where laminar flow is not critical.

[0111] During manufacture, the outer skin 221 is manu-
factured to high tolerances (for laminar flow). If made of
aluminium alloy, the outer skin 221a could be manufactured
using Stretch Forming or Super Plastic Forming. If made of
aluminium alloy, the inner skin 2215 could be manufactured
using Super Plastic Forming. If made of titanium alloy, the
skins 221a, 2215 could additionally be manufactured using
a combination of Diffusion Bonding and Super Plastic
Forming, resulting in the sheets 221a, 2215 being formed
and bonded together in the same operation.

[0112] FIGS. 5a and 56 show views of part of a wing
structure 300, including a wing box structure 310 and a
leading edge structure 320, according to a first embodiment
of the third aspect of the invention.

[0113] The wing box structure 310 comprises a front main
spar 311 and a wing box skin 314. The wing box structure
310 also comprises a lower wing box skin and a sub-spar
(not shown).

[0114] The leading edge structure 320 comprises a plural-
ity of ribs extending from the nose 320q in a chordwise
direction. The leading edge structure 320 has a skin structure
comprising an outer skin 321a and an inner skin 3215. The
two skins are either made of carbon fibre reinforced plastic,
aluminium alloy or titanium alloy. In between the two skins
is core material 321g. This core material 321g can be
honeycomb or closed-cell foam or aluminium honeycomb
and is bonded to both skins. A plurality of chordwise
extending stiffening members 321/ are also provided in
between the two skins. These are bonded to the skins at the
same time as the core material 321g. Towards the rear of the
leading edge structure 320, the inner skin 3215 extends away
from the outer skin 3214 to make a wider gap between the
two skins. An end face 328 is formed at the rear end of the
leading edge structure 320 extending between the two skins
321a, 3216.

[0115] FIG. 55 shows the end face 328 with holes 3294
through it. In addition, the rear portion of the inner skin 3214
is also provided with a plurality of corresponding holes
329b. These holes 329a, 3295 are for accommodating barrel
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nuts to attach the leading edge structure to the sub-spar (not
shown) of the wing box structure 310.

[0116] During assembly, a barrel nut is inserted through
each hole 3295 and also through a corresponding hole in the
sub-spar (not shown) of the wing box 310. A bolt is then
inserted through each corresponding hole 3294 and into the
barrel nut to fix the barrel nut in place. Alternatively,
threaded holes 3294 could be used (without holes 3295) or
anchor nuts could be used.

[0117] FIG. 6 shows a cutaway inside view of a part of a
leading edge structure 220' according to a second embodi-
ment of the second aspect of the invention.

[0118] The leading edge structure 220' comprises a lower
skin 229' and a plurality of ribs 222' extending chordwise in
the structure. The lower skin 229" is formed with a plurality
of inward ridges 229a' acting as stiffeners, extending lon-
gitudinally along the skin. These inward ridges 2294' are
U-shaped. Each rib 222' has a corresponding U-shaped
indent 2224' in its lower face such that each rib 222’ sits on
a corresponding ridge 229q".

[0119] Each rib 222' is pinned in place on the ridge 2294
at two (or more) chordwise locations. The ribs 222' are
pinned to allow a small amount of spanwise float and to
avoid crushing of the inward ridges 2294'. The skin 229" has
two skin folds 230q', 2304' extending spanwise along the
skin 229'.

[0120] During manufacture, the skin could be integrally
formed with the inward ridges 2294' using machining or
casting. If made of aluminium alloy, the skin 229' could be
manufactured using Stretch Forming or Super Plastic Form-
ing. If made of titanium alloy, the skin 229' could addition-
ally be manufactured using a combination of Diffusion
Bonding (with the skin 229') and Super Plastic Forming. The
ribs 222' could be machined from aluminium alloy billet.
Alternatively, the ribs 222' could be made from thermoplas-
tic or could be an MMC (Metal Matrix Composite) rib. The
MMC Rib may be made from an aluminium base material
with silicon carbide particles added (while the aluminium is
molten) to give extra stiffness. Both of these options offer a
weight saving.

[0121] FIGS. 7a and 7b show views of a wing structure
400, including a wing box structure 410 and a leading edge
structure 420 according to a first embodiment of the fourth
aspect of the invention.

[0122] The wing box structure 410 comprises a front main
spar 411, a wing box upper skin 414 and a wing box lower
skin 415.

[0123] The leading edge structure 420 comprises an upper
skin structure 421, with an outer skin 421a and an inner,
spaced apart skin 4215 and a lipped skin portion 429. At a
nose portion 420qa of the leading edge structure is a “bull-
nose” stiffening member 430 abutting the inside surface of
the leading edge skin structure at the nose 420a. The
“bullnose” stiffening member 430 has a U-shape front
portion, a rear plate and a foam core.

[0124] A plurality of ribs 422 with “cut-outs™ 422q extend
chordwise in the structure 420 from the front of the main
spar 411 to just in front of the bullnose 430. Of course, these
holes 422a do not have to actually be formed by “cutting
out” material, they could be formed from a casting mould,
for example. Importantly, the skin structure 421 is spaced
apart from the top of the ribs 422 by a gap 431, which is
maintained using the bullnose stiffener 430. This gap is
approximately 5-10 mm deep.
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[0125] The ribs 422 are fastened to the leading edge lipped
skin portion 429 using fasteners 432. The ribs 422 are also
attached to a joint member 440. The joint member 440 is in
the form of a T-shape cross section, with a first part 440a
extending down in front of the main spar 411 and behind a
rear face 428 of the leading edge structure 420, a second part
4405 extending behind over a front portion of the main spar
411 and a third part 440c¢ extending across the top of a rear
portion of the top of the ribs 422. The joint member 440
extends spanwise across the structure and is integrally
co-cured (in CRFP) with the upper skin of the wingbox.
[0126] The leading edge skin structure 421, ribs 422 and
joint member 440 are attached together using fasteners 441
extending through each rib and the joint member 440 and
skin structure 421.

[0127] As shown in FIG. 7b, the leading edge structure
420 also comprises closing ribs 425 at the chordwise ends of
each skin structure 421 panel. Each panel is approximately
4 m in the spanwise direction. Here, the outer 421a and inner
4215 skins are adjacent each other and are folded down-
wards into an indent 426 in the top of each closing rib 425.
[0128] The skin structure 421 can be manufactured using
aluminium alloy, titanium alloy, carbon re-inforced plastic
or MMC material. During assembly, the sub-structure (in-
cluding ribs 422) is attached to wing box structure 410
before the leading edge skin structure 421 is attached to the
structure. Each skin structure 421 panel is ready supplied
with Ice Protection System (not shown) prior to connection
to the structure. Once each skin structure panel is attached,
the Ice Protection System can be connected to the rest of the
aircraft systems.

[0129] FIG. 8 shows a view of a wing structure 300,
including a wing box structure 310' and a leading edge
structure 320", according to a second embodiment of the
third aspect of the invention.

[0130] The wing box structure 310' comprises a front main
spar 311' (not shown), a lower skin (not shown) and a wing
box upper skin 314'.

[0131] The leading edge structure 320' comprises an upper
skin 321' extending over a front portion of the leading edge
structure 320" and a lower skin 329'. The lower skin 329' has
an access panel 340' in it. Beneath the upper skin 321' is a
plurality of leading edge ribs 322'. The upper skin 321" has
a rearward inwardly facing flange 321a' which abuts against
the rear face of the ribs 322'.

[0132] Behind the flange 321a' of the skin 321' is a
sub-spar 330" which has a first portion 332' which extends
from the top of the flange 3214 to the bottom skin 329'. It
also has a second portion 332' which extends rearwardly
along a chordwise length of the bottom skin 329'. Finally, the
sub-spar 330" has a third portion 333' which is attached to the
first portion 331' and extends forwardly from the first portion
331" along the underside of the ribs 322' towards the nose
portion of the leading edge structure 320'. This separate third
portion 333' is a closing panel with a lightweight construc-
tion.

[0133] Behind the first portion 331' of the sub-spar 330' is
a plurality of stub-ribs 370", each corresponding to a rib 322'.
These stub-ribs have “cut-outs” for systems channels 360'
and drive shafts for high lift devices 350'. Of course, these
holes do not have to actually be formed by “cutting out”
material, they could be formed from a casting mould, for
example. The second portion 332' of the sub-spar 330
extends underneath a chordwise length of the underside of
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the stub-ribs 370". The wing box skin 314' extends forwardly
from the wing box structure to cover the topside of the stub
ribs 370", with its forward end abutting against the leading
edge skin 321'.

[0134] The main wing box skin 314" is manufactured from
carbon fibre re-inforced plastic and is co-cured with the
stub-ribs 370'. The sub-spar 330' is manufactured from
aluminium alloy. The sub-spar 330' could be made from
carbon fibre re-inforced plastic. However, an advantage of
the sub-spar 330' is that it protects the carbon fibre re-
inforced plastic front main spar 311' from foreign object
damage and so does this best if made from metallic alloy.

[0135] During assembly, the leading edge skin 321', ribs
322' are attached together. The stub-ribs 370" and wing box
skin 314' are also attached together. The sub-spar 330" is then
placed in front of the stub-ribs 370" and the leading edge skin
321" and ribs 322' are attached to the sub-spar 330' and
stub-ribs 370" through fasteners (not shown) extending
through the inward flange 3214a' of the leading edge skin
321", the sub-spar 330" and the stub ribs 370"

[0136] FIGS. 9a and 95 show views of a wing structure
400", including a wing box structure 410" and a leading edge
structure 420" according to a second embodiment of the
fourth aspect of the invention.

[0137] The wing box structure 410' comprises a front main
spar 411', a wing box upper skin 414' and a wing box lower
skin 429'.

[0138] The leading edge structure 420' comprises an upper
skin 421'. At a nose portion 4204' of the leading edge
structure is a “bullnose” stiffening member 430" abutting the
inside surface of the leading edge skin structure at the nose
420q'. This “bullnose” stiffening member is similar to “bull-
nose” stiffening member 420q in FIGS. 7a and 75.

[0139] A plurality of stiffeners 450' are attached to the
underside of the upper skin 421' and extend in a chordwise
direction along the structure. These stiffeners 450" could be
bonded, welded or integrally cast to the skin 421'. The skin
421' could be machined from billet.

[0140] A plurality of ribs 422' extend chordwise in the
structure 420' from the front face of the front main spar 411'
to just in front of the bullnose 430'. Importantly, the skin
structure 421" is spaced apart from the top of the ribs 422' by
a gap 431', which is maintained using the bullnose stiffener
430. This gap is approximately 5-10 mm deep.

[0141] The ribs 422' are fastened to the wing box lower
skin 429" using fasteners 432'. The ribs 422" are also attached
to a joint member 440'. The joint member 440" is similar to
the joint member 440 in FIG. 7a.

[0142] The ribs 422" are fastened to the leading edge upper
skin 421' by diagonal struts 460'. Fach rib 422' has two
corresponding stiffeners 450'; one each side of the rib 422'
and integrally attached to the upper skin 421'. Each rib 422'
has two diagonal struts 460' pivotally attached 463' at a top
region of each side of the rib 422'. The diagonal struts 460'
also pivotally attach 462' to the corresponding stiffener 450"
on that side of the rib 422'. Hence, the rib 422' is attached
to the leading edge upper skin 421'. The diagonal struts 460'
comprise a length adjustment screw 461' approximately
mid-way along their length.

[0143] The skin structure 421' can be manufactured using
aluminium alloy or titanium alloy, MMC material or a
composite material with metallic bushes where the diagonal
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struts 460" are. The sub-structure (including ribs 422') can be
manufactured using aluminium alloy or manufactured from
a thermoplastic material.

[0144] During assembly, the sub-structure (including ribs
422') is attached to wing box structure 410' before the
leading edge skin structure 421' and integral stiffeners 450’
are attached to the structure. The ribs 422' are then attached
to the corresponding stiffeners 450" using the diagonal struts
460'. The lengths of the diagonal struts 460' are adjusted
using the screws 461'.

[0145] Whilst the present invention has been described
and illustrated with reference to particular embodiments, it
will be appreciated by those of ordinary skill in the art that
the invention lends itself to many different variations not
specifically illustrated herein. By way of example only,
certain possible variations will now be described.

[0146] The various components and structures may be
manufactured using machining, casting, welding, bolting,
and any other suitable method. The materials used may be
metallic alloy, such as aluminium and titanium alloy and
also composite materials, such as Carbon Fibre Reinforced
Polymer (CFRP).

[0147] Features of any of the embodiments could be
combined with other embodiments. For example, the feature
of the integral ribs 122 of the embodiment of FIGS. 2a and
2b could be used with the closing ribs 425 of the embodi-
ment of FIGS. 7a and 7b, any of the ribs 322' of the
embodiment of FIG. 8, or closing ribs of the embodiment of
FIGS. 94 and 9.

[0148] Also, the feature of the integral stiffeners 1304’ of
the embodiment of FIGS. 3a and 35 could be used with the
closing ribs 425 of the embodiment of FIGS. 74 and 75, any
of the ribs 322' of the embodiment of FIG. 8, or the stiffeners
450" of the embodiment of FIGS. 94 and 9.

[0149] Also, the feature of the double layered leading edge
skin 221 of the embodiment of FIGS. 4a and 45 could be
used with the skin 421 of the embodiment of FIGS. 7a and
7b, the skin 321" of the embodiment of FIG. 8, or the skin
421' of the embodiment of FIGS. 94 and 9.

[0150] Also, the feature of the barrel nut holes 3294, 3294
of the embodiment of FIGS. 54 and 5b could be used to
attach the leading edge structure 320' to the wing box
structure 310" in the embodiment of FIG. 8.

[0151] Also, the feature of the inward ridges 2294' acting
as stiffeners of the embodiment of FIG. 6 could be used with
the closing ribs 425 of the embodiment of FIGS. 74 and 75,
any of the ribs 322' of the embodiment of FIG. 8, or the
stiffeners 450' of the embodiment of FIGS. 94 and 95.
[0152] Where in the foregoing description, integers or
elements are mentioned which have known, obvious or
foreseeable equivalents then such equivalents are herein
incorporated as if individually set forth. Reference should be
made to the claims for determining the true scope of the
present invention, which should be construed so as to
encompass any such equivalents.

[0153] It will also be appreciated by the reader that
integers or features of the invention that are described as
preferable, advantageous, convenient or the like are optional
and do not limit the scope of the independent claims.
[0154] Moreover, it is to be understood that such optional
integers or features, whilst of possible benefit in some
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embodiments of the invention, may not be desirable, and
may therefore be absent, in other embodiments.

1. A wing structure for an aircraft, the wing structure
comprising:

a main spar;

a leading edge upper skin that forms an outer aerody-

namic surface;

a wing box structure comprising:

arear part formed integrally with a wing box upper skin
that forms an outer aerodynamic surface;

a front part that extends forwardly of the rear part and
has an upper surface that is offset below the level of
the upper surface of the wing box upper skin at the
front end of the wing box upper skin;

and the leading edge upper skin is mounted on the front

part such that the leading edge upper skin is flush with

the wing box upper skin;

wherein the wing structure further comprises a joint

member comprising an upwardly extending web, a rear

flange extending rearwardly from the web and a front
flange extending forwardly form the web;

the web of the joint member is attached to the main spar;

the rear flange of the joint member is formed integrally

with the rear part of the wing box structure;

and wherein the rear flange of the joint member in

inclined upwardly, at an obtuse angle relative to the

web.

2. The wing structure according to claim 1, wherein the
front flange of the joint member is inclined downwardly at
an acute angle relative to the web.

3. The wing structure according to claim 1, wherein the
rear part of the wing box structure is integrally co-cured with
the wing box upper skin.

4. The wing structure according to claim 1, wherein the
rear flange of the joint member is integrally co-cured with
the rear part of the wing box structure.

5. The wing structure according to claim 1, wherein the
front flange of the joint member is formed integrally with the
front part of the wing box structure.

6. The wing structure according to claim 5, wherein the
front flange of the joint member is integrally co-cured with
the front part of the wing box structure.

7. The wing structure according to claim 1, wherein the
leading edge upper skin is attached to the front part of the
wing box structure by fasteners.

8. The wing structure according to claim 1, wherein the
leading edge upper skin is also attached to the front flange
of the joint member by the fasteners.

9. The wing structure according to claim 1, wherein the
joint member has a generally T-shaped cross-sectional
shape.

10. The wing structure according to claim 1, wherein the
front and rear flanges of the joint member have the same
thickness.

11. An aircraft wing, aircraft tailplane or aircraft vertical
fin comprising a wing structure according to claim 1.

12. An aircraft comprising a wing, tailplane or vertical fin
according to claim 11.
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