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(57) ABSTRACT

Systems and methods for providing variable geometry
winglets to an aircraft are disclosed. In one embodiment, a
winglet includes a base portion configured to attach to a wing.
The winglet further includes a body portion. In turn, the body
portion includes at least one of a deflectable control surface,
a shape memory alloy (SMA) bending plate, and a SMA
torque tube. The base portion is configured to attach to the
wing such that the body portion projects at an upward angle
from the wing.




Patent Application Publication  Dec. 18, 2008 Sheet 1 of 6 US 2008/0308683 A1

r 104
/— 102
H 102
Fig. 1a F

104 !

Fig. 1b Fig. 1c



Patent Application Publication  Dec. 18, 2008 Sheet 2 of 6 US 2008/0308683 A1

200
\ 214

212

s 210



US 2008/0308683 A1l

Sheet 3 of 6

Dec. 18, 2008

Patent Application Publication

N
o
(o)

310

Fig. 3



Patent Application Publication

Span-Wise Motion

L
@‘ I
~§ /g
|
\ /§

& §

310

Dec. 18, 2008 Sheet 4 of 6

312

US 2008/0308683 A1l

Stream-Wise Motion

Fig. 4b



Patent Application Publication  Dec. 18, 2008 Sheet S of 6

US 2008/0308683 A1
500
SENSOR(s) 502
' ) /
INERTIA GUIDANCE SYSTEM / PROCESSOR(S) 510
504
L /
// MEMORY 512
Winglet / INERTIA GUIDANCE DATABASE
Control / INTERFACE INTERFACE
Computer / MODULE 514 MODULE 516
MODIFICATION f SMA E
CALCULATION MODULL;'\/il')EZI\(J)T
MoDULE 518 L =
ACTUATOR
[ A MODULE 522 CONTROL LAaw
CONTROL SURFACE \ ~ DATABASE 524
ACTUATOR(S) 212 B \
g \
SMA THERMAL

ELEMENT(S) 508 Flg .5




US 2008/0308683 A1l

Dec. 18,2008 Sheet 6 of 6

Patent Application Publication

9 ‘b4




US 2008/0308683 Al

CONTROLLABLE WINGLETS

FIELD OF THE INVENTION

[0001] This invention relates to systems and methods for
providing winglets, and more specifically, to systems and
methods for providing winglets to enhance aircraft perfor-
mance.

BACKGROUND OF THE INVENTION

[0002] Intoday’scommercial transport industry, itis highly
desirable to design aircraft configurations that yield reduced
fuel burn per seat-mile, as fuel burn per seat-mile is a metric
of fuel efficiency. Efficient aircraft configurations are ever
more important as fuel costs continue to increase.

[0003] Winglets have been used to reduce aircraft fuel con-
sumption. The winglets may reduce the induced drag of the
aircraft and improve the lift-to-drag ratio, thereby improving
fuel efficiency. However, previous winglets are typically
designed to provide maximum drag reduction and ideal
improvement to the lift-to-drag ratio under cruise flight con-
ditions. Consequently, these winglets may not provide opti-
mal fuel efficiency during non-cruise conditions, such as
during climbs, takeoffs and landings. Since non-cruise con-
ditions generally make up significant portions of a flight,
maximum efficiency may not be realized by such winglet
designs.

[0004] Moreover, the presence of winglets may increase the
wing bending load on the main wings of an aircraft. This
increased wing bending load may be especially pronounced
when an aircraft experiences high load factor condition, e.g.,
high maneuver load conditions or high gust load conditions.
Structural reinforcements that compensate for these induced
load increases may result in additional wing weight. There-
fore, novel systems and methods which enable winglets to
maximize fuel efficient for most flight conditions, as well as
reduce wing bending loads induced by the winglets, would
have utility.

SUMMARY OF THE INVENTION

[0005] The present disclosure is directed to systems and
methods for providing variable geometry winglets. Variable
geometry winglets, as provided by embodiments of systems
and methods in accordance with the present disclosure, may
advantageously confer fuel efficiency in both cruise and non-
cruise conditions. Moreover, these variable geometry
winglets may also induce lower wing bending loads than
winglets that do not possess variable geometry. Furthermore,
certain embodiments of the variable geometry winglets may
be reversibly canted inboard to reduce the total wingspan of
an aircraft while it is on the ground, thereby enabling the
aircraft to meet existing gate clearance requirements while
maximizing airborne wingspan during flight.

[0006] In one embodiment, a winglet includes a base por-
tion configured to attach to a wing. The winglet further
includes a body portion. In turn, the body portion includes a
controllable section configured to adjust a shape of the body
portion. The controllable section includes at least one of a
deflectable control surface, a shape memory alloy (SMA)
bending plate, and a SMA torque tube. The base portion is
configured to attach to the wing such that the body portion
projects at an upward angle from the wing.

[0007] In another embodiment, a method for adapting an
aircraft to a plurality of flight conditions comprises providing
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a winglet to each wing. The winglet includes a body portion.
The body portion includes at least one of a deflectable control
surface, a shape memory alloy (SMA) bending plate, and a
SMA torque tube. Once the aircraft is moving through the
atmosphere, the method further includes providing a winglet
modification signal. The winglet is then modified based on
the modification signal to at least one of reduce induced drag
and redistribute a wing load. In an additional embodiment, a
plurality of winglets may be modified asymmetrically to aug-
ment either the rolling moment or the yaw moment of the
aircraft. In other words, asymmetrical winglet morphing,
such as differentially morphing a first winglet and a second
winglet, can generate a rolling moment and/or a yawing
moment that augment similar moments generated by aile-
rons, spoilers, and/or rudders.

[0008] In an additional embodiment, an aircraft is dis-
closed. The aircraft includes a fuselage. A pair of wings is
operatively coupled to the fuselage. The aircraft further
includes a propulsion system, which is coupled either to the
fuselage or the pair of wings. A winglet is coupled to each
wing. The winglet comprises a base portion configured to
attach to the wing. The winglet further comprises a body
portion. In turn, the body portion includes at least one of a
deflectable control surface, a shape memory alloy (SMA)
bending plate, and a SMA torque tube. The base portion is
configured to attach to the wing such that the body portion
projects at an upward angle from the wing. In an additional
embodiment, the aircraft includes an actuator configured to
deflect the control surface. In another embodiment, the air-
craft includes a thermal element configured to reversibly
deform the SMA components.

[0009] In a further embodiment, the aircraft also includes a
winglet control system. The winglet control system com-
prises an input component configured to obtain sensor data
from one or more sensors. The sensor includes at least one of
an air speed sensor, a gust sensor, an inertia load sensor, a
look-ahead sensor, an accelerometer, a dynamic pressure sen-
sor, an altimeter, a Mach sensor, and a fuel flow sensor. The
winglet control system further comprises an analysis compo-
nent configured to analyze sensor data to generate one or
more winglet modification signals. Finally, the winglet con-
trol system further includes an output component configured
to provide the one or more winglet modification signals to the
actuator and the thermal element.

[0010] While specific embodiments of the invention have
been illustrated and described herein, as noted above, many
changes can be made without departing from the spirit and
scope of the invention. Accordingly, the scope of the inven-
tion should not be limited by the disclosure of the specific
embodiments set forth above. Instead, the invention should be
determined entirely by reference to the claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the present invention are described
in detail below with reference to the following drawings.
[0012] FIGS. 1a-1c illustrate a wing with an exemplary
variable geometry winglet in accordance with an embodi-
ment;

[0013] FIG. 2 is aside view of an exemplary variable geom-
etry winglet that includes a control surface, in accordance
with an embodiment;

[0014] FIG. 3 is an isometric view of an exemplary mor-
phable variable geometry winglet, in accordance with an
embodiment;
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[0015] FIGS. 4a and 454 illustrate the controlled deforma-
tion of the exemplary morphable variable geometry winglet
shown in FIG. 3, in accordance with an embodiment;

[0016] FIG. 5 is a block diagram depicting an exemplary
system for controlling the variable geometry winglets shown
in FIG. 2 and FIG. 3, in accordance with an embodiment; and
[0017] FIG. 6 is a side elevational view of an aircraft
equipped with variable geometry winglets and a correspond-
ing winglet control system, in accordance with another
embodiment.

DETAILED DESCRIPTION

[0018] The present invention relates to systems and meth-
ods for providing winglets to enhance aircraft performance.
Many specific details of certain embodiments of the invention
are set forth in the following description and in FIGS. 1-6 to
provide a thorough understanding of such embodiments. The
present invention may have additional embodiments, or may
be practiced without one or more of the details described
below.

[0019] Generally, embodiments of systems and methods in
accordance with this disclosure provide variable geometry
winglets. These variable geometry winglets are configured to
change the conformation of their airflow surfaces in response
to different flight conditions. Accordingly, the variable geom-
etry winglets of the present disclosure may maximize fuel
efficiency for both cruising and non-cruising flight condi-
tions. Moreover, the variable geometry winglets are also
capable of changing their conformation to reduce wing loads,
such as wing loads associated with high maneuver load and
high gust load conditions. Reduce wing loads may lead to
weight savings as structural redundancies in the wings may be
reduced. Thus, embodiments of the variable geometry
winglets may enhance fuel efficiency, reduced aircraft oper-
ating cost, reduce CO, emission, and reduce generated noise.
[0020] FIGS. 1a-1c illustrate a wing with an exemplary
variable geometry winglet in accordance with an embodi-
ment. Specifically, FIG. 1a is a plan view of the wing with the
exemplary winglet 102. FIG. 15 is a front view of the wing
with the exemplary winglet 102. Additionally, FIG. 1c is a
side view of the exemplary winglet 102.

[0021] In various implementations, a winglet 102 may be
disposed on a main wing 104 of an aircraft (e.g., starboard
wing or port wing). As described above, each winglet 102
may be configured with variable wing geometry. In other
words, the shape of the winglet 102 may be transformed or
modified. As further described below, the transformation or
modifications of the winglet 102 may be tailored for particu-
lar flight conditions and circumstances. Accordingly, the vari-
able geometry of the winglet 102 may serve to enhance the
flight characteristics of the aircraft.

[0022] For example, for an aircraft equipped with winglets
102 on both main wings 104, the winglets 102 may be sym-
metrically deflected, that is, deflect in a similar manner, to
change the air pressure distribution over the outboard por-
tions of each wing. In this way, the variable geometry may
enable each winglet 102 to reduce the wing bending load on
the each corresponding wing 104. In various implementa-
tions, such symmetrical deflections of the winglets 102 may
be carried out under condition such as present or anticipated
high-g maneuver or high gust load conditions. The reduction
the wing bending load may enable the reduction of structural
gage within the main wing, resulting a weight saving and
improved fuel economy.
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[0023] Moreover, the geometry of the winglets 102 may
also be varied to improve the lift to drag ratio in a variety of
flight conditions. For instance, while ordinary winglets are
often tailored to provide maximum lift-to-drag during a par-
ticular phase of the flight (e.g., cruising flight), variable
geometry winglets 102 may provide maximum lift-to-drag
ratio during a variety of cruising and non-cruising flight con-
ditions. Increases to the lift-to-drag ratio during different
phases of a flight may further improve fuel economy.

[0024] In further embodiments, the winglets 102 may be
canted inboard (towards the fuselage) to reduce the total
wingspan of an aircraft while it is on the ground, thereby
allowing the aircraft to meet existing gate clearance require-
ments. However, once the aircraft is airborne, winglets 102 in
accordance with these embodiments may be canted outboard
(away from fuselage). In this way, winglets 102 of these
embodiments may enable the aircraft to generated additional
lift by maximizing wingspan, as well as take advantage of the
benefits provided by the winglets 102.

[0025] FIG. 2 is an enlarged side view of an exemplary
variable geometry winglet 200 that includes a control surface.
It will be appreciated that the variable geometry winglet 200
may be constructed from various metallic, composite, or
hybrid materials, such as aluminum, titanium, polymer, fiber-
glass, carbon-fiber reinforced plastic (CFRP), and the like.

[0026] According to various embodiments, the exemplary
variable geometry winglet 200 includes a body portion 202.
The body portion includes a leading edge 204 and a trailing
edge 206. The variable geometry winglet also includes a base
portion 208 configured to attach to an aircraft wing. Specifi-
cally, the base portion 208 may be coupled to an aircraft wing
such that the winglet 200 projects at anupward angle from the
aircraft wing. The winglet 200 further includes a control
surface 210. The control surface 210 is positioned adjacent
the trailing edge 204 of the body portion 202.

[0027] The control surface 210 may be connected to the
body portion 206 of the variable geometry winglet 200 by one
or more actuators 212. It will be appreciated that the one or
more actuators 212 may include electromechanical actuators,
hydraulic actuators, pneumatic actuators, and the like.

[0028] Insome embodiments, the control surface 208 may
further include a winglet tip horn 214. The winglet tip horn
214 is configured to increase the aerodynamic effectiveness
of'the control surface 210. Moreover, the winglet tip horn 214
may further reduce the loads on the one or more actuators 212
during deflection of the control surface 210.

[0029] The control surface 210 is configured to selectively
deflect in response to various flight conditions. For instance,
an aircraft may be equipped with a pair of winglets 200 on its
wings. When such an aircraft is in 1-g cruising flight, the
control surfaces 210 on the winglets 200 are not deflected.
Accordingly, the span-wise lift distribution on each wing is
optimized (e.g., near elliptic in the absence of transonic
effects). In turn, induced drag is reduced and the lift-to-drag
ratio of the aircraft is maximized.

[0030] However, when the aircraft is in a non-cruise con-
dition, (e.g., 1-g climb, 1-g descent), or when the aircraft is in
takeoff or landing conditions, the control surfaces 210 may be
deflected (e.g., anterior portion pivoted toward or away from
the aircraft fuselage). The deflections may optimize perfor-
mance, that is, maximize fuel efficiency, for each of the dif-
ferent flight conditions or phases by modify airflow over each
of the winglets 200.






