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AEROSPACE VEHICLE YAW GENERATING SYSTEMS
AND ASSOCIATED METHODS

TECHNICAL FIELD

Embodiments of the present invention relate to aerospace vehicle yaw
generating systems and associated methods, including using a spoiler surface
to generate a low pressure area on a fuselage of an aerospace vehicle to

create a yawing moment.
BACKGROUND

Aircraft are generally required to have certain directional stability and
control characteristics. In order to achieve these characteristics, aircraft
generally have vertical stabilizers and rudders. Often, the size of the vertical
stabilizers, the size of the rudder(s), and the power of the rudder actuators
(including the size and/or operating pressure of the associated hydraulic
system(s)) of large multi-engine aircraft is determined by certain engine-out
controllability requirements. For example, during aircraft certification,
government agencies (e.g., the Federal Aviation Administ‘ration) often require
manufacturers to determine minimum control speeds on the ground and in

flight for engine failures at selected conditions.

The minimum control speed in-flight can include a calibrated airspeed at
which, when a critical engine is suddenly made inoperative, it is possible to
maintain control of the airplane during specific operating conditions. The
minimum control speed on the ground can include a calibrated airspeed
during the takeoff run at which, when a critical engine is suddenly made
inoperative during selected operating conditions, it is possible to maintain
control of the airplane using the rudder control alone while using normal
piloting skills. In general, the higher the minimum control speeds an aircraft

has, the more runway the aircraft requires for takeoff and/or landing.
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Accordingly, it is desirable to design aircraft to have low minimum control

speeds.

Low minimum control speeds generally require large vertical stabilizing
surfaces, larger rudder surfaces, and powerful rudder actuators (e.g., fast
moving and/or high force rudder actuators). Larger surfaces and/or powerful
actuators increase the weight of an aircraft and in many cases increase the
complexity and manufacturing costs.  Additionally, larger surfaces can
increase drag during various phases of flight (e.g., during cruise flight)

resulting in increased fuel usage and costs.

As described in U.S. Patent No. 5,375,793, issued December 27, 1994,
which is fully incorporated herein by reference, manufacturers have
considered using a fly-by-wire flight control system to momentarily deflect an
aileron and/or a spoiler to create drag on a wing to cause a yawing moment to
supplement the yawing moment created by the rudder during certain engine-
out conditions. Accordingly, the yawing moment is proportional to the amount
of drag created and the distance between where the drag force is applied and
the aircraft’s center of gravity (“c.g."). In order to increase the yawing moment
the drag must be increased and/or the force must be applied further from the
c.g. A problem with this solution is that increases in drag reduce the thrust-to-
drag ratio of the aircraft, which can degrade engine-out performénce (e.g., the
ability for the aircraft to accelerate). Another problem with this solution is that
creating the drag force further from the aircraft's c.g. requires a spoiler or
aileron deflection on the outboard portion of the wing, which in many cases
can create a rolling moment on the aircraft. In order to corhpensate for this
rolling moment, other flight control surfaces must be deflected, which can
increase pilot workload, increase flight control complexity, and/or add to

overall aircraft drag.
SUMMARY
The present invention is directed generally toward aerospace vehicle
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yaw generating systems and associated methods, including using a spoiler
surface to generate a pressure differential between a first portion and a
second portion of a fuselage of an aerospace vehicle. The pressure
differential can in turn create a yawing moment. Aspects of the invention are
directed toward a yaw generating system that can include an aerospace
vehicle having a fuselage with a first portion and a second portion. The
system can further include a movable control surface coupled to the fuselage
and extending generally in a horizontal plane. The control surface can be
movable to a deflected position, in which the control surface is positioned to
create a flow pattern proximate to the fuselage when the aerospace vehicle is
located in a flow field. The flow pattern can be positioned to create a pressure
differential between the first portion of the fuselage and the second portion of
the fuselage. The first and second portions can be located so that the

pressure differential produces a yawing moment on the aerospace vehicle.

Other aspects of the invention are directed toward a method for making
a yaw generating system that can include locating a movable control surface
proximate to a fuselage of an aerospace vehicle. The fuselage can have a
first portion and a second portion. The method can further include coupling
the movable control surface to the fuselage. The control surface can extend
generally in a horizontal plane and can be movable to a deflected position. In
the deflected position the control surface can be positioned to create a flow
pattern when the aerospace vehicle is located in a flow field. The flow pattern
can be located to create a pressure differential between the first portion of the
fuselage and the second portion of the fuselage. The first and second
portions of the fuselage can be located so that the pressure differential

produces a yawing moment on the aerospace vehicle.

Still other aspects of the invention are directed toward a method for
creating a yawing moment that can include placing an aerospace vehicle ina
flow field. The method can further include positioning a control surface in a

deflected position to create a pressure differential between a first portion of a
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fuselage and a second portion of the fuselage to produce a yawing moment
on the aerospace vehicle. The control surface can be coupled to the fuselage
and (a) can extend generally in a horizontal plane, (b) can be movable
between a stowed position where the control surface is generally faired with a
surface of the fuselage and the deflected position where the control surface
can extend outwardly from a first side of the fuselage and away from a second

side of the fuselage opposite the first side, or (c) both (a) and (b).
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an isometric illustration of a system for creating a yawing

moment in accordance with embodiments of the invention.

Figure 2 is a schematic illustration of a flight control system portion of

the system shown in Figure 1.

Figure 3 is an isometric illustration of a portion of the system shown in
Figure 1 without a thrust asymmeitry, without a rudder surface deflection, and
where a first control surface and a second control surface are both in a first

selected position.

Figure 4 is an isometric illustration of the portion of the system shown in
Figure 3, with the first control surface in a first deflected position and the

second control surface in the first selected position.

Figure 5 is an isometric illustration of a portion of the system shown in
Figure 3, with the first control surface in a second deflected position and the

second control surface in a second selected position.

Figure 6 is a partially schematic cross-sectional view of the portion of

the system shown in Figure 5 taken a long line 6-6.

Figure 7 is a partially schematic cross-sectional view of the portion of

the system shown in Figure 5 taken a long line 7-7.

Figure 8 is an isometric illustration of a system for creating a yawing

moment with control surfaces coupled to a fuselage of an aerospace vehicle in

-4-



10

15

20

25

WO 2007/001735 PCT/US2006/021499

accordance with other embodiments of the invention.

Figure 9 is an isometric illustration of the system shown in Figure 8, with
a first control surface in a deflected position and a second control surface in a

selected position.

Figure 10 is an isometric illustration of a system for creating a yawing
moment with other control surfaces coupled to a fuselage of an aerospace

vehicle in accordance with still other embodiments of the invention.

Figure 11 is an isometric illustration of the system shown in Figure 10,
with a first control surface in a deflected position and a second control surface

in a selected position.
DETAILED DESCRIPTION

The present disclosure describes aerospace vehicle yaw generating
systems and associated methods, including using a spoiler surface to
generate a pressure differential between a first portion and a second portion of
a fuselage of an aerospace vehicle to create a yawing moment. Several
specific details of the invention are set forth in the following description and in
Figures 1-7 to provide a thorough understanding of certain embodiments of
the invention. One skilled in the art, however, will understand that the present
invention may have additional embodiments, and that other embodiments of
the invention may be practiced without several of the specific features

described below.

Figure 1 illustrates embodiments of a system in which a control surface
is used to generate a pressure differential between a first portion and a
second portion of a fuselage of an aerospace vehicle to create a yawing
moment. Figures 2-7 illustrate further details of the operation of the system
shown in Figure 1. Certain embodiments of the invention described below can
be used to augment aircraft yaw control and/or directional stability during

selected operating conditions (e.g., during an engine loss on takeoff).

-5-
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In Figure 1, a yaw generating system 100 includes an aerospace
vehicle 101 with a fuselage 110, multiple wing sections 120, a flight control
system 130, and control device(s) 140 that include at least one control surface
142 that is configured to create a pressure differential on the fuselage 110 to
produce a yawing moment on the aerospace vehicle 101. In the illustrated
embodiment, the fuselage 110 includes a first side 111 and a second side 113
generally opposite to the first side 111 relative to the X-Z plane (e.g., a vertical
plane relative to the fuselage defined by the roll and yaw axes) in Figure 1. A
first wing section 120a is located proximate to the first side 111 of the fuselage
110 and a second wing section 120b is located proximate to the second side
113 of the fuselage 110.

In other embodiments, the system 100 can include more or fewer wing
section(s) 120 and/or wing Section(s) 120 having other configurations. For
example, a wing section 120 can include a portion of any surface or airfolil
section extending generally in a lateral direction (e.g., the surface can extend
generally parallel to the Y axis shown in Figure 1 with or without dihedral or
anhedral) that is configured to generate lift when placed in a flow field F. For
example, in certain embodiments the system 100 can include wing sections
120 that include portions of a canard and/or other wing sections that include
portions of a main wing. In other embodiments, the wing section(s) 120 are
coupled to the fuselage 110 without being directly connected to the fuselage
110. For example, the wing sections 120 can include airfoil sections that are
suspended over or under the fuselage 110 (e.g., a biplane or tri-plane

configuration).

In the illustrated embodiment, the control devices 140 include devices
that can genera’té moments or forces to control the aerospace vehicle 101
during operation or flight (e.g., attitude thrusters, aerodynamic surfaces, and
thrust vectoring nozzles). In Figure 1, the control devices 140 include control
surfaces 142, rudder surfaces 141, and other control devices 143. In other

embodiments, the system 100 can include more or fewer control devices 140.
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In Figure 1, the control surfaces 142 include a first control surface 142a
coupled to the first wing section 120a and a second control surface 142b
coupled to the second wing section 120b. In the illustrated embodiment, the
first and second control surfaces 142a, 142b include spoiler surfaces that are
at least approximately symmetrically located in an X-Y plane (e.g., a horizontal
plane) with respect to the fuselage. In other embodiments, the system 100
can include other arrangements of control surfaces 142, other types of control
surfaces 142, and/or more or fewer control surfaces 142. For example, in
other embodiments the control surfaces 142 can include flap or aileron

surfaces.

In Figure 1, the first control surface 142a is shown in a deflected
position. In the deflected position, the first control surface 142a is positioned
to create at least one flow pattern proximate to the fuselage 110 when the
aerospace vehicle 101 is located in the flow field F. In the illustrated
embodiment, the first control surface 142a is located within the first third of the
wing span (e.g., fuselage to tip) and has created a first flow pattern proximate
to the fuselage 110 that is positioned 1o create a first pressure differential P1
between a first portion 112 of the fuselage 110 and a second portion 114 of
the fuselage 110. In the illustrated embodiment, the first and second portions
112, 114 of the fuselage are located so that the first pressure differential P1
produces a first side force S1 some distance from a "c.g." (center of gravity) of
the aerospace vehicle 101 to produce a first yawing moment Ym1 about the
yaw axis Z of the aerospace vehicle 101. In the illustrated embodiment, the
first side force S1 is located aft of the c.g. In other embodiments (e.g., where
the first control surface 142a is located on a canard), the first side force S1
can be located in front of the c.g. to produce the first yawing moment Ym1 in

the opposite direction.

In the illustrated embodiment, the first portion 112 of the fuselage 110 is
located on the first side 111 of the fuselage 110 and the second portion.114 of

the fuselage 110 is located on the second side 113 of the fuselage 110, but
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the first and second portions are not located directly opposite one another. In
other embodiments, the first and second portions 112, 114 are positioned
directly opposite each other relative to the X-Z plane. fn still other
embodiments, the first and second portions 112, 114 can have other locations
that produce the yawing moment Ym1. As discussed above, in Figure 1 the
first control surface 142a is located within the first third of the wing span,
however, it is understood that the first control surface 142a can have other
locations where the deflected position can create the first pressure differential

on the fuselage.

In certain embodiments, the first control surface 142a can be positioned
in the deflected position to create a second flow pattern proximate to a flow
body 102 (e.g., a directional stabilizer, a vertical tail, a V-tail, a rudder surface,
or a ventral fin) when the aerospace vehicle 101 is located in the flow field F.
As used herein, flow body 102 refers to any flow body 102 on the aerospace
vehicle 101 other than the fuselage. The second flow pattern can be
positioned to create a second pressure differential P2 between a first portion
103 of the flow body 102 and a second portion 104 of the flow body 102. In
the illustrated embodiment, the first and second portions 103, 104 of the flow
body 102 are located so that the second pressure differential P2 produces a
second side force S2 some distance from the c.g. of the aerospace vehicle

101 to produce a second yawing moment Ym2 on the aerospace vehicle 101.

In Figure 1, the flow body 102 includes a vertical stabilizer that is
located aft of the c.g. of the aerospace vehicle 101. Accordingly, the second
side force S2 is located aft of the c.g. In other embodiments, the second side
force S2 can be located in front of the c.g. to produce the second yawing
moment Ym2 in the opposite direction (e.g., where the first control surface
142a is located on a canard and there is a flow body 102 positioned forward of

the c.g.).

In certain embodiments, the first yawing moment Ym1 or the first and

second yawing moments Ym1, Ym2 created by the first control surface 142a
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can be used to provide or augment directional stability and/or directional
control of the aerospace vehicle 101 during selected operating conditions.

Selected operating conditions can include a selected flow field condition

relative to the aircraft (e.g., airspeed, angle of attack, angle of sideslip,

altitude, and/or ambient pressure), a selected aircraft configuration (e.g., the
position of various flight control surfaces and/or the operability of various
systems), selected operator commands (e.g., control inputs from a pilot),

and/or whether the aerospace vehicle 101 is on the ground or in-flight.

For example, in selected embodiments the first yawing moment Ymi
can be used to provide directional stability and control for an aircraft without
vertical stabilizing surfaces throughout the flight envelope. In other
embodiments, the first yawing moment Ym1 or the first and second yawing
moments Ym1, Ym2 can be used to provide directional stability and/or
directional control of an aircraft with a vertical stabilizer and rudder system
when the rudder system experiences a partial or complete failure. In still other
embodiments, the first yawing moment Ym1 or the first and second yawing
moments Ym1, Ym2 can be used to augment directional stability and/or
directional control of an aircraft in selected corners of a flight envelope where

additional stability and/or control are required.

In yet other embodiments, the first yawing moment Ym1 or the first and
second yawing moments Ym1, Ym2 can be used to provide directional
stability and/or directional control of an aircraft with an asymmetric thrust
condition (e.g., thrust loss, engine failure, or an engine-out condition). In
Figure 1, the aerospace vehicle 101 is on the ground 150 and has
experienced a loss of thrust on the right engine 105b creating an asymmetric
thrust condition. The left engine 105a is still producing thrust T. Because the
thrust T is located a lateral distance from the c.g. of the aerospace vehicle
101, the thrust T creates a thrust yawing moment Ymt on the aerospace
vehicle 101. An upper rudder surface 141a and a lower rudder surface 141b,

both coupled to the flow body 102, have been deflected to create a rudder
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side force Sr aft of the c.g. of the aerospace vehicle 101, thereby producing a
rudder yawing moment Ymr that is generally opposite to the thrust yawing

moment Ymt.

The first control surface 142a is also used to produce a yawing moment
to oppose the thrust yawing moment Ymt. In Figure 1, the first control surface
142a has been deflected and, as discussed above, produces the first and
second yawing moments Ym1, Ym2, which are also generally opposite to the
thrust yawing moment Ymt. Additionally, in the deflected position the first

control 142a can also interact with the flow field F to produce a drag force D.

'Because the drag force is located laterally some distance from the c.g., the

drag force D can create a drag yawing moment Ymd, which is also generally
opposite to the thrust yawing moment Ymt. In certain embodiments, the drag
yawing moment Ymd is smaller than the first yawing moment Ym1 and/or the
second yawing moment Ym2. During selected operating conditions the first
yawing moment Ym1, the second yawing moment Ym2, the rudder yawing
moment Ymr, and the drag yawing moment Ymd can counter the thrust
yawing moment Ymt so that the net yawing moment Ymnet is balanced or has

a zero value.

In other embodiments, the aerospace vehicle 101 can have more or
fewer engines 150 and/or more or fewer rudder surfaces 141. In still other
embodiments, the aerospace vehicle can have more or fewer yawing
moments acting about the yaw axis Z and/or the yawing moments can have
different directions. For example, in certain embodiments the failed engine
can also produce a drag force that creates an additional yawing moment
and/or the first control surface 142a does not produce the second yawing
moment Ym2. In yet other embodiments, the system 100 includes only one
control surface 142 to aid other control device(s) 140 in providing directional
control during a loss of a critical engine during takeoff. As used herein, a
critical engine includes an engine on a multiple engine aircraft that causes the

largest deviation from runway centerline when the engine is lost during takeoff
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and the takeoff is continued. Although in Figure 1 the aerospace vehicle 101
is shown on the ground, in other embodiments the aerospace vehicle 101 can
be in-flight when the first control surface 142a is deflected to create the first

yawing moment Ym1 or the first and second yawing moments Ym1, Ym2.

In certain embodiments, the first control surface 142a can produce the
first and/or second yawing moments Ym1, Ym2 without creating a net rolling
moment Rmnet about the roll axis X of the aerospace vehicle 101. For
example, in Figure 1 when the first control surface 142a is in the deflected
position, a first amount of lift L1 created by the first wing section 120a is less
than a second amount of lift L2 created by the second wing section 120b.
Accordingly, a lift rolling moment Rml can be created. Additionally, because
the first side force S1, the second side force S2, and the rudder side force Sr
are positioned above the c.g. of the aerospace vehicle 101, a first rolling
moment on Rm1, a second rolling moment Rm2, and a rudder rolling moment
Rmr are created, respectively. In the illustrated embodiment, the first rolling -
moment Rm1, the second rolling moment Rm2, and the rudder rolling moment
Rmr are generally opposite the lift rolling moment Rml resulting in a net rolling
moment Rmnet that is balanced or has a zero value. This feature can be
particularly advantageous when the aerospace vehicle is operated on or near

the ground and/or when workload in the cockpit is high.

In other embodiments, the aerospace vehicle can have more or fewer
rolling moments acting about the roll axis X and/or the rolling moments can
have different directions. For example, in certain embodiments the first
control surface 142a can be configured so that there is no loss of lift when the
first control surface 142a is moved to the deflected position. In other
embodiments, the first side force S1, the second side force S2, and/or the
rudder side force Sr can be located so that they create no rolling moments or
rolling moments in a direction different than that shown in Figure 1. In still
other embodiments, other control devices 140 can be used to balance the net

rolling moment Rmnet (e.g., an aileron surface or an attitude thruster).
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In Figure 1, the first control surface 142a is coupled to a control system
130. Figure 2 is a partially schematic illustration showing further details of the
control system 130 that includes a computer 135 (e.g., a programmable flight
control computer), inceptors 131 (e.g., pilot control stick or yokes), sensors
132, and various actuators 133. The control system 130 can include an
electrical control system, a mechanical control system, or a combination of the
two. The control system 130 can be coupled to various aircraft systems
including a landing gear system 106 and various control devices 140. The
control devices 140 can include the control surfaces 142 and rudder surfaces
141 (discussed above \{vith reference to Figure 1), and other control devices
143 including attitude thrusters, thrust vectoring nozzles, and aerodynamic
surfaces. For example, the other aerodynamic surfaces can include trailing
edge flaps, leading edge devices, aileron surfaces, spoiler surfaces, elevator

surfaces, and speed brakes.

In Figure 2, the computer 135 is coupled to the upper rudder surface
141a via a first actuator 133a and a second actuator 133b to provide
redundancy. for the upper rudder surface. For example, each actuator 133
coupled to the upper rudder surface 141a can be operated by a separate
power system (e.g., a separate hydraulic system) so if one power system fails,
the other power system can still operate an actuator to move the upper rudder
surface 141a. Similarly, the computer 135 is coupled to the lower rudder
surface 141b via a third actuator 133c and a fourth actuator 133d.
Additionally, the computer 135 can be coupled to the first control surface 142a
by a fifth actuator 133e and to the second control surface 142b by a sixth
actuator 133f. In certain embodiments, the number of actuators 133 on each
rudder surface 141 can be reduced because the first and second control
surfaces 142a, 142b can provide yaw control in the event that control of one

or more rudder surfaces is lost or degraded.

In the illustrated embodiment, the sensors 132 can provide information

to the computer 135, and the computer 135 can use this information to
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determine commands for the control devices 140. For example, in certain
embodiments the sensors 132 can sense parameters that include airspeed,
altitude, temperature,.control device positions, angle of attack, side slip angle,
attitude, inertial track, and/or the status of various aerospace vehicle systems.
Other sensors 132 (e.g., up-lock sensors, down-lock sensors, and/or weight
on wheel sensors) can provide information regarding the state of the landing
gear system. The inceptors 131 can provide operator commands
representing desired aircraft responses to the computer 135. The computer
135 can receive these commands and data from the sensors 132 to determine

commands for the control devices 140.

The flight control system can determine when to move a control surface
142 to the deflected position, an amount of control deflection associated with
the deflected position, and/or an amount of time a control surface 142 remains
in the deflected position, based on the operating condition of the aerospace
vehicle and/or the commands. For example, the first and/or second control
surfaces 142a, 142b can be moved to the deflected position in response to

operator selections made via the inceptors 131, or in response to signals

“transmitted automatically by the flight control system, or both. In other

embodiments, the first and/or second control surfaces 142a, 142b are only
controlled automatically by the flight control system 130 and operate only
during selected conditions (e.g., only during an asymmetric thrust condition
when the aerospace vehicle is operating at a selected airspeed range, is in
flight, and/or is on the ground). In still other embodiments, the first and
second control surfaces 142a, 142b are only moved to the deflected position

via operétor input through the inceptors 131.

In yet other embodiments, the flight control system 130 can have more
or fewer elements, including more or fewer inceptors 131, sensors 132,
actuators 133, computers 135, and/or other elements and can be coupled to
more or fewer control devices 140. For example, in certain embodiments the

flight control system 130 does not include the computer 135, and the

*
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inceptor(s) are configured to provide a direct input (e.g., mechanical or
electrical) to the control surfaces 142 or to the actuators 133 coupled to the
control surfaces 142. The actuators 133 can include any type of actuator,
including mechanical, electrical, hydraulic, and/or pneumatic actuators. In
other embodiments, control surfaces 142 are mechanically linked to the

inceptors 131 without the use of actuators.

The flow patterns created by the control surfaces proximate to the
fuselage 110 and the flow body 102, are discussed in further detail with
reference to Figures 3-5. Figure 3 is an isometric illustration of a portion the
system shown in Figure 1 without a thrust asymmetry, without a rudder
surface deflection, and where neither control surface is in a deflected position
as discussed above with reference to Figure 1. In Figure 3, the first and
second control surfaces 142a, 142b are symmetrically positioned relative to
their respective first and second wing sections 120a, 120b. The flow lines 160
illustrate that the flow patterns proximate to the fuselage 110 and the flow
body 102 are at least approximately symmetrical relative to the X-Z plane

discussed with reference to Figure 1.

In Figure 4, the first control surface 142a has been moved to a first
deflected position while the second control surface 142b has remained
stationary. In the illustrated embodiment, the second control surface is in a
first selected position (e.g., a non-deflected, faired, retracted, and/or stowed
position). As used herein, a selected position can be any position of the
second control surface 142b that allows the first control surface 142a, in a
deflected position, to create at least one flow pattern proximate to the fuselage
110 that generates the first yawing moment YM1. As shown by the flow lines
160 in Figure 4, the first control surface 142a accelerates portions of the fluid
flow in some areas (e.g., where the flow lines 160 are close together), thereby
increasing dynamic pressure and decreasing local or static pressure. Other
portions of the flow can be decelerated, reducing dynamic pressure and

increasing local or static pressure. Accordingly, a flow pattern is created
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proximate to the fuselage 110 that creates a pressure differential between the
first portion 112 of the fuselage 110 and a second portion 114 of the fuselage
110. The pressure differential creates the first side force S1 that in turn
produces the first yawing moment Ym1 (shown in Figure 1). Similarly, the first
control surface 142a creates a flow pattern proximate to the flow body 102 to |
create a pressure differential between the first portion 103 of the flow body
102 and a second portion 104 of the flow body 102. The pressure differential
creates the second side force S2 that produces the second yawing moment
Ym2 (shown in Figure 1). In other embodiments, the first control surface 142a
in the first deflected position only creates a single side force (e.g., only creates
the first side force S1). In still other embodiments, the first control surface
142a in the first deflected position can create side forces and corresponding
mdments on other selected portions of the aerospace vehicle by affecting a

flow pattern proximate to the selected portion of the vehicle.

In other embodiments, the first and second control surfaces 142a, 142b
can have multiple selected and/or deflected positions. For example, Figure 5
is an isometric illustration of a portion of the system 100 shown in Figure 3,
with the first control surface 142a in a second deflected position (e.g., a
deflected position with greater deflection than that shown in Figure 4) and the
second control surface 142b in a second selected position (e.g., a non-
retracted or non-faired position). Figure 6 is a partially schematic cross-
sectional view of the portion of the system 100 shown in Figure 5 taken along
line 6-6. Figure 7 is a partially schematic cross-sectional view of the portion of
the system 100 shown in Figure 5 taken along line 7-7. In the second11
deflected position, the first control surface 142a is deflected a first amount
144a relative to the first wing section 120a (Figure 6). In the second selected
position, the second control surface 142b is deflected a second amount 144b
relative to the second wing section 120b (Figure 7). With the second control
surface 142b in the second selected position and the first control surface 142a

in the second deflected position, the first control surface 142a still creates a
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flow pattern proximate to the fuselage 110 to create a pressure differential. In
turn, the pressure differential produces a yawing moment on the aerospace
vehicle 101.

For example, as shown in Figures 6 and 7 the second amount of
deflection 144b can be less than the first amount of deflection 144a and
therefore it can have less impact on the flow pattern(s) proximate to the
fuselage. The first and second amounts of deflection 144a, 144b can be
measured using various types of units. For example, in certain embodiments
the first amount of deflection 144a can include a first angular amount A1
(Figure 6) between a reference associated with the first control surface 142a
(e.g., a control surface chord line) and a reference associated with the first
wing section 120a (e.g., a wing section chord line). In other embodiments, the
first amount 144a of deflection includes a first linear or curvilinear distance d1
(Figure 6) between a reference associated with the first control surface 142a
and a reference associated with the wing section 120a. The second amount
of deflection can also be measured in a generally similar manner, for example,

as a second angular amount A2 (Figure 7) or a second distance d2 (Figure 7).

In certain embodiments, features discussed above with reference to
Figures 5-7 can allow the first and second control surfaces to be used for
other purposes Wwhile still providing directional stability and/or control. For
example, if the first and second control surfaces 142a, 142b include spoiler
surfaces, the spoiler surfaces can be deflected symmetrically relativé to the X-
Z plane of the fuselage to provide drag or to reduce lift without creating a
yawing moment. The spoiler surfaces can also be differentially deflected, as
shown in Figure 5, to provide drag or reduce lift while producing a yawing
moment. For example, if the control surfaces are extended to provide drag:
(a) the deflection on one surface can be reduced (e.g., to a selected position)
while the other surface remains fixed in the extended position (e.g., a
deflected position); (b) the deflection of one surface can be increased (e.g., to

a deflected position) while the other surface remains fixed in the extended
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position (e.g., @ selected position); or (c) the deflection on one surface can be
reduced (e.g., to a selected position) and the deflection on the other surface
can be increased (e.g., to a deflected position) to provide a yawing moment on

the aerospace vehicle.

In other embodiments, the system can have different arrangements.
For example, in certain embodiments the flow patterns proximate to the
fuselage can be asymmetrical, but positioned so that the net yawing moments
about the yaw axis are balanced before the first or second control surface
142a, 142b is moved to a deflected position. In yet other embodiments, the
first control surface 142a can be deflected in a downward direction to a third
deflected position to affect the flow pattern proximate to bottom portions of the
fuselage or other portions of the aerospace vehicle to generate a side force
and produce a yawing moment. For example, the first control surface 142a
could include a flap that is deflected downwardly to generate a side force and
produce a yawing moment. In certain embodiments, the first control surface
142a can be deflected upwardly to a first deflected position as shown in Figure
4 and the second control surface 142b can be deflected downwardly to the
third deflected position to create one or more flow patterns on various portions
of the fuselage 110 to produce one or more yawing moments on the

aerospace vehicle.

A feature of at least some of the embodiments discussed above is that
a control surface coupled to a wing section can be used to produce a yawing
moment on an aerospace vehicle. For example, spoiler surfaces can be used
to provide directional stability and/or control during one or more selected
operating conditions. In certain embodiments, this feature can allow a
reduction in vertical tail size or a reduction in minimum control speed (e.g., on
the ground or in flight) because the spoiler surface can be used to augment
yaw control during an asymmetric thrust condition at low air speeds. For
example, if an aircraft loses an engine at low speed during the takeoff roll, a

control surface can be moved to a deflected position to create a pressure
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differential on the fuselage. In turn, the differential pressure can creaie a
yawing moment that aids the rudder and vertical tail surfaces in opposing the
yawing moment generated by the engine-out condition. As the aircraft
continues to accelerate during the takeoff roll and the rudder and vertical tail
surfaces become more effective, the spoiler surface can be stowed. An
advantage to this feature is that a lower minimum control speed can aliow the
aircraft to take off with more weight. Another advantage of this feature is that
the vertical tail size of an aircraft can be reduced while maintaining the same
minimum control speed, requiring less material to produce the vertical tail, and
thereby reducing manufacturing costs and aircraft weight as compared to
aircraft requiring a larger vertical tail. A smaller vertical tail can also result in
less drag, resulting in a reduction in operating cost. In the limit, the tail can be

eliminated.

The power of the rudder actuator can also affect the minimum control
speeds associated with an aircraft. For example, in certain situations a more
powerful rudder actuator can move a rudder surface to a position required to
compensate for an engine loss more quickly than a less powerful actuator.
Additionally, in certain instances a more poweriul rudder actuator can deflect a
rudder surface a larger amount against specified aerodynamic loads than a
less powerful actuator, thereby providing a larger yawing moment to
compensate for the yaw created by the engine loss. A feature of some of the
embodiments described above is that a control surface can be moved to a
deflected position to create a pressure differential on a fuselage. In turn, the
differential pressure can create a yawing moment that aids the yawing
moment created by the rudder surface.  Accordingly, under certain
circumstances, various embodimenis of the invention can allow a less
powerful rudder actuator to be used on a specified aircraft while maintaining
the same minimum control speed(s). An advantage of this feature is that less
powerful actuators can be less expensive to produce and maintain, thereby

allowing manufacturing and maintenance costs to be reduced. In some
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cases, actuators (e.g., redundant actuators) can be eliminated and instead the
control surface used to create a differential pressure on the fuselage can be

relied on to provide backup yaw control and/or stability.

Because a control surface can be used to create a pressure differential
on a fuselage, thereby creating a yawing moment, larger engines can be
installed on an aircraft (a) while retaining the same minimum control speed(s)
associated with the smaller engines and (b) without increasing the size of the
vertical tail surfaces, the size of the rudder surfaces, and the power of the
rudder actuators. For example, in certain circumstances a flight control
computer can be programmed (e.g., reprogrammed) to reschedule the use of
the control surface and/or the flight control computer can be programmed to
account for increases in thrust. An advantage of this feature is that larger
engines can be installed on aircraft without the associated expense of

modifying the vertical tail, rudder surfaces, and/or rudder actuators.

In other embodiments, the control surface(s) can be used to reduce the
size of various stability surfaces during various operating conditions. For
example, the control surface(s) can be used to augment directional stability
and/or provide directional control during extreme operating conditions (e.g., at
a corner of a flight envelope) or with various system failures. By reducing the
size or eliminating various stability surfaces or control devices, aircraft weight

and drag can be reduced providing a savings in operating costs.

In other embodiments, the yaw generating system can have other
arrangements. For example, a yaw generating system 800 can have control
surfaces 842 coupled to a fuselage 810 of an aerospace vehicle 801 without
being connected to wing sections 820. In Figure 8, the yaw generating
system 800 includes two control surfaces 842, shown as a first control surface
842a coupled to a first side 811 of the fuselage 810 and a second control
surface 842b coupled to a second side 813 of the fuselage 810. In the
illustrated embodiment, the conirol surfaces 842 can extend generally in a

horizontal plane and can be positioned above the wing sections 820. For
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example, the control surfaces 842 can extend generally in an X-Y plane with
or without anhedral or dihedral (e.g., the control surfaces can generally extend
more horizontally than vertically). In Figure 8 the control surfaces 842
are symmetrically positioned with respect to the fuselage and the flow lines
860 created by a flow field F illustrates that the flow patterns proximate to the
fuselage 810 and a flow body 802 (e.g., a vertical tail) are at least

approximately symmetrical relative to the X-Z plane.

In Figure 9, the first control surface 842a has been moved to a deflected
position while the second control surface 842b has remained stationary. As
discussed above with reference to Figure 4, the second control surface 842b
is in a selected position and the first control surface 842a can create a flow
pattern proximate to the fuselage 810 that creates a pressure first differential
between a first portion 812 of the fuselage 810 and a second portion 814 of
the fuselage 810. The first pressure differential creates a first side force St
extending outwardly from the second side 813 of the fuselage 810 and away
from the first side 811 of the fuselage 810. The first side force S1 can in turn
produces a first yawing moment Ym1. Similarly, the first control surface 842a
can create a second flow pattern proximate to the flow body 802 to create a
pressure differential between the first portion 803 of the flow body 802 and a
second portion 804 of the flow body 802. The second pressure differential
creates a second side force S2 (e.g., in the same direction as the first side

force S1) that can produce a second yawing moment Ym2.

The yaw generating system 800 shown in Figures 8-9 can have similar
features and/or advantages to those discussed above with reference to
Figures 1-7. For example, in other embodiments the yaw generating system
800 can include more or fewer control surfaces. 842 and/or the control
surfaces 842 can have additional positions (e.g., additional selected and/or
deflected positions). Additionally, in other embodiments the control surfaces
842 can have other locations relative to the fuselage 810 and/or wing sections

820. For example, although in the illustrated embodiment the control surfaces
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842 are positioned proximate to the upper surface of the wing sections 820
where there can be high energy airflow (e.g., the control surfaces 842 are
aerodynamically coupled to the wing section 820), in other embodiments the

control surfaces 842 are positioned away from the wing sections.

Figure 10 is an isometric illustration of a yaw generating system 1000
having yet another arrangement. In Figure 10, the yaw generating system
1000 includes a first control surface 1042a coupled to a first side 1011 of a
fuselage 1010 and a second control surface 1042b coupled to a second side
1013 of the fuselage 1010. The control surfaces 1042 can be movable
between a stowed position and a deflected position. In the stowed position
the control surfaces 1042 can be generally faired with a surface 1016 of the
fuselage 1010. For example, the control surfaces 1042 can be retracted into
or against the fuselage 1010, retracted to be flush with a surface 1016 of the
fuselage 1010, and/or positioned proximate 1o the fuselage 1010 so that the
control surface 1042 has little interference with the generally streamlined flow
around the fuselage 1010. In the illustrated embodiment the first control
surface 1042a is generally faired with a first surface 1016a and the second
control surface 1016b is generally faired with a second surface of the fuselage
1016b. Because the first and second control surfaces 1042a, 1042b are
symmetrically positioned with respect o the fuselage and the flow lines 1060
created by a flow field F illustrates that the flow patterns proximate to the
fuselage 1010 and a flow body 1002 (e.g., a vertical tail) are at least

approximately symmetrical relative to the X-Z plane.

In Figure 11, the first control surface 1042a has been moved to a
deflected position where the control surface 1042a extends outwardly from the
first side 1011 of the fuselage 1010 and away from the second side 1013 of
the fuselage 1010. In Figure 11, the second control surface 1042b has
remained in the stowed position, which is also a selected position as
discussed above with reference to Figure 4. Accordingly, in the deflected

position the first control surface 1042a can create a flow pattern proximate to
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the fuselage 1010 that creates a first pressure differential between a first
portion 1012 of the fuselage 1010 and a second portion 1014 of the fuselage
1010. The first pressure differential creates a first side force S1 extending
outwardly from the second side 1013 of the fuselage 1010 and away from the
first side 1011. The First side force S1 can in turn produces a first yawing
moment Ym1. Similarly, the first conirol surface 1042a can create a second
flow pattern proximate to the flow body 1002 to create a pressure differential
between the first portion 1003 of the flow body 1002 and a second portion
1004 of the flow body 1002. The seqond pressuré differential creates a
second side force S2 (e.g., in the same direction as the first side force S1) that

can produce the second yawing moment Ym2.

The yaw generating system 1000 shown in Figures 10-11 can have
similar features and/or advantages to those discussed above with reference to
Figures 1-9. For example, in other embodiments the yaw generating system
1000 can include more or fewer control surfaces 1042 and/or the control .
surfaces 1042 can have additional positions (e.g., additional selected and/or
deflected positions). For example, in certain embodiments the control
surfaces 1042 can be exiended symmetrically to act as a speed brake without
creating a yawing moment on the aerospace vehicle 1001 and extended
asymmetrically to provide drag and a yaw producing flow paitern on the
fuselage (as discussed above). Additionally, as discussed above with
reference 1o Filgures 8-9, in other embodiments the control surfaces 1042 can

have other locations relative to the fuselage 1010 and/or wing sections 1020.

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 invention.
Additionally, aspects of the invention described in the context of particular
embodiments may be combined or eliminated in other embodiments. For
example, although some of the above embodiments have shown a single

control surface on a wing section, in other embodiments a wing section can
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have multiple control surfaces having the same or different deflected
positions. Although advantages associated with certain embodiments of the
invention have been described in the context of those embodiments, other
embodiments may also exhibit such advantages. Additionally, not all
embodiments need necessarily exhibit such advantages to fall within the
scope of the invention. Accordingly, the invention is not limited except as by

the appended claims.
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CLAIMS

I/We claim:

1. Ayaw generating system, comprising:

an aerospace vehicle having a fuselage with a first portion and a second
portion; and

a movable control surface coupled to the fuselage and extending generally in
a horizontal plane, the control surface being movable to a deflected
position in which the control surface is positioned to create a flow pattern
proximate to the fuselage when the aerospace vehicle is located in a
flow field, the flow pattern being positioned to create a pressure
differential between the first portion of the fuselage and the second
portion of the fuselage, the first and second portions being located so
that the pressure differential produces a yawing moment on the

aerospace vehicle.

2. The system of claim 1, further comprising a wing section coupled to the

fuselage, the control surface being coupled to the wing section.

3. The system of claim 1, wherein the yawing moment includes a first
yawing moment and the control surface includes a first spoiler surface located
proximate to a first side of the fuselage opposite a second side of the fuselage, and
wherein the pressure differential between the first portion of the fuselage and the
second portion of the fuselage creates a side force that produces the first yawing
moment, the side force having a direction extending outwardly from the fuselage and
away from the second side of the fuselage, and wherein the system further
comprises:

a first wing section coupled to the fuselage; the first spoiler surface being

coupled to the wing section;

a second wing section located proximate to the fuselage and positioned

generally opposite the first wing section relative to the fuselage;

a second movable spoiler surface coupled to the second wing section, the first
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and second spoiler surfaces being at least approximately symmetrically
located in the horizontal plane with respect to the fuselage, the second
spoiler surface being positionable to a selected position when the first
control surface is placed in the deflected position;
at least one of a mechanical flight control system and an electronic flight
control system operatively coupled to the control surface to move the
control surface to the deflected position when an asymmetric thrust
condition creates a second yawing moment on the aerospace vehicle at
one or more selected operating conditions, the first yawing moment
being at least approximately opposite the second yawing moment; and
a vertical stabilizer coupled to the fuselage, the vertical stabilizer having a
rudder surface that is movable to produce a third yawing moment, the
' third yawing moment at least approximately opposite the second yawing

moment. |

4. The system of claim 1 wherein the control surface is located proximate to
a first side of the fuselage opposite a second side of the fuselage, and wherein the
pressure differential between the first portion of the fuselage and the second portion
of the fuselage creates a siéle force that produces the yawing moment, the side force
having a direction extending outwardly from the fuselage and away from the second

side of the fuselage.

5. The system of claim 1, further comprising an electronic flight control
systerh having a computer programmed to determine commands for the control
surface, the electronic flight control surface being operatively coupled to the control |
surface to move the control surface to the deflected position at one or more selected
operating conditions in response to the commands. *

4

|
6. The system of claim 1 wherein the flow pattern proximate to the fuselage

includes a first flow pattern, the pressure differential includes a first pressure
differential, and the yawing moment includes a first yawing moment, and wherein the
system further comprises a flow body having a first portion and a second portion, the
control surface in the deflected position being positioned to create a second flow

pattern proximate to the flow body when the aerospace vehicle is located in the flow
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field, the second flow pattern being positioned to create a second pressure
differential between the first portion of the flow body and the second portion of the
flow body, the first and second portions of the flow body being located so that the
second pressure differential produces a second yawing moment on the aerospace

vehicle in the same direction as the first yawing moment.

7. The system of claim 1 wherein the control surface in the deflected
position is positioned to create a flow pattern proximate to the fuselage to create a
pressure differential between the first portion of the fuselage and the second portion
of the fuselage while creating an at least approximately balanced net rolling moment
on the aerospace vehicle when the vehicle is located in the flow field at one or more

selected operating conditions.

8. The system of claim 1 wherein the control surface includes a first control
surface, and wherein the system further comprises a second movable control
surface coupled to the fuselage and extending generally in a horizontal plane, the
first and second control surfaces being at least approximately symmetrically located
with respect to the fuselage, the second cbntrol surface being positionable to a

selected position when the first control surface is placed in the deflected position.

9. The system of claim 1 wherein the yawing moment includes a first
yawing moment on the aerospace vehicle and wherein the control surface in the
deflected position is positioned to create a drag force that produces a second yawing
moment on the aerospace vehicle, the second yawing moment being smaller than

the first yawing moment.

10. The system of claim 1 wherein the movable control surface includes a
first control surface, the pressure differential includes a first pressure differential, and
the fuselage includes a third portion, a fourth portion, a first side, and a second side
opposite the first side, and whérein the system further comprises:

a second control surface coupled to the fuselage and movable between a

stowed position and a deflected position, in the stowed position the
second control surface being generally faired with a surface of the

fuselage, in the deflected position the second control surface extending
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outwardly from the first side of the fuselage and away from the second
side of the fuselage, and being positioned to create a flow pattemn
proximate to the fuselage when the aerospace vehicle is located in the
flow field, the flow pattern being positioned to create a second pressure
differential between the third portion of the fuselage and the fourth
portion of the fuselage, the third and fourth portioné of the fuselage
being located so that the second pressure differential produces a yawing

moment on the aerospace vehicle.

11. A method for making a yaw generating system, wherein the method
comprises:

locating a movable control surface proximate to a fuselage of an aerospace
vehicle, the fuselage having a first portion and a second portion; and

coupling the movable control surface to the fuselage, the control surface
extending generally in a horizontal plane and being movable to a
deflected position, in the deflected position the control surface being
positioned to create a flow pattern when the aerospace vehicle is located
in a flow field, the flow pattern being located to create a pressure
differential between the first portion of the fuselage and the second
portion of the fuselage, the first and second portions of the fuselage
being located so that the pressure differential produces a yawing

moment on the aerospace vehicle.

12. The method of claim 11 wherein:

coupling a movable control surface includes coupling a first spoiler surface to
a first wing section and coupling the first wing section to a first side of
the fuselage opposite a second side of a fuselage; and

the flow pattemn being located to create a pressure differential includes the
flow pattern being located to create a pressure differential between the
first portion of the fuselage and the second portion of the fuselage to
create a side force, the side force producing the yawing moment, the
side force having a direction extending outwardly from the fuselage and
away from the second side of the fuselage, the yawing moment including

a first yawing moment; and wherein the method further comprises:
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coupling a second wing section to the fuselage generally opposite the
first wing section relative to the fuselage;

coupling a second spoiler surface to the second wing section, the first
and second spoiler surfaces being at least approximately
symmetrically located in the horizontal plane with respect to the
fuselage, the second spoiler surface being positionable to a
selected position when the first control surface is placed in the
deflected position;

configuring a control system to move the control surface to the deflected
position when an asymmetric thrust condition creates a second
yawing moment on the aerospace vehicle, the first yawing
moment being at least approximately opposite the second yawing
moment; and

positioning a rudder surface to create a third yawing moment on the
aerospace vehicle, the third yawing moment being at least

approximately opposite the second yawing moment.

13. The method of claim 11 wherein in the deflected position the control
surface being positioned to create a flow pattern located to create a pressure
differential between the first portion of the fuselage and the second portion of the
fuselage to produce a yawing moment on the aerospace vehicle includes the control
surface being positioned to create a first flow pattern to create a first pressure
differential to produce a first yawing moment and to create a second flow pattern
proximate to a flow body to create a second pressure differential between a first
portion of the flow body and a second portion of the flow body to produce a second
yawing moment on the aerospace vehicle in the same direction as the first yawing

moment.

14. The method of claim 11 wherein in the deflected position the control
surface being positioned to produce a yawing moment on the aerospace vehicle
includes in the deflected position the control surface being positioned to produce a
first yawing moment on the aerospace vehicle, and wherein the method further
includes configuring a control system to move the control surface to the deflected

position when a rudder surface is positioned to create a second yawing moment on
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the aerospace vehicle, the first yawing moment and the second yawing moment

being at least approximately in a same direction.

15. The method of claim 11 wherein the method further comprises
operatively coupling an electronic flight control system having a computer
programmed to determine commands for the control surface to the control surface,
the electronic flight control system being configured to move the control surface to
the deflected position at one or more selected operating conditions in response to

the commands.

®

16. The method of claim 11 wherein the method further comprises
configuring the control surface to create the pressure differential while creating an at
least approximately balanced net rolling moment on the aerospace vehicle when the
aerospace vehicle is located in the flow field at one or more selected operating

conditions.

17. The method of claim 11 wherein coupling a movable control surface
includes coupling a first movable control surface to a first wing section and couphng
the first wing section to the fuselage, and wherein the method further comprises:

coupling a second wing section to the fuselage generally opposite the first

wing section relative to the fuselage; and

coupling a second movable control surface to the second wing section, the

first and second control surfaces being at least approximately
symmetrically located in the horizontal plane with respect to the
fuselage, the second control surface being positionable to a selected

position when the first control surface is placed in the deflected position.

18. The method of claim 11 wherein the control surface in the deflected
position being positioned to produce a yawing moment on the aerospace vehicle
includes the control surface in the deflected position being positioned to create a first
yawing moment and wherein the control surface in the deflected position is
configured to create a drag force that produces a second yawing moment on the
aerospace vehicle, the second yawing moment being smaller than the first yawing

moment.
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19. A method for creating a yawing moment, wherein the method comprises:

placing an aerospace vehicle in a flow field; and
positioning a control surface in a deflected position to create a pressure
differential between a first portion of a fuselage and a second portion of
5 the fuselage, the pressure differential producing a yawing moment on
the aerospace vehicle, the control surface being coupled to the fuselage
and (a) extending generally in a horizontal plane, (b) being movable
between a stowed position where the second control surface is generally
faired with a surface of the fuselage and the deflected position where the
10 control surface extends outwardly from a first side of the fuselage and
away from a second side of the fuselage opposite the first side, or (c)

both (a) and (b).

20. The method of claim 19 wherein:
positioning a control surface in a deflected positioﬁ includes positioning a
15 spoiler surface in a deflected position in response to a command from a
flight control computer to create a pressure differential between the first
portion of the fuselage and the second portion of the fuselage, the
spoiler surface being located proximate to a first side of the fuselage
opposite a second side of the fuselage and being coupled to the
20 fuselage via a wing section, the pressure differéntial creating a side
force having a direction extending outwardly from the fuselage and away
from the second side of the fuselage to produce a first yawing moment,
the first yawing moment being at least approximately opposite a second
yawing moment created by an asymmetric thrust condition on the
25 aerospace vehicle; and wherein the method further comprises:
positioning a rudder surface to create a third yawing moment on the
aerospace vehicle, the third yawing moment being at Ileast

approximately opposite the second yawing moment.

21. The method of claim 19 wherein positioning a control surface in a
30 deflected position includes positioning a control surface in a deflected position to
create a first pressure differential to produce a first yawing moment and to create a

second pressure differential between a first portion of a flow body and a second
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portion of the flow body to produce a second yawing moment in a same direction as

the first yawing moment.

2o The method of claim 19, further comprising moving a second control
surface to a selected position, the second control surface being coupled to the
fuselage and extending generally in a horizontal plane, the first and second control
surfaces being at least approximately symmetrically located in the horizontal plane

with respect to the fuselage.

23 The method of claim 19 wherein the method further comprises using a
computer to determine at least one of when to position the control surface to the
deflected position, an amount of control deflection associated with the deflected
position, and an amount of time the control surface remains in the deflected position

based on an operating condition.

o4. The method of claim 19 wherein positioning a control surface in a
deflected position includes positioning a control surface in a deflected position to
create a pressure differential to produce a yawing moment while creating an at least
approximately balanced net rolling moment on the aerospace vehicle when the

vehicle is placed in the flow field at one or more selected operating conditions.

o5 The method of claim 19 wherein the yawing moment is a first yawing
moment and wherein positioning a control surface includes creating a drag force that
produces a second yawing moment, the second yawing moment being smaller than

the first yawing moment.
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