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(57) A wingtip device 1 comprises an upwardly extending winglet 2 (uplet) connected to a downwardly extending winglet
4 (downlet) at a join 6. An aircraft light 10, (110, figure 4) is located at the join 6, (106) sandwiched between the
upwardly 2, (102) and downwardly 4, (104) extending winglets. An aerodynamic fairing 8 (e.g. a seal) may be
configured to fair at least a portion of the join and the aeroplane light. The downwardly extending winglet may
connect to the upwardly extending winglet via first and second attachment features (e.g. brackets 112a, 112b, figure
4). The aircraft light (e.g. navigation or obstruction light) may connect to the wingtip via the first and/or second
attachment features or via a light fitting. The light may be located on the outboard side. The light may be rear
facing, located on the trailing edge of the winglet. The wingtip device may provide power to the airplane light via the
upwardly extending winglet. The aircraft light may form part of the upwardly extending winglet assembly, facilitating
maintenance by allowing the downwardly extending winglet to be removed without having to disconnect the light.
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AN AIRCRAFT LIGHT

BACKGROUND OF THE INVENTION

[0001] The present invention concerns aircraft lights. More particularly, but not
exclusively, this invention concerns the inclusion of an aircraft light in a wingtip device
and an aircraft including such a wingtip device. The invention also concerns a method of
integrating an aircraft light with a wingtip device.

[0002] Aircraft may include a number of lights for navigation purposes, or to illuminate
various elements of the aircraft and/or its surroundings. Depending on the purpose of the
light there may be a need to position a light within certain regions of the aircraft. For
example, rear-facing wing lights would typically need to be located near the trailing edge
of the wing in order that the light cone produced by such a light can extend rearwards
without being obstructed by the aircraft structure.

[0003] Drag reduction is a key element of the increased efficiency achieved by modern
aircraft. It is therefore desirable that the additional drag generated by an aircraft light 1s
reduced wherever possible. In some regions of the aircraft it may be possible locate an
aircraft light within a recess formed in the structure of the aircraft. For example, forward
facing lights may be recessed into the leading edge of the wing. However, in some
regions of the aircraft, for example at the relatively thin trailing-edge of the wing, there
may be insufficient space available within the aircraft structure to enable an aircraft light
to be recessed. One prior art method of providing an aircraft light in such a region is to
mount the light on top of the outer surface of the aircraft, and to cover the light with an
additional aerodynamic fairing. However even with such aerodynamic fairings the
‘bulge’ associated with a light mounted in this way may generate a significant amount of
localised drag. It would be advantageous to provide a means of mounting a light on a
wing, particularly a rear-facing light, while reducing the resulting drag.

[0004] The present invention seeks to mitigate the above-mentioned problems.
Alternatively or additionally, the present invention seeks to provide an improved

approach to integrating an aircraft light within a wing.



SUMMARY OF THE INVENTION

[0005] According to a first aspect of the invention there is provided a wingtip device
comprising an upwardly extending winglet (also known as an uplet) and a downwardly
extending winglet (also known as a downlet), the downwardly extending winglet being
connected to the upwardly extending winglet at a join, and wherein an aircraft light is
located at the join between the upwardly extending winglet and the downwardly
extending winglet.

[0006] Thus, the present invention may comprise positioning the light in the region
where the upwardly extending winglet and the downwardly extending winglet intersect.
From an aerodynamic perspective, the join between the upwardly extending winglet and
the downwardly extending winglet is not ‘clean’; that is to say flow in this region may be
turbulent, with various airflows interacting, all of which may lead to the generation of
drag. In view of the fact that airflow in this region is already non-optimal in terms of
drag generation, the additional drag generated by including an aircraft light in this region
may be lower than the additional drag generated by placing a faired light in a
aerodynamically ‘cleaner’ region such as the trailing edge. Locating the light at the join
may also facilitate the recessing of the light within existing aircraft structure thereby
further reducing the drag generated.

[0007] The wing tip device may be configured for mounting to the outboard end of a
wing. The wing may define a wing plane. An upwardly extending winglet may be
defined as a winglet configured to project upwards with respect to the wing plane. A
downwardly extending winglet may be defined as a winglet configured to project
downwards with respect to the wing plane. The angle between the upwardly extending
winglet and downwardly extending winglet at the join may be less than, or equal to, 160
degrees when the aircraft is on the ground. It will be appreciated that the included angle
between the upwardly extending winglet and the downwardly extending winglet at the
join is important. The winglet may be arranged such that the downwardly extending
winglet is configured to offset a span decrease when the wing adopts a flight shape (i.e.

the downwardly extending winglet offsets a span reduction of the upwardly extending
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winglet when the wing undergoes aeroelastic deformation under 1-g loading). The angle
between the upwardly extending winglet and the wing plane may be greater than ninety
degrees when the aircraft is on the ground. Wingtip devices of this type will be known to
the skilled person. An example is disclosed in W02012/007358.

[0008] The join may be defined as the region at which the upwardly extending winglet
and downwardly extending winglet intersect. The upwardly extending winglet may
comprise an upper surface and a lower surface. The join may be formed between a
proximal end of the downwardly extending winglet and the lower surface of the upwardly
extending winglet. Thus, the aircraft light may be located at the join between the lower
surface of the upwardly extending winglet and the proximal end of the downwardly
extending winglet. Thus, aircraft light may have the same position as the join. The
aircraft light or at least part of the aircraft light may be located in the join between the
lower surface of the upwardly extending winglet and the proximal end of the downwardly
extending winglet. Thus, a portion of the aircraft light may be received within the
structure of the join. The root chord of the downwardly extending winglet may be
adjacent to the upwardly extending winglet, for example a lower surface of the upwardly
extending winglet at the join. The trailing edge of the upwardly extending winglet may
be in line with the trailing edge of the downwardly extending winglet at the join. The
trailing edge of the upwardly extending winglet may be coincident or near-coincident
with the trailing edge of the downwardly extending winglet at the join. Coincidence or
near-coincidence of the trailing edges of the upwardly extending winglet and the
downwardly extending winglet is important to avoid the wake of one element impacting
on the flow over the other element at the intersection. The upwardly extending winglet
may be larger than the downwardly extending winglet. The upwardly extending winglet
may be fixed with respect to the downwardly extending winglet.

[0009] The upwardly extending winglet and the downwardly extending winglet may each
have an aerofoil cross-section. The upwardly extending winglet and downwardly
extending winglet may each be relatively thin (i.e. have significantly larger length and
width compared to their depth). The join may be where the upwardly extending winglet

and downwardly extending winglet significantly deviate from this behaviour (for
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example where the cross-section becomes thicker, faired, and/or otherwise deviates from
the typical characteristics of the upwardly extending winglet and downwardly extending
winglet).

[0010] There may be a gap or void at the join formed between and/or within the
upwardly extending winglet and downwardly extending winglet when these are
connected together. The join may comprise a join void, said void being defined at least
in part by the structure of the upwardly extending winglet and at least in part by the
structure of the downwardly extending winglet. The join void may be defined (at least in
part) by the fixings that connect the upwardly extending winglet and downwardly
extending winglet (for example the first attachment feature and the second attachment
feature described below). The join void may be defined at least in part by the
aerodynamic fairing that fairs the join. The aircraft light may be located at the join void.
The aircraft light may be located within (for example wholly within) the join void. At
least part of the aircraft light may be located in the join void. Positioning at least part of
the aircraft light within the join void may reduce the drag generated by the aircraft light,
by shielding at least part of the aircraft light from the airflow around the wingtip device
when the aircraft is in flight.

[0011] The aircraft light may be located within the void such that only a portion of the
housing (for example the transparent portion of the housing) of the light is exposed to the
airflow over the wingtip device when the aircraft is in flight. The aircraft light may be
located in the void such that the outermost surface of the light is substantially flush with
the surface of the wingtip device and/or any aerodynamic fairing covering the join.

[0012] The downwardly extending winglet may be connected to the upwardly extending
winglet via a first attachment feature associated with the upwardly extending winglet, and
a second, complementary, attachment feature associated with the downwardly extending
winglet such that, in use, the upwardly extending winglet is connected to the downwardly
extending winglet via the first and second attachment features. Attachment features may
include brackets, holes, recesses, protrusions or other fixings or features. An attachment
feature associated with a downwardly extending winglet or upwardly extending winglet

may be integrally formed with said upwardly extending winglet or downwardly extending
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winglet or may be mounted on said downwardly extending winglet or upwardly
extending winglet. The first attachment feature may comprise a first bracket mounted on
the upwardly extending winglet. The second attachment feature may comprise a second
bracket mounted on the downwardly extending winglet. In the case that the upwardly
extending winglet is attached to the downwardly extending winglet via first and second
brackets, said brackets may define the join void. It may be that the aircraft light 1s
mounted on the wingtip device via the first and/or second attachment features. One or
both of the first and second brackets may define a recess configured to receive the aircraft
light.

[0013] The wingtip device may comprise an aircraft light fitting. The aircraft light may
be mounted on the wingtip device, for example the upwardly extending winglet, using the
light fitting. As discussed above, the fitting may be a first or second attachment feature,
for example a bracket, that also functions to connect the upwardly extending winglet to
the downwardly extending winglet. Alternatively, the fitting may be an element that is
structurally and/or physically separated from the attachment features. The fitting (for
example a bracket) may be located at and/or in the join.

[0014] The wingtip device may comprise at least one aerodynamic fairing (or seal)
configured to fare the join. The aerodynamic fairing may be integrated into the upwardly
extending winglet or the downwardly extending winglet. The aerodynamic fairing may
be mounted on the upwardly extending winglet or the downwardly extending winglet and
extend over the join. The aerodynamic fairing may be configured to fair at least a portion
of the join and at least a portion of the aircraft light. The outer surface of the light (for
example the outer portion of the housing) may be flush with the aerodynamic fairing.
The fairing may extend around the root of the downwardly extending winglet.

[0015] The aircraft light may be mounted on the upwardly extending winglet such that at
least part or all of the aircraft light is located in the join between the upwardly extending
winglet and the downwardly extending winglet. The aircraft light may be directly
connected to the upwardly extending winglet and/or the first attachment feature. Thus, it
may be that the aircraft light is connected to the rest of the wingtip device (and aircraft)

via the upwardly extending winglet. Attaching the aircraft light to the aircraft via the
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upwardly extending winglet may facilitate maintenance of the aircraft by allowing for
removal and/or replacement of the downwardly extending winglet without the need to
remove the aircraft light.

[0016] The wingtip device may be configured to provide power to the aircraft light via
the upwardly extending winglet. Providing power to the aircraft light via the upwardly
extending winglet may further facilitate disconnection of the downwardly extending
winglet for maintenance. The upwardly extending winglet may comprise an electrical
connector configured to provide a power supply from elsewhere on the aircraft to the
aircraft light. The aircraft light may comprise a corresponding connector for receiving a
power supply from elsewhere on the aircraft.

[0017] The aircraft light may comprise a light source. The light source may be
configured to emit visible light, for example white light. The light source may comprise
one or more Light Emitting Diodes (LEDs), High Intensity Discharge (HID) bulbs or
other bulbs conventionally used on aircraft. The aircraft light may comprise a housing
configured to receive the light source and provide a power supply thereto. The housing
may comprise at least one transparent region for allowing the transmission of light from
the light source to the surroundings. The housing, for example a portion of the housing
exposed to the airflow over the wingtip device when the aircraft is in flight, may be
shaped to reduce drag generated by airflow over the housing. For example, the housing
may be shaped to continue the aerodynamic profile provided by any adjacent structure of
the wingtip device, for example the aerodynamic seal.

[0018] The aircraft light may be located on the outboard side of the winglet. The aircraft
light may be configured to provide a light cone directed away from the main fuselage of
the aircraft. The aircraft light may be located in the join at the trailing edge of the device.
Thus, the light may be adjacent to the trailing edge of the upwardly extending winglet
and/or the downwardly extending winglet. Locating the light adjacent to the trailing edge
of the device may provide a wider field of illumination by reducing the proportion of the
light cone obstructed by the aircraft structure.

[0019] An aerodynamic fairing (or seal) may extend along the join between the upwardly

extending winglet and the downwardly extending winglet. In the case that the light is



- 7 -

located at the trailing edge of the device, the fairing may extend from the leading edge of
the device (for example from the leading edge of the downwardly extending winglet)
along the join towards the trailing edge. The fairing may extend along the join to a
region adjacent to the aircraft light. The fairing may extend over a portion of an aircraft
light located in the join. The fairing may extend around and/or over the aircraft light such
that only a portion of the light, for example the transparent portion of the housing of the
light, is exposed to the airflow over the wingtip device.

[0020] The aircraft light may be an obstruction light. An obstruction light may be
defined as a light configured for the primary purpose of illuminating the aircraft
surroundings. Thus, an obstruction light may differ from a navigation light which may be
defined as a light (the position and type of which is usually mandated by international
regulations) configured for the primary purpose of providing information on the position
and heading of the aircraft. The wing may comprise one or more navigation lights (for
example a white navigation light located towards the aft of the wing) and an obstruction
light. The aircraft light may be a rear-facing light and/or outboard facing light. The
wingtip device may be configured such that, in use, the light provides a rearward-directed
and/or outward-directed light cone. The aircraft light may be configured to provide a
light cone having a cone angle greater than 50 degrees, for example greater than 60
degrees, for example 70 degrees, when viewed in plan from above.

[0021] The upwardly extending winglet may be connected to the outboard end of the
wing. The join between the upwardly extending winglet and the downwardly extending
winglet may be at the outboard end of the wing. Alternatively, the join between the
upwardly extending winglet and the downwardly extending winglet may be outboard of
the outboard end of the wing.

[0022] The upwardly extending winglet and the downwardly extending winglet may each
have a mean camber line. The mean camber line may be defined as the curve that is
equidistance from the two surfaces of the upwardly extending winglet or downwardly
extending winglet. The light may be located on the mean camber line of the upwardly
extending winglet and/or the downwardly extending winglet. The light may be located

on the mean camber line of the downwardly extending winglet at the point closest to the
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mean camber line of the upwardly extending winglet. The upwardly extending winglet
may comprise a transition region having a radius of curvature. The upwardly extending
winglet may comprise an upwardly extending portion and a transition portion configured
to blend the upwardly extending portion into the wing. The downwardly extending
winglet may intersect the upwardly extending winglet at the transition region.
Alternatively the upwardly extending winglet may be a curved winglet.

[0023] In a second aspect of the invention there is provided an aircraft having a wingtip
device according to any previous claim. The aircraft may be a commercial passenger
aircraft. The aircraft may be configured to transport more than fifty passengers.

[0024] According to a third aspect of the invention there is provided a method of
integrating an aircraft light with a wingtip device comprising an upwardly extending
winglet and a downwardly extending winglet, the method comprising the step of joining
the downwardly extending winglet to the upwardly extending winglet such that at least
part of the aircraft light is located in-between the upwardly extending winglet and the
downwardly extending winglet. Thus, the aircraft light may be sandwiched between the
upwardly extending winglet and downwardly extending winglet of a wingtip device.
[0025] The aircraft light may be connected to the wingtip device via the upwardly
extending winglet. For example the aircraft light may be mounted on the first bracket (if
present). The method may comprise leaving the aircraft light in position while the
downwardly extending winglet is removed. Providing a wing tip device wherein the
aircraft light forms part of the upwardly extending winglet assembly may facilitate
maintenance by allowing the downwardly extending winglet to be removed without
having to disconnect the light.

[0026] The method may comprise providing power to the aircraft light via the upwardly
extending winglet.

[0027] 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 invention. For
example, the method of the invention may incorporate any of the features described with

reference to the apparatus of the invention and vice versa.



DESCRIPTION OF THE DRAWINGS

[0028] Embodiments of the present invention will now be described by way of example
only with reference to the accompanying schematic drawings of which:

[0029] Figure 1 shows a perspective view of a portion of a wingtip device according to a
first embodiment of the invention;

[0030] Figure 2 shows a close-up of the region labelled A in Figure 1,

[0031] Figure 3 shows a rear view of the wingtip device of the first embodiment; and
[0032] Figure 4 shows a schematic view of a wingtip device according to a second

embodiment.

DETAILED DESCRIPTION

[0033] Figure 1 shows a perspective view of a wingtip device 1 in accordance with a first
example embodiment of the invention. The wingtip device 1 comprises an upwardly
extending winglet (an uplet) 2 and a downwardly extending winglet (a downlet) 4. A
proximal end of the downwardly extending winglet 4 intersects the underside of the
upwardly extending winglet 2 at a join 6. The join 6 extends along the root chord of the
downwardly extending winglet 4, between the downwardly extending winglet 4 and the
underside of the upwardly extending winglet 2.

[0034] Figure 2 shows a close up view of a region of the join 6 labelled A in Figure 1. A
rearward facing obstruction light 10 is located towards the trailing edge of the join 6; that
1s to say at right hand side of the join 6 in Figure 2. An aerodynamic seal 8 extends along
the gap formed between the upwardly extending winglet 2 and downwardly extending
winglet 4. The seal 8 extends around the root of the downwardly extending winglet 4 and
up to either side of the light 10. The aerodynamic seal 8 therefore fairs the join 6 and part
of the light 10.

[0035] Figure 3 shows a rear view of the wingtip device 1 of the first embodiment. As
shown in Figure 3 the light 10 is located on the mean camber line of the downwardly
extending winglet 4, at the point which is closest to the mean camber line of the upwardly

extending winglet. The angle between the upwardly extending winglet 2 and
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downwardly extending winglet 4 is around 130 degrees. The angle between the wing
plane and the tip of the upwardly extending winglet 2 is around 120 degrees, and the
angle between the wing plane and the downwardly extending winglet 4 is around 120
degrees.

[0036] As can be seen from Figures 1 to 3, wingtip devices in accordance with the
present embodiment may experience less drag as locating the light 10 at the join 6 allows
the majority of the body of the light 10 to sit within the join thereby shielding it from the
airflow around the wingtip device when the aircraft is in flight.  Positioning the
obstruction light 10 at the trailing edge of the wingtip device 1 may also allow for a wider
light cone due to the lack of other structure to obscure the light.

[0037] Figure 4 shows a close-up schematic outboard view of part of a wingtip device
101 in accordance with a second example embodiment, again the trailing edge of the
wingtip device is on the right-hand side of Figure 4. Only those features of the second
embodiment which differ with respect to the first embodiment will be discussed here.
Like reference numerals denote like elements. The aerodynamic seal 108 of the second
embodiment is not shown in Figure 4 for clarity. In the second embodiment a bracket
112a is mounted on the upwardly extending winglet 102 using fasteners (not shown).
Another bracket 112b is mounted on the downwardly extending winglet 104 using
fasteners (not shown). The downwardly extending winglet 104 is fixed to the upwardly
extending winglet 102 via the brackets 112a, 112b. The upwardly extending winglet
bracket 112a defines a recess (not shown), which in contrast to the first embodiment is
spaced apart from the trailing edge of the wingtip device 101, and in which a light 110 is
located. A dashed line 116 is used in Figure 4 to represent the electrical connection
between light 110 and power source 114. The electrical connection is provided to the
light 110 via the upwardly extending winglet 102. Accordingly, wingtip devices in
accordance with the second embodiment may be disassembled by disconnecting the
lower bracket 112b from the upper bracket 112a to remove the downwardly extending
winglet 104. The downwardly extending winglet 104 may be removed while the light
110 remains located in upper bracket 112a and without disturbing the electrical

connection 116.
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[0038] In an alternative embodiment (not shown), a separate light fitting is located in the
Jjoin adjacent to the trailing edge of the wingtip device (1.e. at the right hand side of Figure
4). The light is then connected to the upwardly extending winglet via that fitting.

[0039] 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. The second
embodiment described above uses brackets to fix the downwardly extending winglet to
the upwardly extending winglet, it will be appreciated that any type of fixings may be
used with the present invention. It will also be appreciated that the type of light used
with the present invention may vary, as well as its position along the length of the join.
For example, in some embodiments in accordance with the present invention the light
may be located adjacent to the leading edge of the downwardly extending winglet.

[0040] 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. 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. Moreover, it is to
be understood that such optional integers or features, whilst of possible benefit in some
embodiments of the invention, may not be desirable, and may therefore be absent, in

other embodiments.



CLAIMS

1. A wingtip device comprising an upwardly extending winglet and a downwardly
extending winglet, the downwardly extending winglet being connected to the
upwardly extending winglet at a join, and wherein an aircraft light is located at the
join between the upwardly extending winglet and the downwardly extending
winglet.

2. A wingtip device according to claim 1, wherein the upwardly extending winglet
comprises an upper surface and a lower surface, and the downwardly extending
winglet is joined at a proximal end to the lower surface of the upwardly extending
winglet, and wherein at least part of the aircraft light is located in the join between
the proximal end of the downwardly extending winglet and the lower surface of
the upwardly extending winglet.

3. A wingtip device according to any previous claim, wherein the wingtip device
comprises an aerodynamic fairing configured to fair at least a portion of the join
and at least a portion of the aircraft light.

4. A wingtip device according to any previous claim, wherein the downwardly
extending winglet is connected to the upwardly extending winglet via a first
attachment feature mounted on the upwardly extending winglet, and a second
attachment feature mounted on the downwardly extending winglet such that, in
use, the upwardly extending winglet is connected to the downwardly extending
winglet via the first and second attachment features.

5. A wingtip device according to claim 4, wherein the aircraft light is connected to
the wingtip via the first and/or second attachment features.

6. A wingtip device according to claim 4, wherein the aircraft light is connected to
the wingtip via a light fitting separate from the first and second attachment
features.

7. A wingtip device according to any previous claim, wherein the aircraft light is

mounted on the upwardly extending winglet such that at least part of the aircraft
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light is located in the join between the upwardly extending winglet and the
downwardly extending winglet.

A wingtip device according to claim 7, wherein the wingtip device is configured
to provide power to the aircraft light via the upwardly extending winglet.

A wingtip device according to any previous claim, wherein the aircraft light
comprises a light source and a housing, said housing having at least one
transparent region for allowing the transmission of light from the light source to
the surroundings.

A wingtip device according to any previous claim, wherein the aircraft light is
located on the outboard side of the winglet.

A wingtip device according to any previous claim wherein the aircraft light is
located at the trailing edge of the wingtip device.

A wingtip device according to any previous claim, wherein the light is a rear-
facing light.

An aircraft having a wingtip device according to any previous claim.

A method of integrating an aircraft light with a wingtip device comprising an
upwardly extending winglet and a downwardly extending winglet, the method
comprising the step of joining the downwardly extending winglet to the upwardly
extending winglet such that at least part of the aircraft light is located in-between
the upwardly extending winglet and the downwardly extending winglet.

A method of integrating an aircraft light with a wingtip device according to claim
14, wherein the method comprises providing power to the aircraft light via the
upwardly extending winglet.

A method of integrating an aircraft light with a wingtip device according to claim
14 or 15, wherein the method comprises leaving the aircraft light in position while

the downwardly extending winglet is removed.
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