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(54) Retractable infill panel for high-lift device

(57) The present invention provides an aircraft as-
sembly with a fixed structure and a high-lift device. The
fixed structure has a spar, a forward part which provides
a foremost edge of an aircraft wing, and a lower part
which provides a lower surface of the aircraft wing. A
high-lift device is downwardly movable relative to the
fixed structure from a stowed configuration to a deployed
configuration. The high-lift device has a forward part

which provides a foremost edge of the aircraft wing and
a lower part which provides a lower surface of the aircraft
wing. Downward movement of the high-lift device causes
progressive opening of a lateral gap between the lower
part of the high-lift device and the lower part of the fixed
structure. A retractable infill panel is arranged to progres-
sively extend from a retracted configuration to an extend-
ed configuration to fill the lateral gap.



EP 2 733 062 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to a retractable
infill panel for sealing a gap between a fixed leading edge
structure of an aircraft wing and a movable high-lift de-
vice, in particular for preventing ingress of fire or debris.

BACKGROUND OF THE INVENTION

[0002] Some fixed wing aircraft have leading edge
high-lift devices such as droop nose devices or slats
which are downwardly movable relative to the fixed struc-
ture of the wing from a stowed configuration to a deployed
configuration. Deployment of such devices relative to the
fixed structure causes a lateral gap to progressively open
between a lateral edge of the high-lift device and the fixed
structure. Such gaps can cause systems and structure
within the fixed wing structure to become exposed to the
risk of fire or debris ingress, or can alternatively impose
an aerodynamic penalty on the aircraft.
[0003] Previous solutions have included a false floor
attached to the fixed structure, but such a solution is not
always practicable and also adds weight to the aircraft.

SUMMARY OF THE INVENTION

[0004] The present invention provides an aircraft as-
sembly comprising a fixed structure comprising a spar,
a forward part which provides a foremost edge of an air-
craft wing, and a lower part which provides a lower sur-
face of the aircraft wing. A high-lift device is connected
to the spar so as to be downwardly movable relative to
the fixed structure from a stowed configuration to a de-
ployed configuration, wherein the high-lift device com-
prises a forward part which provides a foremost edge of
the aircraft wing and a lower part which provides a lower
surface of the aircraft wing. Downward movement of the
high-lift device causes progressive opening of a lateral
gap between the lower part of the high-lift device and the
lower part of the fixed structure. A retractable infill panel
is arranged to progressively extend from a retracted con-
figuration to an extended configuration to fill the lateral
gap.
[0005] The infill panel acts to fill the lateral gap as the
device deploys, but is retracted when the device is
stowed. In its extended configuration the infill panel pro-
vides a seal concealing the lateral gap, and in its retracted
configuration the infill panel is conveniently stowed away.
[0006] Stowing away the infill panel in its retracted con-
figuration ensures that it does not clash with any systems
(such as electrical cabling, hydraulic pipes, or fuel lines)
running along the wing.
[0007] The infill panel is preferably attached to the
high-lift device (typically at a lower edge of the infill panel)
and to the fixed structure (typically at an upper edge of
the infill panel). Thus, the infill panel is arranged to auto-

matically extend from the retracted configuration to the
extended configuration in response to movement of the
device to the deployed configuration, and vice versa.
That is, the movement of the device itself causes move-
ment of the infill panel between the retracted and extend-
ed configurations, and there is no need for any separate
actuation mechanism.
[0008] Preferably the panel progressively extends to
fill the gap during movement of the device to the deployed
configuration. Alternatively a separate actuation mecha-
nism may be provided to progressively extend the panel
to fill the gap after the device has been deployed.
[0009] In the retracted configuration the infill panel is
preferably contracted (for instance by being folded) and
in the extended configuration the infill panel is preferably
expanded (for instance by being unfolded). By contract-
ing in this way, the infill panel can be fit into a compact
volume when the device is in its stowed configuration.
The infill panel is preferably arranged to fold at one or
more fold lines which provide one fold or a series of folds
in alternating directions. That is, the infill panel is prefer-
ably arranged to fold in a concertina-type or fan-type ar-
rangement.
[0010] In some embodiments the infill panel comprises
a flexible substrate supported by a plurality of stiffening
portions. The stiffening portions may serve to prevent
lateral distortion of the infill panel in the extended config-
uration, and may also serve to aid retraction to the re-
tracted configuration.
[0011] Preferably the infill panel is arranged to fold at
each of a plurality of fold lines in the flexible substrate,
each fold line being adjacent one of the plurality of stiff-
ening portions. In some embodiments the stiffening por-
tions each comprise an elongate rod. In other embodi-
ments the stiffening portions each comprise a moulded-
in stiffening plate, neighbouring stiffening plates being
separated by a fold line.
[0012] Optionally the aircraft assembly further com-
prises a biasing element which biases the infill panel to-
wards its retracted configuration. The biasing element
may be integrated into the infill panel or may be provided
as a separate part.
[0013] The infill panel is preferably arranged to provide
a barrier to one or more of: fire; debris; and air flow. Thus,
the infill panel may prevent ingress of flames, air-borne
debris, and/or drag-inducing air flows, respectively.
[0014] Preferably the lower part of the high-lift device
lies flush with the lower part of the fixed structure when
the device is in its stowed configuration.
[0015] Preferably the forward part of the high-lift device
lies flush with the forward part of the fixed structure when
the device is in its stowed configuration.
[0016] The high-lift device typically has an inboard and
an outboard end, the inboard end being positioned closer
to a centre plane of the aircraft than the outboard end.
The lateral gap may be at the inboard end or the outboard
end of the high-lift device.
[0017] The infill panel may be attached at or adjacent

1 2 



EP 2 733 062 A2

3

5

10

15

20

25

30

35

40

45

50

55

a lateral edge (that is, an inboard or outboard edge) of
the device. The infill panel may have upper and lower
edges which are at an acute angle to one another in the
extended configuration.
[0018] Preferably the fixed structure and/or the high lift
device further comprises an upper part which typically
provides an upper surface of the aircraft wing. The upper
and/or lower part of the high-lift device typically seals with
fixed secondary structure in the stowed position and/or
the deployed position. The secondary structure is typi-
cally supported by one or more ribs which are connected
to the spar.
[0019] The forward, lower and upper parts of the fixed
structure are typically fixedly attached to the spar, either
directly or via ribs.
[0020] The forward and lower parts of the fixed struc-
ture may be formed as separate members, or as a single
monolithic member. Similarly the forward and lower parts
of the high-lift device may be formed as separate mem-
bers, or as a single monolithic member.
[0021] The high-lift device may comprise a droop nose
device, slat, or any other device which increases the cam-
ber (and hence lift) of the leading edge of the wing when
in its deployed position.
[0022] The high-lift device preferably has a partially de-
ployed configuration between the stowed configuration
and the deployed configuration, and the a retractable infill
panel is preferably arranged to progressively extend from
the retracted configuration to a partially extended config-
uration to fill the lateral gap when the high-lift device de-
ploys from the stowed configuration to the partially de-
ployed configuration. In this way, the device can be de-
ployed to different positions for different flight phases,
while still maintaining a seal concealing the lateral gap.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Fig. 1 shows an isometric view of a leading edge
aircraft wing assembly having a droop nose device
shown in its deployed position, viewed in a rearward-
inboard direction;

Fig. 2 shows an alternative isometric view of the wing
assembly of Fig. 1 with the droop nose device in its
stowed position and a retracted infill panel according
to an embodiment of the present invention, viewed
in a forward-outboard direction;

Fig. 3 shows the arrangement of Fig. 2 with the droop
nose device in its deployed position and the infill pan-
el in an extended configuration;

Fig. 4 is a sectional side view showing the droop
nose device in its stowed position;

Fig. 5 is a sectional side view showing the droop
nose device in its fully deployed position;

Fig. 6 shows an isometric view of the assembly with
the droop nose device shown in its deployed posi-
tion, viewed in a rearward-inboard direction, with the
infill panel omitted;

Fig. 7 shows the view of Figure 6 with the infill panel
shown;

Fig. 8 shows an isometric view the wing assembly
of Fig. 1 with the droop nose device in its deployed
position and part of the outer skin of the droop nose
device removed, viewed in a rearward-outboard di-
rection; and

Figure 9 is a plan view of an aircraft incorporating
the assembly of Figures 1-8.

DETAILED DESCRIPTION OF EMBODIMENT(S)

[0024] Fig. 1 shows a leading edge wing assembly with
a fixed leading edge structure including a front spar 20
(omitted in Figs. 2 and 3 for clarity), a fairing or nose
structure 10 fixedly attached to the spar, and pylon pri-
mary structure (not shown) which serves to attach a gas
turbine engine or other engine (now shown) to the wing.
The fixed structure also includes an inboard closing rib
12, which provides a lateral barrier separating the pylon
primary structure from a deployable droop nose device
30 located inboard of the fairing 10, and to which the
fairing 20 is attached. Orthogonal xyz axes are shown in
Figs.1-3 - the x-axis indicating the forward direction, the
y-axis the outboard direction (away from the centre of
the aircraft) and z-axis the downward direction.
[0025] The fairing 10 has a curved forward nose part
17 which forms the foremost edge of the airfoil profile of
the aircraft wing, and lower and upper parts 15, 16 which
extend aft of the forward part 17 and provide lower and
upper surfaces of the aircraft wing respectively. The up-
per part 16 is shown most clearly in Figures 2 and 3. The
parts 15-17 may be formed as a single monolithic mem-
ber, or as separate panels. In this example the part 15
is a separate access panel which is attached by remov-
able fasteners to the part 17 and can be removed to gain
access to the space above it.
[0026] The droop nose device 30 is hinged to the front
spar 20 on five hinge ribs which are attached to the spar
20. The device is pivotable downwardly between a
stowed configuration (Fig. 2) in which its outer surface is
flush with the outer surface of the fairing 10 and a de-
ployed configuration (Figs. 1 and 3) in which its outer
surface is lowered relative to the outer surface of the
fairing 10. When the device is deployed the airfoil profile
of the wing in the region of the device 30 is modified so
its camber is increased. The droop nose device 30 may
have a partially deployed configuration which is an inter-
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mediate position between the stowed and deployed con-
figurations.
[0027] The front spar 20 supports an upper fixed sec-
ondary structure panel 21 shown in Figs. 2 and 3 with a
slot 22. The outboard one of the five hinge ribs is omitted
from Figs. 2 and 3 and is received in the slot 22 in the
panel 21. Figure 4 is a sectional side view showing this
outboard hinge rib 25 along with an actuator arm 26 which
is pivotally attached to the hinge rib 25 at a hinge 27 and
is also omitted from Figs. 2 and 3. Figure 4 shows the
device 30 in its stowed position and Figure 5 shows the
device 30 in its fully lowered position.
[0028] The outer profile of the droop nose device 30
has three parts which are labelled in Figs. 4 and 5. A
curved forward part 36 forms the foremost edge of the
device (and of the airfoil profile of the aircraft wing) and
lower and upper parts 33, 34 extend aft of the forward
part 36 and provide lower and upper surfaces respec-
tively of the device (and of the aircraft wing). The lower
part 33 has an outboard edge labelled 32 in Figs. 1, 6
and 7. The parts 33, 36 may be formed as a single mon-
olithic member, or as separate panels. The part 34 is
typically formed as a separate seal member which is at-
tached to the part 36 by fasteners.
[0029] As shown in Fig. 4, when the device is stowed
the lower part 33 of the device seals with a lower fixed
secondary structure panel 22 which is attached to and
extends forwardly from the spar 20. The upper part 34
of the device seals with the upper secondary structure
panel 21 in both the retracted position of Figure 4 and
the extended position of Figure 5. The device 30 also
has a closing rib 35 at its inboard end, labelled in Figs.
1 4, 5 and 8.
[0030] Typically, the droop nose device 30 is deployed
during take-off and landing in order to increase the cam-
ber of the wing (and hence increase the aerodynamic lift
generated by the wing) and subsequently stowed during
cruise. During take-off the device 30 may be deployed
to the partially deployed configuration (e.g. pivoted
through 18 degrees), while during landing the device may
be deployed to the deployed configuration (e.g. pivoted
through 27 degrees).
[0031] As shown in Figs. 1 and 6, when the droop nose
device 30 is deployed a generally triangular lateral open-
ing, or gap, 40 is exposed at its outboard end, bounded
by an inboard edge 14 of the lower part 15 of the fairing
10, an outboard edge 32 of the lower part 33 of the droop
nose device, and a rear edge of the side rib panel 35. In
prior art arrangements such a gap 40 may not be of con-
cern because the secondary structure panel 21 of such
arrangements may extend to join the spar 20 at its lower
edge, thus providing a false floor which provides a closed
volume protecting the spar and other elements of the
fixed leading edge assembly, rather than terminating at
a lower edge 21a shown in Figure 5 which is spaced
apart from the spar 20 and the forward edge of the panel
22 by a gap 21b. However, without such a false floor
there is a risk that, in the event of an engine fire, flames

may pass through the gap 40 and damage critical sys-
tems infrastructure 60 (see Fig. 1; not shown in Figs. 2,
3 and 6 for clarity) which form part of the fixed wing as-
sembly behind the droop nose device such as electrical
cabling, hydraulic pipes and fuel lines.
[0032] It is also essential that flames be prevented from
crossing from within the droop nose device 30 into the
space behind the fairing 10 via the inboard pylon rib 12.
As can be seen from Figs. 2 and 3, the inboard pylon rib
12 has a plurality of systems penetration apertures 13
through which the cabling, pipes and lines of the systems
infrastructure 60 are routed. Should such a cable, pipe
or line be destroyed by fire, it would leave an unfilled
penetration aperture 13 which would provide a route for
flames to enter the fairing 10. Although it may in some
cases be possible to provide a heat insensitive material
between the cable, pipe or line and the penetration ap-
erture 13 to prevent such melting, such heat protection
is not suitable for use with e.g. electrical cables which
generate a large amount of heat during normal operation,
such as generator cables transmitting electrical energy
generated by the aircraft engine.
[0033] A retractable infill panel 50 shown in Figs. 2, 3,
7 and 8 solves the above problems by providing a fire
resistant barrier which automatically unfolds from a re-
tracted configuration when the droop nose device 30 is
stowed (Fig. 2) to an extended configuration as the droop
nose device 30 moves to its deployed position (Figs. 3,
7 and 8). Note that the panel 50 is omitted from Figs. 1
and 6 to make the gap 40 visible in these drawings. The
infill panel may have a partially extended configuration
corresponding to the partially deployed configuration of
the droop nose device 30.
[0034] The infill panel 50 in this embodiment is required
to have the capability to withstand the application of heat
by a standard flame, as defined in AC 20.135 and ISO
2685, for a period of 5 minutes without any failure that
would create a hazard to the aircraft.
[0035] The infill panel 50 is generally wedge shaped
(i.e. shaped like a truncated triangle) so that it generally
corresponds to the shape of the gap 40. It is arranged
so that an upper edge 51 is attached to the inboard pylon
rib 12 by an upper bracket (not shown), a lower edge 52
is attached to the droop nose device by a lower bracket
37 (Fig. 8) next to the lateral edge 32 of the lower part
33 of the droop nose device, and a narrow edge 53 is at
the narrow aft part of the gap near the pivot 27. Thus,
the infill panel 50 is substantially planar when in its ex-
tended configuration.
[0036] Note that the precise position of the upper
bracket (not shown) attaching the upper edge 51 to the
inboard pylon rib 12 may vary - for instance it may be
positioned above the lower edge of the rib 12 as shown
in Figs. 2 and 3, or close to the lower edge of the rib 12
as shown in Fig. 8. The upper bracket (not shown) would
be similar to lower bracket 37 with one addition - a strip
of metal would be used on the other side to prevent the
fasteners pulling through the panel 50 and able to clamp
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it in the middle (similar to a sandwich).
[0037] The infill panel 50 has a plurality of fold lines 54
which radiate, i.e. diverge/fan out, outwardly from the nar-
row edge 53 to enable the panel 50 to fold in a concertina-
type, or fan-type, arrangement, with the fold lines 54 pro-
viding a series of folds in alternating directions. Thus, the
infill panel 50 is retracted into a compact folded arrange-
ment when in its retracted configuration. In this example
the panel 50 has six fold lines 54 as shown in Fig. 8,
although in an alternative embodiment it may have only
one fold line. In its partially extended configuration the
infill panel 50 will be partially folded, so that it is neither
fully folded nor fully unfolded.
[0038] The infill panel 50 comprises an aircraft grade
polyurethane or silicon rubber substrate with the required
fire resistant properties. ABR4-0085 grade A is a suitable
flame resistant silicon rubber which can be used on its
own or with an exterior layer of glass fibre added to further
increase fire resistance. Suitable grades of glass fibre
are ABR9-0142T6 or ABR9-0142T6.
[0039] A plurality of stiffening rods (not shown) are
moulded in to the substrate, the rods providing additional
stiffness to prevent the panel from lateral distortion. The
rods are each located adjacent a fold line 54, and thus
also serve to assist the folding operation. A suitable ma-
terial for the stiffening rods would be aircraft grade stain-
less steel, for example stainless steel 316.
[0040] In an alternative embodiment the stiffening rods
may be replaced by a plurality of wedge-shaped stiffening
plates (not shown) moulded in to the substrate, neigh-
bouring stiffening plates being separated by a fold line
54. Thus, when the panel 50 is folded into the retracted
configuration the portions thereof containing the stiffen-
ing plates are stacked one on top of the other.
[0041] Depending on the expected buffeting loads
which the infill panel 50 may be subjected to, the design
may be able to omit the rods and/or stiffening plates and
simply vary the thickness of the substrate material in the
appropriate places to provide the appropriate mechanical
properties. For instance the substrate material may be
thin at the fold line(s) 54 to provide flexibility to fold, and
thick on either side of the fold line(s) 54 to provide stiff-
ness in the forward/aft direction.
[0042] In some embodiments a biasing element such
as an elastomeric/memory shape material may be
moulded into the infill panel 50 (or otherwise integrated
into the panel) across/generally perpendicular to the fold
line/lines 54. Such a material would become strained and
store energy as the droop nose device is deployed and
the infill panel 50 unfolded. Thus the panel is biased to-
wards the folded position by the biasing element. This
would ensure that the infill panel 50 folds in the correct
direction and does not become caught between the fair-
ing 10 and the droop nose device 30 as it folds.
[0043] The infill panel 50 may further include a rein-
forcement fabric layer (not shown) attached to its out-
wardly-facing surface in order to protect the panel from
environmental damage such as damage from air-borne

debris. The outwardly-facing surface may further be
treated with a hydrophobic coating to prevent ice build-
up. Ice build-up may prevent proper functioning of the
panel 50, and may cause structural damage to it.
[0044] Although not illustrated in the accompanying
drawings, an infill panel 50 with substantially similar fea-
tures to that shown in Figs. 2 and 3 may be fitted at the
inboard end of the droop nose device 30. Here, the droop
nose device 30 pivots relative to an inner fixed leading
edge assembly (the root end fillet fairing) with an out-
board closing rib similar to the inboard pylon closing rib
12 of the fairing 10. A generally triangular aperture similar
to gap 40 is created relative to the root end fillet fairing
when the droop nose device 30 is deployed.
[0045] Although there is no particular requirement to
prevent ingress of fire through this aperture since it is
sufficiently far from the aircraft engine, an infill panel may
be required to prevent debris thrown up by the landing
gear (not shown) during take-off or landing from passing
through the aperture and causing damage to critical sys-
tems infrastructure and/or structural members (such as
the front spar 20), exposed during deployment of the
droop nose device. In such embodiments where preven-
tion of damage from debris is a key requirement the panel
50 may comprise a substrate with a high rubber content,
such as a fabric-reinforced rubber material, or fabric re-
inforce polyurethane).
[0046] An aircraft with two wings each incorporating
the assembly of Figures 1-8 is shown in Figure 9. The
droop nose device 30 and fairing 10 are shown for each
wing.
[0047] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.
[0048] In particular, the skilled person will understand
that the purpose of the infill panel may be to provide aer-
odynamic improvements by preventing air flow through
lateral gaps associated with such movable high-lift de-
vices, rather than to prevent fire or debris ingress.

Claims

1. An aircraft assembly comprising:

a fixed structure comprising a spar, a forward
part which provides a foremost edge of an air-
craft wing, and a lower part which provides a
lower surface of the aircraft wing;
a high-lift device connected to the spar so as to
be downwardly movable relative to the fixed
structure from a stowed configuration to a de-
ployed configuration, wherein the high-lift device
comprises a forward part which provides a fore-
most edge of the aircraft wing and a lower part
which provides a lower surface of the aircraft
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wing, and wherein downward movement of the
high-lift device causes progressive opening of a
lateral gap between the lower part of the high-
lift device and the lower part of the fixed struc-
ture; and
a retractable infill panel arranged to progressive-
ly extend from a retracted configuration to an
extended configuration to fill the lateral gap.

2. An aircraft assembly according to claim 1, wherein
the infill panel is attached to the high-lift device and
to the fixed structure.

3. An aircraft assembly according to claim 2 wherein
the fixed structure further comprises a rib, the for-
ward and lower parts of the fixed structure are at-
tached to the rib, and the infill panel is attached to
the rib.

4. An aircraft assembly according to any of the preced-
ing claims, wherein in the retracted configuration the
infill panel is folded and in the extended configuration
the infill panel is unfolded.

5. An aircraft assembly according to claim 4, wherein
the infill panel is arranged to fold at one or more fold
lines which provide a series of folds in alternating
directions.

6. An aircraft assembly according to any of the preced-
ing claims, wherein the infill panel comprises a flex-
ible substrate supported by a plurality of stiffening
portions.

7. An aircraft assembly according to claim 6, wherein
the infill panel is arranged to fold at each of a plurality
of fold lines in the flexible substrate, each fold line
being adjacent one of the plurality of stiffening por-
tions.

8. An aircraft assembly according to claim 6 or claim
7, wherein each of the stiffening portions comprises
an elongate rod.

9. An aircraft assembly according to any of claims 6 to
8, wherein each of the stiffening portions comprises
a moulded-in stiffening plate, neighbouring stiffening
plates being separated by a fold line.

10. An aircraft assembly according to any of the preced-
ing claims, wherein the infill panel is arranged to pro-
vide a barrier to one or more of: fire; debris; and air
flow.

11. An aircraft assembly according to any of the preced-
ing claims further comprising an upper fixed second-
ary structure connected to the spar, wherein the
high-lift device further comprises an upper part which

seals with the upper fixed secondary structure in the
stowed position and/or the deployed position.

12. An aircraft assembly according to claim 11 wherein
the upper fixed secondary structure terminates at a
lower edge which is spaced apart from the spar by
a gap.

13. An aircraft assembly according to any of the preced-
ing claims further comprising a lower fixed secondary
structure connected to the spar, wherein the lower
part of the high-lift device seals with the lower fixed
secondary structure in the stowed position and/or
the deployed position.

14. An aircraft assembly according to claim 12 and 13
wherein the upper and lower fixed secondary struc-
tures are spaced apart by a gap.

15. An aircraft assembly according to any preceding
claim, wherein the high-lift device has a partially de-
ployed configuration between the stowed configura-
tion and the deployed configuration, and the a re-
tractable infill panel is arranged to progressively ex-
tend from the retracted configuration to a partially
extended configuration to fill the lateral gap when
the high-lift device deploys from the stowed config-
uration to the partially deployed configuration.

16. An aircraft wing comprising an aircraft assembly ac-
cording to any of the preceding claims.
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