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(57) Abstract: Systems and methods for providing differ-
ential motion to wing high lift devices are disclosed. A sys-
tem in accordance with one embodiment of the invention in-
cludes a wing (110) having a leading edge, a trailing edge, a
first deployable lift device (212) with a first spanwise loca-
tion, and a second deployable lift device (213) with a second
spanwise location different than the first. The wing system
can further include a drive system (350) having a drive link
(353) operatively coupleable to both the first and second de-
ployable lift devices(212, 213), and a control system (320)
operatively coupled to the drive system (350). The control
system (320) can have a first configuration for which the
drive link (353) is operatively coupled to the first and sec-
ond deployable lift devices (212, 213), and activation of at
least a portion of the drive link (353) moves the first and sec-
ond deployable lift devices (212, 213) together. In a second
configuration, the drive link (353) is operatively coupled to
at least the first deployable lift device (212) and operatively
decoupled from the second deployable lift device (213), so
that actuation of at least a portion of the drive link (353)
moves the first deployable lift device (212) relative to the
second deployable lift device (213).
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SYSTEMS AND METHODS FOR PROVIDING DIFFERENTIAL MOTION TO WING HIGH
LIFT DEVICES

TECHNICAL FIELD

The present invention is directed generally toward systems and methods for
providing differential motion to wing high lift devices, for example, to provide differential
camber to wings during high speed flight.

BACKGROUND

Modern commercial transport aircraft have wings that are designed to be very
efficient at high subsonic Mach numbers. Accordingly, the wings can provide relatively
high fuel efficiency during cruise flight segments, which make up the bulk of a typical
airliner flight plan, particularly for long range aircraft. These aircraft typically include other
devices (e.g., leading edge devices, trailing edge devices, and spoilers) that change the
shape of the aircraft wing during takeoff, descent, and/or landing. Accordingly, the shape
of the wing can be temporarily changed to increase the lift and/or drag of the wing during
non-cruise flight segments.

Continued competitive pressure on airlines and manufacturers has made fuel
efficiency an increasingly important aspect of aircraft operations. Increasing fuel prices
have exacerbated this pressure. However, existing systems may not improve aircraft fuel
efficiency to desired levels, while still maintaining low costs for system development,
manufacturing, operations, and maintenance, and while maintaining commonality with

existing systems.
SUMMARY

The present invention is directed generally to systems and methods for providing
differential motion to wing high lift devices. The differential motion can be used to tailor the
spanwise camber distribution of the wing, thereby improving the aerodynamic efficiency of
the wing, for example, at high aircraft speeds. An aircraft wing system in accordance with
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one aspect of the invention includes a wing having a leading edge and a trailing edge, a
first deployable lift device having a first spanwise location and a second deployable lift
device having a second spanwise location different than the first. Each lift device can be
movable relative to the wing from a stowed position to a deployed position. The wing
system can further include a drive system having a drive link operatively coupleable to both
the first and second lift devices. A control system is operatively coupled to the drive
system and has a first configuration for which the drive link is operatively coupled to the
first and second lift devices, and activation of at least a portion of the drive link moves the
first and second lift devices together. The control system also has a second configuration
for which the drive link is operatively coupled to the first lift device and operatively
decoupled from the second lift device, and activation of at least a portion of the drive link
moves the first lift device relative to the second lift device.

In further embodiments, the control system can have a third configuration for which
the drive link is operatively coupled to the second lift device and operatively decoupled
from the first lift device. Accordingly, activation of at least a portion of the drive link moves
the second lift device relative to the first lift device. In still further embodiments, the drive
link can include a mechanical drive shaft or a hydraulic link, and the first lift device can be
located inboard or outboard of the second lift device.

A method for operating an aircraft wing system in accordance with another aspect of
the invention includes coupling first and second deployable Iift devices of a wing with a
drive link, wherein the first and second deployable lift devices are located at different
spanwise locations of the wing. The method can further include moving the first and
second deployable lift devices together by activating the drive link, decoupling the second
deployable lift device from the drive link, and moving the first deployable lift device relative
to the second deployable lift device by activating the drive link while the second deployable
lift device is decoupled from the drive link.

In further embodiments, the method can further comprise limiting a range of motion
of the first lift device to have a first value when moving the first and second lift devices
together, and limiting the range of motion of the first lift device to have a second value less
than the first value when moving the first lift device relative 1o the second lift device.
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Moving the first lift device relative to the second can include changing a spanwise camber
distribution of the wing.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partially schematic, isometric illustration of an aircraft that includes high
lift devices configured in accordance with an embodiment of the invention.

Figure 2A is a partially schematic, plan view of an aircraft wing having high l[ift
devices configured in accordance with an embodiment of the invention.

Figure 2B is a partially schematic, cross-sectional illustration of the wing shown in
Figure 2A.

Figure 2C is a flow chart illustrating a method for moving high lift devices in
accordance with an embodiment of the invention.

Figures 3A-3E illustrate an arrangement for providing differential motion of wing
trailing edge devices in accordance with an embodiment of the invention.

Figures 4A-4E illustrate an arrangement for providing differential motion of wing
trailing edge devices in accordance with another embodiment of the invention.

Figure 5 illustrates a graph depicting predicted increases in aircraft performance
resulting from differential trailing edge device motion, in accordance with an embodiment of
the invention.

DETAILED DESCRIPTION

The following disclosure describes systems and methods for providing differential
motion to wing high lift devices. Certain specific details are set forth in the following
description and in Figures 1-5 to provide a thorough understanding of various
embodiments of the invention. Well-known structures, systems, and methods often
associated with wing high lift devices have not been shown or described in detail below to
avoid unnecessarily obscuring the description of the various embodiments of the invention.
In addition, those of ordinary skill in the relevant art will understand that additional
embodiments of the present invention may be practiced without several of the details
described below. '
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Many embodiments of the invention described below may take the form of
computer-executable instructions, such as routines executed by a programmable
computer. Those skilled in the relevant art will appreciate that the invention can be
practiced on other computer system configurations as well. The invention can be
embodied in a special-purpose computer or data processor that is specifically
programmed, configured or constructed to perform one or more of the computer-
executable instructions described below. Accordingly, the term "computer as generally
used herein includes any processor and can include Internet appliances, hand-held
devices (including palm-top computers, cellular or mobile phones, multiprocessor systems,
processor-based or programmable consumer electronics, minicomputers and the like).

The invention can also be practiced in distributed computing environments, where
tasks or modules are performed by remote processing devices that are linked with a
communications network. In a distributed computing environment, program modules or
subroutines may be located in both local and remote memory storage devices. Aspects of
the invention described below may be stored or distributed on computer-readable media,
including magnetic or optically readable computer disks (e.g., removable disks) as well as
distributed electronically over networks. Data structures and transmissions of data
particular to aspects of the invention are also encompassed within the scope of the
invention. Information handled in accordance with aspects of the invention can be
presented at displays or display media, for example, CRT screens, LCD screens, or other
suitable devices.

Figure 1 is a partially schematic, isometric illustration of an aircraft 100 having a
fuselage 101 carried by wings 110. The aircraft 100 can further include an empennage
102 carrying a rudder 103, a vertical stabilizer 104, horizontal stabilizers 106, and elevators
105. A propulsion system 107 can include one or more engines that are attached to the
wings 110 (as shown in Figure 1), the fuselage 101, and/or the empennage 102.

The wings 110 can include leading edge devices 116 and trailing edge devices 111
that control the camber of the wing during one or more flight segments. The leading edge
devices 116 and the trailing edge devices 111 can be coupled to a control system 120 that
receives operator inputs 121 and automatic inputs 125 for controlling the operation of the
leading edge devices 116 and the trailing edge devices 111. The control system 120 can
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also control the operation of the propulsion system 107, the elevators 105, and the rudders
103. Accordingly, the control system 120 can include a computer having a processor 126
and a memory 127, and can be configured to read instructions from one or more computer-
readable media 128.

Figure 2A is a partially schematic, plan view of one of the wings 110 described
above with reference to Figure 1. The wing 110 can include multiple trailing edge devices
111, for example, an inboard flap 212, an outboard flap 213, an aileron 214, and a flaperon
215. The aileron 214 can be used toﬁ provide roll control to the aircraft during high speed
flight, and the flaperon 215 can be used to provide both roli control and high lift during low
speed flight (e.g., takeoff and landing). Spoilers 222 can provide for aircraft deceleration
and/or lift reduction. The inboard flap 212 and the outboard flap 213 can be operated to
provide both high lift (during low speed flight) and variable wing camber (during high speed
flight), as described in greater detail below.

Figure 2B is a partially schematic, cross-sectional illustration of a portion of the wing
110 shown in Figure 2A, including one of the trailing edge devices 111 (e.g., the inboard
flap 212 or the outboard flap 213) and the spoiler 222. During deceleration, the spoiler 222
can be deflected upwardly, as indicated in dashed lines in Figure 2B. During takeoff and
landing, the trailing edge device 111 can be deflected downwardly through relatively large
angles (depending upon factors that include whether the aircraft is taking off or landing, the
length of the airport runway, wind conditions, etc.).

In a particular embodiment of the invention, the same trailing edge devices 111 that
provide for high lift during low speed operations can aiso be deflected by relatively small
amounts to tailor the lift distribution across the span of the wing 110. ‘In other words,
trailing edge devices 111 having different spanwise locations on the wing 110 can be
deflected by different amounts and/or in different directions to adjust the camber of the
wing 110 at a plurality of spanwise locations and therefore tailor the lift distribution of the
wing 110 to account for conditions that may vary in a spanwise direction. Accordingly, the
trailing edge devices 111 can be deflected from a neutral position N to an upwardly
deflected position U and/or to a downwardly deflected position D. In particular
embodiments, the deflections from the neutral position N can be on the order of a few
degrees (e.g., plus or minus two degrees). In other embodiments, these deflections can
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have other values. [n any of these embodiments, the overall arrangement of the trailing
edge devices 111 themselves can be the same as, or at least generally similar to, existing
arrangements. The capability to operate the trailing edge devices 111 during high speed
flight can be provided by additions to and/or replacements of the existing hardware and
software used to control the operation of the existing trailing edge devices 111.

Figure 2C is a flow chart illustrating a process 200 for moving high lift devices in
accordance with an embodiment of the invention. In process portion 271, the system is at
rest. Accordingly, the high Iift devices (e.g., inboard and outboard flaps 213) can be
prevented from moving by one or more brakes. In process portion 272, the system
receives a high lift command, e.g., a command from a pilot to increase the lift of the wing,
generally at relatively low flight speeds, including take-off and landing. In process portion
273, the system moves the inboard and outboard flaps together to configure the wing for
high lift.

In process portion 274, the system receives a variable camber command, e.g., an
automatic or pilot-initiated command to adjust the camber of the wings in such a manner
that the camber at inboard and outboard parts of the wing are different. Accordingly, in
process portion 275, the system places the inboard and outboard flaps at different relative
positions, typically at higher speed conditions, including cruise conditions. Further details
of systems for performing these functions are described below with reference to Figures
3A-4E.

Figure 3A schematically illustrates portions of the wings 110, including first trailing
edge devices (e.g., inboard flaps 212) and second trailing edge devices (e.g., outboard
flaps 213). A drive system 350 moves the flaps 212, 213 to selected positions, and a
control system 320 directs and coordinates the operation of the drive system 350 to
provide unitary and differential motion to the inboard flaps 212 and the outboard flaps 213.
The differential motion provides the wings 110 with an adjustable, spanwise varying
camber. The control system 320 can include a controller 323 that receives operator inputs
324 and automatic inputs 325. In a particular embodiment, the operator inputs 324 can
cause the controller 323 to direct the flaps 212, 213 o move in unison, for example, during
normal takeoff and landing operations. The automatic inputs 325 can cause the controller
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323 to direct differential motion of the inboard flaps 212 and the outboard flaps 213 to tailor
the camber of the wings 110, for example, during high speed flight.

The drive system 350 can include a drive link 353 that delivers power to the flaps
212, 213. The drive link 353 can be coupled to both a primary motor 351 and an alternate
or backup motor 352. The primary motor 351 can provide power to the flaps 212, 213
during normal operations, and the alternate motor 352 can provide power to the flaps 212,
213 in the event the primary motor 351 is unable to do so. As is also described in greater
detail below, the primary motor 351 can provide power to the flaps 212, 213 when the flaps
are moved during low speed flight segments, and the alternate motor 352 can provide
power to the flaps 212, 213 during high speed flight segments. The drive link 353 can be
coupled to a plurality of actuators 354, each of which provides power to the flaps 212, 213.
In a particular embodiment, the drive link 353 can include a mechanical drive shaft (e.0., a
torque tube) and in other embodiments, the drive link can include other types of links,
including hydraulic links and electrical links.

The control system 320 can include one or more control devices that coordinate,
direct, and control the manner in which power is provided to the flaps 212, 213, under the
direction of the controller 323. In a particular embodiment, the control system 320 can
include a central control device 330 that provides power to devices located in both wings
110, and a differential control device 340 located in each of the wings 110. The differential
control devices 340, together with the central control device 330, can provide power
differentially to the inboard flaps 212 and the outboard flaps 213.

The central control device 330 can include a primary brake 331 that brakes the
primary motor 351, and an alternate brake 332 that brakes the alternate motor 352. The
differential control devices 340 can each include a differential 341 that receives power from
the drive link 353 and distributes the power to the corresponding inboard flap 212, or the
outboard flap 213, or both. Accordingly, the differential 341 can include a planetary gear
device or other suitable mechanical differential, or an equivalent hydraulic or electrical
device, depending on the nature of the drive link 353. When a differential brake 342 is
engaged with the differential 341, the differential 341 provides power to both the inboard
flap 212 and the outboard flap 213. When an outboard brake 344 is engaged with the
differential 341, only the inboard flap 212 moves. When the inboard flap 212 and/or the

7



10

15

20

25

30

WO 2006/029132 PCT/US2005/031659

outboard flap 213 is moved during high speed flight, a range limiter 343 can be engaged
with the drive link 353 and/or the differential 341 to prevent unnecessarily high deflections
of either of the flaps 212, 213. The range limiter 343 can include a mechanical device,
electrical device and/or set of instructions based in a computer-readable medium. The
system can also include a stop module (not shown) that limits the angular deflection
difference between the inboard flap 212 and the outboard flap 213.

Operation of the control system 320 and the flaps 212, 213 is described below with
reference to Figures 3B-3E. For purposes of illustration, active devices are generally
shown in these Figures outlined in heavy lines. Brakes that are active resist motion of
another component of the system, even though in some cases, the brake may resist
motion when power is not applied to it, and may release when power is applied to it. Other
components (e.g., motors and flaps) are generally moving when active.

Figure 3B schematically illustrates the wings 110 when the flaps 212, 213 are
stationary. The primary brake 331 is engaged to prevent transmission of power by the
primary motor 351, and the alternate brake 332 is engaged to prevent transmission of
power by the alternate motor 352. The differential brakes 342 are engaged to prevent
differential motion of the inboard flaps 212 relative to the outboard flaps 213, and the
outboard brakes 344 are engaged to prevent motion of the outboard flaps 213.
Accordingly, none of the flaps 212, 213 move when the system is in this configuration.

Figure 3C illustrates a configuration for which the inboard flaps 212 and the
outboard flaps 213 move together through relatively large deflections, for example, during
takeoff and/or landing. In this configuration, the primary motor 351 can provide power to
the drive link 353, and the alternate brake 332 can disable the alternate motor 352, which
is inactive. The differential brakes 342 are engaged with the differentials 341 so that power
provided by the drive link 353 is provided to actuators 354 associated with both the inboard
flaps 212 and the outboard flaps 213. Accordingly, the differentials 341 in this
configuration can act as "pass-through" devices that provide power equally to the inboard
flaps 212 and the outboard flaps 213.

Figure 3D illustrates the wings 110 and the control system 320 in another
configuration for which the inboard flaps 212 and the outboard flaps 213 are moved
together during high speed flight segmenis (e.g., cruise). In one aspect of this
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embodiment, the primary brake 331 has engaged the primary motor 351 and the alternate
brake 332 has been released. Accordingly, the alternate motor 352 provides power to the
drive link 353. The differential brakes 342 are engaged so that power provided by the drive
link 353 is delivered to both the inboard flaps 212 and the outboard flaps 213. The range
limiter 343 is also engaged to prevent large deflections of the inboard flaps 212 and the
outboard flaps 213. For example, the motion of the flaps 212, 213 can be limited to plus or
minus two degrees in one embodiment, and to other values that depend on aircraft flight
speed, structural loading considerations and/or other factors in other embodiments. Both
the inboard flaps 212 and the outboard flaps 213 can be moved together until the outboard
flaps 213 achieve the desired position.

Once the outboard flaps 213 have been moved to their target positions, the inboard
flaps 212 can be moved relative to the outboard flaps 213, as shown in Figure 3E. In this
configuration, the primary brake 331 remains engaged with the primary motor 351 so that
the alternate motor 352 provides power to the drive link 353. The range limiters 343 also
remain engaged to prevent excessive motion of the inboard flap 212. The differential
brakes 342 are released and the outboard brakes 344 are applied so that the differentials
341 provide power to the inboard flaps 212 but not the outboard flaps 213. The outboard
flaps 213 are effectively decoupled from the drive link 335. Accordingly, the inboard flaps
212 can now be moved to their target positions. As a result, the inboard flaps 212 have a
different deflection than the outboard flaps 213. If it is desired to move only the inboard
flaps 212, the system can be operated while in the configuration shown in Figure 3E,
without first moving the inboard and outboard flaps together via the configuration shown in
Figure 3D.

One feature of-an embodiment of the system described above with reference to
Figures 3A-3E is that the inboard flaps 212 can be moved relative to the outboard flaps 213
during high speed flight segments. Accordingly, the camber of the wing 110 at a spanwise
location aligned with the inboard flaps 212 can be different than the camber of the wing 110
at a spanwise location aligned with the outboard flaps 213. In this manner, the lift and drag
characteristics of the wing 110 can be varied in a spanwise direction to account for
conditions that can make the "optimal" or nearly optimal camber of the wing 110 at different
spanwise locations different. Such conditions can arise, for example, when fuel is used
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more rapidly from inboard fuel tanks than outboard fuel tanks (or vice versa), which can
reduce the need for lift at one section of the wing 110 more rapidly than at another section
of the wing 110. In other embodiments, other external factors can create lift requirements
that vary in a spanwise manner. Such factors include wind gusts that affect inboard and
outboard portions of the wing 110 differently. The degree to which a differential camber is
applied to the wing can be directéd automatically via the automatic inputs 325

Another feature of an embodiment of the system described above with reference to
Figures 3A-3E is that the range limiter 343 can prevent large deflections of both the
inboard and outboard flaps 212, 213 when the aircraft is at a flight condition for which such
motions are not appropriate. In particular, the range limiter 343 can automatically prevent
such large deflections during aircraft operations above a given Mach number or indicated
air speed. The range limiter 343 can automatically disengage when the aircraft falls below
such speeds, to allow for large deflections which are appropriate for aircraft takeoff and
landing. Whether or not the range limiter 343 is engaged can be controlled automatically
via one of the automatic inputs 325 to the controller 323.

Yet another feature of an embodiment of the system described above with reference
to Figures 3A-3E is that the alternate motor 352 can provide power to the drive link 353
when the flaps 212, 213 are moved through small deflection angles. In particular
embodiments, the alternate motor 352 may not have the same rate capabilities as the
primary motor 351 (e.g., it may be slower), and accordingly, its use can be particularly
appropriate for moving the flaps 212, 213 by small amounts to optimize or at least improve
the performance of the wing 110 during cruise or other relatively long flight segments (e.g.,
climb-out). A further advantage of this arrangement is that the alternate motor 352 is more
likely to be used during a typical flight than it would be in a conventional arrangement, and -
as a result, the aircraft operator will know during the course of the flight whether or not the
alternate motor 352 is available in case the primary motor 351 fails.

Figure 4A-4E illustrate a controller system 420 configured to direct the motion of the
inboard flaps 212 and the outboard flaps 213 in accordance with another embodiment of
the invention. Accordingly, the controller system 420 can include a controller 423 coupled
to a central control device 430 and two differential control devices 440. A drive system 450
includes a drive link 453 that receives power from a primary motor 451 or an alternate
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motor 452. A primary brake 431 halts motion of the primary motor 451, and an alternate
brake 432 halts motion of the aliernate motor 452. Each differential control device 450 can
include a differential 441, a differential brake 442 and a range limiter 443, all of which
operate in a manner generally similar to that described above with reference to Figure 3A.
Each differential control device 440 can also include a differential motor 455 that is coupled
to the differential 441, and an outboard brake 444 that is coupled to an outboard segment
of the drive link 453, in manners that differ from the arrangement described above with
reference to Figure 3A. Further details of the controller system 420 and its operation are
described below with reference to Figures 4B-4E.

Figure 4B illustrates the system at rest. The primary brake 431 prevents motion of
the primary motor 451 and the alternate brake 432 prevents motion of the alternate motor
452. The differential brakes 442 are engaged to prevent differential power to the inboard
flaps 212 relative to the outboard flaps 213, and the outboard brakes 444 prevent motion of
the outboard flaps 213.

Figure 4C illustrates the system when it is configured to provide power to the
inboard flaps 212 and the outboard flaps 213 during low speed flight conditions. The
primary brake 431 is released, allowing the primary motor 451 to provide power to the drive
link 453. The differential brake 442 remains engaged so that the differential 441 provides
power to both the inboard flaps 212 and the outboard flaps 213. The outboard brakes 444
are released so that the outboard flaps 213 can move.

In Figure 4D, the system is configured to provide differential motion to the inboard
flaps 212. Accordingly, both the primary brakes 431 and the alternate brakes 432 are
released, and the outboard brakes 444 are engaged. The differential motors 455 are
activated to provide motion to only the inboard flaps 212, via the differentials 441.
Accordingly, the outboard flaps 213 are effectively decoupled from the drive link 453. The
range limiters 443 are also activated to prevent excessive motion of the inboard flaps 212.
Accordingly, the inboard flaps 212 can be moved relative to the outboard flaps 213 by
relatively small amounts to a desired setting (e.g., during cruise flight segments).

In Figure 4E, the system is configured to provide differential motion to the outboard
flaps 212, independently of the inboard flaps 212. The outboard brakes 444 are released,
while the primary brakes 431 and alternate brakes 432 are engaged to prevent motion of
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the inboard flap 212. The inboard flaps 212 are now decoupled from the drive link 453,
Accordingly, when the differential motors 455 are activated, they each drive one of the
outboard flaps 213 while the inboard flaps 212 remain in fixed positions.

In other embodiments, the arrangement described above with reference to Figures
4A-4E can be used in accordance with other methods. For example, the primary motor
451 can be operated simultaneously with the differential motors 455 to move the inboard
and outboard flaps 212, 213 simultaneously, but in different manners. Accordingly, the
inboard and outboard flaps 212, 213 can be moved simultaneously but at different speeds,
or in different directions.

One feature of an arrangement described above with reference to Figures 4A-4E is
that the inboard flaps 212 can be moved relative to the outboard flaps 213 (and vice versa)
at high aircraft speeds. Accordingly, when it is desired to move only the outboard flaps
213, the inboard flaps 212 need not be moved at the same time and then independently
moved back to their desired positions. Conversely, an advantage of the arrangement
described above with reference to Figures 3A-3E is that it can make use of an existing
alternate motor and does not require a separate differential motor. The particular
arrangement installed on a given aircraft can be selected based on design criteria and
other factors that may be unique to that aircraft. A common advantage of both
arrangements, as discussed above, is that they can be used to tailor the spanwise lift
distribution of the wing 110 to improve aircraft aerodynamic efficiency.

Figure 5 illustrates a graph depicting lift-to-drag ratios as a function of overall wing
lift coefficient (CL), predicted for differential motion of irailing edge devices in accordance
with any of the embodiments described above. Line 460 illustrates a baseline lift-to-drag
curve for an aircraft that is not capable of manipulating wing camber at high speeds (e.g.,
cruise speeds). Line 461 illustrates predicted lift-to-drag characteristics for an aircraft wing
wherein the trailing edge devices of the wing are actuated in a linked manner to change the
camber by the same or a similar amount over the span of the wing. Line 462 illustrates
predicted lifi-to-drag characteristics when the spanwise camber distribution varies over the
span of the wing so that the wing can have a different camber at one spanwise location
than at another. As is shown in Figure 5, adjusting the camber of the wing at high speed
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can provide for increased wing performance, and differentially adjusting the camber of the
wing (e.g., in a spanwise varying manner) can even further increase the wing performance.

From the foregoing, it will be appreciated that specific embodiments of the invention
have been described herein for purposes of illustration, but that various modifications may
be made without deviating from the spirit and scope of the invention. For example, aspects
of the invention described in the context of particular embodiments can be combined or
eliminated in other embodiments. In many of the embodiments described above, high lift
devices on one side of the aircraft longitudinal centerline are moved in concert with
correspondingly-positioned high lift devices on the other side of the aircraft longitudinal
centerline. In other embodiments, devices on opposite sides of the aircraft longitudinal
centerline can be moved in different manners. In still further embodiments, the
differentially movable high lift devices can be coupled to the wing leading edge, in addition
to or in lieu of coupling differentially movable high lift devices to the wing trailing edge.
While the wings illustrated in the Figures each include two high lift devices that are
actuated to provide a variable camber, the wings can include more such high lift devices in
other embodiments. Accordingly, the invention is not limited except as by the appended
claims.
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CLAIMS

I/'We claim:

1. An aircraft wing system, comprising:
a wing having a leading edge and a trailing edge;
a first deployable lift device having a first spanwise location and being movable relative to
the wing from a stowed position to at least one first deployed position;
a second deployable lift device having a second spanwise location different than the first
and being movable relative to the wing from a stowed position to at least one second
deployed position;
a drive system having an drive link operatively coupleable to both the first and the second
deployable lift devices; and
a control system operatively coupled 1o the drive system, the control system having:
a first configuration for which for which the drive link is operatively coupled to the first and
second deployable lift devices, and activation of at least a portion of the drive link moves
the first and second deployable lift devices together; and
a second configuration for which the drive link is operatively coupled to the first deployable
lift device and operatively decoupled from the second deployable lift device, and activation
of at least a portion of the drive link moves the first deployable lift device relative to the
second deployable lift deVice.

2. The system of claim 1 wherein the control system has a third configuration for
which the drive link is operatively coupled io the second deployable lift device and
operatively decoupled from the first deployable lift device, and wherein activation of at least
a portion of the drive link moves the second deployable lift device relative to the first
deployable lift device.

3. The system of claim 1, further comprising a range limiter operatively coupled
to the first and second deployable lift devices to provide a first range of motion when the
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control system has the first configuration, and provide a second range of motion less than
the first range of motion when the control system has the second configuration.

4. The system of claim 1 wherein the drive link includes a mechanical drive
shaft.

5. The system of claim 1 wherein the first deployable liit device is inboard of the
second depioyable lift device.

6. The system of claim 1 wherein the first deployable lift device is outboard of
the second deployable lift device.

7. The system of claim 1 wherein the drive link includes a hydraulic link.

8. The system of claim 1 wherein the control system has a third configuration for
which the drive link is operatively coupled to the second deployable lift device and
operatively decoupled from the first deployable lift device, and wherein activation of at least
a portion of the drive link moves the second deployable lift device relative to the first
deployable lift device, and wherein the drive link includes a drive shaft and the drive sysiem
includes a first motor and a second motor, and wherein the control system includes:

a differential coupled among the drive shaft, the first deployable lift device, the second
deployable lift device and the second motor;

a first brake operatively coupled to the differential and engaged to move the first and
second deployable lift devices when the control system has the first configuration;

a second brake operatively coupled to the second deployable lift device and engaged to at
least resist motion of the second deployable lift device when the control system has the
second configuration; and

a third brake operatively coupled to the first deployable lift device and engaged to at least
resist motion of the first deployable lift device when the control system has the third
configuration; wherein
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the first motor is operatively coupled to the first and second deployable lift devices and the
second motor is operatively decoupled from the first and second deployable lift devices
when the control system has the first configuration;

the second motor is operatively coupled to the first deployable lift device and the first motor
is operatively decoupled from the first and second deployable lift devices when the control
system has the second configuration; and

the second motor is operatively coupled to the second deployable lift device and the first
motor is operatively decoupled from the first and second deployable lift devices when the
control system has the third configuration.

9. The system of claim 1 wherein the drive link includes a drive shaft and the
drive system includes a motor coupled to the drive shaft, and wherein the control system
includes:

a differential coupled among the drive shaft, the first deployable lift device, and the second
deployable lift device;

a first brake operatively coupled to the differential to couple the first and second deployable
lift devices when the control system has the first configuration; and

a second brake operatively coupled to the second deployable lift device and engaged to
resist motion of the second deployable lift device when the control system has the second
configuration.

10.  The system at claim 1, further comprising a fuselage coupled to the wing.

11.  An aircraft wing system, comprising:
a wing having a leading edge and a trailing edge;
a first deployable lift device positioned proximate to the wing leading edge or the wing
trailing edge at a first spanwise locatibn, the first deployable lift device being movable
relative to the wing from a stowed position to at least one first deployed position;
a second deployable lift device positioned proximate to the wing leading edge or the wing
trailing edge at a second spanwise location different than the first, the second deployable
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lift device being movable relative to the wing from a stowed position to at least one second
deployed position;

a drive system having a drive link operatively coupleable to both the first and the second
deployable lift devices; and

a control system operatively coupled to the drive link, the control system having:

a first configuration for which activation of at least a portion of the drive link moves the first
and second deployabile lift devices together;

a second configuration for which activation of at least a portion of the drive link moves the
first deployable lift device relative to the second deployable lift device; and

a third configuration for which activation of at least a portion of the drive link moves the
second deployable lift device relative to the first deployable lift device.

12. The system of claim 11 wherein the drive link includes a drive shaft and
wherein the drive system includes a first motor and a second motor, and wherein the
control system includes: ,

a differential coupled among the drive shaft, the first deployable lift device, the second
deployable lift device and the second motor;

a first brake operatively coupled to the differential and engaged io move the first and
second deployabile lift devices when the control system has the first configuration;

a second brake operatively coupled to the second deployable lift device and engaged to at
least resist motion of the second second deployable lift device when the control system has
the second configuration; and

a third brake operatively coupled to the first deployable lift device and engaged to at least
resist motion of the first deployable lift device when the control system has the third
configuration; wherein

the first motor is operatively coupled to the first and second deployable lift devices and the
second motor is operatively decoupled from the first and second deployable lift devices
when the control system has the first configuration;

the second motor is operatively coupled to the first deployable lift device and the first motor
is operatively decoupled from the first and second deployable lift devices when the control
system has the second configuration; and
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the second motor is operatively coupled to the second deployable lift device and the first
motor is operatively decoupled from the first and second deployable lift devices when the
control system has the third configuration.

13. The system of claim 11 wherein the drive link includes a mechanical drive
shaft.

14. The system of claim 11 wherein the first deployable lift device is inboard of
the second deployable lift device.

15. The system of claim 11 wherein the first deployable lift device is outboard of
the second deployable lift device.

16.  The system of claim 11 wherein the drive link includes a hydraulic link.

17.  An aircraft wing system, comprising:
a wing having a leading edge and a trailing edge;
a first deployable lift device positioned proximate to the wing trailing edge at a first
spanwise location, the first deployable lift device being movable relative to the wing from a
stowed position to at least one first deployed position;
a second deployable lift device positioned proximate to the wing trailing edge at a second
spanwise location different than the first, the second deployable lift device being movable
relative to the wing from a stowed position to at least one second deployed position;
a drive system having a drive link operatively coupleable to both the first and the second
deployable lift devices; and
a control system operatively coupled to the drive system, the control system having:
a first configuration for which activation of at least a portion of the drive link moves the first
and second deployable lift devices together;
a second configuration for which activation of at least a portion of the drive link moves the
first deployable lift device relative to the second deployable lift device;
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a differential coupled among the drive link, the first deployable lift device, and the second
deployable lift device;

a first brake operatively coupled to the differential o couple the first and second deployable
lift devices when the control system has the first configuration; and

a second brake operatively coupled to the second deployable lift device and engaged to at
least restrict motion of the second deployable lift device when the control system has the
second configuration.

18.  The system of claim 17, further comprising:
a first motor coupled to the drive link when the control system has the first configuration
and decoupled from the drive link when the control system has the second configuration;
and -
a second motor coupled to the drive link when the control system has the second
configuration and decoupled from the drive link when the control system has the first
configuration.

19. The system of claim 17 wherein the first deployable lift device is inboard of
the second deployable lift device.

20. The system of claim 17 wherein the first deployable lift device is outboard of
the second deployable lift device.

21.  An aircraft wing system, comprising:
a wing having a leading edge and a trailing edge;
a first deployabile lift device having a first spanwise location, the first deployable lift device
being movable relative to the wing from a stowed position to at least one first deployed
position;
a second deployable lift device having a second spanwise location different than the first,
the second deployable lift device being movable relative to the wing from a stowed position
to at least one second deployed position;
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drive means having link means operatively coupleable to both the first and the second
deployable lift devices; and

control means operatively coupled to the drive means, the control means having:

a first configuration for which the link means is operatively coupled to the first deployable
lift device and activation of at least a portion of the link means moves the first and second
deployabile lift devices as a unit; and

a second configuration for which the link means is operatively coupled to the first
deployable lift device and operatively decoupled from the second deployable lift device,
and activation of at least a portion of the link means moves the first deployable lift device
relative to the second deployable lift device.

22. The system of claim 21 wherein the control means has a third configuration
for which the link means is operatively coupled to the second deployable lift device and
operatively decoupled from the first deployable lift device, and wherein activation of at least
a portion of the link means moves the second deployable lift device relative to the first
deployable lift device.

23. The system of claim 21 wherein the first and second depioyable lift devices
have a first range of motion when the control means has the first configuration, and
wherein the first deployable lift device has a second range of motion less than the first
range of motion when the control means has the second configuration.

24.  The system of claim 21 wherein the link means includes a mechanical drive
shaft.

25. The system of claim 21 wherein the first deployable lift device is inboard of
the second deployable lift device.

26. The system of claim 21 wherein the first deployable lift device is outboard of
the second deployable lift device.
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27.  The system of claim 21 wherein the link means includes a hydraulic link.

28. The system of claim 21 wherein the control means has a third configuration
for which the link means is operatively coupled to the second deployable lift device and
operatively decoupled from the first deployable lift device, and wherein activation of at least
a portion of the link means moves the second deployable lift device relative to the first
deployable lift device, and wherein the link means includes a drive shaft and the drive
means includes a first motor and a second motor, and wherein the control means includes:
a differential coupled among the drive shaft, the first deployable lift device, the second
deployable lift device and the second motor;

a first brake operatively coupled to the differential and engaged to move the first and
second deployable lift devices when the control means has the first configuration;

a second hrake operatively coupled to the second deployable lift device and engaged to at
least resist motion of the second deployable lift device when the control means has the
second configuration; and

a third brake operatively coupled to the first deployable lift device and engaged to at least
resist motion of the first deployable lift device when the control means has the third
configuration; wherein

the first motor is operatively coupled to the first and second deployable lift devices and the
second motor is operatively decoupled from the first and second deployable lift devices
when the control means has the first configuration;

the second motor is operatively coupled to the first deployable lift device and the first motor
is operatively decoupled from the first and second deployable lift devices when the control
means has the second configuration; and

the second motor is operatively coupled to the second deployable lift device and the first
motor is operatively decoupled from the first and second deployable lift devices when the
control means has the third configuration.
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29. The system of claim 21 wherein the link means includes a drive shaft and the
drive means includes a motor coupled to the drive shaft, and wherein the control means
includes: .

a differential coupled among the drive shaft, the first deployable lift device, and the second
deployable lift device;

a first brake operatively coupled to the differential to couple the first and second deployable
lift devices when the control means has the first configuration; and

a second brake operatively coupled to the second deployable lift device and engaged to
resist motion of the first deployable lift device when the control means has the second
configuration.

30. A method for operating an aircraft wing system, comprising:
coupling first and second deployable lift devices of a wing with a drive link, the first and
second deployable lift devices being located at different spanwise locations of the wing;
moving the first and second deployabile lift devices together by activating the drive link;
decoupling the second deployable lift device from the drive link; and
moving the first deployable lift device relative to the second deployable lift device by
activating the drive link while the second deployable lift device is decoupled from the drive
link.

31.  The method of claim 30 wherein moving the first deployable lift device relative
to the second deployable lift device includes moving the first deployable lift device in a
different direction than the second deployable lift device.

32.  The method of claim 30 wherein moving the first deployable lift device relative
to the second deployable lift device includes moving the first deployable lift device at a
different rate than the second deployable lift device.

33. The method of claim 30 wherein moving the first deployable lift device relative
to the second deployable lift device includes moving the first deployable lift device while the
second deployable lift device is at least approximately fixed relative to the wing.
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34. The method of claim 30, further comprising:
coupling the second deployabile lift device to the drive link;
decoupling the first deployable lift device from the drive link; and
moving the second deployable lift device relative to the first deployable lift device by
activating the drive link while the first deployabile lift device is decoupled from the drive link.

35. The method of claim 30, further comprising limiting a range of motion of the
first deployable lift device to have first value when moving the first and second deployable
lift devices together, and limiting the range of motion of the first deployable lift device to
have a second value less than the first value when moving the first deployable lift device
relative to the second deployable lift device.

36. The method of claim 30 wherein activating the drive link includes activating a
mechanical drive shaft.

37. The method of claim 30 wherein moving the first deployable lift device
includes moving a first deployable lift device that is inboard of the second deployable lift
device.

38. The method of claim 30 wherein moving the first deployable lift device
includes moving a first deployable lift device that is outboard of the second deployable lift
device.

39. The method of claim 30 wherein activating the drive link includes activating a
hydraulic link.

40. The method of claim 30 wherein moving the first deployable lift device relative
to the second deployable lift device includes providing the wing with a first camber at a
section of the wing aligned with the first deployable lift device, and providing the wing with
a second camber different than the first camber at a section of the wing aligned with the
second deployable lift device
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41. The method of claim 30 wherein moving the first and second deployable lift
devices together includes moving the first and second deployable lift devices with a first
motor, and wherein moving the first deployable lift device relative to the second deployable
lift device includes moving the first deployabile lift device with a second motor different than
the first motor.

42. The method of claim 30 wherein moving the first and second deployable lift
devices together includes moving the first and second deployable liit devices while a
differential that is operatively coupled to the first and second deployable lift devices has a
fifst setting, and wherein moving the first deployable lift device relative to the second
deployable lift device includes moving the first deployable lift device while the differential
has a second setting different than the first setting.

43. A method for operating an aircraft wing system, comprising:
coupling first and second deployable lift devices of wing to a rotatable drive shaft, the first
and second deployable lift devices being located at different spanwise locations of the
wing;
moving the first and second deployable lift devices together during low speed aircraft
operations by rotating the drive shaft while both the first and second deployabile lift devices
are coupled to the drive shait;
controlling a spanwise camber distribution of the wing during high speed aircraft operations
b;}:
decoupling the second deployable lift device from the drive shaft; and
moving the first deployable lift device independently of the second deployable lift device by
rotating the drive shaft while the second deployable lift device is decoupled from the drive
shaft.

44. The method of claim 43 wherein controlling a spanwise camber distribution
further includes:
decoupling the first deployable lift device from the drive shaft and coupling the second
deployable lift device with the drive shaft; and
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moving the second deployable lift device independently of the first deployable lift device by
rotating the drive shaft while the first deployable lift device is decoupled from the drive
shaft.

45. The method of claim 43 wherein moving the first deployable lift device
independently of the second deployable lift device includes moving the first deployable lift
device in a different direction than the second deployable lift device.

46. The method of claim 43 wherein moving the first deployable lift device
independently of the second deployable lift device includes moving the first deployable lift
device at a different rate than the second deployable lift device.

47. The method of claim 43 wherein moving the first deployable lift device
independently of the second deployable lift device includes moving the first deployable lift
device while the second deployable lift device is at least approximately fixed relative to the
wing.

48. The method of claim 43, further comprising Iimiting a range of motion of the
first deployable lift device to have first value when moving the first and second deployable
lift devices together, and limiting the range of motion of the first deployable lift device to -
have a second value less than the first value when moving the first deployable lift device
independently of the second deployable lift device.

49. The method of claim 43 wherein moving the first deployabie lift device
includes moving a first deployable lift device that is inboard of the second deployable lift
device.

50. The method of claim 43 wherein moving the first deployable Iift device

includes moving a first deployable lift device that is outboard of the second deployable lift
device. '
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51. The method of claim 43 wherein moving the first and second deployable lift
devices together includes moving the first and second deployable lift devices with a first
motor, and wherein moving the first deployable lift device independently of the second
deployable lift device includes moving the first deployable lift device with a second motor
different than the first motor.

52. The method of claim 43 wherein moving the first and second deployable lift
devices together includes moving the first and second deployable lift devices while a
differential that is operatively coupled to the first and second deployable lift devices has a
first setting, and wherein moving the first deployable lift device independently of the second
deployable lift device includes moving the first deployable lift device while the differential
has a second setting different than the first setting.

53. A method for outfitting an aircraft wing system, comprising
coupling a differential in a drive link between a first deployabile lift device of an aircraft and
a second deployable lift device of the aircraft; and
coupling a control system to the differential, wherein the control system has a first
configuration for which activation of the drive link moves the first and second deployable
high lift devices together, and a second configuration for which activation of the drive link
moves the first deployable lift device relative to the second deployable lift device.

54. The method of claim 53, further comprising coupling a range limiter to the
differential to control a range of motion of the first deployable lift device to have a first value
when the control system has the first configuration, and a second value less than the first
value when the control system has the second configuration.

55. An aircraft system that includes a computer-readable medium configured to
perform a method that includes:
directing the coupling of first and second deployable lift devices with a drive link, the first
and second deployable lift devices being located at different spanwise locations of the
wing;
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directing the first and second deployable lift devices to move together by activating the
drive link;

directing the decoupling of the second deployable lift device from the drive link; and
directing the first deployable lift device to move relative to deployable lift device by
activating the drive link while the second deployable lift device is decoupled from the drive
link.

56. The system of claim 55 wherein directing the first deployable lift device to
move relative to the second deployable lift device includes directing the first deployable lift
device to move in a different direction than the second deployabile lift device.

57. The system of claim 55 wherein directing the first deployable lift device to
move relative to the second deployable lift device includes directing the first deployable lift
device to move at a different rate than the second deployable lift device.

58. The system of claim 55 wherein directing the first deployable lift device to
move relative to the second deployable lift device includes directing the first deployable lift
device to move while the second deployable lift device is at least approximately ‘fixed
relative to the wing.

59. The system of claim 55, further comprising:
directing the coupling of the second deployable liit device to the drive link;
directing the decoupling the first deployable lift device from the drive link; and
directing the second deployable lift device to move relative to the first deployable lift device
by activating the drive link while the first deployable lift device is decoupled from the drive
link.

60. The system of claim 55, further comprising limiting a range of motion of the

first deployable lift device to have first value when moving the first and second deployable
lift devices together, and limiting the range of motion of the first deployable lift device to
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have a second value less than the first value when moving the first deployable lift device
relative to the second deployable lift device.

61. The system of claim 55 wherein activating the drive link includes activating a
mechanical drive shaft.

62. The system of claim 55 wherein directing the first deployable lift device to
move includes directing a first deployable lift device that is inboard of the second
deployable lift device.

63. The system of claim 55 wherein directing the first deployable lift device to
move includes directing a first deployable lift device that is outboard of the second
deployabie lift device.

64. The system of claim 55 wherein activating the drive link includes activating a
hydraulic link.

65. The system of claim 55 wherein directing the first deployable lift device to
move relative to the second deployable lift device includes providing the wing with a first
camber at a section of the wing aligned with the first deployable fift device, and providing
the wing with a second camber different than the first camber at a section of the wing
aligned with the second deployable lift device

66. The system of claim 55 wherein directing the first and second deployabile lift
devices to move together includes directing a first motor to move the first and second
deployabile lift devices, and wherein directing the first deployable lift device to move relative
to the second deployable lift device includes directing a second motor different than the
first motor to move the first depioyable lift device.

67. The system of claim 55 wherein directing the first and second deployable lift
devices to move together includes directing the first and second deployable lift devices to
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move while being coupled a differential that has a first setting, and wherein directing the
first deployable lift device relative to the second deployable lift device includes directing the
first deployable lift device to move while the differential has a second setting different than

the first setting.
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