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(54) ROTORCRAFT FLY-BY-WIRE LEVEL AND CLIMB AUTOMATED MANEUVER

(57) A fly-by-wire system for a rotorcraft includes a
computing device having control laws. The control laws
are operable to engage a level-and-climb command in
response to a switch of a pilot control assembly being
selected. The level-and-climb command establishes a
roll-neutral ("wings level") attitude with the rotorcraft in-
creasing altitude.
The switch may be disposed on a collective control (264)
of the pilot control assembly (e.g., a button on a grip of
the collective control). Selection of the switch may cor-
respond to a button depress. The level-and-climb com-
mand may include a roll command and a collective pitch
command.
One or more control laws may be further operable to in-
crease or decrease forward airspeed in response to pilot
engagement of the level-and-climb command. The lev-
el-and-climb command may correspond to a go-around
maneuver, an abort maneuver, or an extreme-atti-
tude-recovery maneuver to be performed by the ro-
torcraft.
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Description

TECHNICAL FIELD

[0001] The present disclosure generally relates to air-
craft flight control systems, and more particularly, to ro-
torcraft fly-by-wire (FBW) control laws.

BACKGROUND

[0002] A rotorcraft may include one or more rotor sys-
tems. Examples of rotor systems include main rotor sys-
tems and tail rotor systems. A main rotor system may
generate aerodynamic lift to support the weight of the
rotorcraft in flight, and thrust to counteract aerodynamic
drag and to move the rotorcraft in forward flight. A tail
rotor system may generate thrust in correspondence to
the main rotor system’s rotation in order to counter torque
created by the main rotor system.

SUMMARY

[0003] A system of one or more computers can be con-
figured to perform particular operations or actions by vir-
tue of having software, firmware, hardware, or a combi-
nation thereof installed on the system that in operation
cause or causes the system to perform actions. One or
more computer programs can be configured to perform
particular operations or actions by virtue of including in-
structions that, when executed by a data processing ap-
paratus, cause the apparatus to perform the actions.
[0004] A representative aspect includes a fly-by-wire
(FBW) flight control system, including a rotorcraft flight
control computer (FCC) having a control law. The control
law is operable to engage a level-and-climb command in
response to a switch of a pilot control assembly (PCA)
being selected. The level-and-climb command is config-
ured to establish a roll-neutral orientation of the rotorcraft
and to increase altitude of the rotorcraft. Other embodi-
ments of this aspect include corresponding computer
systems, apparatuses, and computer programs recorded
on one or more computer storage devices, each config-
ured to perform actions of the methods.
[0005] Another representative aspect relates to a
method including a step of operating a rotorcraft in a first
operating condition of an FCS. The rotorcraft has an FCC
in electrical communication between the FCS and a PCA.
The method also includes the FCC receiving a first pilot
command to engage a maneuver based on selection of
a switch of the PCA. The method also includes, in re-
sponse to the first pilot command to engage the maneu-
ver, the FCC transitioning to a second operating condi-
tion, where the second operating condition includes the
rotorcraft in a roll-neutral attitude and the rotorcraft in-
creasing altitude. Other embodiments of this aspect in-
clude corresponding computer systems, apparatuses,
and computer programs recorded on one or more com-
puter storage devices, each configured to perform ac-

tions of the methods.
[0006] Yet another representative aspect includes a
rotorcraft having a power train coupled to a body. The
power train includes a power source and a drive shaft
coupled to the power source. The rotorcraft also includes
a rotor system coupled to the power train and further
includes a plurality of rotor blades. It will be noted, how-
ever, that various rotorcraft embodiments may or may
not include tail rotor blades (e.g., NOTAR embodiments).
The rotorcraft also includes an FCS operable to change
at least one operating condition of the rotor system. The
rotorcraft also includes a PCA configured to receive com-
mands from a pilot, where the FCS is a fly-by-wire flight
control system in electrical communication with the PCA.
The FCC is in electrical communication between the FCS
and the PCA. The FCC is configured to receive, from a
switch of the PCA, a first pilot command to engage a
maneuver. The FCC is configured to, in response to the
first pilot command to engage the maneuver, transition
to a second operating condition of the rotor system,
where the second operating condition of the rotor system
includes the rotorcraft in a roll-neutral climb. Other em-
bodiments of this aspect include corresponding compu-
ter systems, apparatuses, and computer programs re-
corded on one or more computer storage devices, each
configured to perform the actions of the methods.
[0007] Representative embodiments of the present
disclosure may provide one or more technical advantag-
es. A technical advantage of one embodiment may in-
clude a capability to improve pilot control of a rotorcraft
and reduce pilot workload. Another technical advantage
of an embodiment may include a capability to decouple
or separate rotorcraft motions corresponding to different
flight characteristics in order to engage a maneuver with
reduced pilot workload. Yet another technical advantage
of an embodiment may include a capability to depress a
button of a collective control to instruct a fly-by-wire sys-
tem to initiate a go-around maneuver with minimal, or
otherwise reduced, input from a pilot.
[0008] Certain embodiments may include some, all, or
none of the above advantages. One or more other tech-
nical advantages may be readily apparent to those skilled
in the art upon review of the Figures, descriptions, and
claims included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Representative aspects of the present disclo-
sure may be understood from the following detailed de-
scription when read in conjunction with the accompany-
ing Figures. It is noted that, in accordance with standard
practice in the industry, various features may not be
drawn to scale. For example, dimensions of various fea-
tures may be arbitrarily increased or reduced for clarity
of illustration or description. Corresponding numerals
and symbols in different Figures generally refer to corre-
sponding parts, unless otherwise indicated.
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Figure 1 representatively illustrates a rotorcraft in ac-
cordance with an embodiment.

Figure 2 representatively illustrates a cockpit config-
uration in accordance with an embodiment.

Figure 3 representatively illustrates an installation of
cyclic control assemblies and collective control as-
semblies in accordance with an embodiment.

Figure 4 representatively illustrates a grip portion of
a collective control assembly in accordance with an
embodiment.

Figure 5 representatively illustrates an installation of
pedal assemblies in accordance with an embodi-
ment.

Figure 6 representatively illustrates a cyclic trim as-
sembly in accordance with an embodiment.

Figure 7 representatively illustrates a collective trim
assembly in accordance with an embodiment.

Figure 8 representatively illustrates an anti-torque
trim assembly in accordance with an embodiment.

Figure 9 representatively illustrates a cross-feed ar-
rangement in accordance with and embodiment.

Figure 10 representatively illustrates a three-loop
flight control system in accordance with an embod-
iment.

Figure 11 representatively illustrates logic for transi-
tioning to a roll-neutral attitude in accordance with
an embodiment.

Figure 12 representatively illustrates logic for transi-
tioning to a roll-neutral attitude in accordance with
another embodiment.

Figure 13 representatively illustrates logic for in-
creasing or decreasing forward velocity in accord-
ance with an embodiment.

Figure 14 representatively illustrates logic for in-
creasing altitude in accordance with an embodiment.

Figure 15 representatively illustrates power curves
as functions of airspeed in accordance with an em-
bodiment.

Figure 16 representatively illustrates a fly-by-wire
method for performing a maneuver in accordance
with an embodiment.

Figure 17 representatively illustrates a fly-by-wire

method for transitioning to a roll-neutral climb in ac-
cordance with an embodiment.

DETAILED DESCRIPTION

[0010] Representative embodiments are discussed in
detail below. It should be appreciated, however, that con-
cepts disclosed herein may be embodied in a variety of
contexts, and that specific embodiments discussed here-
in are merely illustrative and are not intended to limit the
scope of the claims. Furthermore, it should be under-
stood that various changes, substitutions, and alterations
can be made herein without departing from the spirit and
scope as defined by the appended claims.
[0011] Fig. 1 illustrates a rotorcraft 100 according to a
representative embodiment. Rotorcraft 100 includes ro-
tor system 110, main rotor blades 120, fuselage 130,
landing gear 140, and tail boom 150. Rotor system 110
may rotate main rotor blades 120. Rotor system 110 may
include a control system for selectively controlling pitch
of each blade 120 in order to selectively control direction,
thrust, and lift of rotorcraft 100. Fuselage 130 comprises
the body of rotorcraft 100 and may be coupled to rotor
system 110 such that rotor system 110 and main rotor
blades 120 move fuselage 130 through the air in flight.
Landing gear 140 support rotorcraft 100 during landing
or when rotorcraft 100 is at rest on the ground. Tail boom
150 represents the rear section of rotorcraft 100 and has
components of rotor system 110 and tail rotor blades
120’. Tail rotor blades 120’ counter torque effect created
by rotor system 110 and main rotor blades 120. Teach-
ings of certain embodiments relating to rotor systems de-
scribed herein may apply to rotor system 110 or other
rotor systems, such as other tilt rotor or helicopter rotor
systems (e.g., tandem rotor, coaxial rotor, or the like). It
should also be appreciated that representative embodi-
ments of rotorcraft 100 may apply to aircraft other than
rotorcraft, such as airplanes and unmanned aircraft, or
the like.
[0012] A pilot may manipulate one or more pilot flight
controls in order to achieve controlled aerodynamic flight.
Inputs provided by the pilot to the pilot flight controls may
be transmitted mechanically or electronically (for exam-
ple, via a fly-by-wire system) to flight control devices.
Flight control devices may include devices operable to
change flight characteristics of the aircraft. Representa-
tive flight control devices may include a control system
operable to change a configuration of main rotor blades
120 or tail rotor blades 120’.
[0013] Fig. 2 illustrates a cockpit configuration 260 of
rotorcraft 100 according to a representative embodiment.
Rotorcraft 100 may include, e.g., three sets of pilot flight
controls (e.g., cyclic control assemblies 262, collective
control assemblies 264, and pedal assemblies 266). In
accordance with a representative embodiment, a set
comprising each different pilot flight control assembly is
provided for a pilot and a co-pilot (both of which may be
referred to as a "pilot" for purposes of discussion herein).
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[0014] In general, cyclic pilot flight controls may allow
a pilot to impart cyclic configurations to main rotor blades
120. Varied cyclic configurations of main rotor blades 120
may cause rotorcraft 100 to tilt in a direction specified by
the pilot. For tilting forward and back (pitch) or tilting side-
ways (roll), the angle of attack of main rotor blades 120
may be altered with cyclic periodicity during rotation of
rotor system 110, thereby creating variable amounts of
lift at varied points in the rotation cycle. Alteration of cyclic
configuration of main rotor blades 120 may be accom-
plished by input from cyclic control assembly 262.
[0015] Collective pilot flight controls may allow a pilot
to impart collective configurations (e.g., collective blade
pitch) to main rotor blades 120. Collective configurations
of main rotor blades 120 may change overall lift produced
by main rotor blades 120. For increasing or decreasing
overall lift in main rotor blades 120, the angle of attack
for all main rotor blades 120 may be collectively altered
by equal amounts and at the same time, resulting in as-
cent, descent, acceleration, and deceleration. Alteration
of collective configuration of main rotor blades 120 may
be accomplished by input from collective control assem-
bly 264.
[0016] Anti-torque pilot flight controls may allow a pilot
to change the amount of anti-torque force applied to ro-
torcraft 100. Tail rotor blades 120’ may operate to counter
torque created by rotor system 110 and main rotor blades
120. Anti-torque pilot flight controls may change the
amount of anti-torque force applied to change a heading
of rotorcraft 100. For example, providing anti-torque force
greater than the torque effect created by rotor system
110 and main rotor blades 120 may cause rotorcraft 100
to rotate in a first direction, whereas providing anti-torque
force less than the torque effect created by rotor system
110 and main rotor blades 120 may cause rotorcraft 100
to rotate in a second direction opposite the first direction.
In some embodiments, anti-torque pilot flight controls
may change the amount of anti-torque force applied by
changing the pitch of tail rotor blades 120’, thereby in-
creasing or reducing thrust produced by tail rotor blades
120’ and causing the nose of rotorcraft 100 to yaw in a
direction corresponding to application of input from pedal
assembly 266.
[0017] In other embodiments, rotorcraft 100 may in-
clude additional or different anti-torque devices, such as
a rudder or a no-tail-rotor (NOTAR) anti-torque device.
Conjunctive or alternative anti-torque embodiments may
be operable to change an amount of anti-torque force
provided by such additional or different anti-torque de-
vice.
[0018] In some embodiments, cyclic control assembly
262, collective control assembly 264, and pedal assem-
blies 266 may be used in a fly-by-wire (FBW) system. In
an example as representatively illustrated in Fig. 2, each
cyclic control assembly 262 is located to the right of a
pilot seat, each collective control assembly 264 is located
to the left of a pilot seat, and each pedal assembly 266
is located in front of a pilot seat. In other embodiments,

cyclic control assemblies 262, collective control assem-
blies 264, and pedal assemblies 266 may be located in
any suitable location of a cockpit configuration.
[0019] In some embodiments, cyclic control assembly
262, collective control assembly 264, and pedal assem-
blies 266 may be in mechanical communication with trim
assemblies that convert mechanical inputs into FBW
flight control commands. These trim assemblies may in-
clude, among other items, measurement devices for
measuring mechanical inputs (e.g., measuring or other-
wise determining input position) and trim motors for back-
driving center positions of cyclic control assembly 262,
collective control assembly 264, or pedal assemblies
266.
[0020] For example, Fig. 3 representatively illustrates
an installation of two cyclic control assemblies 262 and
two collective control assemblies 264 according to an
embodiment. In this example, the cyclic control assem-
blies 262 and collective control assemblies 264 are cou-
pled to three integrated trim assemblies: two cyclic trim
assemblies 300 and a collective trim assembly 350. One
of the cyclic trim assemblies 300 manages left/right cyclic
tilting movements (e.g., roll) and the other cyclic trim as-
sembly 300 manages front/back cyclic tilting movements
(e.g., pitch).
[0021] Cyclic trim assemblies 300 and collective trim
assembly 350 are operable to receive and measure me-
chanical communications of cyclic and collective motions
from a pilot. In a representative aspect, cyclic trim as-
semblies 300 and collective trim assembly 350 may em-
body components of a FBW flight control system, and
measurements from cyclic trim assemblies 300 and col-
lective trim assembly 350 may be sent to a flight control
computer (FCC) operable to instruct rotor system 110 to
change a position of main rotor blades 120 based on
received or otherwise determined measurements. For
example, the FCC may be in communication with actu-
ators or other devices operable to change the pitch or
position of main rotor blades 120.
[0022] As representatively illustrated in Fig. 3 and Fig.
4, collective control assemblies 264 may include a col-
lective control grip 264a having a go-around button 404
disposed thereon. In a representative aspect, go-around
button 404 may be configured to engage a go-around
maneuver, an abort maneuver, or a recovery-from-ex-
treme attitude maneuver when go-around button 404 is
pressed, as later described in greater detail.
[0023] Fig. 5 representatively illustrates an installation
of pedal assemblies 266 in accordance with an embod-
iment. Two pedal assemblies 266 are coupled to an anti-
torque trim assembly 500. Pedal linkages are in mechan-
ical communication, e.g., via a rocker arm and pedal ad-
justment linkages. The rocker arm is operable to rotate
about a point of rotation such that pushing in one pedal
causes the pedal adjustment linkage to rotate the rocker
arm, which in turn causes the pedal adjustment linkage
to push out the other pedal in an opposite direction.
[0024] Rotating the rocker arm also causes a trim link-
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age to reposition a mechanical input associated with anti-
torque trim assembly 500. In this manner, the pilot can
mechanically communicate anti-torque commands to an-
ti-torque trim assembly 500 by moving the pedals. Fur-
thermore, trim linkages couple adjacent pedal assem-
blies 266 together such that pilot pedals and co-pilot ped-
als are in mechanical communication.
[0025] Fig. 6, Fig. 7, and Fig. 8 show the trim assem-
blies (300, 350, 500) of Fig. 3 and Fig. 5 according to a
representative embodiment. Fig. 6 shows cyclic trim as-
sembly 300 according to an embodiment, Fig. 7 shows
collective trim assembly 350 according to an embodi-
ment, and Fig. 8 shows anti-torque trim assembly 500
according to an embodiment.
[0026] Fig. 6 representatively illustrates an embodi-
ment of cyclic trim assembly 300 having a trim motor 610,
a clutch 615, a run-down damper 620, position measure-
ment devices 630, a gradient spring 640, a damper 650,
a shear device 660, position measurement devices 670,
mechanical stop devices 680, and an output shaft 690.
Although output shaft 690 may be described as a single
shaft, it will be appreciated that output shaft 690 may
have multiple components. For example, output shaft
690 may include two shafts separated by gradient spring
640. In another example, output shaft 690 may have a
single shaft with a torsion spring attached thereto.
[0027] In operation according to an embodiment, out-
put shaft 690 and cyclic control assemblies 262 are in
mechanical communication such that movement of grip
(630) results in movement of output shaft 690, and move-
ment of output shaft 690 likewise results in movement of
grip (630). Movement of output shaft 690 may be meas-
ured or otherwise determined by position measurement
devices 630 and 670. The measurements from meas-
urement devices 630 and 670 may be used to instruct
rotor system 110 to change the position of main rotor
blades 120.
[0028] Cyclic trim assembly 300 may operate in three
modes of operation. In a first mode of operation, clutch
615 is engaged and trim motor 610 drives output shaft
690. This first mode of operation may represent, for ex-
ample, operation of cyclic trim assembly 300 during auto-
pilot operations. In this example, trim motor 610 may drive
movement of output shaft 690 so as to drive movement
of grip (630) of cyclic control assembly 262. Position
measurement devices 630 and 670 may also measure
how trim motor 610 drives output shaft 690 and commu-
nicate these measurements to rotor system 110.
[0029] In a second mode of operation, clutch 615 is
disengaged and the pilot drives output shaft 690 by way
of cyclic control assembly 262. In this example, the pilot
changes the position of output shaft 690, which may be
measured by position measurement devices 630 and
670. Position measurement devices 630 and 670 may
measure how the pilot drives output shaft 690 and com-
municate these measurements to rotor system 110.
[0030] In a third mode of operation, clutch 615 is en-
gaged and trim motor 610 holds its output arm at a trim

position so as to provide a ground point for output shaft
690. In this example, the pilot may change the position
of output shaft 690 about the trim position set by trim
motor 610. When the pilot releases grip (630), grip (630)
may move to the trim position corresponding to the po-
sition established by trim motor 610. In some embodi-
ments, the first and third modes of operations may be
combined such that trim motor 610 moves the trim posi-
tion during operation.
[0031] Thus, trim motor 610 may provide cyclic force
or trim to cyclic control assembly 262 through output shaft
690. In an embodiment, trim motor 610 may be a 28 volt
DC permanent magnet motor. In operation, trim motor
610 may provide an artificial-force feel (or "force feed-
back") for a flight control system (FCS) about an anchor
point (or "detent"). Clutch 615 provides a mechanism for
engaging and disengaging trim motor 610.
[0032] Fig. 7 shows an embodiment of collective trim
assembly 350 having a trim motor 710, planetary gear
set 715, variable friction devices 720, resolvers 730, a
shear device 740, position measurement devices 750,
mechanical stop devices 760, and an output shaft 770.
Output shaft 770 may be coupled to various linkages.
Although output shaft 770 may be described as a single
shaft, it will be appreciated that output shaft 770 may
comprise multiple components or pieces.
[0033] Output shaft 770 and collective control assem-
blies 264 are in mechanical communication such that
movement of grip (730) results in movement of output
shaft 770, and movement of output shaft 770 likewise
results in movement of grip (730). Movement of output
shaft 770 may be measured or otherwise determined by
position measurement devices 750. Measurements from
measurement devices 750 may be used to instruct rotor
system 110, e.g., as to how to change the position of
main rotor blades 120.
[0034] Collective trim assembly 350 may operate in
three modes of operation. In a first mode of operation,
variable friction devices 720 are engaged and trim motor
710 drives output shaft 770. This first mode of operation
may represent, for example, operation of collective trim
assembly 350 during auto-pilot operations. In this exam-
ple, trim motor 710 may drive movement of output shaft
770 so as to drive movement of grip (730) of collective
control assembly 264. Position measurement devices
750 may also measure how trim motor 710 drives output
shaft 770 and communicate these measurements to rotor
system 110.
[0035] In a second mode of operation, variable friction
devices 720 are disengaged and the pilot drives output
shaft 770 by way of collective control assembly 264. In
this example, the pilot changes the position of output
shaft 770, which may be measured or otherwise deter-
mined by position measurement devices 750. Position
measurement devices 750 may measure or otherwise
determine how the pilot drives output shaft 770 and com-
municate these measurements to rotor system 110.
[0036] In a third mode of operation, variable friction
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devices 720 are engaged, and trim motor 710 holds its
output arm at a trim position so as to provide a ground
point for output shaft 770. In this example, the pilot may
change the position of output shaft 770 about the trim
position set by trim motor 710. When the pilot releases
grip (730), grip (730) may move to the trim position cor-
responding to the position established by trim motor 710.
In some embodiments, the first and third modes of oper-
ations may be combined such that trim motor 710 moves
the trim position during operation.
[0037] Thus, trim motor 710 may provide collective
force or trim to collective control assembly 264 through
output shaft 770. In one example embodiment, trim motor
710 may be a 28 volt DC permanent magnet motor. In
operation, trim motor 710 may provide an artificial force
feel for an FCS about an anchor point. Variable friction
devices 720 provide a mechanism for engaging and dis-
engaging trim motor 710.
[0038] Fig. 8 shows an embodiment of anti-torque trim
assembly 500 featuring a gradient spring 840, a damper
850, a shear device 860, position measurement devices
870, mechanical stop devices 880, and an output shaft
890. Although output shaft 890 may be described as a
single shaft, it will be appreciated that output shaft 890
may comprise multiple pieces or components.
[0039] In operation, according to an embodiment, out-
put shaft 890 and pedal assemblies 266 are in mechan-
ical communication such that movement of the pedals
results in movement of output shaft 890, and movement
of output shaft 890 likewise results in movement of the
pedals. Movement of output shaft 890 may be measured
or otherwise determined by position measurement de-
vices 870. Measurements from measurement devices
870 may be used to instruct rotor system 110, e.g., as to
how to change the position of tail rotor blades 120’ (or
how to change operation of an alternative anti-torque sys-
tem).
[0040] Although cyclic control assembly 262, collective
control assembly 264, and pedal assemblies 266 may
generally control the cyclic, collective, and anti-torque
movements of rotorcraft 100 (respectively), generally,
aircraft dynamics may result in a coupling of aircraft mo-
tions (or flight characteristics). As an example, inputting
a change in lateral cyclic into cyclic control assembly 262
may result in a change in the pitch moment of rotorcraft
100. This change in the pitch moment may occur even if
no longitudinal cyclic input is provided to cyclic control
assembly 262. Rather, this change in the pitch moment
would be the result of aircraft dynamics. In such an ex-
ample, a pilot may apply a counteracting longitudinal cy-
clic input to compensate for the change in pitch moment.
Accordingly, coupling of aircraft flight characteristics gen-
erally increases pilot workload.
[0041] Different aircrafts may be associated with dif-
ferent couplings of aircraft motions. For example, a ro-
torcraft with a canted tail rotor may be associated with a
high level of coupling due to the "lift" generated by the
canted tail rotor combined with normal coupling of yaw

motion to collective pitch and coupling of cyclic inputs of
conventional single-rotor rotorcraft. In such an example,
feedback loops may not be sufficient to compensate for
this coupling because feedback loops do not engage until
after the coupled response occurs.
[0042] Accordingly, rotorcraft fly-by-wire systems de-
scribed herein recognize the capability to augment flight
control commands with feed-forward control cross-feeds
that anticipate inherent coupling of aircraft motions. Fig.
9 shows a fly-by-wire cross-feed arrangement 900. As
shown in Fig. 9, cross-feed arrangement 900 has five
inputs: collective axis input 910, longitudinal cyclic axis
input 920, lateral cyclic axis input 930, pedal axis input
940, and inner loop input 950. Examples of inner loop
input 950 will be discussed later with regard to Fig. 10.
[0043] As representatively illustrated in Fig. 9, each
input may be cross-fed to a different axis. In some ex-
amples, high-pass filters (e.g., high-pass filters 912, 922,
932, 942, and 952) may be used to filter cross-feed sig-
nals by allowing high-frequency signals to pass, but at-
tenuating frequencies lower than a cut-off frequency.
Fixed gains are applied to the inputs before passing
through the high-pass filters. The cross-feed signals may
then be passed through a limiter (e.g., limiter 914, 924,
934, or 954) to an actuator position converter 960, which
processes the signals and converts them into instructions
for one or more actuators 970. Each actuator 970 may
represent any device that provides flight control inputs
to a flight control device. Examples of actuators 970 may
include, but are not limited to, a swashplate actuator, a
pitch-link actuator, an on-blade actuator, or the like.
[0044] The example of Fig. 9 has at least five repre-
sentative cross-feeds. A first cross-feed 901 is a lateral
cyclic to longitudinal cyclic cross-feed based on providing
longitudinal cyclic to cancel the pitch moment generated
by a change in lateral cyclic. A second cross-feed 902 is
a longitudinal cyclic to lateral cyclic cross-feed based on
providing lateral cyclic to cancel the roll moment gener-
ated by a change in longitudinal cyclic. A third cross-feed
903 is a pedal axis (tail rotor collective) to longitudinal
cyclic cross-feed based on providing longitudinal cyclic
to cancel the pitch moment of the tail rotor collective. A
fourth cross-feed 904 is a tail rotor collective to lateral
cyclic cross-feed based on providing lateral cyclic to can-
cel the roll moment of the tail rotor collective. A fifth cross-
feed 905 is a main rotor collective to tail rotor collective
cross-feed based on providing tail rotor collective to can-
cel the yaw moment of the main rotor collective.
[0045] Although Fig. 9 is representatively illustrated
with five cross-feeds, more, fewer, or different cross-
feeds may be utilized. In general, cross-feeds may be
utilized whenever a pilot provides a command to change
a first flight characteristic, where changing the first flight
characteristic would result in an expected change to a
second flight characteristic. The cross-feed may result in
an instruction to change a first operating condition of the
FCS in response to a received pilot command and an
instruction to change a second operating condition in re-
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sponse to the expected change to the second flight char-
acteristic. This second instruction could at least partially
offset, counteract, or otherwise address the expected
change to the second flight characteristic.
[0046] Representative embodiments appreciate that
applying cross-feeds to "decouple" an aircraft having
coupled flight dynamics may reduce pilot workload by
automatically applying cross-feed commands without pi-
lot intervention. For example, in some embodiments, ap-
plying decoupling cross-feeds may reduce or eliminate
the need for the pilot to apply commands through the
pilot controls that are intended to at least partially offset
the coupled motion of the aircraft. In some circumstanc-
es, the FCS may apply cross-feed inputs faster than a
pilot could manually. For example, the cross-feeds may
anticipate (and therefore more quickly address) inherent-
ly coupled aircraft motions or flight characteristics.
[0047] Cyclic control assembly 262 may be configured
to operate as a displacement-trim device such that move-
ments of the longitudinal stick correlate to the position of
the swashplate. In such an example, applying cross-
feeds to anticipate inherent coupling of aircraft motions
may result in the stick position failing to accurately rep-
resent a position of the swashplate, unless or until the
trim motor back-drives the pilot control device to match
the swashplate position. Continuously driving the stick,
especially at high frequency due to aircraft dynamics,
however, may increase workload of the pilot trim system
and may increase pilot fatigue by transferring transient
motions of the swashplate to the pilot’s hand and forcing
the pilot’s hand to follow the stick as the swashplate
moves.
[0048] Accordingly, teachings of certain embodiments
recognize capabilities to wash out cross-feeds over a
short period of time such that a displacement-trim flight
control device substantially reflects the position of the
swashplate during steady-state flight, but does not reflect
the position of the swashplate during short transient pe-
riods. For example, the trim motor may drive the stick in
certain conditions (e.g., during auto-pilot controlled flight
or establishing a new trim position), but the FCC may be
configured to not command the trim motor to move the
pilot control stick in response to application of the cross-
feed. In some embodiments, the FCC may be configured
to command the motor to move the pilot control stick
based on positions of the swashplate during steady-state
conditions, and may be configured to not command the
motor to move the pilot control stick during transitory con-
ditions.
[0049] The wash out time period may be less than
about ten seconds (e.g., about 2-7 seconds). In some
embodiments, a wash out time period begins when the
cross-feed is first applied. In other embodiments, a wash
out time period begins after the aircraft returns to steady-
state. In some embodiments, the aircraft returns to a
same steady-state condition as existing before the cross-
feed was applied. In other embodiments, a new steady-
state condition may be established after the cross-feed

is applied.
[0050] Elements of cross-feed arrangement 900 may
be implemented at least partially by one or more compu-
ter systems 10. All, some, or none of the components of
cross-feed arrangement 900 may be located on or near
an aircraft, such as rotorcraft 100.
[0051] Users 5 may access cross-feed arrangement
900 through computer systems 10. For example, in some
embodiments, users 5 may provide flight control inputs
that may be processed using a computer system 10. Us-
ers 5 may include any individual, group of individuals,
entity, machine, or mechanism that interacts with com-
puter systems 10. Examples of users 5 include, but are
not limited to, a pilot, a copilot, a service person, an en-
gineer, a technician, a contractor, an agent, an employee,
or the like. Users 5 may be associated with an organiza-
tion. An organization may include any social arrangement
that pursues collective goals. One example of an organ-
ization is a business. A business is an organization de-
signed to provide goods or services, or both, to consum-
ers, governmental entities, or other businesses.
[0052] Computer system 10 may include processors
12, input/output devices 14, communications links 16,
and memory 18. In other embodiments, computer system
10 may include more, less, or other components. Com-
puter system 10 may be operable to perform one or more
operations of various embodiments. Although represent-
atively illustrated embodiments depict one example of
computer system 10 that may be used, other embodi-
ments may utilize computers other than computer system
10. Additionally, other embodiments may employ multi-
ple computer systems 10 or other computers networked
together in one or more public or private computer net-
works, such as one or more networks 30.
[0053] Processors 12 represent devices operable to
execute logic contained within a computer-readable me-
dium. Examples of processor 12 include one or more
microprocessors, one or more applications, or other log-
ic. Computer system 10 may include one or multiple proc-
essors 12.
[0054] Input/output devices 14 may include any device
or interface operable to enable communication between
computer system 10 and external components, including
communication with a user or another system. Example
input/output devices 14 may include, but are not limited
to, a mouse, a keyboard, a display, a printer, or the like.
[0055] Network interfaces 16 may be operable to facil-
itate communication between computer system 10 and
another element of a network, such as other computer
systems 10. Network interfaces 16 may connect to any
number or combination of wireline or wireless networks
suitable for data transmission, including transmission of
communications.
[0056] Memory 18 represents any suitable storage
mechanism and may store any data for use by computer
system 10. Memory 18 may comprise one or more tan-
gible, computer-readable, or computer-executable stor-
age medium.
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[0057] In some embodiments, memory 18 stores logic
20. Logic facilitates operation of computer system 10.
Logic 20 may include hardware, software, or other logic.
Logic 20 may be encoded in one or more tangible, non-
transitory media and may perform operations when ex-
ecuted by a computer. Logic 20 may include a computer
program, software, computer executable instructions, or
instructions capable of being executed by computer sys-
tem 10.
[0058] Various communications between computers
10 or components of computers 10 may occur across a
network, such as network 30. Network 30 may represent
any number and combination of networks suitable for da-
ta transmission. Network 30 may, for example, commu-
nicate internet protocol packets, frame relay frames,
asynchronous transfer mode cells, or other suitable data
between network addresses. Although representatively
illustrated embodiments show one network 30, other em-
bodiments may include more or fewer networks. Not all
elements comprising various network embodiments may
communicate via a network. Representative aspects and
implementations will appreciate that communications
over a network is one example of a mechanism for com-
municating between parties, and that any suitable mech-
anism may be used.
[0059] Fig. 10 representatively illustrates a three-loop
FCS 1000 according to an embodiment. Like the cross-
feed arrangement 900 of Fig. 9, elements of three-loop
FCS 1000 may be implemented at least partially by one
or more computer systems 10. All, some, or none of the
components of three-loop FCS 1000 may be located on
or near an aircraft such as rotorcraft 100.
[0060] The three-loop FCS 1000 of Fig. 10 has a pilot
input 1010, an outer loop 1020, a rate (middle) loop 1030,
an inner loop 1040, a decoupler 1050, and aircraft equip-
ment 1060. Examples of inner loop 1040 and decoupler
1050 may include, but are not limited to, cross-feed ar-
rangement 900 and inner loop 950 of Fig. 9. Represent-
ative examples of aircraft equipment 1060 may include,
but are not limited to, actuator position converter 960 and
actuators 970 of Fig. 9.
[0061] In the example of Fig. 10, a three-loop design
separates the inner stabilization and rate feedback loops
from outer guidance and tracking loops. The control law
structure primarily assigns the overall stabilization task
to inner loop 1040. Next, middle loop 1030 provides rate
augmentation. Outer loop 1020 focuses on guidance and
tracking tasks. Since inner loop 1040 and rate loop 1030
provide most of the stabilization, less control effort is re-
quired at the outer loop level. As representatively illus-
trated in Fig. 10, switch 1025 is provided to turn third-
loop flight augmentation on and off.
[0062] In some embodiments, the inner loop and rate
loop include a set of gains and filters applied to
roll/pitch/yaw 3-axis rate gyro and acceleration feedback
sensors. Both the inner loop and rate loop may stay ac-
tive, independent of various outer loop hold modes. Outer
loop 1020 may include cascaded layers of loops, includ-

ing an attitude loop, a speed loop, a position loop, a ver-
tical speed loop, an altitude loop, and a heading loop.
[0063] The sum of inner loop 1040, rate loop 1030, and
outer loop 1020 are applied to decoupler 1050. Decou-
pler 1050 approximately decouples the 4-axes (pitch, roll,
yaw, and vertical) such that, for example, the forward
longitudinal stick input does not require the pilot to push
the stick diagonally. Similarly, as collective pull increases
torque and results in an increased anti-torque require-
ment, decoupler 1050 may provide both the necessary
pedal and a portion of cyclic (e.g., if rotorcraft 100 has a
canted tail rotor) to counter increased torque.
[0064] In accordance with a representative embodi-
ment, decoupling of plural flight characteristics allows for
a control-law -automated, -mediated, or at least - assisted
change in roll angle and collective pitch to, e.g., perform
a go-around maneuver. The term "go-around" arises
from traditional use of traffic patterns at airfields. A land-
ing aircraft may first join a circuit pattern and prepare for
landing in an orderly fashion. If, for some reason, the pilot
decides not to land, the pilot can fly back up to circuit
height and complete another circuit. The term go-around
is used even when aircraft do not use traditional circuit
patterns for landing.
[0065] A go-around does not in itself constitute any sort
of emergency; although it could be performed in re-
sponse to an emergency. Many airlines and aircraft op-
erators state a list of conditions that must be satisfied so
that a safe landing can be carried out. If one or more of
these conditions cannot be satisfied, then a go-around
may be considered in some cases and must be carried
out in others. This list is typically written in the operations
manual which is approved by relevant aviation authorities
(e.g., CAA in the UK, FAA in the United States). The
operator’s list of conditions is not exhaustive, and pilots
generally use their individual judgment outside of this
scope.
[0066] In manual application, a go-around maneuver
may include: applying power, adopting an appropriate
climb attitude and airspeed, checking for a positive rate
of climb, raising landing gear if the aircraft has retractable
gear, positioning to the deadside of the runway, climbing
to pattern altitude, and advising the control tower or other
traffic of the go-around.
[0067] As representatively illustrated in Fig. 11, Fig.
12, Fig. 13, and Fig. 14, a rotorcraft fly-by-wire control
law system in accordance with various representative
aspects may be used to place rotorcraft 100 in a roll-
neutral attitude, in a state of increasing altitude, and with
adjusted or otherwise controlled forward velocity (e.g.,
attending performance of an at least partially automated
go-around maneuver).
[0068] In an embodiment as representatively illustrat-
ed in Fig. 11, the FCC and FCS may be configured to
engage a roll component 1100 of a go-around maneuver
based on input received from the PCA in correspondence
to bringing wings level (establishing a neutral roll atti-
tude). For example, in any initial roll attitude of rotorcraft

13 14 



EP 3 358 435 A1

9

5

10

15

20

25

30

35

40

45

50

55

100, the pilot may select go-around button 404 to indicate
that a go-around maneuver is to be performed. In accord-
ance with the preceding, the pilot depresses go-around
button 404. Pilot manipulation of go-around button 404
produces mode engagement input 1110. Logical not
1120 operates on mode engagement input 1110 to pro-
vide initialization signal to lag filter 1130. Roll angle sen-
sor data 1140 is provided to lag filter 1130 indicating roll
attitude of rotorcraft 100. Zero value 1150 is provided to
lag filter 1130 indicating desired roll attitude for the
maneuver (i.e., 0 = wings level, neutral roll attitude). Inner
loop control 1180 receives roll target value from lag filter
1130, as well as feedback 1160 and pilot control input
1170. In representative implementations, lag filter 1130
provides a smooth transition from an initial roll attitude
of rotorcraft 100 to a neutral roll attitude. In accordance
with a representative aspect, control laws are implement-
ed to alter the roll attitude of rotorcraft 100 and transition
rotorcraft from sensed roll angle 1140 to wings level
(1150) as a component of the requested maneuver. In
other representative aspects, control laws may be imple-
mented to diminish or otherwise zero lateral velocity (e.g.,
in hover or slow flight), to adjust roll axis to hold a heading,
to diminish or otherwise zero yaw rate, or the like.
[0069] In another embodiment as representatively il-
lustrated in Fig. 12, the FCC and FCS may be configured
to engage a roll component 1200 of a go-around maneu-
ver based on input received from the PCA in correspond-
ence to bringing wings level (establishing a neutral roll
attitude). For example, in any initial roll attitude of ro-
torcraft 100, the pilot may select go-around button 404
to indicate that a go-around maneuver is to be performed.
In accordance with the preceding, the pilot depresses
go-around button 404. Pilot manipulation of go-around
button 404 produces mode engagement input 1210. Log-
ical not 1220 operates on mode engagement input 1210
to provide initialization signal to fader switch 1230. Roll
angle sensor data 1240 is provided to fader switch 1230
indicating sensed roll attitude of rotorcraft 100. Zero value
1250 is provided to fader switch 1230 indicating desired
roll attitude for the go-around maneuver (i.e., 0 = wings
level, neutral roll attitude). Inner loop control 1280 re-
ceives roll target value from fader switch 1230, as well
as feedback 1260 and pilot control input 1270. Fader
switch 1230 may be configured (e.g., with a linear ramp
over a specified time) to provide a smooth transition from
an initial roll attitude of rotorcraft 100 to wings level. In
accordance with other representative embodiments, a
rate limiter may be used to provide a fixed rate of change
in roll attitude instead of transitioning to neutral roll atti-
tude over a fixed time. In accordance with a representa-
tive aspect, control laws are implemented to alter the roll
attitude of rotorcraft 100 and transition rotorcraft from
sensed roll angle 1240 to wings level (1250) as a com-
ponent of the requested maneuver.
[0070] Although various representative embodiments
described herein discuss pilot manipulation of "go-
around" button 404, it will be appreciated that any switch,

button, or other engagement mechanism of PCA may be
alternatively, conjunctively, or sequentially employed to
engage a roll-to-neutral, elevation-climb maneuver. It will
be further appreciated that such maneuver may or may
not correspond to a pilot’s intention to perform a "go-
around" maneuver, but may alternatively service other
purposes intended by the pilot. For example, the pilot
may desire to bring rotorcraft 100 into a wings level ori-
entation (e.g., to recover from an unusual attitude).
[0071] In accordance with representative aspects, a
smooth transition to a roll-neutral attitude may be desir-
able to maximize or otherwise optimize performance for
a subsequent or concurrent climb in altitude. The roll-
neutral component of the maneuver may also provide a
benefit of allowing the pilot to engage a control laws -
automated, -mediated, or at least -assisted recovery from
any roll attitude of rotorcraft 100 without the pilot having
to interrupt physical contact with the primary controls
(e.g., collective control and cyclic control). For example,
rotorcraft 100 may be in an unusual roll attitude attendant
the pilot losing a visual reference, being distracted, or
experiencing spatial disorientation. In such circumstanc-
es, the pilot may engage go-around button 404 to benefit
from the component aspect of the engaged go-around
maneuver corresponding to returning rotorcraft 100 to a
roll-neutral orientation.
[0072] In an embodiment as representatively illustrat-
ed in Fig. 13, the FCC and FCS may be configured to
engage a forward velocity component 1300 of a go-
around maneuver based on input received from the PCA
to bring rotorcraft 100 to wings level and initiate a climb
in altitude. For example, the pilot may select go-around
button 404 to indicate that a go-around maneuver is to
be performed. In accordance with the preceding, the pilot
depresses go-around button 404. Pilot manipulation of
go-around button 404 produces mode engagement input
1310. Logical not 1220 operates on mode engagement
input 1310 to provide initialization signal to fader switch
1330. Airspeed sensor data 1340 is provided to fader
switch 1330 indicating sensed forward velocity of ro-
torcraft 100. Vy value 1350 is provided to fader switch
1330 indicating a desired forward velocity for the maneu-
ver (e.g., a desired forward airspeed corresponding to
an optimized or otherwise improved rate of climb). Com-
parator 1354 determines a vector difference between air-
speed data 1352 bridging fader switch 1330 and the de-
sired forward velocity output of fader switch 1330. For
example, the absolute value (or magnitude) of the differ-
ence between sensed airspeed 1340 and desired for-
ward velocity is determined, as well as the sign (or direc-
tion) of the difference (e.g., positive indicating accelera-
tion to achieve the desired forward velocity, negative in-
dicating deceleration to achieve the desired forward ve-
locity). Output of comparator 1354 is provided to gain
stage 1356, where K indicates a desired acceleration or
deceleration. Output from gain stage 1356 is provided to
rate limiter 1358 to provide an acceptable range of ac-
celeration/deceleration. Output from rate limiter 1358 is
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provided to inner loop control 1360 as an acceleration
target (positive or negative) for bringing sensed airspeed
1340 to the desired forward velocity (1350). Inner loop
control 1360 also receives feedback 1370 and pilot con-
trol input 1380. Accordingly, fader switch 1330 may be
configured to provide a rate-limited, smooth transition of
rotorcraft 100 from an initial forward velocity to a desired
forward velocity attending performance of the requested
maneuver. In accordance with a representative aspect,
control laws are implemented to alter the pitch of ro-
torcraft 100 to transition rotorcraft from sensed airspeed
1340 to a desired forward velocity (1350) as a component
of the requested maneuver. In accordance with another
representative aspect, control laws provide a longitudinal
acceleration command configured to blend into speed
control without need for switching. In accordance with
yet another representative aspect, engagement of the
go-around maneuver may be configured to establish a
pitch-neutral orientation or return-to-level-flight function
of rotorcraft 100 at engagement (e.g., to provide zero
longitudinal acceleration, to recover from an unusual
pitch attitude, or the like).
[0073] In an embodiment as representatively illustrat-
ed in Fig. 14, the FCC and FCS may be configured to
engage an altitude climb component 1400 of a go-around
maneuver based on input received from the PCA to bring
rotorcraft 100 to wings level and initiate a climb in altitude.
For example, the pilot may select go-around button 404
to indicate that a go-around maneuver is to be performed.
In accordance with the preceding, the pilot depresses
go-around button 404. Pilot manipulation of go-around
button 404 produces mode engagement input 1410 to
climb target selector 1420. Climb target selector 1420
determines a desired climb rate target based on rotorcraft
100 state. In a representative embodiment, climb target
selector 1420 is configured to select between multiple
climb rate targets (e.g., first target 1416, 1418) based on
climb threshold 1412 and forward airspeed. Airspeed
sensor data 1414 is provided to climb target selector 1420
indicating sensed forward velocity of rotorcraft 100. In an
alternative embodiment, climb target selector 1420 may
be configured to provide a climb rate target as a substan-
tially continuous function of airspeed (e.g., within limits).
[0074] In representative implementations, climb target
selector 1420 may be configured with initialization logic
to ensure smooth transition from an initial forward air-
speed to a desired forward airspeed climb target. Climb
target selector 1420 may also be configured to ensure
rotorcraft 100 will not lower the climb rate in order to reach
a forward velocity target. If airspeed at engagement is
greater than about 45 knots, climb target selector 1420
may be configured to provide adequate power to climb
(e.g., at a rate of about 750 fpm) and accelerate forward.
If airspeed is below 45, climb target selector 1420 may
be configured to hold the higher of a current climb rate
or 250 fpm until forward airspeed is greater than about
45 knots. In a representative implementation, climb target
selector 1420 may be further configured to provide ade-

quate power for rotorcraft 100 to accelerate to about 75
knots. In another representative implementation, climb
target selector 1420 may be configured to prevent or oth-
erwise avoid an initial vertical climb at too rapid a rate. If
rotorcraft 100 has a forward velocity of less than about
45 knots and is climbing between about 250 fpm and
about 750 fpm, the FCC may be configured to hold a
current velocity, rather than decreasing power to slow
the rate of climb.
[0075] Output of climb target selector 1420 is provided
to rate limiter 1434 and magnitude limiter 1438 to provide
an acceptable range of acceleration. Output from limiters
1434, 1438 is provided to inner loop control 1440 as a
climb target. Inner loop control 1440 also receives feed-
back 1454 and pilot control input 1452. Accordingly, climb
target selector 1420 may be configured to provide a
rate-/magnitude-limited, smooth transition of rotorcraft
100 from an initial altitude to a desired altitude at a desired
vertical velocity attending performance of the requested
maneuver. In accordance with a representative aspect,
control laws are implemented to alter the collective pitch
of rotor system 110 to transition rotorcraft 100 from a first
vertical velocity to a desired vertical velocity (1460) as a
component of the requested maneuver. In accordance
with another representative aspect, control laws provide
a vertical acceleration command 1480 configured to en-
gage an ascent in altitude. In accordance with yet another
representative aspect, engagement of the go-around
maneuver may be configured to provide vertical accel-
eration and forward acceleration.
[0076] In an embodiment, vertical acceleration com-
mand 1480 may be provided to adaptive command limiter
1470 to prevent collective power from being lowered in
high-energy conditions. For example, as representatively
illustrated in Fig. 15, required power 1510 (e.g., for steady
flight condition) is a function of forward airspeed with a
minimum value at Vy 1515, where Vy 1515 corresponds
to an optimal climb velocity. Available power 1510 rep-
resents excess power available for increasing the climb
rate. At higher airspeeds, rotorcraft 100 can transiently
enter a higher rate climb ("zoom climb") than available
power 1510 can sustain. If this causes the climb rate to
exceed about 750 fpm, the system may respond by low-
ering collective pitch, causing the climb rate to drop below
target as forward airspeed bleeds off. Available power
1510 can also be used to accelerate aircraft. At low speed
(e.g., about 40 knots in unaccelerated flight), aircraft may
have enough power to climb at a rate of about 900 fpm.
Under these circumstances, the FCC would lower col-
lective pitch to achieve a climb rate of about 750 fpm;
however, pitching rotorcraft 100 forward to accelerate
results in a condition where a sustainable climb rate may
decrease to about 500 fpm at lower collective pitch. The
FCC then reverses direction to recover climb perform-
ance. Accordingly, adaptive command limiter 1470 may
be configured to prevent the system from lowering col-
lective pitch until forward airspeed is stabilized when the
climb rate is above a target climb rate. In a representative
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aspect, this may operate to prevent or otherwise reduce
premature power loss during a zoom climb, or when pitch-
ing forward to accelerate to Vy 1515.
[0077] In accordance with various representative em-
bodiments, forward airspeed may be determined as in-
dicated airspeed ("IAS"), calibrated airspeed ("CAS"),
true airspeed ("TAS"), equivalent airspeed ("EAS"), or
density airspeed, and any combination of groundspeed
or airspeed sensor data may be used to provide a blend-
ed airspeed value.
[0078] Go-around maneuver may be engaged for any
component aspect or feature of the maneuver (e.g., to
bring to wings level, to engage an automated rate of
climb, to engage an automated control of forward veloc-
ity, or the like). Component aspects or features of a re-
quested go-around maneuver may be simultaneously
engaged, concurrently engaged, or sequentially en-
gaged.
[0079] As with engagement of a roll-to-neutral, eleva-
tion-climb maneuver with go-around button 404, it will be
likewise appreciated that any switch, button, or other
mechanism of PCA may be alternatively, conjunctively,
or sequentially employed to disengage the maneuver.
For example, a button of cyclic control assembly 262 may
be selected to disengage the maneuver. In response to
requested disengagement, transition to wings level and
increasing altitude may be washed out over a period of
time (e.g., less than about 10 seconds, less than about
7 seconds, less than about 5 seconds, less than about
2 seconds, between about 2 seconds and about 7 sec-
onds, or the like).
[0080] In accordance with an embodiment as repre-
sentatively illustrated in Fig. 16, a method 1600 for im-
plementing an automated, mediated, or assisted go-
around maneuver in control laws begins 1610 with a step
1620 of operating the FCS of rotorcraft 100 in a first op-
erating condition. The first operating condition may be
any condition of operating the FCS. For example, the first
operating condition may correspond to rotorcraft 100 en-
gaged in forward descending flight in a non-zero roll at-
titude. Step 1630 represents optional pre-processing that
the FCC may engage (or be engaged in) preliminary to
the FCC receiving a pilot command to perform a go-
around maneuver in step 1640. For example, optional
pre-processing 1630 may comprise control laws perform-
ing various transient adjustments during operation of ro-
torcraft 100 in the first operating condition 1620. After a
pilot command is received in step 1640 to engage a go-
around maneuver, the FCC determines roll angle, col-
lective pitch, and forward airspeed for implementation in
performance of the requested maneuver (e.g., a go-
around maneuver bringing wings level, increasing alti-
tude, and maintaining, increasing, or decreasing forward
velocity). Thereafter the FCS is transitioned to a second
operating condition in step 1660 - e.g., the second oper-
ating condition corresponding to bringing wings level, in-
creasing altitude, and maintaining, increasing, or de-
creasing forward velocity of rotorcraft 100. Thereafter,

FCC may engage optional post-processing in step 1670.
For example, optional post-processing 1670 may com-
prise control laws performing various automated adjust-
ment in response to transient conditions to which ro-
torcraft 100 may be subject (e.g., wind gusts, or the like).
In step 1690, the second operating condition is main-
tained until a predetermined altitude is achieved or until
the go-around maneuver is disengaged by the pilot. If
the pilot disengages the maneuver, the FCS may option-
ally be returned to the first operating condition or any
other operating condition of the FCS.
[0081] In accordance with an embodiment as repre-
sentatively illustrated in Fig. 17, step 1660 (see also Fig.
16) of transitioning the FCS to a second operating con-
dition includes a step of optional pre-processing 1762.
Optional pre-processing 1762 may include the same or
similar, or different, elements as optional pre-processing
step 1630 of Fig. 16. In step 1764, the FCC makes a
change to a first flight characteristic. In step 1766, the
FCC changes the first operating condition of the FCS to
the second operating condition of the FCS in correspond-
ence to, in congruence with, or otherwise appreciating,
an expected change in a second flight characteristic in-
herently-coupled to, or convolved with, the first flight
characteristic (as previously discussed) in order to coun-
teract or otherwise address the expected change in the
second flight characteristic (e.g., main rotor tilt engage-
ment affecting a rolling maneuver may require modifica-
tion of the collective). Thereafter optional post-process-
ing may be performed in step 1768. Optional post-
processing 1768 may identically include or find corre-
spondence to same or similar, or different, elements as
optional post-processing step 1670 of Fig. 16. That is to
say, some or all of optional post-processing 1768 may
be a subset of optional post-processing step 1670 of Fig.
16.
[0082] In an embodiment, a representative fly-by-wire
(FBW) flight control system includes a rotorcraft flight
control computer (FCC) having a control law, the control
law operable to engage a level-and-climb command in
response to a switch of a pilot control assembly (PCA)
being selected, wherein the level-and-climb command is
configured to establish a roll-neutral orientation and in-
crease altitude of the rotorcraft. The switch may be dis-
posed on a collective control of the PCA. Selection of the
switch may comprise a button depress. The switch may
be a button disposed on a grip of the collective control.
The level-and-climb command may comprise a roll com-
mand and a collective pitch command. The control law
may be further operable to at least one of increase or
decrease forward airspeed. Operability to engage a level-
and-climb may include selection of the switch engaging
a go-around guidance mode wherein the flight control
system (FCS) is coupled to a guidance mode (e.g., flight
director).
[0083] In another embodiment, a representative meth-
od includes steps of: operating a rotorcraft in a first op-
erating condition of a flight control system (FCS), the ro-
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torcraft having a flight control computer (FCC) in electri-
cal communication between the FCS and a pilot control
assembly (PCA); the FCC receiving a first pilot command
to engage a maneuver based on selection of a switch of
the PCA; and in response to the first pilot command to
engage the maneuver, the FCC transitioning to a second
operating condition, wherein the second operating con-
dition comprises the rotorcraft in a roll-neutral attitude
with increasing altitude. The FCC transitioning to the sec-
ond operating condition may comprise steps of: changing
a first flight characteristic, wherein changing the first flight
characteristic would result in an expected change to a
second flight characteristic, and wherein the first flight
characteristic and the second flight characteristic have
an inherently-coupled relationship; instructing the FCS
to change the first operating condition of the FCS based
on the inherently-coupled relationship; and in response
to the expected change to the second flight characteristic,
instructing the FCS to transition to the second operating
condition of the FCS, wherein the second operating con-
dition is operable to at least partially offset the expected
change to the second flight characteristic such that the
FCS is operable to at least partially decouple the inher-
ently-coupled relationship of the first flight characteristic
and the second flight characteristic. The switch may be
disposed on a collective control of the PCA. The switch
may comprise a button disposed on a grip of the collective
control. The FCC may maintain the maneuver until the
rotorcraft achieves a predetermined altitude. The FCC
may maintain the maneuver until the FCC receives a sec-
ond pilot command, the second pilot command different
than the first pilot command. The FCC may receive the
second pilot command from a cyclic control of the PCA.
The method may further comprise, in response to the
second pilot command, the FCC washing out transition
to the second operating condition over a duration of time.
The duration of time may be less than about 10 seconds.
The FCC may determine a collective pitch angle of the
second operating condition corresponding to a desired
climb rate. The desired climb rate may be in a range of
about 750 feet per minute (fpm) to about 1000 fpm. The
collective pitch angle may be determined based on for-
ward airspeed of the rotorcraft. The FCC may determine
forward airspeed from at least one sensor of the ro-
torcraft. The method may further comprise, in response
to the first pilot command to engage the maneuver, the
FCC increasing or decreasing forward airspeed of the
rotorcraft. The maneuver may comprise a go-around
maneuver or an abort maneuver. The first operating con-
dition may comprise an extreme attitude or orientation of
the rotorcraft.
[0084] In yet another representative embodiment, a ro-
torcraft includes: a power train coupled to a body, the
power train comprising a power source and a drive shaft
coupled to the power source; a rotor system coupled to
the power train and comprising a plurality of rotor blades;
a flight control system (FCS) operable to change at least
one operating condition of the rotor system; a pilot control

assembly (PCA) configured to receive commands from
a pilot, wherein the FCS is a fly-by-wire flight control sys-
tem in electrical communication with the PCA; and a flight
control computer (FCC) in electrical communication be-
tween the FCS and the PCA. The FCC is configured to:
receive, from a switch of the PCA, a first pilot command
to engage a maneuver; and, in response to the first pilot
command to engage the maneuver, the FCC transition-
ing to a second operating condition of the rotor system,
wherein the second operating condition of the rotor sys-
tem comprises the rotorcraft in a roll-neutral orientation
and the rotorcraft increasing altitude. The FCC may be
configured to: alter a first flight characteristic, wherein
alteration of the first flight characteristic would result in
an anticipated change to a second flight characteristic;
in response to the first pilot command to engage the
maneuver, instruct the FCS to change a first operating
condition of the rotor system based on a convolved re-
lationship between the first flight characteristic and the
second flight characteristic; and in response to the an-
ticipated change to the second flight characteristic, in-
struct the FCS to transition to the second operating con-
dition of the rotor system, wherein the second operating
condition of the rotor system is operable to at least par-
tially counter the anticipated change to the second flight
characteristic such that the FCS is operable to at least
partially separate convolved flight characteristics. The
switch may comprise a button that is disposed on a grip
of a collective control of the PCA. The FCC may be further
configured to maintain the maneuver until the rotorcraft
achieves a predetermined altitude or the FCC receives
a second pilot command, the second pilot command dif-
ferent than the first pilot command, the second pilot com-
mand received from a cyclic control of the PCA. The FCC
may be further configured to wash out transition to the
second operating condition over a duration of time less
than about 10 seconds. The FCC may be further config-
ured to compute a collective pitch angle of the second
operating condition corresponding to a desired climb
rate. The desired climb rate may be in a range of about
750 feet per minute (fpm) to about 1000 fpm. The FCC
may be further configured to compute the collective pitch
angle based on forward airspeed of the rotorcraft and at
least one of ambient temperature or altitude above sea
level. The FCC may be further configured to determine
forward airspeed based on data received from at least
one sensor. The FCC may be further configured to in-
crease or decrease forward airspeed of the rotorcraft in
response to the first pilot command. The maneuver may
comprise a go-around maneuver, an abort maneuver, or
a recovery-from-extreme-attitude maneuver. The rotor
system may comprise at least one of a main rotor system
and a tail rotor system.
[0085] As used herein, the terms "comprises," "com-
prising," "includes," "including," "has," "having," or any
contextual variant thereof, are intended to cover a non-
exclusive inclusion. For example, a process, product, ar-
ticle, or apparatus that comprises a list of elements is not
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necessarily limited to only those elements, but may in-
clude other elements not expressly listed or inherent to
such process, product, article, or apparatus. Further-
more, unless expressly stated to the contrary, "or" refers
to an inclusive or and not an exclusive or. That is, the
term "or" as used herein is generally intended to mean
"and/or" unless otherwise indicated. For example, a con-
dition "A or B" is satisfied by any one of the following: A
is true (or present) and B is false (or not present), A is
false (or not present) and B is true (or present), and both
A and B are true (or present). As used herein, a term
preceded by "a" or "an" (and "the" when antecedent basis
is "a" or "an") includes both singular and plural connota-
tions for such term, unless the context clearly indicates
otherwise.
[0086] As used herein, the terms "measure," "measur-
ing,"
measurement," "determining," "determination," "detecti
ng," "detection," "detector," "sensing," "sensor," or con-
textual variants thereof, refer to functions or device com-
ponents that assign or otherwise provide an output value
for at least one of a direct measurement, an in-direct
measurement, or a computed measurement. For exam-
ple, a determination or detection of an angle between
two lines may comprise a direct measurement of the an-
gle between the lines, an indirect measurement of the
angle (e.g., as in the case of extending the length of two
non-parallel lines outside the area of observation so as
to predict their angle of intersection), or a computed
measurement (e.g., using trigonometric functions to cal-
culate an angle). Accordingly, "determining" the angle of
intersection may be regarded as equivalent
to "detecting" the angle of intersection, and
a "detector" for determining the angle may be regarded
as directly measuring, indirectly measuring, or computing
the angle between the lines.
[0087] As previously discussed, representative em-
bodiments of the disclosure may be implemented in a
computer communicatively coupled to a network. The
network may include, for example, a public network, a
private network, the Internet, an intranet, an internet, a
wide area network (WAN), a local area network (LAN),
a storage area network (SAN), a personal area network
(PAN), a metropolitan area network (MAN), a satellite
network, a public switched telephone network (PSTN), a
cellular network, an optical network, a local network, a
regional network, a global network, a wireless network,
a wireline network, another computer, a standalone com-
puter, or the like. As is known to those skilled in the art,
a computer may include a central processing unit ("CPU")
or processor, at least one read-only memory ("ROM"), at
least one random access memory ("RAM"), at least one
hard disc drive ("HDD"), and one or more input/output
("I/O") devices. I/O devices may include a keyboard,
monitor, printer, electronic pointing device (e.g., mouse,
trackball, stylus, etc.), or the like. In various embodi-
ments, a server computer may have access to at least
one database over a network. The database may be local

or remote to a server computer.
[0088] Additionally, representative functions may be
implemented on one computer or shared, or otherwise
distributed, among two or more computers in or across
a network. Communications between computers may be
accomplished using any electronic signals, optical sig-
nals, radio frequency signals, or other suitable methods
or tools of communication in compliance with network
protocols now known or otherwise hereafter derived. It
will be understood for purposes of this disclosure that
various flight control embodiments may comprise one or
more computer processes, computing devices, or both,
configured to perform one or more functions. One or more
interfaces may be presented that can be utilized to ac-
cess these functions. Such interfaces include application
programming interfaces (APIs), interfaces presented for
remote procedure calls, remote method invocation, or
the like.
[0089] Any suitable programming language(s) can be
used to implement the routines, methods, programs, or
instructions of embodiments described herein, including;
e.g., C, C#, C++, Java, Ruby, MATLAB, Simulink, as-
sembly language, or the like. Different programming
techniques may be employed, such as procedural or ob-
ject oriented ontologies. Any particular routine can exe-
cute on a single computer processing device or multiple
computer processing devices, a single computer proc-
essor, or multiple computer processors. Data may be
stored in a single storage medium or distributed across
multiple storage mediums, and may reside in a single
database or multiple databases (or other data storage
techniques).
[0090] Although steps, operations, or computations
may be presented in a specific order, this order may be
changed in different embodiments. In some embodi-
ments, to the extent multiple steps are shown as sequen-
tial in the preceding description, some combination of
such steps in alternative embodiments may be performed
at a same time. The sequence of operations described
herein may be interrupted, suspended, or otherwise con-
trolled by another process, such as an operating system,
kernel, daemon, or the like. The routines can operate in
an operating system environment or as stand-alone rou-
tines. Functions, routines, methods, steps, or operations
described herein can be performed in hardware, soft-
ware, firmware, or any combination thereof.
[0091] Embodiments described herein may be imple-
mented in the form of control logic in software or hard-
ware, or a combination of both. Control logic may be
stored in an information storage medium, such as a com-
puter-readable medium, as a plurality of instructions
adapted to direct an information processing device to per-
form a set of steps disclosed in various embodiments.
Based on the disclosure and teachings provided herein,
a person of ordinary skill in the art will appreciate other
ways or methods to implement similar, or substantially
similar, functionality.
[0092] It is also within the spirit and scope herein to
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implement, in software, programming, or other steps, op-
erations, methods, routines, or portions thereof de-
scribed herein, where such software programming or
code can be stored in a computer-readable medium and
can be operated on by a processor to permit a computer
to perform any of the steps, operations, methods, rou-
tines, or portions thereof described herein. Embodiments
may be implemented using software programming or
code in one or more general purpose digital computers,
by using, e.g., application specific integrated circuits
(ASICs), programmable logic devices, field programma-
ble gate arrays (FPGAs), or optical, quantum, or nano-
engineered systems, components, or mechanisms. In
general, functions disclosed herein may be achieved by
any means, whether now known or hereafter derived in
the art. For example, distributed or networked systems,
components, or circuits can be used. In another example,
communication or transfer (or otherwise moving from one
place to another) of data may be wired, wireless, or ac-
complished by any other means.
[0093] A "computer-readable medium" may be any
medium that can contain, store, communicate, propa-
gate, or transport a program for use by or in connection
with the instruction execution system, apparatus, sys-
tem, or device. The computer-readable medium can be,
but is not limited to, an electronic, magnetic, optical, elec-
tromagnetic, infrared, or semiconductor system, appara-
tus, system, device, propagation medium, or computer
memory. Such computer-readable medium will generally
be machine readable and include software programming
or code susceptible to being human readable (e.g.,
source code) or machine readable (e.g., object code).
[0094] A "processor" includes any hardware system,
mechanism or component that processes data, signals,
or other information. A processor can include a system
with a general-purpose central processing unit, multiple
processing units, dedicated circuitry for achieving func-
tionality, or other systems. Processing need not be lim-
ited to a geographic location or have temporal limitations.
For example, a processor can perform its functions in
"real-time," "offline," in a "batch mode," or the like. Por-
tions of processing may be performed at different (or
same) times and at different (or same) locations by dif-
ferent (or same) processing systems.
[0095] It will also be appreciated that one or more el-
ements depicted in the Figures may also be implemented
in a more-separated or more-integrated manner, or even
removed or rendered inoperable in certain cases, as may
be useful in accordance with particular applications and
embodiments. Additionally, any signal lines or arrows in
the Figures should be considered only as representative,
and therefore not limiting, unless otherwise specifically
noted.
[0096] Examples or illustrations provided herein are
not to be regarded in any way as restrictions on, limits
to, or express definitions of any term or terms with which
they are associated. Instead, these examples or illustra-
tions are to be regarded as being described with respect

to a particular embodiment and as merely illustrative.
Those skilled in the art will appreciate that any term or
terms with which these examples or illustrations are as-
sociated will encompass other embodiments that may or
may not be given therewith or elsewhere in the specifi-
cation, and all such embodiments are intended to be in-
cluded within the scope of that term or terms. Language
designating such non-limiting examples and illustrations
includes, but is not limited to: "for example," "for in-
stance," "e.g.," "etc., "or the like," "in a representative
embodiment," "in one embodiment," "in another
embodiment," or "in some embodiments." Reference
throughout this specification to "one embodiment," "an
embodiment," "a representative embodiment," "a partic-
ular embodiment," or "a specific embodiment," or con-
textually similar terminology, means that a particular fea-
ture, structure, property, or characteristic described in
connection with the described embodiment is included
in at least one embodiment, but may not necessarily be
present in all embodiments. Thus, respective appearanc-
es of the phrases "in one embodiment," "in an
embodiment," or "in a specific embodiment," or similar
terminology in various places throughout the description
are not necessarily referring to the same embodiment.
Furthermore, particular features, structures, properties,
or characteristics of any specific embodiment may be
combined in any suitable manner with one or more other
embodiments.
[0097] The scope of the present disclosure is not in-
tended to be limited to the particular embodiments of any
process, product, machine, article of manufacture, as-
sembly, apparatus, means, methods, or steps herein de-
scribed. As one skilled in the art will appreciate, various
processes, products, machines, articles of manufacture,
assemblies, apparatuses, means, methods, or steps,
whether presently existing or later developed, that per-
form substantially the same function or achieve substan-
tially the same result in correspondence to embodiments
described herein, may be utilized according to their de-
scription herein. The appended claims are intended to
include within their scope such processes, products, ma-
chines, articles of manufacture, assemblies, apparatus-
es, means, methods, or steps.
[0098] Benefits, other advantages, and solutions to
problems have been described herein with regard to rep-
resentative embodiments. However, any benefits, ad-
vantages, solutions to problems, or any component
thereof that may cause any benefit, advantage, or solu-
tion to occur or to become more pronounced are not to
be construed as critical, required, or essential features
or components.

Claims

1. A fly-by-wire (FBW) flight control system, compris-
ing:
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a rotorcraft flight control computer (FCC) having
a control law, the control law operable to engage
a level-and-climb command in response to a
switch of a pilot control assembly (PCA) being
selected, wherein the level-and-climb command
is configured to establish a roll-neutral orienta-
tion and increase altitude.

2. The FBW flight control system of claim 1, wherein
the switch is disposed on a collective control of the
PCA, and selection of the switch comprises a button
depress.

3. The FBW flight control system of claim 2, wherein
the switch is a button disposed on a grip of the col-
lective control.

4. The FBW flight control system of claim 1 or claim 2
or claim 3, wherein the level-and-climb command
comprises a roll command and a collective pitch
command, and optionally or preferably wherein the
control law is further operable to at least one of in-
crease or decrease forward airspeed.

5. A method, comprising:

operating a rotorcraft in a first operating condi-
tion of a flight control system (FCS), the ro-
torcraft having a flight control computer (FCC)
in electrical communication between the FCS
and a pilot control assembly (PCA);
the FCC receiving a first pilot command to en-
gage a maneuver based on selection of a switch
of the PCA; and
in response to the first pilot command to engage
the maneuver, the FCC transitioning to a second
operating condition, wherein the second oper-
ating condition comprises the rotorcraft in a roll-
neutral attitude with increasing altitude.

6. The method of claim 5, wherein the FCC transitioning
to the second operating condition comprises:

changing a first flight characteristic, wherein
changing the first flight characteristic would re-
sult in an expected change to a second flight
characteristic, and wherein the first flight char-
acteristic and the second flight characteristic
have an inherently-coupled relationship;
instructing the FCS to change the first operating
condition of the FCS based on the inherently-
coupled relationship; and
in response to the expected change to the sec-
ond flight characteristic, instructing the FCS to
transition to the second operating condition of
the FCS, wherein the second operating condi-
tion is operable to at least partially offset the ex-
pected change to the second flight characteristic

such that the FCS is operable to at least partially
decouple the inherently-coupled relationship of
the first flight characteristic and the second flight
characteristic.

7. The method of claim 6, wherein at least one of:

the switch is disposed on a collective control of
the PCA;
the switch comprises a button disposed on a grip
of the collective control;
the method further comprises the FCC maintain-
ing the maneuver until the rotorcraft achieves a
predetermined altitude;
the method further comprises the FCC maintain-
ing the maneuver until the FCC receives a sec-
ond pilot command, the second pilot command
different than the first pilot command;
the method further comprises the FCC receiving
the second pilot command from a cyclic control
of the PCA;
the method further comprises, in response to
the second pilot command, the FCC washing
out transition to the second operating condition
over a duration of time;
the duration of time is less than about 10 sec-
onds;
the method further comprises the FCC deter-
mining a collective pitch angle of the second op-
erating condition corresponding to a desired
climb rate;
the desired climb rate is in a range of about 750
feet per minute (fpm) to about 1000 fpm;
determination of the collective pitch angle is
based on forward airspeed of the rotorcraft;
the method further comprises the FCC deter-
mining forward airspeed from at least one sen-
sor of the rotorcraft;
the method further comprises, in response to
the first pilot command to engage the maneuver,
the FCC increasing or decreasing forward air-
speed of the rotorcraft;
the maneuver comprises a go-around maneuver
or an abort maneuver; or
the first operating condition comprises an ex-
treme attitude of the rotorcraft.

8. A rotorcraft, comprising:

a power train coupled to a body, the power train
comprising a power source and a drive shaft
coupled to the power source;
a rotor system coupled to the power train and
comprising a plurality of rotor blades;
a flight control system (FCS) operable to change
at least one operating condition of the rotor sys-
tem;
a pilot control assembly (PCA) configured to re-
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ceive commands from a pilot, wherein the FCS
is a fly-by-wire flight control system in electrical
communication with the PCA; and
a flight control computer (FCC) in electrical com-
munication between the FCS and the PCA, the
FCC configured to:

receive, from a switch of the PCA, a first
pilot command to engage a maneuver; and
in response to the first pilot command to en-
gage the maneuver, the FCC transitioning
to a second operating condition of the rotor
system, wherein the second operating con-
dition of the rotor system comprises the ro-
torcraft in a roll-neutral orientation and the
rotorcraft increasing altitude.

9. The rotorcraft of claim 8, wherein the FCC is further
configured to:

alter a first flight characteristic, wherein altera-
tion of the first flight characteristic would result
in an anticipated change to a second flight char-
acteristic;
in response to the first pilot command to engage
the maneuver, instruct the FCS to change a first
operating condition of the rotor system based
on a convolved relationship between the first
flight characteristic and the second flight char-
acteristic; and
in response to the anticipated change to the sec-
ond flight characteristic, instruct the FCS to tran-
sition to the second operating condition of the
rotor system, wherein the second operating con-
dition of the rotor system is operable to at least
partially counter the anticipated change to the
second flight characteristic such that the FCS is
operable to at least partially separate convolved
flight characteristics, and optionally or prefera-
bly wherein the switch comprises a button that
is disposed on a grip of a collective control of
the PCA.

10. The rotorcraft of claim 9, wherein the FCC is further
configured to maintain the maneuver until the ro-
torcraft achieves a predetermined altitude or the
FCC receives a second pilot command, the second
pilot command different than the first pilot command,
the second pilot command received from a cyclic
control of the PCA.

11. The rotorcraft of claim 10, wherein the FCC is further
configured to wash out transition to the second op-
erating condition over a duration of time less than
about 10 seconds.

12. The rotorcraft of claim 11, wherein the FCC is further
configured to compute a collective pitch angle of the

second operating condition corresponding to a de-
sired climb rate, and optionally or preferably wherein
the desired climb rate is in a range of about 750 feet
per minute (fpm) to about 1000 fpm.

13. The rotorcraft of claim 12, wherein the FCC is further
configured to compute the collective pitch angle
based on forward airspeed of the rotorcraft and at
least one of ambient temperature or altitude above
sea level, and optionally or preferably wherein the
FCC is further configured to determine forward air-
speed based on data received from at least one sen-
sor.

14. The rotorcraft of claim 13, wherein the FCC is further
configured to increase or decrease forward airspeed
of the rotorcraft in response to the first pilot com-
mand.

15. The rotorcraft of claim 8, or of any preceding claim
wherein the maneuver comprises a go-around
maneuver, an abort maneuver, or a recovery-from-
extreme-attitude maneuver.

16. The rotorcraft of claim 8, or of any preceding claim
wherein the rotor system comprises at least one of
a main rotor system and a tail rotor system.
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