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MULTIPLE CONTROLLABLE AIRFLOW
MODIFICATION DEVICES
RELATED APPLICATION
5 [0001] This application claims priority to U.S. Patent Application Ser. No.
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13/438,614 entitled “Multiple Controllable Airflow Modification Devices,”
filed Apr. 3, 2012, which is a continuation-in-part of U.S. Patent Application
Ser. No. 13/075,934 entitled “Active Winglet,” filed Mar. 30, 2011, which is a
continuation of U.S. Patent Application Ser. No. 12/890,557 entitled "Active
Winglet," filed September 24, 2010 (now U.S. Patent No. 7,900,877), which is
a continuation of U.S. Patent Application Ser. No. 12/797,742 entitled "Active
Winglet," filed Jun. 10, 2010 (now abandoned), which claims the benefit of
U.S. Provisional Patent Application No. 61/265,534 entitled "Active Winglet,"

filed on Dec. 1, 2009, all of which are incorporated herein by reference.

BACKGROUND

[0002] There exists an ever growing need in the aviation industry to increase
aircraft efficiencies and reduce the amount of fossil fuels consumed. Winglets
have been designed and installed on many aircraft including large multi-
passenger aircraft to increase efficiency, performance, and aesthetics. Such
winglets usually consist of a horizontal body portion that may attach to the end
of a wing and an angled portion that may extend vertically upward from the

horizontal body portion. For example, a winglet may be attached to a pre-
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existing wing of an aircraft to increase flight efficiency, aircraft performance,
or even to improve the aesthetics of the aircraft. Similarly, simple wing

extensions have been used to address similar goals.

[0003] However, the cost to install a winglet or a wing extension on an
aircraft is often prohibitive due to the requirement to reengineer and certify the
wing after the winglet or extension is installed. Thus, aftermarket installation of
winglets and wing extensions has generally been reserved for large aircraft

owned and operated by large aircraft companies.

[0004] Existing winglets and wing extensions have limited utility, in that each
winglet and wing extension must be designed and certified for a specific wing
of a specific aircraft model. Moreover, addition of a winglet or wing extension
to an aircraft typically increases the loads on the wing, thereby decreasing the
usable life of the wing and/or requiring addition of substantial structural
reinforcement to the wing. The weight of this structural reinforcement detracts
from any efficiencies gained by addition of the winglet in the first place.
Additionally, existing winglets and wing extensions, which are fixed, are
unable to adapt to changes in in-flight conditions. Accordingly, there remains a

need in the art for improved aircraft winglets and wing extensions.

SUMMARY

[0005] This Summary is provided to introduce a selection of concepts in a

simplified form that are further described below in the Detailed Description.

PCT/US2013/033577
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This Summary is not intended to identify key features or essential features of
the claimed subject matter, nor is it intended to be used to limit the scope of the

claimed subject matter.

[0006] This disclosure describes active airflow modification systems that may
use multiple controllable airflow modification devices. For example, an aircraft
may comprise a fuselage with a baseline wing coupled an active wing
extension. The active wing extension may comprise a plurality of controllable
airflow modification devices (CAMDs). A CAMD may comprise a control
surface and a control system for controlling the motion of the control surface
based at least in part on in-flight and/or historical load data. The control system
may be configured to control multiple CAMDs independently or in

coordination with each other.

[0007] Various embodiments provide for a wing extension that is fixedly
attachable to a baseline wing of an aircraft. Here the wing extension may
comprise a plurality of CAMDs. A CAMD may be coupled to a control system
for controlling a control surface of the CAMD. In various embodiments, the
control system may be configured to control a plurality of CAMDs
independently of an auto-pilot and/or a fly-by-wire system of the aircraft. The
control system may comprise a control device with control logic. The control
device may be communicatively coupled to a sensor located on the aircraft to
receive a signal to indicate flight conditions of the aircraft. The control device
may be configured to adjust the CAMD at least partly based on the signal from

the sensor located on the aircraft.
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[0008] Various embodiments provide for use of an active airflow
modification system including a plurality of CAMDs. For example, the system
may receive flight condition data from a sensor located on an aircraft. The
system may adjust a plurality of CAMDs located on a wing extension of the
aircraft based at least in part on the received flight condition data. The CAMDs
may be adjusted by, for example, rotating a control surface to reduce a wing
load of a wing of the aircraft by moving a center of pressure of the wing, the
center of pressure due to and associated with aerodynamic forces acting on the
wing, inboard and/or reduce an impact of a wing extension on a fatigue life of a
wing of the aircraft. The CAMDs may be adjusted independently of each other

or in coordination with one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The Detailed Description is set forth with reference to the
accompanying figures. In the figures, the left-most digit(s) of a reference
number identifies the figure in which the reference number first appears. The
use of the same reference numbers in different figures indicates similar or

identical items.

[0010] Fig. 1 depicts an illustrative wing extension with a vertically extending

wingtip device attachable to a wing of an aircraft.

[0011] Fig. 2 depicts another illustrative wing extension attachable to a wing

of an aircraft.

PCT/US2013/033577
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[0012] Fig. 3 depicts an aircraft with attached illustrative wing extensions,

each wing extension having multiple airflow modification devices.

[0013] Figs. 4A-H depict illustrative wing extensions and wingtip devices.

[0014] Figs. SA-F depict illustrative wing extensions attached to illustrative

wings of aircraft.

[0015] Fig. 6 depicts the illustrative wing extension with a wingtip device of
Fig. 1 and a cross-sectional view of the wing extension with a wingtip device,

taken along line A--A of Fig. 6.

[0016] Fig. 7 depicts an illustrative cross-section of the wing extension with a

wingtip device of Fig. 1 with a mechanical control system.

[0017] Fig. 8 depicts an illustrative cross-section of the wing extension with a

wingtip device of Fig. 1 with a computer controlled control system.

[0018] Fig. 9 depicts a design load comparison graph.

[0019] Fig. 10 depicts a design stress and moment load comparison graph.

[0020] Figs. 11A-D depict an illustrative wing extension with a vertically
extending wingtip device, a view from a trailing edge of the wing extension
with a wingtip device depicted in Fig. 11A, and a cross-sectional view of the

wing extension with a wingtip device taken along line C--C of Fig. 11B.

[0021] Fig. 12 depicts an aircraft with attached illustrative wing extensions

according to one embodiment.

PCT/US2013/033577
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[0022] Fig. 13 depicts an illustrative aircraft with attached illustrative wing
extensions with vertically extending wingtip devices according to another

embodiment.

[0023] Fig. 14 depicts a flowchart illustrating operation of multiple

controllable airflow modification devices.

DETAILED DESCRIPTION

Overview

[0024] This application describes controllable airflow modification devices
(CAMDs) that may be used in active wing extensions for improving the
efficiency, performance, and/or aesthetics of an aircraft. The CAMDs
according to this application may also reduce fatigue of the wings of the
aircraft, extend a usable life of the wings of the aircraft, and/or decrease a
certification cost and time associated with adding wing extensions to the
aircraft. Wing extensions may also include wingtip devices that may further
improve efficiency, performance, and aesthetics of an aircraft. By virtue of
having CAMDs, such active wing extensions may be able to adjust edges
and/or portions of the control surfaces of a CAMD in response to flight

condition data.

[0025] As discussed above, adding wing extensions to an existing wing
improves airplane efficiency and performance by increasing lift and reducing

drag. This performance benefit may come at the cost of adding additional stress
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to the wing that was not accounted for by the original airplane manufacturer.
As a result, installing traditional passive wing extensions or winglets on
airplanes is expensive because the wing may need to be fully analyzed, reverse
engineered, and tested to determine if the wing has the structural ability to
accommodate the addition of winglets. In most cases, when installing
conventional winglets or wing extensions, structural wing modifications are
required. Additionally, the useful life (fatigue life) of the wing is reduced by
addition of winglets or wing extensions, thereby increasing the total cost of

airplane ownership to the customer.

[0026] In contrast, the active wing extensions described herein reduce the
engineering and certification costs associated with addition of wing extensions
because the active extensions have a minimal (potentially even beneficial)
structural effect while maintaining a positive aerodynamic effect. In other
words, the active wing extensions described herein improve airplane efficiency
and performance by increasing lift and reducing drag, without the drawbacks
(e.g., added stress and fatigue and/or reengineering of the wing) associated with
conventional fixed winglets and wing extensions. As previously noted, an
active wing extension according to this disclosure may have an airflow control
system in the form of one or more CAMDs located on the wing extension. A
CAMD located on the wing extension may be adjusted, which may change the
acrodynamic forces on the aircraft wing (e.g., to mitigate or offsct stresses on

the wing during gusts, maneuvers, and/or turbulent air).
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[0027] The active wing extension on an aircraft may be designed to keep
spanwise section loads at or below originally designed values for a given wing
without a wing extension. Thus, the active wing extension may eliminate the
requirement to have a wing reinforced due to the addition of the wing
extension. Additionally, the CAMD of the active wing extension may be
configured to reduce the bending moment of the wing by moving the center of
pressure of the wing inboard and/or reduce the impact of the wing extension on
the fatigue life of the wing. Therefore, the addition of the active wing extension
may not significantly decrease, if at all, the service life of the wing and/or the
aircraft to which it is attached. In some instances, addition of an active wing
extension may even reduce fatigue and increase an overall service life of the
wing and/or the aircraft to which it is attached. Additionally, in the same or
other instances, addition of an active wing extension may also increase the
overall capacity of the wing carrying capability of the aircraft, thus increasing

the aircraft’s gross weight potential.

[0028] As discussed above, this disclosure describes active airflow
modification systems that may use multiple controllable airflow modification
devices. For example, an aircraft may comprise a fuselage with a baseline wing
coupled to the fuselage at a first end of the baseline wing. The baseline wing
may also have control surfaces, including for example, an aileron. The aircraft
may also comprise a wing extension. The wing extension may comprise a
horizontal portion coupled to the baseline wing at a second end such that the

horizontal portion is outboard of the baseline wing. The horizontal portion may
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be substantially coplanar with the baseline wing, meaning, for example, that if
the baseline wing has a dihedral or anhedral configuration, the horizontal
portion may continue outwardly from the baseline wing at the same angle
continuing the dihedral or anhedral configuration. Additionally or alternatively,
the horizontal portion may be set at an angle with respect to the baseline wing,
for example, providing dihedral or anhedral at the wing extension with respect
to the baseline wing. The wing extension may also comprise a plurality of
controllable airflow modification devices (CAMDs) directly coupled to the
horizontal portion of the wing extension. The horizontal portion may also
comprise a first horizontal segment and a second horizontal segment where the
first horizontal segment is disposed between the baseline wing and the second
horizontal segment. Here, the first horizontal segment may be directly coupled
to a first CAMD of the plurality of CAMDs, and the second horizontal segment
may be directly coupled to a second CAMD of the plurality of CAMDs. Stated
another way, the first horizontal segment containing the first CAMD may be
located outboard of the baseline wing and inboard of the second horizontal

segment containing the second CAMD.

[0029] A CAMD may comprise a control surface disposed at a trailing edge
of the baseline wing, such that the control surface is substantially parallel to the
baseline wing. The CAMD may also comprise a control system for controlling
motion of the control surface based at least in part on in-flight load data. The
control surface may be configured for the aircraft based at least in part on

historical flight data. The control system may be communicatively coupled to a

PCT/US2013/033577
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sensor located on the aircraft and configured to receive a signal from the
sensor. Further, the control system may be configured to control the control
surface of the CAMD independent of a control surface of another CAMD.
Additionally or alternatively, the control system may be configured to control

the control surface of the first CAMD synchronous with the second CAMD.

[0030] Various embodiments provide for a wing extension that is fixedly
attachable to a baseline wing of an aircraft. Here the wing extension may
comprise a horizontal portion that is substantially parallel to the baseline wing
of the aircraft where the horizontal portion may be configured to fixedly attach
to an outboard portion of the baseline wing of the aircraft. The wing extension
may also comprise a plurality of CAMDs coupled to the horizontal portion of
the wing extension. The wing extension may further comprise a wingtip device
that may be directly coupled to an outboard portion of the horizontal portion.
In some embodiments, the wingtip device may also include a vertically
extending portion. The vertically extending portion extends at least somewhat
in the vertical direction, but need not be perpendicular to the horizontal portion
or to the horizon. In other words, the vertically extending portion extends from

the horizontal portion at an angle including a vertical component.

[0031] A CAMD may be coupled to a control system for controlling a control
surface of the CAMD. In various embodiments, the control system may be
configured to control a CAMD independently of an auto-pilot and/or a fly-by-
wire system of the aircraft. The control system may comprise a control device

with control logic where the control device may be configured to

10
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communicatively couple to a sensor located on the aircraft. The control device
may be configured, when coupled to the sensor, to receive a signal from the
sensor located on the aircraft to flight conditions of the aircraft. The control
device being further configured to adjust the CAMD at least partly based on the

signal from the sensor located on the aircraft.

[0032] Various embodiments provide for use of an active airflow
modification system. For example, the system may receive flight condition data
from a sensor located on an aircraft. The system may adjust a plurality of
CAMD:s located on a wing extension of the aircraft based at least in part on the
received flight condition data. In some embodiments, the plurality of CAMDs
may be located on a horizontal portion of the wing extension that may be
substantially parallel to a baseline wing of the aircraft. The CAMDs may be
adjusted by rotating a control surface at a hinge along a horizontal axis such
that an edge of the control surface other than the one edge coupled to the hinge
moves up or down in relation to the horizontal portion of the wing extension.
The adjustment of the CAMDs may be configured to reduce a wing load of a
wing of the aircraft by moving a center of pressure of the wing inboard and/or
reduce an impact of a wing extension on a fatigue life of a wing of the aircraft.
Here, for example, the wing load may comprise a bending moment and/or a

torsional moment of the wing.

[0033] The CAMDs may be adjusted independently of each other or in
coordination with one another. For example, a first CAMD may be adjusted

independent of a second CAMD. Additionally or alternatively, a first CAMD

11
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may be adjusted in coordination with a second CAMD. For example, a first
CAMD may be adjusted by providing a first control response, and a second
CAMD may be adjusted by providing a second control response. Various
embodiments provide for a magnitude of the second control response to be
greater than a magnitude of the first control response. Various embodiments
provide for a timing of the first control response to be later than a timing of the
second control response. Various embodiments provide for the first and second

CAMDs being present in the same wing extension.

Hlustrative Active Wing Extensions

[0034] Fig. 1 depicts an illustrative active wing extension 100 which is
attachable to a wing 102 of an aircraft (not shown). In one embodiment, the
active wing extension 100 may include a body portion 104 which may be
substantially parallel to a horizontal plane and/or a wing of an aircraft. By way
of example only, and not limitation, the active wing extension 100 may also
include a wingtip device, for example, an angled portion 106 on the outer side
of the body portion 104 and an attachable portion 108 on the inner side of the
body portion 104. In this example, the outer and inner sides of the body portion
104 are described with relation to the wing 102 such that the outer side is
further from the wing 102 than the inner side. Additionally, the angled portion
106 may be substantially vertical in relation to the body portion 104 such that it
projects perpendicularly from the body portion 104. However, in other
embodiments, the angled portion 106 may be configured to project from the

12
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body portion 104 at angles other than 90 degrees. In yet other embodiments,
the angled portion 106 may be configured to project from the body portion 104
at angles which include projecting downward (in relation to the aircraft).
Additionally, although the angled portion 106 is described above as projecting
from the outer side of the body portion 104, the active wing extension 100 may
be designed such that the angled portion 106 may project from the middle, or
any other location, of the body portion 104 (i.c., the angled portion 106 may be
located at any location between the inner and outer sides of the body
portion 104). Further, although the angled portion 106 is illustrated in Fig. 1 as
projecting from the outer side of the body portion 104 in a blended
configuration with a substantially smooth transition from the body portion 104
to the angled portion 106, the transition between the body portion 104 and the

angled portion 106 need not be blended and/or smooth.

[0035] The active wing extension 100 may include a controllable airflow
modification device (CAMD) 110 in the form of one or more control surfaces
112 located on the body portion 104 and/or the angled portion 106. By further
way of example, in one embodiment, the CAMD 110 may be located on the
body portion 104 of the active wing extension 100. In another embodiment, the
CAMD 110 may be located on the angled portion 106 of the active wing
extension 100. In yet another embodiment, the CAMD 110 may be located on
both the body portion 104 and the angled portion 106 of the active wing
extension 100. Further, and by way of example only, in the embodiment shown

in Fig. 1, the CAMD 110 is shown located on the aft of the active wing
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extension 100 (i.e., the back-side or trailing edge of the active wing extension
100 in relation to the front of an aircraft). In this way, adjustment of the CAMD
110 may change the angle of the control surface 112 in relation to the aft
portion (body portion 104 or angled portion 106) of the active wing extension
100 on which the control surface 112 is located. Additionally, as shown in
Fig. 1, the active wing extension 100 may include two CAMDs 110. However,
in other embodiments, more or fewer CAMDs 110 may be used depending on a
variety of factors, such as the size of the aircraft and desired performance

characteristics.

[0036] Further, as shown in Fig. 1 by way of example only, the angled portion
106 is shown as a basic trapezoidal shape. However the angled portion 106
may be rectangular, triangular, oval, or any other geometric shape.
Additionally, the airflow control surface 112 located on the angled portion 106,
may be similar in shape to, or the same shape as, the airflow control surface

112 located on the body portion 104 of the active wing extension 100.

[0037] Additionally, the active wing extension 100 in Fig. 1 illustrates, by
way of example and not limitation, a sensor 114 located in the body portion
104 on the active wing extension 100. However, the sensor 114 may be
disposed at other locations of the active wing extension 100 or of the aircraft.
For example, one or more sensors may be located on the angled portion 106, on
the front or leading edge of the body portion 104 (in relation to the aircraft), on
the aft of the body portion 104 (in relation to the aircraft), on the surface of the

wing extension 100, inside the wing extension 100 (i.e., located within the
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surface of the wing extension 100), anywhere within the aircraft, including, for

example, the baseline wing, the fuselage, the tail, or the like.

[0038] Also depicted in Fig. 1, by way of example only, is an illustrative wing
102 of an aircraft (not shown) prior to the attachment of an active wing
extension 100 as described above. The wing 102 may include an aileron 116
and a flap 118. The aileron 116 and the flap 118 may be used for flight control
of the aircraft and in some instances may be controlled by one or more pilots of
the aircraft. The wing 102 may be described as a baseline wing of an aircraft
(not shown). The baseline wing may or may not include wingtips and/or
wingtip devices that may be replaced by a wing extension 100 or extended

outwardly by a wing extension 100.

[0039] Fig. 1 also depicts an illustrative modified wing 120 which may
include the illustrative wing 102 coupled to the active wing extension 100. The
modified wing 120 may be designed and crafted for a new aircraft (e.g., with
an active wing extension integrated into the aircraft during its original
manufacture), or the active wing extension 100 may be attached to the existing
wing 102 after the fact. The active wing extension 100 of modified wing 120
may be configured in a similar shape as the existing wing 102. Additionally,
and by way of example only, the wing extension 100 may fit over a portion of
the existing wing 102 such that a portion of the end of the existing wing 102
resides within the attachable portion 108 of the active wing extension 100. In
that case, the attachable portion 108 may include a sleeve or collar that fits over

at least a portion of the end of the existing wing 102. In other embodiments, the
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active wing extension 100 may additionally or alternatively be attached to the
existing wing 102 by fastening the end of the existing wing 102 to the
attachable portion 108 via an abutting face and/or via an internal structural
support. Further, the wing extension 100 may be fabricated of the same or

similar material as the existing wing 102.

[0040] Fig. 2 depicts an illustrative active wing extension 200 which may be
attachable to a wing 102 of an aircraft. In one embodiment, the active wing
extension 200 may include a body portion 202 which may be substantially
parallel to a horizontal plane and/or a wing of the aircraft. By way of example
only, and not limitation, the active wing extension 200 may also include a
wingtip device (not shown) and an attachable portion 204 on the inner side of
the body portion 202. In this example, the outer and inner sides of the body
portion 202 are described with relation to the wing 102 such that the outer side

is further from the wing 102 than the inner side.

[0041] The active wing extension 200 may include a CAMD 206 in the form
of one or more control surfaces 208 located on the body portion 202. By way of
example only, in the embodiment shown in Fig. 2, the CAMD 206 is shown
located on the aft of the active wing extension 200 (i.e., the back-side or
trailing edge of the active wing extension 200 in relation to the front of an
aircraft). In this way, adjustment of the CAMD 206 may change the angle of
the control surface 208 in relation to the aft portion (body portion 202) of the
active wing extension 200. Additionally, as discussed below, the active wing

extension 200 may include two or more CAMDs 206. However, in other

16
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embodiments, more or fewer CAMDs 206 may be used depending on a variety
of factors, such as the size of the aircraft and desired performance

characteristics.

[0042] Additionally, the active wing extension 200 in Fig. 2 illustrates, by
way of example and not limitation, a sensor 210 located in the body portion
202 on the active wing extension 200. However, the sensor 210 may disposed
at other locations of the active wing extension 200 or of the aircraft. For
example, one or more sensors may be located on the front or leading edge of
the body portion 202 (in relation to the aircraft), on the aft of the body portion
202 (in relation to the aircraft), on the surface of the wing extension 200, inside
the wing extension 200 (i.e., located within the surface of the wing extension
200), anywhere within the aircraft, including, for example, the baseline wing,

the fuselage, the tail, or the like.

[0043] Also depicted in Fig. 2, by way of example only, is an illustrative wing
102 of an aircraft (not shown) prior to the attachment of an active wing
extension 200 as described above. The wing 102 may include an aileron 116
and a flap 118. The aileron 116 and the flap 118 may be used for flight control
of the aircraft and in some instances may be controlled by one or more pilots of
the aircraft. The wing 102 may be described as a baseline wing of an aircraft
(not shown). The baseline wing may or may not include wingtips and/or
wingtip devices that may be replaced by a wing extension 200 or extended
outwardly by a wing extension 200. Additionally, the wing extension 200 may

be configured to couple to the structure of the baseline wing, for example, the
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wing extension 200 may have one or more spar extensions (not shown) that

couple to one or more spars in the baseline wing.

[0044] Fig. 2 also depicts an illustrative modified wing 212 which may
include the illustrative wing 102 coupled to the active wing extension 200. The
modified wing 212 may be designed and crafted for a new aircraft (e.g., with
an active wing extension integrated into the aircraft during its original
manufacture), or the active wing extension 200 may be attached to the existing
wing 102 after the fact. The active wing extension 200 of modified wing 212
may be configured in a similar shape as the existing wing 102. Additionally,
and by way of example only, the wing extension 200 may fit over a portion of
the existing wing 102 such that a portion of the end of the existing wing 102
resides within the attachable portion 204 of the active wing extension 200. In
that case, the attachable portion 204 may include a sleeve or collar that fits over
at least a portion of the end of the existing wing 102. In other embodiments, the
active wing extension 200 may additionally or alternatively be attached to the
existing wing 102 by fastening the end of the existing wing 102 to the
attachable portion 204 via an abutting face and/or via an internal structural
support. Further, the wing extension 200 may be fabricated of the same or

similar material as the existing wing 102.

Hlustrative Aircraft with Active Wing Extension

[0045] Fig. 3 depicts an illustrative load alleviation system 300 implemented

on an aircraft 302 that includes at least one attached active wing extension 304.
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The components of the load alleviation system 300 may include sensors 314,
active wing extension(s) 304, a control system 306, CAMD(s) 318, and control
surface(s) 312. By way of example only, and not limitation, Fig. 3 illustrates an
active wing extension 304 on each wing of the aircraft 302. However, active
wing extensions 304 may also be placed on other surfaces of the aircraft 302.
For example, the active wing extensions 304 may be located on the wings, as
shown, or they may be located on the tail wings, or any other horizontal or

vertical surface of the aircraft 302 including the fuselage.

[0046] As mentioned above, the load alleviation system 300 may comprise a
control system 306. The control system 306 may be configured to control the
active wing extensions 304 of the aircraft 302. By way of example only, and
not limitation, the control system 306 may include one or more processor(s)
308 for receiving and processing system data, including, but not limited to,
flight condition data. In one embodiment, the processor(s) 308 may receive in-
flight data from the sensors 314. As mentioned above with respect to Fig. 1 and
sensors 114, sensors 314 may be located anywhere on the aircraft including the
wing, fuselage, wing extensions, and/or wingtip devices. The control system
306 may additionally consist of memory 310 for the storage of flight condition
data. The data stored in the memory 310 may include previously received flight
condition data, currently recorded (i.e., current in-flight) flight condition data,
or a compilation of current in-flight data and/or previously recorded in-flight
data. By way of example only, the memory 310 of the control system 306 may

include an operating system 312 and control logic 316.
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[0047] The operating system 312 may be responsible for operating the control
system 306 by way of interfacing the data with the processor(s) 308 and
providing a user interface (not shown) for interaction with one or more pilots of
the aircraft 302. Additionally or alternatively, the operating system 312 may be
responsible for operating the control system 306 by way of interfacing the data
with the processor(s) 308 without providing a user interface and may be
effectively invisible to a user, for example, a pilot. The control logic 316 of the
control system 306 may be configured to operate the control surface(s) 312 of
the CAMD(s) 318 of the active wing extension 304. In one embodiment, the
control logic 316 may control the control surface(s) 312 based on flight
condition data received from the sensor(s) 314. Additionally, parameters 320
may be stored in the memory 310. The parameters may be predetermined
parameters and may be used by the control logic 316 to determine operation of
the control surface(s) 312. In some embodiments, the control system 306 may
operate the control surfaces 312 simultaneously or independently. By way of
example only, the control system 306 of Fig. 3 is illustrated in the fuselage
and/or hull of the aircraft 302. However, the control system 306 can be located
anywhere on the aircraft, including, but not limited to, the cockpit, the tail, the

wing, the wing extension, wingtip devices, or the like.

[0048] As mentioned above, the load alleviation system 300 may comprise
active wing extension(s) 304, which include CAMD(s)318 and control
surface(s) 312. In various embodiments, an active wing extension 304 may

contain multiple CAMDs 318 with multiple control surfaces 312. For example,
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Fig. 3 illustrates an aircraft 302 with an active wing extension 304 comprising
two CAMDs 318 where each CAMD 318 is associated with a control

surface 312.

Hlustrative Airflow Modification Device Configurations

[0049] Figs. 4A-H depict various illustrative embodiments of wing extensions
and/or wingtip replacements, CAMDs, and wingtip devices. For example, Fig.
4A shows CAMD 400, which may comprise a horizontal section 402 that may
also act as a wing extension to a wing or another extension. CAMD 400 may
also comprise a wingtip device 404, for example, a winglet. The wingtip device
404 may be integrated into a CAMD 400 or may be separate from CAMD 400.
CAMD 400 may also comprise a sensor 406 to provide flight data to a control
system 408. Control system 408 may comprise controller(s) (not shown) and
actuator(s) (not shown) configured to control a control surface 410. The control
surface 410, as discussed above with respect to control surface 112, may be
moved to with respect to the aft portion of the horizontal section 402. CAMD
400 may also comprise, as discussed above with respect to body portion 104,

an attachable portion 412 on the inboard side of the horizontal section 402.

[0050] Figs. 4B-E show various illustrative embodiments of wing extensions
with CAMDs integrated into the wing extensions. For example, Fig. 4B shows
a wing extension 414 that may comprise a CAMD 416. The CAMD 416 may
comprise a control system 408 and control surface 410. Control surface 410

may take various forms and span various distances of a wing extension. Wing

21

PCT/US2013/033577



10

15

20

WO 2013/151810

extensions 414, 418, 420, and 422 show some of the possible configurations of
control surface 410. For example, wing extension 414 comprises a control
surface 410 that spans a length less than the full length of the wing extension
414 with a section of the wing extension 414 at each end of the control surface
410. The section of the wing extension 414 at each end of the control surface

410 may be, but need not be, equal in size.

[0051] Fig 4C shows wing extension 418 comprising a control surface 410
spanning a length less than the full length of the wing extension 418 with a
section of the wing extension 418 at one end of the control surface 410, for
example on an inboard end of the wing extension 418. Fig 4D shows wing
extension 420 comprising a control surface 410 spanning the full length of the
wing extension 420. Fig 4E shows wing extension 422 comprising a control
surface 410 spanning a length less than the full length of the wing extension
422 with a section of the wing extension 422 at one end of the control surface

410, for example on an outboard end of the wing extension 422.

[0052] Though Fig. 4D shows control surface 410 as roughly wedge shaped,
the control surface need not follow the profile of an airfoil. For example, the

control surface may be a substantially planar.

[0053] Figs. 4F-G show wing extensions that may comprise multiple CAMDs
integrated into an extension. For example, Fig. 4F shows wing extension 424,
which may comprise two CAMDs 416. Fig. 4G shows wing extension 426,
which may comprise three CAMDs 416. The number of CAMDs integrated
into a wing extension is not necessarily limited to three. The number of
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CAMDs may depend upon the aircraft, aircraft configuration, mission,
operational environment, desired performance parameters, manufacturing
techniques and materials, and hardware, among others. Additionally, as
discussed below, multiple wing extensions with one or more CAMDs may be
used in coordination with each other to achieve a desired configuration while

maintaining a degree of modularity.

[0054] Fig. 4H also shows various wingtip devices including a winglet 428
and a wingtip 430. Wingtip devices may include, but are not limited to,
winglets, fences, spiroids, raked wingtips, squared-off tips, aluminum tube
bow, rounded, Hoerner style, drooped tips, tip tanks, sails, and end plates.
Wingtip devices may be used in conjunction with active wing extensions. In
some cases, use of an active wing extension may enable use of wingtip devices
that the original aircraft was not originally capable of using, for example,
winglets. Additionally or alternatively, wingtip devices may or may not include
control surfaces, where the control surfaces may or may not be active control

surfaces.

[0055] The sizing of a CAMD for an aircraft may depend on various factors.
For example, the profile of a CAMD or wing extension housing the CAMD
may substantially match the airfoil shape 432 and chord 434 of the wing at the
point of attachment. In various embodiments this may provide a substantially
smooth transition from the baseline wing to the wing extension. However,
various embodiments contemplate a disjunctive intersection between the

baseline wing and the CAMD or wing extension housing the CAMD. Further,
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the CAMD or wing extension housing the CAMD may be configured to
support effective wing twist across the CAMD or wing extension housing the

CAMD.

[0056] Additionally, the spanwise length of the wing extension may be based
in part on the aircraft, size, structure, configuration, speed, mission,

performance, desired performance, and desired mission.

[0057] The number of CAMDs that may be integrated into the system may be
based on the spanwise length of the wing extension as well as the
aforementioned factors. The number of CAMDs desired may also depend on
the gross weight of an aircraft. For example, one set of CAMDs may be
sufficient for a relatively light aircraft of less than 10,000 lbs operating at
relatively low speeds of around 150 knots. Additionally, two or more sets of

CAMDs may be preferred for an aircraft greater than 10,000 lbs.

[0058] Other factors that may influence the number of CAMDs may be the
sizing of the CAMDs including, but not limited to, the control surface size,
deflection angle, resulting hinge moment at operating speed of the aircraft and

deflection angle, and motor/actuator power and authority.

[0059] The control surface size of a CAMD may comprise a chord wise
length that may be measured in percentage of the wing extension chord. This
value may range from 100% of the wing extension chord (where the entire
chord length of the wing extension moves as part of the control surface) to a
small percentage, less than 1% of the wing extension chord. In various

embodiments, it a control surface may be configured to have a chord length in
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similar proportion to an adjacent or nearby control surface of the baseline wing,

for example, an aileron.

[0060] The spanwise length or width of a CAMD may be based on the
aforementioned factors as well. Additionally, the spanwise length or width of a
CAMD may be based on manufacturing and modularity implications as well.
For example, a CAMD may be configured with a set width. This may represent
a balance of the aforementioned factors. For example, it may be possible to
select a motor of sufficient power and response time to move a control surface

sufficiently fast to effect a desired response or movement.

Hlustrative  Multiple Controllable Airflow Modification Device

Configurations

[0061] Figs. SA-F depict various illustrative embodiments of wings, wing
extensions and/or wingtip replacements, CAMDs, and wingtip devices. For
example, Fig. SA shows a baseline wing 500 comprising a wing section 502
and a wingtip device 504. The baseline wing 500 may or may not include
wingtips and/or wingtip devices that may be replaced by a wing extension or

extended outwardly by a wing extension.

[0062] Various embodiments of active wing extensions contemplate changing
the baseline wing 500 from an initial configuration to a modified configuration
that may incorporate multiple CAMD(s). For example, Fig. 5B shows a

modified wing 506 comprising a wing section 502 and wing extension 424. As
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discussed above with respect to Fig. 4, wing extension 424 comprises multiple
CAMDs, for example, two. Modified wing 506 may or may not integrate a
wingtip device. For example, modified wing 506 may integrate a squared-off or

rounded-off wingtip configuration.

[0063] Fig. 5C shows modified wing 508 comprising a wing section 502 and
wing extensions 414. In this embodiment, two wing extensions 414 are coupled
together adjacent to each other. This approach may create a single effective
wing extension built from otherwise modular wing extensions 414. As
discussed above with respect to Fig. 4, wing extension 414 comprises a
CAMD. Additionally, modified wing 508 may comprise a wingtip feature. In

this case, a preexisting wingtip feature 504 may be used.

[0064] Fig. SD shows modified wing 510 comprising a wing section 502 and
wing extensions 414 adjacent to each other. Here, modified wing 510 may

comprise a wingtip feature, for example winglet 512.

[0065] Fig. SE shows modified wing 514 comprising a wing section 502 and
wing extensions 414 adjacent to each other. Here, modified wing 514 may
comprise a wingtip feature, for example CAMD 400. As discussed above with
respect to Fig. 4, CAMD 400 may comprise a wing extension as well as a
wingtip device. In this case, CAMD 400 provides both a wing extension as
well as a winglet. This configuration may provide three CAMDs per modified

wing 514.

[0066] Fig. SF shows modified wing 516 comprising a wing section 502 and

wing extensions 518 and 520 adjacent to each other. Here, the planform
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geometry of a baseline wing, for example, a taper from root to tip, if present,
may be extended through the wing extensions 518 and 520. For example, wing
extension 520 may be smaller in planform area when compared to wing
extension 518 since wing extension 520 is outboard of wing extension 518 with

respect to the baseline wing 502.

[0067] As discussed above, a wide range in the number of CAMDs and
configuration of CAMDs are possible. This may allow for flexibility and
modularity of a system. This may also lead to a lower number of base parts,
configurations, and certifications that may be required than would a system that
did not provide modularity and created a custom system for each new

configuration.

IMustrative Airflow Modification Devices

[0068] Fig. 6 depicts the active wing extension 100 of Fig. 1 and includes an
end view 600 of the active wing extension 100, taken along line A--A. The end
view 600 runs across the body portion 104 of the wing extension 100.
Additionally, the end view 600 of the body portion 104 of the wing extension
100 illustrates one embodiment of the components of the control system 306 of
Fig. 3 located in the active wing extension 100. As shown in Fig. 6, the control
system 306 may be located in the body portion 104 of the wing extension 100;
however, the control system 306 may be located in the angled portion 106 of
Fig. 1 of the wing extension 100, in other portions of the active wing extension

100, or in any location on the aircraft, including, for example, the fuselage. The
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control system 306 may also be distributed over various portions of the

CAMD, wing extension, and/or aircraft.

[0069] In one embodiment, by way of example only, the control system 306
may be communicatively and/or mechanically coupled to the control surface
112 by way of a connection 602. Fig. 3 illustrates the connection 602 as one
substantially straight coupling from the control system 306 to the control
surface 112. However, the connection 602 may bend, turn, pivot, or be a series
of multiple connections to make the connection 602. The connection 602
between the control system 306 and the control surface 112 may be operable by
electronic, mechanic, or any other resource for coupling the control surface 112
to the control system 306. The control surface 112 may be coupled to the active
wing extension 100 by a hinge, pivot, or other swivel device 604 to allow the
control surface 112 to rotate the aft end up and/or down in relation to the body
of the active wing extension 100. As noted above, to the commands given by
the control system 306 to operate the control surface 112 of the active wing
extension may be based on the flight condition data received by the control

system 306 from the sensors 114 on the aircraft 302.

[0070] Fig. 7 illustrates one embodiment 700 of the control system 306 as
seen through the end view 600 of active wing extension 100. As discussed with
reference to Figs. 3 and 6, the control system 306 may control the control
surface 112 of the active wing extension 100 based on flight condition data.
The control system 306 may be coupled to the control surface 112 which may

be illustrative of the airflow modification device 110 illustrated in Fig. 1. The
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control surface 112 may be coupled to the active wing extension 100 by a
hinge, pivot, or other swivel device 304 to allow the control surface 112 to

move in relation to the commands given by the control system 306.

[0071] Additionally, by way of example only, Fig. 7 depicts an illustrative
embodiment of a mechanical control system 702. The mechanical control
system 702 may include of a bob weight 704 coupled to a spring 706. The bob
weight 704 may be fabricated of lead, or any other weight which may activate
the mechanical control system 702. The spring 706 may be made of coil
springs, bow springs, or any other device used to create resistance for the bob
weight 704. In one embodiment, and by way of example only, the bob weight
704 may be coupled to the control surface 112 by way of a coupling system
708. By way of example only, coupling system 708 may be a rigid object, belt,
chain, or other resource for coupling the bob weight 704 to the control surface
112. The coupling system 708 is illustrated by way of example only, with two
connection points 710 and 712, and one fixed point 716. The coupling system
708 may also contain a series of pivot points, angles, or other connections. The
coupling system 708 may be configured to connect to spring 706 at the

point 714.

[0072] In one embodiment, the mechanical system 702 may be configured to
react to in-flight conditions, for example, a gust of wind, maneuvers produced
by one or more pilots, or any other condition on the wing of the aircraft. Based
on the in-flight conditions, the bob weight 704 may change position within the

mechanical system 702 relative to the spring 706. For example, the bob weight
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704 may drop, rise, or otherwise change location, depending on the in-flight
conditions. When the bob weight 704 changes location, it may cause the
coupling system 708 to initiate a resistance force on the spring 706 causing
connection point 710 to move. Consequently, motion of the connection point
710 may adjust connection points 712 such that the coupling system 708 causes

the connection 604 to adjust the control surface 112.

[0073] Fig. 8 illustrates an additional embodiment 800 of a logical control
system 802 as seen through the end view 600 of active wing extension 100. As
discussed with reference to Figs. 3, 6, and 7, the logical control system 802,
much like the control system 306 of Fig. 7, may control the control surface 112
of the active wing extension 100 based on flight condition data. By way of
example, and not limitation, the embodiment 800 of Fig. 8 may include one or
more sensors 114, a logical controller 804, and an actuator, for example, motor
806. The sensors 114 may be representative of the sensors illustrated in Fig. 1.
The sensors 114 may be electronically coupled to the logical controller 804.
The logic controller 804 may be coupled to the motor 806. The motor 806, by
way of example only, may be an electric motor. In one example, the motor 806
may be coupled to the control surface 112. The motor 806 may be able to rotate
the aft portion of the control surface 112 up or down, depending on the
received in-flight conditions and the predetermined flight conditions
programmed into the logical controller 802. Additionally, the motor 806 may
be coupled to the control surface 112 by way of electronic, pneumatic,

hydraulic, or another resource for actuating the control surface 112. In at least
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one embodiment, and by way of example only, the motor 806 may cause the
control surface 112 to pivot on an axis, moving the aft portion up and or down

to adjust the control surface 112 as calculated by the logical controller 802.

[0074] The logical controller 804 may be located in the active wing extension
100, the cockpit (not shown), the main fuselage of the aircraft (not shown), or
anywhere located in or on the aircraft. Flight condition data may be first
received by the sensors 114 located on the aircraft 302. The information may
be resulting from deliberate in-flight maneuvers by a pilot, gusts of wind, or
other causes of change in conditions to the aircraft. Information gathered by the
sensors 114 may be received by the logical controller 804 and the data may be
analyzed or otherwise processed. In one example, the logical controller 804
may be programmed with predetermined flight conditions which may be
representative of a specific make and model of the aircraft. Additionally, the
logical controller 804 may calculate the position of the control surface 112
based on the in-flight conditions to minimize the moment load on the wing. In
other words, the logical controller 804 may receive the in-flight conditions and
determine the needed position of the control surface 112. Additionally, the
logic controller 804 may send a signal to the motor 806 to which it may be
coupled to effectuate control of the control surface 112. By way of example
only, the motor 806 may be ¢lectronic, pneumatic, hydraulic, or any other type

of motor.

31

PCT/US2013/033577



10

15

20

WO 2013/151810

Hlustrative Comparison Graphs

[0075] Fig. 9 illustrates a graph 900 which compares the local normalized lift
coefficient or lift distribution on a wing of an aircraft in relation to the location
on the wing of the aircraft. The wing of Fig. 9 is a general representation of a
wing and is not made representative of a specific make or model of an aircraft
wing. The X-axis of the graph is illustrative of the location on the wing. It is
represented in percentage (%) of the semi-span of the wing. The length of the
wing is only a representation and is not limiting of the size of the wing on
which an active wing extension 100 may be installed. The Y-axis is
representative of the lift distribution on the wing. The load is higher the closer
to the center of the airplane. The graph 900 is for illustrative purposes only, and
illustrates one example of the load distribution which an aircraft may
experience. The graph 900 is not restrictive of whether or not the distributed
load may be more or less at any point on the graph. The graph 900 is

representative of the basic shape of the distributed load a wing may encounter.

[0076] The graph 900 illustrates the lift distribution on a traditional
manufactured wing, which is represented by the line on the graph 900 with a
dash and two dots. The graph 900 also illustrates the lift distribution on the
wing when a traditional wing extension with a wingtip device, for example, a
winglet, is installed, which is represented by the dashed line. Additionally, the
graph 900 illustrates the lift distribution on the wing when an active wing

extension 100 with a wingtip device is incorporated on the wing.
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[0077] The comparison illustrates that the lift distribution caused by the
traditional wing extension with a wingtip device, for example, a winglet, may
be greater at the wingtip. This may move the center of lift of the wing outboard
which may increase the wing bending loads. However, when the wing has an
active wing extension 100 utilizing the load alleviation system 300 the lift
distribution at the wingtip may drop significantly lower than that of a
traditional winglet. The graph 900 illustrates that the load may even drop below
zero at the location of the wingtip (the point furthest away from the aircraft).
These loads are representative of the design load on the aircraft, which is the

highest load an aircraft may see.

[0078] When the active wing extension controllable surfaces 112 are
undeployed, the active wing extension 100 produces the same efficiency
benefits of a passive or fixed winglet. When the local normalized lift
coefficient increases and the loads on the wing increase, the control surfaces
112 on the wing extension 100 may adjust to reduce the loads on the wing. In
one embodiment, the airflow control surfaces 112 may be undeployed or
undeflected the majority of the time. However, in another embodiment, they
may only be deployed when the load on the wing approaches the original

design loads.

[0079] Fig. 10 illustrates a graph 1000 representing a wing design stress
comparison of active wing extension systems, a wing with a winglet with no
active system, and a standard wing. The design stress or design load is the

critical load to which the wing structure is designed to carry. The X-axis
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represents the location along the length of an aircraft’s wing. The unit is shown
in percentage (%) of wing semi-span. The length of the wing is only a
representation and is not limiting of the size of the wing on which an active
wing extension 100 may be installed. Additionally, in Fig. 10, the Y-axis
represents the load on the wing. This load is illustrative of the design root
bending moment load. The comparison shows the standard load that the wing
bears. The graph 1000 is for illustrative purposes only and is not meant to be
restrictive in any way. The root bending moment load may be greater or
smaller for varying wing makes and models. The graph 1000 also shows the
load of a wing when a wing extension and/or winglet is added with no active
systems. The graph 1000 additionally shows the loads on the wing when a wing

extension and/or winglet is added to the wing.

[0080] With the load alleviation system 300 enabled on the wing
extension 100 the design moment loads may be lower than the design loads on
the wing with a winglet with no active system. Additionally, with the load
alleviation system 300 enabled on the wing extension 100, the moment loads
may be lower than the loads on the wings with no wing extensions and/or
winglets installed. Traditional winglets and extensions increase wing stress, as
a function of load factor, and substantially reduce the fatigue life of the wing.
The slope of the “stress per g” curve is normally lincar and the addition of
passive winglets increases the slope which reduces the expected life and
calculated life of the wing. Active wing extensions reduce the slope of this

curve so that it is the same or lower than the slope of the original curve.
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IMustrative Control of Airflow Modification Devices

[0081] As discussed above, a controller may receive in flight data reflecting a
current flight condition the aircraft may be encountering, for example, a gust or
maneuver. This data may be provided by a sensor within the aircraft and may
be converted into or received by the controller in the form of flight condition
data. Based on this data, a controller may cause a control surface to move, if
desirable, to respond to the current flight condition. For example, if an aircraft
encounters a gust in the vertical direction, the sensor may sense the gust, for
example, through a change in voltage from an accelerometer, and transmit that
data to a controller. The controller may receive this data and adjust one or more
CAMD:s of a wing extension. The adjustment may cause a control surface of a

CAMD to deflect reducing the lift generated by the wing extension.

[0082] In various embodiments and flight regimes, the reaction time may
impact the effectiveness of a CAMD at alleviating loads on wing extension
caused by gusts and/or maneuvers. By way of a non-limiting example, CAMDs
according to this application may be configured to provide an initial response
of a controller within 10 milliseconds (ms) of detection of a gust or maneuver,
and to complete an initial movement of a control surface of the CAMD within
500ms of the detection. In various embodiments, a controller according to this
application may be configured to cause a control surface to begin moving
within 8ms of a detection of a disturbance and complete an initial movement of
a control surface within 100ms. Various embodiments may contemplate

quicker or slower response and completion times.
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[0083] Control of multiple CAMDs in a wing extension may be independent
of each other, or control of the CAMDs may be coordinated. For example,
independent control of each CAMD in a wing extension may provide for a
simultanecous response and deployment of each CAMD. In that case, a control
system or control systems responding to the same in-flight data may cause
similar CAMDs to have similar or the same responses. In embodiments where
wing extensions have more than one CAMD, control factors may be configured
to be adjustable. Those control factors may include initial values, thresholds,
and initial response settings to address the number and responsiveness of

individual CAMDs.

[0084] Various embodiments provide for coordinated responses of multiple
CAMDs of a wing extension. The coordinated response may comprise causing
the multiple CAMD:s to respond at the same time. As a non-limiting example, a
wing extension having two CAMDs may be configured to deploy the CAMDs
in a coordinated and synchronized response where both CAMDs initially
deploy at the same time. In that case, the CAMDs may be deployed by a same
or different deflection. In various embodiments, a wing extension having two
CAMDs may be configured to cause a first CAMD located inboard of a second
CAMD to initially deploy with a smaller deflection than the second CAMD.
Additionally or alternatively, the wing extension having two CAMDs may be
configured to cause the first CAMD located inboard of a second CAMD to

initially deploy with a larger deflection than the second CAMD.
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[0085] Additionally or alternatively, the coordinated response may comprise
causing the multiple CAMDs to respond at staged or staggered times. For
example, the first CAMD that is located inboard of the second CAMD may
initially deploy after the second outboard CAMD. The second CAMD may
deploy if/when a gust or maneuver exceeds a first load factor/stress threshold.
The first CAMD may deploy subsequent to the deployment of the second
CAMD if/when a gust or maneuver exceeds a second higher load factor/stress
threshold. The first and second load factor/stress thresholds may be configured
to maintain spanwise section loads at or below originally designed values for a

given wing without a wing extension.

[0086] Additionally or alternatively, the first CAMD that is located inboard of
the second CAMD may initially deploy before the second outboard CAMD.
The first CAMD may deploy if/when a gust or maneuver exceeds a first load
factor/stress threshold. In this case, the seccond CAMD may deploy subsequent
to the deployment of the first CAMD if/when a gust or maneuver exceeds a
second higher load factor/stress threshold. The first and second load
factor/stress thresholds may be configured to maintain spanwise section loads
at or below originally designed values for a given wing without a wing

extension.

[0087] Further, as an illustrative and non-limiting example, in various
embodiments contemplating a coordinated deployment of multiple CAMDs,

deployment of the second CAMD to a greater degree when compared to the
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first CAMD may be thought of as a coarse response. Further, the deployment

of the first CAMD to may be thought of as a fine or vernier adjustment.

[0088] Figs. 11A-D depict an illustrative embodiment where multiple
CAMDs are coordinated in their deployment. Fig. 11A shows an active airflow
modification system 1100 that may be implemented on an aircraft (not shown)
having a wing 1102. The active airflow system may comprise a wing extension
1104 comprising a first CAMD 1106 and a second CAMD 1108. The first
CAMD 1106 may be located outboard of the second CAMD 1108 with respect
to the wing 1102. The first CAMD 1106 may comprise a controller (not shown)
and a control surface 1110 while the second CAMD 1108 may comprise a

controller (not shown) and a control surface 1112.

[0089] As discussed above, in various embodiments, wing extension 1104
may be configured to cause the first CAMD 1106 to deploy control surface
1110 to a greater degree/magnitude/deflection when compared to the control

surface 1112 of the second CAMD 1108.

[0090] Figs. 11B-D show three additional views of the active airflow
modification system 1100. For example, Fig. 11B depicts a view of the active
airflow system 1100 from the trailing edge of the wing 1102 and wing
extension 1104. Fig. 11C depicts a view of the active airflow modification
system 1100 along the C--C view plane shown in Fig. 11B. Fig. 11C also
depicts a controller 1114 of CAMD 1108 that may cause control surface 1112
to deploy. Fig. 11C depicts a view of the active airflow modification system

1100 along the C--C view plane shown in Fig. 11B where control surface 1112
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is deployed to a first position 1116 at an angle 6 (theta) as measured from an
undeployed position 1118. Fig. 11C also shows control surface 1110 deployed
to a second position 1120 at an angle ¢ (phi) as measured from an undeployed

position 1118.

Hlustrative Aircraft with Active Wing Extensions

[0091] Figs. 12 and 13 depict illustrative embodiments of aircraft with active
wing extensions. For example, Fig. 12 depicts an illustrative active airflow
modification system 1200 implemented on an aircraft 1202 that includes at
least one attached active wing extension 1204. The components of the active
airflow modification system 1200 may include active wing extension(s) 1204, a
control system 1206, sensors 1208, CAMD(s) 1210, and control surface(s)

1212.

[0092] As mentioned above, the active airflow modification system 1200 may
comprise a control system 1206. The control system 1206 may be configured to
control the active wing extensions 1204 of the aircraft 1202. The control
system 1206 may collect and/or receive data from sensors 1208. This data may
be transferred over data connection(s) 1214. In various embodiments, active
airflow modification system 1200 may be integrated with or separate from
auto-pilot and/or fly-by-wire systems of the aircraft. Stated another way, the

control system 1206 may be configured to control the CAMDs independently
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of or in coordination with or by an auto-pilot and/or a fly-by-wire system of the

aircraft.

[0093] As mentioned above, the active airflow modification system 1200 may
comprise active wing extension(s) 1204, CAMD(s) 1210, and control
surface(s) 1212. In various embodiments, an active wing extension 1204 may
contain multiple CAMDs 1210 with multiple control surfaces 1212. For
example, Fig. 12 illustrates an aircraft 1202 with an active wing extension 1204
comprising two CAMDs 1210 where each CAMD 1210 is associated with a

control surface 1212.

[0094] An ecxample of the active airflow modification system 1200
implemented on an aircraft 1202, such as a C-130 with an approximately six
foot wing extension installed. The resulting extensions may increase the range
of the aircraft without increasing the operating stresses thereby negating the
requirement to perform a detailed stress analysis of strengthening the aircraft
structure, including, for example, the wings. This embodiment may provide for
a wing extension comprising two CAMDs for each wing. This approach may
allow for installation of the active wing extensions with or without integration
into or modification of existing control systems, including, but not limited to,
auto pilot, OEM control surfaces, and hydraulic systems. Installation of an
active wing extension system may be accomplished as an aftermarket addition

and need not be installed during construction of an aircraft.

[0095] Fig. 13 depicts an illustrative active airflow modification system 1300

implemented on an aircraft 1202 that includes at least one attached active wing
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extension 1204. The active airflow modification system 1300 is similar to the
active airflow modification system 1200. However, the active airflow system
1300 incorporates wingtip devices, for example, winglets 1302. Incorporation
of winglet 1302 may cause different thresholds and parameters to be used than
those employed in active airflow modification system 1200 when all other

factors are equal.

INustrative Methods

[0096] Fig. 14 is a flowchart of one illustrative method 1400 of operating
multiple controllable airflow modification devices. As discussed above the
sensors receive data based on the flight conditions of the aircraft. The method
may, but not necessarily, be implemented by using sensors and control systems
described herein. For ease of understanding, the method 1400 is described in
the context of the configuration shown in Figs. 3 and 11A-D. However, the
method 1400 is not limited to performance using such a configuration and may

be applicable to other aircraft and other types of wing extensions.

[0097] In this particular implementation, the method 1400 begins at block
1402 in which a control system, such as control system 306, receives data from
one or more sensors, such as sensors 314, located in or on the aircraft 302. The
data received from the sensors may comprise flight condition data that may
include, but is not limited to, in-flight load factor data, airspeed data, aircraft

weight data, and/or altitude data.
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[0098] At block 1404, one or more CAMDs may be adjusted. Adjustment of
the CAMDs 318 may be based in part on the data received at block 1402. For
example, flight condition data is received as a signal and interpreted by control
logic 316 using parameters 320. The control logic 316 may determine operation
of the control surface(s) 312, such as determining a position or positions to
deploy the control surface(s) 312. For example, the control logic 316 may
determine that a control surface 1110 should be deployed to position 1120 as
shown in Fig. 11D. Control logic 316 may generate a signal to cause the

control surface to move.

[0099] At block 1406, the signal from control logic 316 is received by an
actuator or controller, for example controller 1114 as shown in Fig. 11C. The
actuator or controller may then actuate and/or cause a control surface to deploy.
In various embodiments, the control surface is deployed by rotating at a hinge
along a rotational axis. For example, controller 1114 may cause control surface
1112 to deploy to position 1116. Control surface may be adjusted to position
1116 from another position. For example, control surface 1112 may initially be

at an angle greater or less than 8 (theta) and deployed to position 1116.

[0100] In various embodiments, method 1400 is repeated to provide
adjustments of the multiple CAMDs over the course of a flight accounting for

changes in the flight condition of the aircraft.

[0101] Various embodiments of method 1400 provide for adjusting CAMDs of
a plurality of CAMDs independently of other CAMDs. For example, at block
1404, control logic 316 may be configured to determine a position of a control
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surface of a first CAMD of the plurality of CAMDs independent of a control
surface of a second CAMD of the plurality of CAMDs. At block 1406, based in
part on the control logic 316, a first CAMD of the plurality of CAMDs is
adjusted independent of a second CAMD of the plurality of CAMDs. In some
cases, this may cause the first and second CAMDs to react in substantially the
same manner since each CAMD may react independently to the same flight

condition data.

[0102] Various embodiments of method 1400 provide for adjusting the plurality
of CAMDs in coordination with one another. For example, at block 1404,
control logic 316 may be configured to determine a position of a control
surface of a first CAMD of the plurality of CAMDs in coordination with a
control surface of a second CAMD of the plurality of CAMDs. At block 1406,
based in part on the control logic 316, a first CAMD of the plurality of CAMDs
may be adjusted in coordination with a second CAMD of the plurality of
CAMDs. In various embodiments the magnitude of responses between the
CAMDs of the plurality of the CAMDs may be different. For example,
adjusting a first CAMD of the plurality of CAMDs provides a first control
response. Adjusting a second CAMD of the plurality of CAMDs provides a

second control response.

[0103] In some instances the magnitude of the second control response may be
greater than the first control response. For example, control logic 316 may
provide a first signal causing control surface 1110 of the first CAMD 1106 to

move to position 1120 at an angle ¢ (phi) measured from undeployed position
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1118 generating a first control response. Control logic 316 may also provide a
second signal causing control surface 1112 of the second CAMD 1108 to move
to position 1116 at an angle € (theta) measured from undeployed position 1118
generating a second control response. In various embodiments, angle ¢ (phi)
may be greater or less than angle 8 (theta). In various embodiments, angle ¢
(phi) may be greater than zero, while angle 8 (theta) may be substantially equal
to zero. Additionally or alternatively, angles ¢ (phi) and 8 (theta) may be the
same or substantially similar configuring at least a subset of the plurality of

CAMD:s to act synchronously.

[0104]In various embodiments and configurations, coordinated control as
discussed above may be configured to cause an outboard CAMD to provide a
coarse adjustment, which may comprise a larger initial response, while an
inboard CAMD provides a fine adjustment, which may comprise a smaller
initial response when compared to the initial response of the outboard CAMD.
An example of this may be seen in Figs. 11A-D. Additionally or alternatively,
an inboard CAMD may be configured to provide a coarse adjustment and an

outboard CAMD may be configured to provide a fine adjustment.

Conclusion

[0105] Although embodiments have been described in language specific to
structural features and/or methodological acts, it is to be understood that the

disclosure and appended claims are not necessarily limited to the specific
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features or acts described. Rather, the specific features and acts are disclosed as
illustrative forms of implementing the embodiments. For example, the
methodological acts need not be performed in the order or combinations
described herein, and may be performed in any combination of one or more

acts.
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CLAIMS

What is claimed is:

1. An aircraft comprising:
a fuselage;
a baseline wing, the baseline wing coupled to the fuselage at a first end
of the baseline wing and having an aileron; and

a wing extension comprising:

a horizontal portion coupled to a second end of the baseline wing,
such that the horizontal portion is outboard of the baseline wing; and

a plurality of controllable airflow modification devices (CAMDs)
directly coupled to the horizontal portion of the wing extension, the
plurality of CAMDs being configured to alleviate a load on a wing and

to be controllable independently of the aileron.

2. The aircraft of claim 1, a CAMD of the plurality of CAMDs,
comprising:

a control surface disposed at a trailing edge of the baseline wing, such
that the control surface is substantially parallel to the baseline wing; and

a control system for controlling motion of the control surface based at

least in part on in-flight load data.

3. The aircraft of claim 2, the control surface being configured for

the aircraft based at least in part on historical flight data.
4. The aircraft of «claim 2, the control system being

communicatively coupled to a sensor located on the aircraft and configured to

receive a signal from the sensor located on the aircraft.
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5. The aircraft of claim 2, the control system configured to control
the control surface of the CAMD of the plurality of CAMDs independent of a
control surface of another CAMD of the plurality of CAMDs.

6. The aircraft of claim 2, the control system configured to control
the control surface of the CAMD of the plurality of CAMDs in coordination
with another CAMD of the plurality of CAMDs.

7. A wing extension fixedly attachable to a baseline wing of an
aircraft, the wing extension comprising:

a horizontal portion that, when attached to the aircraft, is substantially
parallel to the baseline wing of the aircraft, the horizontal portion being
configured to fixedly attach to an outboard portion of the baseline wing of the
aircraft; and

a plurality of controllable airflow modification devices (CAMDs)
coupled to the horizontal portion of the wing extension, the plurality of
CAMDs being configured to alleviate a load on the baseline wing and to be

controllable independently of a control surface of the baseline wing.

8. The wing extension of claim 7, a CAMD of the plurality of
CAMDs being coupled to a control system for controlling a control surface of

the CAMD.

9. The wing extension of claim 8, the control system being
configured to control the plurality of CAMDs independently of an auto-pilot

and/or a fly-by-wire system of the aircraft.

10.  The wing extension of claim 8, the control system comprising a
control device with control logic, the control device being configured to

communicatively couple to a sensor located on the aircraft.
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11.  The wing extension of claim 10, the control device being
configured, when coupled to the sensor, to receive a signal from the sensor

located on the aircraft to indicate flight conditions of the aircraft.

12.  The wing extension of claim 11, the control device being further
configured to adjust the CAMD at least partly based on the signal from the

sensor located on the aircraft.

13. The wing extension of claim 7, further comprising a wingtip

device directly coupled to an outboard portion of the horizontal portion.

14. A method comprising:

receiving flight condition data from a sensor located on an aircraft; and

adjusting a plurality of controllable airflow modification devices
(CAMDs) located on a wing extension of the aircraft based at least in part on
the received flight condition data, the plurality of CAMDs located on a
horizontal portion of the wing extension that is substantially parallel to a
baseline wing of the aircraft, the plurality of CAMDs controllable

independently of a control surface of the baseline wing.

15.  The method of claim 14, the adjusting of the plurality of CAMDs
comprising, for each CAMD, rotating a control surface about a hinge along a
horizontal axis such that an edge of the control surface moves up or down in

relation to the horizontal portion of the wing extension.
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16.  The method of claim 14, the adjusting of the plurality of CAMDs
configured to reduce a wing load of a wing of the aircraft by moving a center of
pressure of the wing, the center of pressure associated with aecrodynamic forces
acting on the wing, inboard and/or reduce an impact of a wing extension on a
fatigue life of a wing of the aircraft, the wing load comprising a bending

moment and/or a torsional moment of the wing.

17.  The method of claim 14, the adjusting of the plurality of CAMDs
comprising adjusting a first CAMD of the plurality of CAMDs independent of
a second CAMD of the plurality of CAMDs.

18.  The method of claim 14, the adjusting of the plurality of CAMDs
comprising adjusting a first CAMD of the plurality of CAMDs in coordination
with a second CAMD of the plurality of CAMDs.

19.  The method of claim 14, the adjusting of the plurality of CAMDs
comprising:

adjusting a first CAMD of the plurality of CAMDs to provide a first
control response; and

adjusting a second CAMD of the plurality of CAMDs to provide a
second control response, a magnitude of the second control response being

greater than a magnitude of the first control response.

20.  The method of claim 19, the adjusting of the plurality of CAMDs
further comprising:

adjusting the first CAMD of the plurality of CAMDs while the second
CAMD of the plurality of CAMDs is adjusted to provide the second control

resSponsc.
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21.  The method of claim 19, wherein the magnitude of the first
control response is zero and the magnitude of the second control response is

greater than zero.

5 22.  The method of claim 14, the adjusting of the plurality of CAMDs
comprising:
adjusting a first CAMD of the plurality of CAMDs to provide a first
control response; and
adjusting a second CAMD of the plurality of CAMDs to provide a
10 second control response synchronously with the first CAMD of the plurality of
CAMDs, a magnitude of the second control response being equal to a

magnitude of the first control response.
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