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MODE-DEPENDENT TACTILE FEEDBACK
PROFILES FOR AN INCEPTOR

FIELD OF INVENTION

[0001] Embodiments described herein relate to aircraft
controls and, in particular, to methods for providing tactile
feedback via an inceptor while a pilot operates the inceptor.

BACKGROUND

[0002] Some rotary wing aircrafts, such as fly by wire
aircraft described herein, are controlled via an inceptor.
Additionally, the fly by wire aircrafts may include a plurality
of control operations for controlling the main rotor assem-
bly, such as a rate command attitude hold operating mode in
which the angular rate of the aircraft is proportional to
movement of the inceptor. The control operations may also
include an attitude command attitude hold operating mode in
which the attitude of the aircraft is proportional to move-
ment of the inceptor. However, tracking and knowing which
operating mode the aircraft is in can be confusing for pilots
as they switch between the modes.

SUMMARY

[0003] When providing multiple modes of operation for
the inceptor, tactile feedback profiles cueing the pilot of the
selected mode may assist in maintaining pilot awareness of
the selected mode. Accordingly, embodiments described
herein provide a control system for an aircraft, where the
control system includes an inceptor and a controller. The
inceptor includes a grip portion moveable between a plu-
rality of positions and one or more motors connected to the
grip portion to apply a variable force to the grip portion. The
controller is coupled to the one or more motors. The
controller includes an electronic processor and a memory.
The controller is configured to operate in a first operating
mode, select a first tactile feedback profile associated with
the first operating mode, and control the one or more motors
based on the first tactile feedback profile. The controller is
further configured to detect a transition from the first oper-
ating mode to a second operating mode, select a second
tactile feedback profile associated with the second operating
mode, and control the one or more motors based on the
second tactile feedback profile.

[0004] Other embodiments described herein provide a
method of operating an aircraft in either a first operating
mode or a second operating mode. The method includes
controlling, in response to the aircraft operating in the first
operating mode, a motor coupled to a grip portion of an
inceptor according to a first tactile feedback profile, and
controlling, in response to the aircraft operating in the
second operating mode, the motor coupled to the grip
portion of the inceptor according to a second tactile feed-
back profile. In the first operating mode, the aircraft operates
according to a rate command operating mode. In the second
operating mode, the aircraft operates according to an attitude
command operating mode.

[0005] Further embodiments described herein provide a
method for providing feedback via an inceptor, the inceptor
including a grip portion and one or more motors connected
to the grip portion. The method includes operating in a first
operating mode, selecting a first tactile feedback profile
associated with the first operating mode, and controlling the
one or more motors coupled based on the first tactile
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feedback profile. The method further includes detecting a
transition from the first operating mode to a second operat-
ing mode, selecting a second tactile feedback profile asso-
ciated with the second operating mode, and controlling the
one or more motors based on the second tactile feedback
profile.

[0006] Other aspects will become apparent by consider-
ation of the detailed description and accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 depicts a rotary wing aircraft according to
an exemplary embodiment.

[0008] FIG. 2 depicts a perspective view of an example
inceptor.
[0009] FIG. 3 depicts a control system of the rotary wing

aircraft of FIG. 1.

[0010] FIG. 4 depicts example tactile feedback profiles
implemented by the control system of FIG. 3.

[0011] FIG. 5 depicts a method performed by the control
system of FIG. 3.

DETAILED DESCRIPTION

[0012] Before any embodiments are explained in detail, it
is to be understood that the embodiments described herein
are provided as examples and the details of construction and
the arrangement of the components described herein or
illustrated in the accompanying drawings should not be
considered limiting. Also, it is to be understood that the
phraseology and terminology used herein is for the purpose
of description and should not be regarded as limited. The use
of “including,” “comprising” or “having” and variations
thereof herein is meant to encompass the items listed there-
after and equivalents thereof as well as additional items. The
terms “mounted,” “connected” and “coupled” are used
broadly and encompass both direct and indirect mounting,
connecting and coupling. Further, “connected” and
“coupled” are not restricted to physical or mechanical con-
nections or couplings, and may include electrical connec-
tions or couplings, whether direct or indirect. Also, elec-
tronic communications and notifications may be performed
using any known means including direct connections, wire-
less connections, and the like.

[0013] It should be noted that a plurality of hardware and
software-based devices, as well as a plurality of different
structural components may be utilized to implement the
embodiments described herein or portions thereof. In addi-
tion, it should be understood that embodiments described
herein may include hardware, software, and electronic com-
ponents or modules that, for purposes of discussion, may be
illustrated and described as if the majority of the compo-
nents were implemented solely in hardware. However, one
of ordinary skill in the art, and based on a reading of this
detailed description, would recognize that, in at least one
embodiment, the electronic based aspects described herein
may be implemented in software (stored on non-transitory
computer-readable medium) executable by one or more
processors. As such, it should be noted that a plurality of
hardware and software-based devices, as well as a plurality
of different structural components may be used to implement
the embodiments described herein. For example, “control-
ler,” “control unit,” and “control assembly” described in the
specification may include one or more processors, one or
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more memory modules including non-transitory computer-
readable medium, one or more input/output interfaces, and
various connections (for example, a system bus) connecting
the components.

[0014] Referring now to the figures, FIG. 1 illustrates a
co-axial rotary wing aircraft 10 according to some embodi-
ments. The aircraft 10 includes an airframe 12 with an
extending tail 14. The aircraft 10 includes a dual, counter
rotating, co-axial main rotor assembly 18 that rotates about
an axis A. The airframe 12 includes a cockpit 15 having one
or more seats for flight crew (e.g., pilot and co-pilot) and
optional passengers.

[0015] The main rotor assembly 18 is driven by a power
source, such as, for example, one or more motors 24 via a
main rotor gearbox 26. The one or more motors 24 can
include an electric motor, a piston engine, a gas turbine, or
other device for providing motion.

[0016] The main rotor assembly 18 includes an upper rotor
assembly 28 driven in a first direction (e.g., counter-clock-
wise) about the main rotor axis A, and a lower rotor
assembly 32 driven in a second direction (e.g., clockwise)
about the main rotor axis A, wherein the second direction is
opposite to the first direction (i.e., to provide two counter
rotating rotors). The upper rotor assembly 28 includes a first
plurality of rotor blades 38 supported by a first rotor hub 39.
The lower rotor assembly 32 includes a second plurality of
rotor blades 34 supported by a second rotor hub 36. As
illustrated in FIG. 1, the aircraft 10 further also includes a
pusher-propeller 40 located at the extending tail 14 to
provide translational thrust (forward or rearward) for the
aircraft 10. In some embodiments, the pusher-propeller 40
includes a propeller 42 including a plurality of propeller
blades 43.

[0017] Although FIG. 1 illustrates the propeller 42 in the
context of a pusher-propeller configuration, in other embodi-
ments, the propeller 42 may be a puller-propeller. Similarly,
in some embodiments, the propeller 42 may be mounted in
a static configuration with respect to the aircraft 10 as
illustrated in FIG. 1. However, in other embodiments, the
propeller 42 has a variable position, which allows the
propeller to provide yaw control in addition to translational
thrust. Also, in some embodiments, the aircraft 10 includes
more than one pusher-propellers, such as, for example, one
positioned on the back left of the aircraft 10 and one
positioned on the back right of the aircraft 10.

[0018] In some embodiments, the pusher-propeller 40
(i.e., the propeller 42) is connected to and driven by the one
or more motors 24 via a propeller gearbox 46. In some
embodiments, the propeller gearbox 46 is driven by the main
rotor gearbox 26, and the propeller gearbox 46 can be
configured to change a gear ratio between the main rotor
gearbox 26 and the propeller gearbox 46 to vary, on com-
mand, the relative speeds between the main rotor gearbox 26
and the propeller gearbox 46. In such embodiments, the
variable gear ratio of the propeller gearbox 46 controls
power transmitted from the main rotor gearbox 26 to the
propeller gearbox 46. Other configurations for controlling
the pusher-propeller 40 are possible, such as, for example,
using an engine or power source to drive the pusher-
propeller 40 that is separate from the engine or power source
used to power the main rotary assembly 18.

[0019] As also illustrated in FIG. 1 (in an expanded view),
the aircraft 10 includes an electronic controller 70. The
electronic controller 70 includes electrical and electronic
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components that provide power, operation control, and pro-
tection to the components and modules within the electronic
controller 70. The electronic controller 70 includes an elec-
tronic processor 72 (such as a programmable electronic
microprocessor or similar device) that executes software to
control operation of the main rotor assembly 18 and the
pusher-propeller 40. In the example illustrated in FIG. 1, the
electronic controller 70 also includes memory 74 (for
example, non-transitory, machine-readable memory, such
as, for example, a hard disk, a CD-ROM, an optical storage
device, a magnetic storage device, a ROM, a programmable
read-only memory (PROM), an EEPROM, an erasable pro-
grammable read-only memory (EPROM), and a Flash
memory) and an input-output interface 76.

[0020] The electronic processor 72 is communicatively
connected to the memory 74 and the input-output interface
76. In some embodiments, the memory 74 stores software 75
executable by the electronic processor 72 to perform the
control functionality and associated methods described
herein. It should be understood that the electronic controller
70 can include other components, and the configuration
illustrated in FIG. 1 is provided as one example. For
example, in some embodiments, the electronic controller 70
includes on one or more microprocessors, digital signal
processors, customized processors and field programmable
gate arrays (FPGAs) and unique stored program instructions
(including both software and firmware) that controls the one
or more processors to implement, in conjunction with cer-
tain non-processor circuits, the functionality described
herein or a portion thereof. Alternatively, the functionality
described herein, or a portion thereof, could be implemented
by a state machine that has no stored program instructions,
or in one or more application specific integrated circuits
(ASICs), in which functionality is implemented as custom
logic. Of course, a combination of the two approaches could
be used.

[0021] While FIG. 1 provides an example of a rotary wing
aircraft, systems described herein may also be utilized in
different types of aircrafts. For example, systems described
herein may be utilized in a turboprop aircraft, a piston
aircraft, a jet, a fixed wing aircraft, a transport aircraft, an
unmanned aerial vehicle (UAV), or some other suitable
fly-by-wire aircraft or air vehicle.

[0022] FIG. 2 provides a perspective view of an example
inceptor 200 used for controlling movement of the aircraft
10. The inceptor 200 may be located within the cockpit 15.
The inceptor 200 includes a grip portion 205 and an inceptor
control box 210. The grip portion 205 may be, for example,
a cyclic stick used for flight command inputs by an operator
(for example, a pilot or user) of the aircraft 10. The grip
portion 205 is situated at a neutral point when not being
controlled by the operator. The inceptor control box 210
houses, among other things, an inceptor controller, motors,
sensors, and actuators used to implement tactile feedback
profiles, as described below in more detail.

[0023] FIG. 3 provides a control system 300 implemented
within the aircraft 10 according to some embodiments. The
control system 300 includes the electronic controller 70, the
inceptor control box 210, an inceptor sensor 320, a rotor
control assembly 328, and aircraft sensors 332. As an
operator pushes or pulls the grip portion 205 of the inceptor
200, the inceptor sensor 320 senses characteristics of the
inceptor 200 for use by the electronic controller 70. For
example, the inceptor sensor 320 may be a position sensor
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configured to sense the displacement of the grip portion 205
and provides a position signal to the electronic controller 70.
The electronic controller 70 analyzes the position signal to
determine a position of the inceptor 200. In some embodi-
ments, the electronic controller 70 analyzes the position
signal to determine an amount of displacement of the grip
portion 205. In another example, the inceptor sensor 320 is
a force sensor configured to sense a force applied to the grip
portion 205. The inceptor sensor 320 provides a force signal
to the electronic controller 70. In some instances, the incep-
tor sensor 320 is located within the inceptor control box 210.

[0024] The electronic controller 70 controls the rotor
control assembly 328 based on the position of the grip
portion 205 (as determined based the position signals). The
rotor control assembly 328 includes, for example, the one or
more motors 24, the main rotor gearbox 26, and the propeller
gearbox 46. As the rotor control assembly 328 is controlled,
the plurality of aircraft sensors 332 each generate signals
representing a measured operating characteristic of the air-
craft 10 (e.g., altitude, airspeed, pitch roll angle, etc.) and
transmits the signal to the electronic controller 70 (directly
or indirectly). These signals can be used by the electronic
controller 70 as part of the control functionality performed
by the electronic processor 72 (through execution of the
software 75). These signals (or data derived therefrom) can
also be stored in the memory 74.

[0025] The inceptor control box 210 includes, among
other things, an inceptor controller 336, one or more motors
308, and one or more actuators 312 coupled to the one or
more motors 308. The inceptor controller 336 controls the
motors 308 to actuate the actuators 312, thereby implement-
ing tactile feedback profiles described herein. For example,
as the grip portion 205 is displaced, the one or more motors
308 may be controlled to provide resistance against the grip
portion 205. The amount of resistance applied to the grip
portion 205 affects how easily displaceable the grip portion
216 is from a default position at the origin, and creates a
“heavier” or a “lighter” feel. The amount of resistance
applied against the grip portion 205 may be varied under
different circumstances of different degrees of displacement
of the grip portion 205. In some embodiments, the amount
of resistance applied to the grip portion 205 may be greater
when operating in certain control modes. Additionally, in
some embodiments, the amount of resistance applied to the
grip portion 205 may be based on a pilot preference. Further,
in some embodiments, the amount of resistance applied to
the grip portion 205 may vary based on the position of the
grip portion 205 (i.e., the degree of displacement). For
example, as the grip portion 205 begins to move forward, the
electronic controller 70 may provide power to the motor
308, which actuates the respective actuator 312. As the grip
portion 205 is pushed further forward, the electronic con-
troller 70 provides greater power to the motor 308, increas-
ing the resistance experienced by the grip portion 205. In
some instances, rather than one or motors 308 and one or
more actuators 312, the inceptor 200 includes servomotors,
magnetic particle clutches, or the like to implement tactile
feedback profiles.

[0026] In some embodiments, the inceptor controller 336
controls the motors 308 to vary apparent damping (e.g., the
force proportional to the rate of displacement of the grip
portion 205) and/or the apparent inertia (e.g., resistive force
proportional to acceleration of the grip portion 205) instead
of, or in addition to, the spring gradient (“heaviness” pro-
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portional to the displacement of the grip portion 205).
Additionally, the electronic controller 70 may control a
travel range of the grip portion 205 by creating hard stops,
or a sudden increase in force required once a certain dis-
placement of the grip portion 205 is satisfied. The inceptor
controller 336 controls the motor 308 according to these
various settings based on the selected control mode of the
aircraft 10, described below in more detail. Accordingly, the
electronic controller 70 and the inceptor control box 210
combine to provide the ability to create resistance to pilot
input that may vary proportional to displacement, rate of
stick input, and/or stick acceleration. Additionally, the elec-
tronic controller 70 and the inceptor controller 336 may vary
these characteristics at various points within the travel of the
grip portion 205, such as providing a higher resistance the
more the grip portion 205 is displaced from a neutral point.

[0027] In some instances, the inceptor controller 336
controls the motors 308 based on signals received from the
electronic controller 70. In other instances, the motors 308
are controlled directly by the electronic controller 70.

[0028] In some embodiments, the amount of resistance
experienced by the grip portion 205 is based on a tactile
feedback profile (e.g., a force-feel profile). FIG. 4 provides
a graph of example tactile feedback profiles implemented
via the one or more motors 308 and the one or more
actuators 312. FIG. 4 provides two example tactile feedback
profiles, a first tactile feedback profile 400 and a second
tactile feedback profile 404. While FIG. 4 only illustrates
two tactile feedback profiles, in practice, additional tactile
feedback profiles may be utilized. Each tactile feedback
profile provides an amount of force (shown on the y-axis)
required to maintain the grip portion 205 at the current
displacement (shown on the x-axis). Displacement may be
either positive displacement (in the positive direction of the
x-axis) or negative displacement (in the negative direction of
the x-axis). For example, if the grip portion 205 is pushed
forward to one inch of displacement, the first tactile feed-
back profile 400 requires approximately three pounds of
force to push the grip portion 205 past one inch of displace-
ment. Meanwhile, for the same amount of displacement (i.e.,
one inch), the second tactile feedback profile 304 requires
approximately 2 pounds of force to push the grip portion 205
past one inch of displacement. Each tactile feedback profile
may have a different force gradient (e.g., the slope of the
required force over displacement distance). In the example
illustrated in FIG. 4, the first tactile feedback profile 400 has
a greater force gradient than the second tactile feedback
profile 404.

[0029] Insome embodiments, each tactile feedback profile
includes a break-out force required to remove the grip
portion 205 from its origin (e.g., detent or neutral) position
(i.e., zero displacement). In other words, a break-out force
represents a minimum amount of force required to move the
grip portion 205 out of the detent position. This prevents the
grip portion 205 from being inadvertently moved if it is
lightly bumped, or from turbulence and vibrations of the
aircraft. For example, the first tactile feedback profile 400
has a first break-out force 408 of approximately 0.25 pounds
of force, and the second tactile feedback profile 404 has a
second break-out force 412 of approximately 0.2 pounds of
force. Accordingly, when the inceptor control box 210 is
operating according to the first tactile feedback profile 400,
a force value defined by the first break-out force 408 is
needed to displace the grip portion 205 in either the positive
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direction or the negative direction. Alternatively, when the
inceptor control box 210 is operating according to the
second tactile feedback profile 404, a force value defined by
the second break-out force 412 is needed to displace the grip
portion 205 in a given direction.

[0030] Each tactile feedback profile may also include a
different maximum displacement value. For example, the
first tactile feedback profile 400 includes a first maximum
negative displacement 416 and a first maximum positive
displacement 420. The second tactile feedback profile 404
includes a second maximum negative displacement 424 and
a second maximum positive displacement 428. In the illus-
trated example, the first tactile feedback profile 400 has a
greater maximum displacement (in both the positive direc-
tion and the negative direction) than the second tactile
feedback profile 404.

[0031] The electronic controller 70 may control the air-
craft 10 according to several different operating modes. In
some embodiments, operating modes correspond to methods
of controlling an attitude of the aircraft 10 (e.g., the amount
of tilt of the aircraft left and right). For example, in an
“attitude command” operating mode, the attitude of the
aircraft 10 is controlled directly based on displacement of
the grip portion 205 from the origin. When in an attitude
command mode, the operator directly controls the attitude of
the aircraft 10 via the grip portion 205 while the electronic
controller 70 maintains (or holds) one of the other param-
eters of the aircraft 10, such as another attitude parameter or
a velocity of the aircraft.

[0032] Forexample, the grip portion 205 may be moved to
the right to initiate a right roll of the aircraft 10 or moved to
the left to initiate a left roll of the aircraft 10. The farther
right or left the grip portion 205 is displaced, the greater the
right or left roll of the aircraft 10, respectively. Likewise, as
the grip portion 205 is pushed forward from the origin
position, the aircraft 10 may tilt forward (i.e., pitch nose
down). As the grip portion 205 is pulled back from the origin
position, the aircraft 10 may tilt rearward (i.e., pitch nose
up). The farther forward or rearward the grip portion 205 is
displaced, the greater the upward or downward pitch of the
aircraft 10. At the origin position (or no displacement of the
grip portion 205), the attitude of the aircraft 10 is alterna-
tively zero, or at the attitude necessary to maintain a desired
trim condition (e.g., constant velocity).

[0033] When in the attitude command operating mode, an
operator of the inceptor 200 holds the grip portion 205 at the
corresponding position to maintain a specific attitude. When
the operator releases the grip portion 205, the grip portion
205 will return to the origin and the aircraft 10 will shift
towards a neutral attitude.

[0034] In some embodiments, the aircraft 10 is controlled
according to a “rate command” operating mode. In the rate
command operating mode, the angular rate of the aircraft 10
(i.e., the pitch roll) is controlled relative to the body of the
aircraft 10 (e.g., a body axis rate). When in a rate command
mode, the operator directly controls the rate of the aircraft 10
via the grip portion 205 while the electronic controller 70
maintains (or holds) one of the other parameters of the
aircraft 10, such as the attitude of the aircraft.

[0035] Displacement of the grip portion 205 in the forward
(or positive) direction may add to the angular rate, and
displacement of the grip portion 205 in the backward (or
negative) direction may subtract from the angular rate.
Similarly, displacement of the grip portion 205 towards the
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left direction or the right direction will add or subtract from
the angular rate of the aircraft in the left and right directions.
When the grip portion 205 is returned to the origin position,
the angular rate is commanded to a zero rate, holding the
attitude. For example, the grip portion 205 may be moved to
the right to initiate a right roll of the aircraft 10 or moved to
the left to initiate a left roll of the aircraft 10. The farther
right or left the grip portion 205 is displaced, the greater the
right or left roll rate of the aircraft 10, respectively. To
reduce the rate at which the aircraft 10 is rolling left or right,
the operator brings the grip portion 205 closer to the origin,
as zero displacement results in zero commanded rate. To
reverse the roll rate of the aircraft 10, the operator displaces
the grip portion 205 in the opposite direction of the current
rate. To maintain a rate input, the grip portion 205 is held out
of detent at the current position. In some instances, the
displacement of the grip portion 205 may be inverted such
that displacement of the grip portion 205 in the forward
direction subtracts from the angular rate, and displacement
of the grip portion 205 in the backward direction adds to the
angular rate. Similarly, displacement of the grip portion 205
to the left may add to the roll of the aircraft 10 and
displacement of the grip portion 205 to the right may
subtract from the roll of the aircraft 10.

[0036] Each operating mode requires different movements
from the operator of the aircraft 10. For example, in the
attitude command operating mode, the operator performs
larger movements of the grip portion 205, and may hold the
grip portion 205 in a given position for an extended period
of time in order to maintain the aircraft 10 at a desired
attitude. Accordingly, it may be desirable to provide a lighter
feel of the grip portion 205 (i.e., a more easily displaceable
grip portion) by reducing the resistance applied to the grip
portion 205. In the rate command operating mode, however,
the grip portion 205 may be displaced only small amounts
(unless the aircraft 10 is being flown aggressively), and may
be primarily located near the origin position. Therefore, it
may be desirable to provide a “heavier feel” of the grip
portion 205 (i.e., a less easily displaceable grip portion) by
increasing the resistance applied to the grip portion 205.

[0037] The electronic controller 70 may control the one or
more motors 208 (via the inceptor controller 336) based on
which operating mode the aircraft 10 is operating within to
provide feedback for the given operating mode. FIG. 5
provides a method 500 for providing force feedback via the
grip portion 205. The method 500 may include more or less
steps than illustrated. Additionally, steps of the method 500
may be performed in a different order. At step 504, the
electronic controller 70 selects an initial operating mode.
For example, an operator of the aircraft 10 may push a
button, select from a user interface, or otherwise select an
operating mode of the aircraft 10. In some embodiments, the
aircraft 10 may have a default operating mode selected on
power-up. In some embodiments, the initial operating mode
is either the attitude command operating mode or the rate
command operating mode, as described above.

[0038] At step 508, the electronic controller 70 selects the
tactile feedback profile that corresponds to (or is otherwise
associated with) the selected operating mode. In some
embodiments, when the selected operating mode is the rate
command operating mode (for example, a rate command,
attitude hold operating mode), the electronic controller 70
selects the first tactile feedback profile 300. In some embodi-
ments, when the selected operating mode is the attitude
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command operating mode (for example, an attitude com-
mand, attitude hold operating mode), the electronic control-
ler 70 selects the second tactile feedback profile 304. At step
512, the electronic controller 70 controls the one or more
motors 308 based on the selected tactile feedback profile.
For example, the electronic controller 70 receives the current
position of the grip portion 205. The electronic controller 70
refers to the selected tactile feedback profile to determine an
amount of power to provide to the motor 308.

[0039] In some embodiments, the electronic controller 70
may provide the selected tactile feedback profile and the
position of the grip portion 205 to the inceptor controller
336. The inceptor controller 336 then controls the motor 308
according to the selected tactile feedback profile.

[0040] At step 516, the electronic controller 70 detects a
transition from the initial operating mode to a second
operating mode. For example, the operating mode may
transition from the rate command operating mode to the
attitude command operating mode, or from the attitude
command operating mode to the rate command operating
mode. The transition may come from a new selection of an
operating mode (as described in step 504). In some embodi-
ments, the electronic controller 70 determines to change
operating modes based on movement of the grip portion 205.
In some embodiments, the electronic controller 70 controls
the one or more motor 308 and the one or more actuators 312
to provide haptic feedback via the grip portion 205 (for
example, vibrate) in response to the change in operating
mode.

[0041] At step 520, the electronic controller 70 selects the
tactile feedback profile associated with the second operating
mode, as described with respect to step 508. At step 524, the
electronic controller 70 controls the one or more motors 308
based on the selected tactile feedback profile, as described
with respect to step 512.

[0042] By implementing the first tactile feedback profile
400 with the rate command operating mode, the grip portion
205 feels “heavier” to an operator as they experience
increased resistance compared to the second tactile feedback
profile 404. Accordingly, the first tactile feedback profile
400 assists the operator in making less movement of the grip
portion 205, and naturally pushes the operator towards the
direction of the origin position. Comparatively, use of the
second tactile feedback profile 404 with the attitude com-
mand mode allows for easier movement of the grip portion
205 such that an operator of the aircraft 10 can quickly
adjust the attitude of the aircraft 10.

[0043] The electronic controller 70 may be configured to
dynamically blend between the initial tactile feedback pro-
file and the selected tactile feedback profile to smooth the
transition between tactile feedback profiles. For example,
the electronic controller 70 may implement an intermediate
tactile feedback profile between the first tactile feedback
profile 400 and the second tactile feedback profile 404 (e.g.,
between step 520 and step 524). In some embodiments, the
electronic controller 70 implements the intermediate tactile
feedback profile for a predetermined time period (for
example, 2 seconds) before implementing the selected tac-
tile feedback profile.

[0044] By providing the tactile feedback profiles via the
one or more motors 308 and the one or more actuators 312,
the operator may be able to quickly identify the current
operating mode of the aircraft 10 based on the “feel” of the
grip portion 205 (e.g., how hard the grip portion 205 is to
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move). Additionally, the operator may be able to identify
how far to push the grip portion 205 for the desired angular
rate or attitude value based on the “feel” of the grip portion
205. Accordingly, use of the tactile feedback profiles with
the grip portion 205 help reduce operating errors and
improve modal awareness without forcing the pilots to rely
on visual indications in the cockpit or other display systems.
[0045] While embodiments disclosed herein primarily
refer to an attitude command operating mode and a rate
command operating mode, additional modes of operation
may be implemented. For example, additional modes of
operation may hold different parameters of the aircraft 10
constant. These may include attitude hold operating modes,
rate hold operating modes, and velocity hold operating
modes that are implemented by the electronic controller 70.
In some embodiments, the electronic controller 70 imple-
ments a translational rate command mode. Each operating
mode may have a unique tactile feedback profile.

[0046] Additionally, while embodiments disclosed herein
have primarily referred to an aircraft 10 having a single
inceptor 200, in some instances, the aircraft 10 has multiple
inceptors 200 (for example, a first inceptor for a pilot and a
second inceptor for a co-pilot). In such an instance, the
electronic controller 70 controls motors 308 in each incep-
tors 200 to provide the selected tactile feedback profile to
each inceptor 200. Additionally, as the first inceptor is
operated by the pilot, the electronic controller 70 may
control the motors 308 in the second inceptor to “mirror” the
operation of the first inceptor, providing coordination
between the pilot and the co-pilot.

[0047] Various features and advantages of the embodi-
ments described herein are set forth in the following claims.

What is claimed is:

1. A control system for an aircraft, the control system
comprising:

an inceptor including a grip portion moveable between a

plurality of positions and one or more motors con-
nected to the grip portion to apply a variable force to
the grip portion; and

a controller coupled to the one or more motors, the

controller including an electronic processor and a

memory, the controller configured to:

operate in a first operating mode,

select a first tactile feedback profile associated with the
first operating mode,

control the one or more motors based on the first tactile
feedback profile,

detect a transition from the first operating mode to a
second operating mode,

select a second tactile feedback profile associated with
the second operating mode, and

control the one or more motors based on the second
tactile feedback profile.

2. The control system of claim 1, wherein the first
operating mode is an attitude command mode and wherein
the second operating mode is a rate command mode.

3. The control system of claim 2, wherein, when in the
attitude command mode, the controller is configured to:

receive a position of the grip portion, and

adjust an attitude of the aircraft.

4. The control system of claim 2, wherein, when in the
rate command mode, the controller is configured to:

receive a position of the grip portion, and

adjust an angular rate of the aircraft.
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5. The control system of claim 1, wherein each motor of
the one or more motors is coupled to an actuator, wherein the
actuator is situated between the respective motor and the
grip portion.
6. The control system of claim 1, wherein a force gradient
defined by the second tactile feedback profile is greater than
a force gradient defined by the first tactile feedback profile.
7. The control system of claim 1, wherein a breakout force
defined by the second tactile feedback profile is greater than
a breakout force defined by the first tactile feedback profile.
8. The control system of claim 1, wherein a maximum
displacement distance of the grip portion is dependent on the
mode of operation.
9. The control system of claim 1, wherein the controller
is further configured to receive a selection of the first
operating mode or the second operating mode via a switch
coupled to the inceptor.
10. The control system of claim 1, wherein the controller
is further configured to provide, in response to detecting a
transition from the first mode of operation to the second
mode of operation, haptic feedback with the inceptor.
11. The control system of claim 1, wherein the control
system further includes a position sensor coupled to the
inceptor and in communication with the controller, wherein
the controller is configured to receive position signals from
the position sensor.
12. A method of operating an aircraft in either a first
operating mode or a second operating mode, the method
comprising:
controlling, in response to the aircraft operating in the first
operating mode, a motor coupled to a grip portion of an
inceptor according to a first tactile feedback profile; and

controlling, in response to the aircraft operating in the
second operating mode, the motor coupled to the grip
portion of the inceptor according to a second tactile
feedback profile;

wherein, in the first operating mode, the aircraft operates

according to a rate command operating mode, and
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wherein, in the second operating mode, the aircraft oper-

ates according to an attitude command operating mode.

13. The method of claim 12, wherein the first tactile
feedback profile has a greater force gradient than the second
tactile feedback profile.

14. The method of claim 12, wherein the first tactile
feedback profile has a greater breakout force than the second
tactile feedback profile.

15. The method of claim 12, wherein the first tactile
feedback profile has a greater maximum displacement than
the second tactile feedback profile.

16. A method for providing feedback via an inceptor, the
inceptor including a grip portion and one or more motors
connected to the grip portion, the method comprising:

operating in a first operating mode;

selecting a first tactile feedback profile associated with the

first operating mode;

controlling the one or more motors based on the first

tactile feedback profile;

detecting a transition from the first operating mode to a

second operating mode;

selecting a second tactile feedback profile associated with

the second operating mode; and

controlling the one or more motors based on the second

tactile feedback profile.

17. The method of claim 16, wherein a force gradient
defined by the second tactile feedback profile is greater than
a force gradient defined by the first tactile feedback profile.

18. The method of claim 16, wherein a breakout force
defined by the second tactile feedback profile is greater than
a breakout force defined by the first tactile feedback profile.

19. The method of claim 16, wherein a maximum dis-
placement distance of the grip portion is dependent on the
mode of operation.

20. The method of claim 16, further comprising receiving
a selection of the first operating mode or the second oper-
ating mode via a switch is coupled to the inceptor.
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