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ABSTRACT

A wing assembly comprises a raked wing tip having an outboard portion
hinged to one of a main wing having at least one moveable control surface and
an inboard raked wing tip portion. The outboard portion of the raked wing tip

does not carry any moveable flight control surfaces.
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HINGED RAKED WING TIP

[0001] This is a continuation-in-part of copending U.S. Serial No.
13/251,216 filed 1 October 2011.

BACKGROUND

[0002] Long span wings are desirable for commercial aircraft as
they are aerodynamically more efficient than shorter wings. The greater
aerodynamic efficiency results in lower fuel consumption and, therefore, lowers

operating costs.

[0003} However, existing airport designs place limits on aircraft
wingspan. Airport designs are based on International Civil Aviation
Organization (ICAQO) Codes A through F, which establish dimensional limits on
wingspan, landing gear width, length, etc. Forinstance, an ICAQO Code E
airport limits wingspan to less than 65 meters so the aircraft can fit within

runways, taxiways, and gate areas.

[0004]) A folding wing design may be used to reduce the span of
these wings to fit within the limitations of an existing airport’s infrastructure.
Folding wings may be folded to fit within runways, taxiways, and gate areas,

and they may be extended prior to takeoff to increase wingspan.

[0005] Folding wing designs are commonly used in naval aircraft.
Folding wings enable naval aircraft to occupy less space in confined aircraft
carrier hangars. Wing fold joints in naval aircraft use highly loaded hinges and
locking pins acting over very small wing bending reaction moment arms.
However, naval aircraft are much smaller than large commercial aircraft, and
present folding wing designs for naval aircraft are optimized to different mission

parameters than large commercial aircraft.

(0006] In commercial aircraft, a folding wing desigh may be scaled
up. High reaction loads may be overcome by increasing the size of the hinges
and locking pins. However, these size increases would increase aircraft weight,

and increases In aircraft weight are undesirable because operating costs such
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as fuel costs are increased. Consequently, the increase in weight negates the

advantages offered by the long span wings.

SUMMARY

[0007] According to an embodiment herein, a wing assembly
comprises a raked wing tip having an outboard portion hinged to one of a main
wing having at least one moveable control surface and an inboard raked wing
tip portion. The outboard portion of the raked wing tip does not carry any

moveable flight control surfaces.

[0008] According to another embodiment herein, an aircraft
comprises first and second wing assemblies. Each wing assembly includes a
wing having an inboard portion and a raked wing tip. The raked wing tip has an
outboard portion hinged to the inboard portion. The outboard portion of the

raked wing tip does not carry any moveable flight control surfaces.

[0009] According to another embodiment herein, an aircraft
comprises a fuselage and wing assemblies attached to the fuselage. Each wing
assembly includes an inboard section with moveable flight control surfaces, a
raked wing tip hinged to the inboard section about a hinge line, and an actuator
for moving the wing tip about the hinge line between a folded position and an
extended position. The raked wing tip does not carry any moveable flight control

surfaces.

[0010] According to another embodiment herein, a method of
enhancing performance of an aircraft including wings with raked wing tips
comprises folding outboard portions of the raked wing tips to comply with an
airport code limiting wingspan length, and extending the outboard portions to
increase wingspan for flight. The outboard portion does not have any moveable

fight control surfaces.

[0011] These features and functions may be achieved

independently In various embodiments or may be combined in other
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embodiments. Further details of the embodiments can be seen with reference to

the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 2] FIG. 1 is an illustration of an aircraft.

[001 3] FIGS. 2A and 2B are illustrations of a wing tip in a folded

position and an extended position.

[0014] FIGS. 3A, 3B and 3C are illustration of a raked wing tip with

a hinge line oriented in a streamwise direction.

[0015] FIG. 4 is an illustration of a raked wing tip with a hinge line

oriented in a ribwise direction.

[0016] FIG. 5 is an illustration of a raked wing tip with a hinge line

oriented in between streamwise and ribwise directions.

[0017] FIG. 6 is an illustration of a raked wing tip with a hinge line

that is coincident with a skin panel.

1001 8] FIG. 7 is an illustration of a raked wing tip with a vertical
hinge line.
[0019] FIGS 8A and 8B are illustrations of a raked wing tip with a

vertical hinge line and a movable panel for enabling interference-free movement

between folded and extended positions.

[0020] FIG. 9 is an illustration of a raked wing tip and hinge

assembly including a stub spar.

[0021] FIG. 10 is an illustration of a wing assembly including a

hinge assembly with hinged torque boxes.

[0022] FIG. 11 is an illustration of a method of enhancing

performance of a commercial aircraft including wings with raked wing tips.
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DETAILED DESCRIPTION

[0023] Reference is made to Figure 1, which illustrates an aircraft
110 including a fuselage 120, wing assemblies 130 attached to the fuselage
120, and empennage 140 attached to the fuselage 120. One or more
propulsion units 150 are coupled to the fuselage 120, wing assemblies 130 or
other portions of the aircraft 110. Each wing assembly 130 includes a main
wing and a wing tip that is hinged for movement between a folded position and
an extended position. The main wings may be swept forward, have zero sweep,
or be swept aft. The wing tips may be folded to fit the aircraft 110 within
runways, taxiways, and gate areas. Folding the wing tips enables the aircraft to
comply with airport codes, such as ICAO codes. The wing tips may be

extended prior to takeoff to increase wingspan. The higher span enables higher

aerodynamic efficiency.

[0024] FIG. 2A and 2B are illustrations of a wing assembly 130
including raked wing tip 210 hinged to a main wing 220. FIG. 2A shows the
wing tip 210 in a folded position, and FIG. 2B shows the wing tip 210 in an
extended position, which results in the wing tip in approximately the same plane
as the rest of the outboard portion of the main wing 220. In some embodiments,
the wing tip 210 may be folded in a roughly vetrtical position to minimize ground

area. In other embodiments, the wing tip 210 may be folded back onto the main
wing 220.

[0025] FIGS. 3A to 9 illustrate main wings and raked wing tips. A
main wing may include one or more wing boxes (each wing box including, for
example, front and rear spars, ribs, stringers, and upper and lower skin panels),
a leading edge, and a trailing edge. The leading edge has a leading edge

sweep angle. The main wing further includes moveable flight control surfaces

such as slats, flaps, ailerons and spoitlers.

[0026] A raked wing tip may be generally characterized by (1) a

leading edge sweep angle that is greater than the main wing leading edge
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sweep angle, and (2) chord length decreasing significantly in a spanwise
direction. The leading edge sweep angle of the raked wing tip may increase

singularly in some embodiments and progressively in other embodiments.

[0027] In all embodiments, the raked wing tip includes an outboard
portion. The outboard portion does not carry any moveable flight control
surfaces. In some embodiments, the raked wing tip may also include an
inboard portion. The inboard portion of the raked wing tip may or may not carry

moveable flight control surfaces.

(002 8] Reference is now made to FIG. 3A, which illustrates a
raked wing tip 310 whose outboard portion 312 is hinged to a main wing 320.
The outboard portion 310 is hinged about a hinge line H, which is oriented in a
streamwise (e.g. fore and aft) direction. The hinge line Hy coincides with the
root 314 of the wing tip 310.

[0029] In some embodiments, the outboard portion 312 may be
folded about the hinge line H_ between an extended position and an upward
(e.g., vertical) folded position. In other embodiments, the outboard portion 312
may be folded about the hinge line Hy between an extended position and a

downward (e.g., vertical) folded position.

[0030] The outboard portion 312 of the raked wing tip 310 does
not include any moveable flight control surfaces. The main wing 320 does
include moveable flight control surfaces, including, but not limited to, a slat 322
and an aileron 324. The slat 322 may have a straight or curved leading edge (a

curved leading edge is shown in FIG. 3A).

[0031] Reference is now made to FIG. 3B, which illustrates a
raked wing tip 340 having an inboard portion 342 and an cutboard portion 344
that is hinged to the inboard portion 342. The hinge line H. is oriented in a
streamwise direction. The inboard portion is that portion between the hinge line
H. and the root 346 of the wing tip 340. The root 346 of the wing top 340 is fixed
to a main wing 350. The inboard portion 342 of FIG. 3B does not carry any

moveable surfaces, whereas the main wing 350 does carry moveable flight
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control surfaces 352 and 354.

[0032] Reference is now made to FIG. 3C, which also illustrates a
raked wing tip 360 having an inboard portion 362 and an outboard portion 364
that is hinged to the inboard portion 362. A root 364 of the wing tip 360 is fixed
to 2 main wing 370. In the embodiment of FIG. 3C, however, the inboard

portion 362 includes a flight control surface (a slat 372 and aileron 374).

[0033] FIGS. 4 to 8 illustrate different (non-streamwise)
orientations of the hinge line. In each of these Figures 4-8, the root of the wing
tip is hinged to the main wing (that is, the outboard portion hinged to the main
wing). It is understood, however, that each of these different hinge line
orientations may be applied to wings in which the outboard portions of the wing

tips are hinged to inboard portions of the wing tips.

[0034] Reference is now made to FIG 4, which illustrates a wing
assembly 410 including the outboard portion 420 of the raked wing tip 430
hinged to the main wing 440 about a hinge line H; that is oriented in a ribwise
direction. The ribwise direction is paraliel to the closeout rib (not shown) of the
main wing 440. An advantage of the ribwise orientation is easer integration of

systems and structure.

[0035] Reference is now made to FIG 5, which illustrates a wing
assembly 510 including the outboard portion 520 of the raked wing tip 530
hinged to the main wing 540 about a hinge line H that is oriented between the
streamwise and ribwise directions. An advantage of this hinge line orientation is

a balance between favorable integration and torsional stiffness.

[0036] Reference is now made to FIG 6, which illustrates a wing
assembly 610 including the outboard portion 620 of the raked wing tip 630
hinged to the main wing 640 about a hinge line H that is coincident with a skin
panel. The skin panel may be an upper panel or a lower panel. An advantage

of this hinge line orientation is easier integration of fold actuators.

[0037] Reference is now made to FIG. 7, which illustrates a wing
assembly 710 including the outboard portion 730 of the raked wing tip 720
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hinged to the main wing 740 about a substantially vertical hinge line H_ within
the wing assembly 710. The wing tip 720 is moved to an extended position to
maximize wingspan, and the wing tip 720 is moved to a folded position to
iIncrease sweep. An advantage of this vertical orientation is lower loads in cross

winds.

(003 8] Reference is now made to FIGS 8A and 8B, which illustrate
a wing assembly 810 including a raked wing tip 820 with a movable panel 830
for enabling interference-free movement between folded and extended
positions. As shown in FIG. 8B, the wing tip 820 includes an opening 840 at its
root. The opening 840 enables the wing tip 820 to avoid inboard interference

with the main wing 850 when the wing tip 820 is folded.

[0039] As shown in FIG. 8A, the moveable panel 830 covers the
opening 840 when the wing tip 820 is extended. The moveable panel 830 may

be opened and closed by a slaved mechanical linkage or an actuator.

[0040] The outboard portion is hinged to either the inboard portion
or the main wing by a hinge assembly. The hinge assembly is not limited to any
particular type. In some embodiments, the hinge assembly may include
conventional hinges and locking pins. The outboard portion may be hinged to
an upper skin panel for upward folding, or to a lower skin panel for downward
folding. The locking pins lock the outboard portion in either the folded position

or the extended position.

[0041] In other embodiments, the hinge assembly may include a
stub spar as described in U.S. Serial No. 13/251,216, which 1s incorporated
herein by reference. As shown in FIG. 9, a wing 910 includes hinges 950 for
allowing the wing tip 930 to fold about the upper surface of the main wing
section 920. Thus, the hinge line is coincident with the upper skin panel. The
wing tip 930 further includes at least one stub spar 960. Each stub spar 960
extends from an end of the wing tip 930. Each stub spar 960 is part of the wing
tip 930 and rotates with the wing tip 930.

[0042] A single stub spar 960 is shown in Figure 9. When the wing
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tip 930 is folded to the folded position, that stub spar 960 is roughly vertical (as
shown in Figure 9). As the wing tip 930 is being folded towards the extended
position, that stub spar 960 enters into the main wing section 920 via a stub
spar door 970. When the wing tip 930 reaches the extended position, that stub

spar 960 is alignhed with at least one of the spars in the main wing section 920.

[004 3] The wing tip 930 may be folded by applying force to a free
end of the stub spar 960. The force may be generated by an actuator (not
shown) and transmitted to the stub spar 960 via a rod 980. A locking pin
receptacle 990 is located at a free end of the stub spar 960. The receptacle 990
receives a locking pin when the wing tip is in the extended position The locking

pin locks the stub spar 960 to an aligned spar in the main wing section 920.

[0044] The stub spar 960 redirects the moment arm (along the
main wing section 920) and provides a longer moment arm than a conventional
design. In a conventional design, the moment arm is taken across the distance
between wing surfaces (that is, the short height of the wing thickness). The
longer moment arm reduces reacting forces on a locking pin and hinges 150.
This enables smaller, lighter hinges and locking pins to be used. |t also enables
the hinges 150 to be mounted between skin panels. Because the hinges 150

are not external, either drag is reduced or a fairing is not needed to reduce drag.

[0045] In still other embodiments, the hinge assembly may incluge
hinged torque boxes as described in U.S. Serial No. 13/664,371 filed 30
October 2012, which is also incorporated herein by reference. As illustrated in
FIG. 10, the hinge assembly 1010 includes at least one torque box 1020
extending from a closeout rib 1030 of an outboard portion 1040, and at least
one torque box 1050 extending from a closeout rib 1060 of an inboard portion
1070 of a wing assembly 1000. The torque boxes 1020 and 1050 are hinged
together via hinge lines 1080 so the outboard portion 1040 can be folded about

a hinge line H..

[0046] A wing assembly herein may have a long wingspan, yet still
be used in existing airports. The longer wingspan enables higher aerodynamic

efficiency.
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[0047] A wing assembly herein may have a long span, vyet still be
used in existing airports. The higher span enables higher aerodynamic

efficiency.

(004 8] Reference is now made to FIG. 11, which illustrates a
method of enhancing performance of a commercial aircraft including wing
assemblies with raked wing tips. The aircraft is located at an airport that place
limits on aircraft's wingspan. For instance, the airport is an ICAO Code E

airport, which limits wingspan to less than sixty five meters.

[0049] At block 1110, the aircraft is parked with outboard portions
of its wing tips in a folded position. At block 1120, the aircraft is moved to a
gate area, loaded, and taxied to a runway. The wing tips remain in the folded

position so the aircraft can fit within taxiways en route to the runway.

[0050] At block 1130, prior to takeoff, the outboard portions of the
wing tips are extended for flight. By extending the outboard portions, wingspan
IS increased and, as a result, aerodynamic efficiency is increased. The greater
aerodynamic efficiency results in lower fuel consumption and, therefore, lower

operating costs.



CA 02824108 2013-08-16

-10-

THE CLAIMS

1. A wing assembly comprising a raked wing tip having an outboard
portion hinged to one of a main wing having at least one moveable control
surface and an inboard raked wing tip portion; the outboard portion of the raked

wing tip not carrying any moveable flight control surfaces.

2. The wing assembly of claim 1, wherein the outboard portion is

hinged to the main wing.

3. The wing assembly of claim 1, wherein the outboard portion of the
wing tip Is hinged to the inboard portion of the wing tip, the inboard portion

having at least one moveabile flight control surface.

4. The wing assembly of claim 1, wherein the outboard portion of the
wing tip Is hinged to the inboard portion of the wing tip, the inboard portion not

carrying any moveable flight control surfaces.

S. The wing assembly of claim 1, wherein the wing assembly is

swept.

0. The wing assembly of claim 5, wherein the raked wing tip has

greater leading edge sweep than the main section.

/. The wing assembly of claim 1, wherein the outboard portion is

hinged about a hinge line.

8. The wing assembly of claim 7, wherein the hinge line is oriented in

a streamwise direction.

9. The wing assembly of claim 7, wherein the hinge line is parallel to

a ribwise direction.

10.  The wing assembly of claim 7, wherein the hinge line is oriented at

an angle between streamwise and ribwise directions.
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11.  The wing assembly of claim 7, wherein the hinge line is coincident

with a skin panel.

12.  The wing assembly of claim 7, wherein the hinge line is located
substantially vertically within the wing assembly such that the outboard portion
is movable to an extended position to maximize wingspan and a folded position

to Increase sweep.

13.  The wing assembly of claim 12, wherein outboard portion includes
a panel that iIs movable to avoid inboard interference when the outboard portion

IS moved to the folded position.

14.  The wing assembly of claim 7, further comprising a hinge
assembly for hinging the outboard portion of the raked wing tip about the hinge

line.

15. The wing assembly of claim 14, wherein the hinge assembly
iIncludes a stub spar extending past an end of the wing tip and into the main
wing or the inboard wing tip section when the wing tip is extended, the stub spar

reacting a moment load across a length of the stub spar.

16.  The wing assembly of claim 15, wherein the hinge assembly
further includes a hinge for hinging the wing tip to the main wing, the hinge

located beneath an upper surface of the main wing.

17.  The wing assembly of claim 14, wherein the hinge assembly
Includes at least one torque box extending from a closeout rib of the outboard
portion, and at least one torque box extending from a closeout rib of the inboard
portion of the wing assembly, the torque boxes hinged together so the outboard

portion can be folded about the hinge line.

18.  The wing assembly of claim 14, further comprising means for

moving the outboard portion between folded and extended positions.

19.  The wing assembly of claim 14, wherein the wing assembly has a

Code E wingspan when the outboard portion of the raked tip is folded. .
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20. The wing assembly of claim 1, wherein the wing tip and the main

wing are configured for a commercial aircratft.

21.  An aircraft comprising first and second wing assemblies, each
wing assembly including a wing having an inboard portion and a raked wing tip,
the raked wing tip having an outboard portion hinged to the inboard portion, the
outboard portion of the raked wing tip not carrying any moveable flight control

surfaces.

22. The aircraft of claim 21, wherein each outboard portion i1s hinged

about a hinge line.

23.  The aircraft of claim 22, wherein the hinge line is oriented in a

streamwise direction.

24.  The aircraft of claim 22, wherein the hinge line is parallel to a

ribwise direction.

25. The aircraft of claim 22, wherein the hinge line is oriented at an

angle between streamwise and ribwise directions.

26. The aircraft of claim 22, wherein the hinge line is coincident with a

skin panel.

27. The aircraft of claim 22, wherein the hinge line is located
substantially vertically such that the outboard portion is movable to an extended

position to maximize wingspan and a folded position to increase sweep.

28. The aircraft of claim 27, wherein outboard portion includes a panel
that is movable to avoid inboard interference when the outboard portion is

moved to the folded position.
29.  An aircraft comprising

a fuselage;
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wing assembilies attached to the fuselage, each wing assembly including
an inboard section with moveable flight control surfaces, a raked wing tip
hinged to the inboard section about a hinge line; and an actuator for
moving the wing tip about the hinge line between a folded position and

an extended position; wherein the raked wing tip does not carry any

moveable flight control surtaces.

30. A method of enhancing performance of an aircraft including wings
with raked wing tips, the method comprising folding outboard portions of the
raked wing tips to comply with an airport code limiting wingspan length, and
extending the outboard portions to increase wingspan for flight; wherein the

outboard portion does not have any moveable flight control surfaces.
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FIG. 3A
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FIG. 11
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