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(54) CONTROLLERS AND AIRCRAFT WITH VARIABLE ENGINE THRUST TAKEOFF SYSTEM

(57) A flight control system for controlling an aircraft
during a variable engine thrust takeoff operation opera-
tive to perform a method including calculating a calculat-
ed acceleration in response to a takeoff distance and a
selection of a variable engine thrust takeoff mode, gen-
erating an initial thrust control signal in response to the
calculated acceleration, controlling a thrust of an aircraft

engine in response to the initial thrust control signal,
measuring a measured acceleration of the aircraft, gen-
erating an updated thrust control signal in response to a
difference between the calculated acceleration and the
measured acceleration, and controlling the thrust of the
aircraft engine in response to the updated thrust control
signal.
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Description

TECHNICAL FIELD

[0001] The technical field relates generally to takeoff
flight control systems for aircraft, and more particularly
relates to flight control systems, flight controller algo-
rithms, and aircraft with an engine power command sys-
tem with takeoff acceleration limiting function to reduce
occupant discomfort experienced from early peak accel-
eration during aircraft takeoff run and initial climb.

BACKGROUND

[0002] Typically, during an aircraft takeoff procedure
the crew sets an engine power setting, either manually
or by automatic system, and conducts the takeoff run and
initial climb with the throttle handles in a fixed location.
Early in the takeoff run the engines typically produce
more thrust, and since there is little aerodynamic drag
on the aircraft the acceleration is typically the highest at
that point. Later in the takeoff run when the aircraft speed
has increased, the thrust produced by the engines re-
duces and the aerodynamic drag has increased so the
acceleration is less. This results in a "peak acceleration"
early in the takeoff. This peak acceleration may cause
physical discomfort or mental unease to aircraft passen-
gers so it is desirable to reduce this peak acceleration
as much as possible while maintaining sufficient accel-
eration to achieve liftoff.
[0003] Pilots will sometimes perform a derated. or re-
duced thrust, takeoff, using less than full available thrust
as to make the passengers more comfortable and to re-
duce the strain on the engines. However, this derated
takeoff requires additional runway length which must be
calculated for each takeoff taking into account environ-
mental factors such as runway characteristics, air tem-
perature and wind speed, as well as aircraft weight. De-
rated takeoffs also result in an increased acceleration
early in the takeoff as compared to later in the takeoff.
As such, it is desirable to provide flight systems, flight
control algorithms, and aircraft that provide improved var-
iable engine thrust takeoff control. In addition, other de-
sirable features and characteristics will become apparent
from the subsequent summary and detailed description,
and the appended claims, taken in conjunction with the
accompanying drawings and this background.

SUMMARY

[0004] Disclosed herein are control systems, control
algorithms, aircraft and related control logic for provision-
ing aircraft, methods for making and methods for oper-
ating such systems, and other vehicles equipped with
onboard control systems. By way of example, and not
limitation, there is presented an aircraft with variable en-
gine thrust takeoff systems and controllers.
[0005] In a first non-limiting embodiment, a flight con-

trol system includes, but is not limited to an input config-
ured to indicate a selection of a variable engine thrust
takeoff mode, an inertial sensor operative to detect a
force on an aircraft and to generate an acceleration data
signal indicative of an acceleration of the aircraft, a thrust
controller operative to control a thrust of an aircraft engine
in response to a thrust control signal, and a processor
operative to calculate a calculated acceleration in re-
sponse to the selection of the variable engine thrust take-
off mode, to generate the thrust control signal corre-
sponding to a first thrust level associated with the calcu-
lated acceleration, for determining a measured acceler-
ation in response to the acceleration data signal, and for
adjusting the thrust control signal in response to a differ-
ence between the calculated acceleration and the meas-
ured acceleration.
[0006] In accordance with another aspect of the
present disclosure, a method for calculating a calculated
acceleration in response to a takeoff distance and a se-
lection of a variable engine thrust takeoff mode, gener-
ating an initial thrust control signal in response to the
calculated acceleration, controlling a thrust of an aircraft
engine in response to the initial thrust control signal,
measuring a measured acceleration of the aircraft, gen-
erating an updated thrust control signal in response to a
difference between the calculated acceleration and the
measured acceleration, and controlling the thrust of the
aircraft engine in response to the updated thrust control
signal.
[0007] In accordance with another aspect of the
present disclosure, an aircraft including an aircraft engine
configured to propel the aircraft in response to a fuel sup-
ply, a thrust controller for controlling the fuel supply in
response to a thrust control signal, an airspeed sensor
for detecting an airspeed of the aircraft, an inertial meas-
urement unit for detecting an inertial force, a user input
for indicating a selection of a variable engine thrust take-
off mode, and a processor configured to calculate a cal-
culated acceleration in response to the selection of the
variable engine thrust takeoff mode, an aircraft weight
and a takeoff distance, to generate the thrust control sig-
nal indicative of a first thrust level, to couple the thrust
control signal indicative of the first thrust level to the thrust
controller, to determine a measured acceleration in re-
sponse to the airspeed of the aircraft and the inertial
force, for adjusting the thrust control signal in response
to a difference between the calculated acceleration and
the measured acceleration, and to couple the thrust con-
trol signal adjusted in response to a difference between
the calculated acceleration and the measured accelera-
tion to the thrust controller.
[0008] Other objects, advantages and novel features
of the exemplary embodiments will become more appar-
ent from the following detailed description of exemplary
embodiments and the accompanying drawings.
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BRIEF DESCRIPTION OF DRAWINGS

[0009] The above-mentioned and other features and
advantages of this invention, and the manner of attaining
them, will become more apparent and the system and
method will be better understood by reference to the fol-
lowing description of embodiments of the invention taken
in conjunction with the accompanying drawings.

FIG. 1 is a simplified diagram illustrating a non-lim-
iting embodiment of an aircraft in accordance with
the teachings of the present disclosure;
FIG. 2a is a graph illustrative of an exemplary accel-
eration during takeoff for an exemplary aircraft in ac-
cordance with the present disclosure.
FIG. 2b is a graph illustrative of an exemplary velocity
during takeoff for an exemplary aircraft in accord-
ance with the present disclosure.
Fig. 3. is a simplified block diagram illustrating a non-
limiting embodiment of a system for implementing a
variable engine thrust takeoff system in an aircraft
in accordance with the present disclosure.
FIG. 4 shows a flow diagram illustrating a non-limit-
ing embodiment of a method of implementing a var-
iable engine thrust takeoff system in an aircraft in
accordance with the teachings of the present disclo-
sure.
FIG. 5 is a simplified block diagram illustrating an-
other non-limiting embodiment of a system for im-
plementing a variable engine thrust takeoff system
in an aircraft in accordance with the present disclo-
sure.
FIG. 6 shows a flow diagram illustrating another non-
limiting embodiment of a method of providing a var-
iable engine thrust takeoff system in an aircraft in
accordance with the teachings of the present disclo-
sure.

[0010] The exemplifications set out herein illustrate
preferred embodiments of the invention, and such exem-
plifications are not to be construed as limiting the scope
of the invention in any manner.

DETAILED DESCRIPTION

[0011] The following detailed description is merely ex-
emplary in nature and is not intended to limit the invention
or the application and uses of the invention. Furthermore,
there is no intention to be bound by any theory presented
in the preceding background or the following detailed de-
scription. Various non-limiting embodiments of flight con-
trol systems, flight control algorithms, and aircraft are pro-
vided. In general, the disclosure herein describes a flight
control system design to be used during the takeoff phase
of flight.
[0012] During takeoff, typically the flight crew sets a
power setting, either manually or by automatic system,
and conducts the takeoff run and initial climb with the

throttle handles in a fixed location. Early in the takeoff
run the engines produce more thrust and there is less
aerodynamic drag so the acceleration is typically the
highest. Later in the takeoff run when the aircraft speed
has increased, the thrust produced by the engines re-
duces and the aerodynamic drag has increased so the
acceleration is less. This results in a "peak acceleration"
early in the takeoff. Pilots will sometimes perform a "de-
rated" takeoff, using less than full available thrust to make
the passengers more comfortable, and to reduce the
strain on the engines, but this too results in a higher ac-
celeration early in the takeoff. A greater understanding
may be obtained from reference to the drawings.
[0013] FIG. 1 is illustrative of an exemplary environ-
ment 100 for an exemplary control system for implement-
ing a variable engine thrust takeoff system in an aircraft
110 according to an exemplary embodiment of the
present disclosure. In this exemplary environment, the
aircraft 110 is operative to perform a takeoff from a run-
way 120 according to an exemplary application of the
present disclosure. In this exemplary embodiment, the
aircraft 110, via a takeoff thrust control algorithm, is op-
erative to adjust the throttle setting of the aircraft engines
in order to vary the engine power setting so that more
thrust is produced later in the takeoff and that a constant
acceleration is maintained during the takeoff operation.
As the aircraft velocity increases, the thrust control algo-
rithm is operative to increase the throttle setting in order
to make the acceleration more constant. This variable
throttle takeoff may permit a shorter takeoff run with the
same maximum acceleration as a derated takeoff, or a
lower maximum acceleration and the same runway
length needed.
[0014] In an exemplary embodiment of proposed sys-
tem, an airspeed sensor, a geolocation and time sensor,
an accelerometer or an inertial measurement unit may
be used to provide feedback of the acceleration to the
takeoff thrust controller. This acceleration feedback may
be used in conjunction with a calculated variable thrust
setting in order to achieve a desired takeoff speed at a
desired distance along the runway. For example, the ac-
celeration detected by the inertial measurement unit may
be used to confirm the desired acceleration and current
velocity to ensure that the desired takeoff speed will be
reached at the desired distance. The variable thrust set-
ting is calculated in response to takeoff weight, takeoff
speed, and desired distance along the runway indicating
a preferred takeoff point. In addition, the variable thrust
setting may be calculated in response to an initial thrust
setting by a pilot, a runway length and a required takeoff
velocity in order to maintain a constant aircraft acceler-
ation on the runway and to avoid excessive peak accel-
erations which may cause discomfort to aircraft occu-
pants.
[0015] In another exemplary embodiment, the system
may use an estimate with knowledge of how thrust and
drag change with speed, as well as the delay from throttle
to thrust, and have a scheduled throttle advance as speed
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increases, or maybe just with time. In one aspect of the
exemplary embodiment, the system may be restricted
such that the throttle may only be advanced never re-
tarded, and the initial throttle setting should be sufficient
for a safe take-off.
[0016] Turning now to Fig. 2a, a first chart 200 illus-
trating an exemplary acceleration during takeoff for an
exemplary aircraft. In the first chart 200 a first accelera-
tion curve 210 representing an acceleration for an aircraft
performing a takeoff according to a standard takeoff pro-
cedure is shown. The first acceleration curve 210 shows
a peak acceleration early in the takeoff operation and
wherein the acceleration rate drops during a later part of
the takeoff acceleration. This standard takeoff procedure
having a fixed engine thrust throughout the takeoff oper-
ation results in the undesirable high acceleration rate
which may be uncomfortable to aircraft occupants. The
second acceleration curve 220 represents an accelera-
tion for an aircraft performing a takeoff operation with a
variable engine thrust in accordance with the teachings
of the present disclosure. The second acceleration curve
220 shows the acceleration increasing according to an
initial thrust level until a maximum acceleration level is
reached. In this exemplary embodiment, the maximum
acceleration level is four meters per second. The exem-
plary system is then operative to vary the thrust level to
maintain the maximum acceleration level until the desired
takeoff velocity is reached. When the desired takeoff ve-
locity is reached, the exemplary system is then operative
to reduce the thrust level to maintain the desired takeoff
velocity or to maintain the initial thrust level during aircraft
rotation.
[0017] Turning now to Fig. 2b, a second chart 250 il-
lustrating an exemplary velocity during takeoff for an ex-
emplary aircraft. In the first chart 250 a first exemplary
velocity curve 230 representing an exemplary aircraft ve-
locity corresponding to the first acceleration curve 210
for an aircraft performing a takeoff according to a stand-
ard takeoff procedure is shown. The first exemplary ve-
locity curve shows 230 that the aircraft experiences a
faster change in velocity during the first stage of the take-
off operation and a slower change in velocity during the
second portion of the takeoff operation. This faster
change in velocity may result in an undesirable increased
stress on the aircraft engines and other aircraft compo-
nents. The second exemplary velocity curve, corre-
sponding to an acceleration for an aircraft performing a
takeoff operation with a variable engine thrust in accord-
ance with the teachings of the present disclosure shows
a uniform increase in velocity thereby limiting undesirable
stress on aircraft engines and components.
[0018] Turning now to Fig. 3, a block diagram illustrat-
ing a system 300 for implementing a variable engine
thrust takeoff system in an aircraft in accordance with the
teachings of the present disclosure. The exemplary sys-
tem 300 may include an input 310, a processor 320 an
inertial measurement unit (IMU) 330, a thrust controller
340 and an airspeed sensor 350.

[0019] The input 310 may be an input for receiving con-
trol commands and data for controlling an aircraft during
takeoff wherein the input 310 may include a plurality of
input means, such as a thrust levers, control panels
switches, dials, and buttons, and the like. In a first exem-
plary embodiment, the input 310 may be operative to
receive a pilot input activating the variable engine thrust
takeoff system. The input 310 may be further operative
to receive a thrust lever position in response to a pilot
adjusting the thrust lever. For example, during takeoff,
the pilot may set the thrust levers to the derated detent
position. The input 310 may include of inputs for receiving
aircraft data from a pilot input, such as fuel weight, or
may be received from a service provider, such as runway
length, or be received from other aircraft sensors, such
as aircraft weight and outside temperature. In one exem-
plary embodiment, positioning the thrust levers at the de-
rated detent position is operative to generate a control
signal indicative of an activation of the variable engine
thrust takeoff system.
[0020] The IMU 330 is a device used to report a specific
force of a body. The IMU 330 may measure angular or
linear acceleration and may be used to determine a lat-
eral acceleration, a longitudinal acceleration, a yaw rate
and pitch of an aircraft. The IMU 330 is mounted within
the aircraft and is operative to generate a control signal
indicative of the measured specific forces and to couple
this control signal to the processor 320. In this exemplary
embodiment, the IMU 330 is operative to detect and pro-
vide an acceleration vector of the aircraft to the processor
320.
[0021] The airspeed sensor 350 is operative to detect
and report an airspeed of an aircraft in kilometers per
hour, knots, meters per second or the like. Typically, an
airspeed sensor 350, or airspeed indicator, measures
the difference in air pressure from a pitot tube when the
aircraft is stationary and when the aircraft is in forward
movement. In this exemplary embodiment, the airspeed
sensor 350 is operative to estimate an aircraft airspeed
during takeoff in response to air pressure changes in the
pitot tube and to provide this airspeed to the processor
320.
[0022] The processor 320 is operative to receive the
aircraft data from the input 310 and to calculate an ac-
celeration for reaching the takeoff speed at a desired
distance during takeoff. A linear acceleration value may
be calculated as the velocity squared divided by two times
the distance or a = v2 / 2d. For example, an aircraft at a
certain air density and payload may desire a takeoff dis-
tance of 6000 feet (1830 m), which should include a safe-
ty buffer, and must reach a velocity of 150 knots (77.17
m/s). For these values, the linear acceleration is 1.63
m/s2. The processor 320 is further operative to generate
a thrust control signal to couple to the thrust controller
340 in response to a comparison of the aircraft acceler-
ation measured by the IMU 330 and the calculated ac-
celeration. If the measured acceleration is lower than the
calculated acceleration, the processor 320 is operative
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to adjust the thrust control signal such that the aircraft
engine thrust is increased. When performing this type of
take-off, an additional safety criterion should be applied
to ensure that a safe take-off speed is reached by the
end of the runway even if the processor 320 or Thrust
Controller did not increase the thrust. Alternatively, the
processor 320 may be operative to calculate a current
expected velocity during the takeoff operation and com-
pare that expected current velocity to a measured current
velocity received via the airspeed sensor 350. The proc-
essor 320 is then operative to adjust the thrust control
signal coupled to the thrust controller 340 in order to in-
crease or decrease the current velocity in response to
the comparison. In an additional exemplary embodiment
the processor 320, or other pre-flight computation device,
may determine a fixed throttle setting for take-off that
provides appropriate safety margins with the decay of
acceleration that would be present as explained previ-
ously such as a traditional flex or de-rated take-off. The
processor 320 in then operative to compute an advance-
ment of the throttles based on the sensed airspeed to
maintain a more constant acceleration, thereby reducing
the take-off distance required without compromising pas-
senger comfort.
[0023] Turning now to Fig. 4, a flow diagram illustrating
another non-limiting embodiment of a method 400 imple-
menting a variable engine thrust takeoff system in an
aircraft in accordance with the teachings of the present
disclosure is shown. The method is first operative to re-
ceive 410 a control signal to activate a variable engine
thrust takeoff algorithm for performing an aircraft takeoff
operation. The control signal may be received from a
user input within an aircraft control panel indicative of a
request to perform the variable thrust takeoff. Alterna-
tively, during a takeoff procedure, the thrust levers may
be set at a position indicative to a request to perform the
variable engine thrust takeoff, such as at a derated detent
or the like.
[0024] The method is next operative to calculate 420
an acceleration in response to the request to perform the
variable engine thrust takeoff. The acceleration may be
calculated in response to a takeoff distance, which is the
distance between the starting point of the takeoff opera-
tion to the point where the aircraft leaves the ground, and
the takeoff velocity, the speed at which the aircraft must
be moving in order to achieve liftoff. The acceleration
calculated may take into consideration a distance less
than the takeoff distance to provide a margin of error in
case of the instance of change of wind direction, change
in air pressure or the like which may result in a reduction
in acceleration during a portion of the takeoff operation.
[0025] In response to the calculated acceleration, the
method is then operative to generate 430 a thrust control
signal to couple to an aircraft engine thrust controller.
The thrust controller may be operative to control a fuel
flow or fuel pressure to an aircraft engine in order to in-
crease or decrease the thrust, or forward propulsion pow-
er, of the aircraft engine. The thrust control signal may

initially indicate a thrust level corresponding to the cal-
culated acceleration.
[0026] The method is next operative to determine 440
a measured acceleration of the aircraft. The measured
acceleration of the aircraft may be determined in re-
sponse to a output data from an IMU, may be determined
in response to a airspeed velocity measurement, or may
be determined in response to a position location deter-
mination, such as a location detected by a global posi-
tioning system or the like. For example, the measured
acceleration may be determined in response to a velocity
measurement over a distance interval using a = (v2 -vi2)/
2d where a is the acceleration , v is the current velocity
at the end of the distance interval, vi is the initial velocity
at the start of the distance interval and d is the distance,
or length, of the interval. Alternatively, the measured ac-
celeration may be estimated in response to a distance
traveled during the takeoff operation and the current ve-
locity using a = v2 / 2d where a is the measured accel-
eration, v is the current velocity and d is the distance
traveled.
[0027] The method is next operative to compare 450
the calculated acceleration with the measured accelera-
tion. If the measured acceleration does not equal the cal-
culated acceleration, or is not within a range around the
calculated acceleration, the method is then operative to
adjust 460 the throttle control signal to increase or de-
crease the thrust of the aircraft engine in response to a
comparison of the measured acceleration to the calcu-
lated acceleration. If the measured acceleration is great-
er than the calculated acceleration, the method is oper-
ative to adjust the thrust control signal in order to reduce
the amount of thrust provided by the aircraft engine. If
the measured acceleration is less than the calculate ac-
celeration, the method is operative to adjust the thrust
control signal in order to increase the amount of thrust
provided by the aircraft engine.
[0028] The method is next operative to detect 470 if a
liftoff event, or a takeoff event, has occurred, indicating
that the aircraft has become airborne. If a liftoff event has
occurred, the method is operative to discontinue 480 the
variable engine thrust algorithm. If a liftoff event has not
occurred, the method is operative to return to determining
440 the measured acceleration. A liftoff event may be
detected in response to a force measurement detected
on the aircraft running gear, or may be detected in re-
sponse to a rotation event of the aircraft measured by an
IMU or measured in response to a movement of a control
stick or other pilot control mechanism indicative of a ro-
tation event of the aircraft.
[0029] Turning now to Fig. 5, a block diagram illustrat-
ing a system 500 for variable engine thrust takeoff system
in an aircraft according to an exemplary embodiment of
the present disclosure is shown. The exemplary system
500 may include an input 510, an inertial sensor 520, a
thrust controller 530 and a processor 540.
[0030] In this exemplary embodiment, the input 510
may be configured to indicate a selection of a variable
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engine thrust takeoff mode. The input 510 may include
a thrust lever located on an aircraft control panel or may
include a user input, such as a selector switch, computer
control panel software option selection, or other user con-
figurable interface. In one exemplary embodiment, the
input 510 may be a thrust lever having a derated takeoff
detent and where a variable engine thrust takeoff selec-
tion indicator may be generated in response to position-
ing the thrust lever at the derated takeoff detent.
[0031] The exemplary system 500 may further include
an inertial sensor 520 operative to detect a force on an
aircraft and to generate an acceleration data signal in-
dicative of an acceleration of the aircraft. In an exemplary
embodiment, the inertial sensor 520 is an IMU and is
operative to detect lateral, longitudinal and vertical forces
as well as accelerations in pitch, roll and yawl. Alterna-
tively, the inertial sensor 530 may include a velocity sen-
sor operative to measure an aircraft velocity and a loca-
tion sensor operative to determine an aircraft location,
wherein the inertial sensor 530 is then operative to pro-
vide a calculated acceleration in response to time, dis-
tance, initial velocity and measured velocity.
[0032] The exemplary system 500 may further include
a thrust controller 530 operative to control a thrust of an
aircraft engine in response to a thrust control signal. In
one exemplary embodiment, the thrust controller 530 is
operative to control a fuel supply to the aircraft engine in
response to the thrust control signal. The fuel supply may
be controlled by controlling a fuel pressure of a fuel pump
or a fuel flow rate to the aircraft engine.
[0033] The exemplary system 500 may further include
a processor 540 operative to calculate a calculated ac-
celeration in response to the selection of the variable
engine thrust takeoff mode, to generate the thrust control
signal corresponding to a first thrust level associated with
the calculated acceleration, for determining a measured
acceleration in response to the acceleration data signal,
and for adjusting the thrust control signal in response to
a difference between the calculated acceleration and the
measured acceleration. In one exemplary embodiment,
the measured acceleration may be determined in re-
sponse to an airspeed detected by an airspeed sensor
in addition to data from the inertial sensor 520. In another
exemplary embodiment, the processor 540 may be fur-
ther operative to determine the measured acceleration
and adjust the thrust control signal periodically during a
takeoff operation. Thus, the engine thrust may be con-
tinuously adjusted to maintain a constant measured ac-
celeration close to the desired calculated acceleration.
In another exemplary embodiment, the calculated accel-
eration may be calculated in response to at least one of
an aircraft weight, a takeoff distance, and an ambient air
pressure.
[0034] In one exemplary embodiment, the system 500
may be an aircraft having an aircraft engine configured
to propel the aircraft in response to a fuel supply, a thrust
controller 530 for controlling the fuel supply in response
to a thrust control signal, an airspeed sensor for detecting

an airspeed of the aircraft, an inertial sensor 520, such
as an inertial measurement unit, for detecting an inertial
force, a user input 510 for indicating a selection of a var-
iable engine thrust takeoff mode, and a processor 540,
such as an aircraft configuration controller, configured to
calculate a calculated acceleration in response to the se-
lection of the variable engine thrust takeoff mode, an air-
craft weight and a takeoff distance, to generate the thrust
control signal indicative of a first thrust level, to couple
the thrust control signal indicative of the first thrust level
to the thrust controller, to determine a measured accel-
eration in response to the airspeed of the aircraft and the
inertial force, for adjusting the thrust control signal in re-
sponse to a difference between the calculated acceler-
ation and the measured acceleration, and to couple the
thrust control signal adjusted in response to a difference
between the calculated acceleration and the measured
acceleration to the thrust controller 530. In on exemplary
embodiment, the user input 510 may be a thrust lever
having a derated takeoff detent position.
[0035] Turning now to Fig. 6, a flow diagram illustrating
another non-limiting embodiment of a method 600 for
providing a variable engine thrust takeoff system in an
aircraft, wherein the method 600 is first operative for cal-
culating 610 a calculated acceleration in response to a
takeoff distance and a selection of a variable engine
thrust takeoff mode. In one exemplary embodiment, the
calculated acceleration may be determined in response
to an aircraft payload and an ambient air pressure. In
addition, the calculated acceleration may be calculated
in response to an ambient temperature. In one exemplary
embodiment, the selection of the variable engine thrust
takeoff mode may be determined in response to a thrust
lever position. For example, the selection of the variable
engine thrust takeoff mode may be a determined in re-
sponse to a thrust lever positioned at a derated takeoff
detent. In an alternative embodiment, the selection of the
variable engine thrust takeoff mode may be determined
in response to a user input on a control interface. The
calculated acceleration may further be determined in re-
sponse to an aircraft payload and an ambient air pres-
sure.
[0036] The method is next operative for generating 620
an initial thrust control signal in response to the calculated
acceleration. The initial thrust control signal may be de-
termined in response to the aircraft characteristics and
the calculated acceleration in order to propel the aircraft
at the calculated acceleration during an initial stage of
the takeoff operation. The method is next operative for
controlling 630 a thrust of an aircraft engine in response
to the initial thrust control signal; wherein controlling a
thrust of an aircraft engine is performed by controlling a
fuel supply rate to the aircraft engine.
[0037] The method is next operative for measuring 640
a measured acceleration of the aircraft; wherein the
measured acceleration may be determined in response
to an airspeed measurement measured by an airspeed
sensor. Alternatively, the measured acceleration may be
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determined in response to an initial velocity and a final
velocity of a distance interval during a takeoff operation.
[0038] The method is next operative for generating 650
an updated thrust control signal in response to a differ-
ence between the calculated acceleration and the meas-
ured acceleration; The method may be operative to de-
termine the measured acceleration and adjust the thrust
control signal periodically during a takeoff operation such
that the measured acceleration is maintained closely to
the calculated acceleration during the takeoff operation.
The method is next operative for controlling 660 the thrust
of the aircraft engine in response to the updated thrust
control signal.
[0039] While at least one exemplary embodiment has
been presented in the foregoing detailed description, it
should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only exam-
ples, and are not intended to limit the scope, applicability,
or configuration of the disclosure in any way. Rather, the
foregoing detailed description will provide those of ordi-
nary skill in the art with a convenient road map for imple-
menting the exemplary embodiment or exemplary em-
bodiments. It should be understood that various changes
can be made in the function and arrangement of elements
without departing from the scope of the disclosure as set
forth in the appended claims and the legal equivalents
thereof.
[0040] As used herein, the term processor refers to
any hardware, software embodied in a medium,
firmware, electronic control component, processing log-
ic, and/or processor device, individually or in any combi-
nation, including without limitation: application specific
integrated circuit (ASIC), an electronic circuit, a proces-
sor (shared, dedicated, or group) and memory that exe-
cutes one or more software or firmware programs, a com-
binational logic circuit, and/or other suitable components
that perform the described algorithms.
[0041] It is further noted that the systems and methods
may be implemented on various types of data processor
environments (e.g., on one or more data processors)
which execute instructions (e.g., software instructions)
to perform operations disclosed herein. Non-limiting ex-
amples include implementation on a single general pur-
pose computer or workstation, or on a networked system,
or in a client-server configuration, or in an application
service provider configuration. For example, the methods
and systems described herein may be implemented on
many different types of processing devices by program
code comprising program instructions that are executa-
ble by the device processing subsystem. The software
program instructions may include source code, object
code, machine code, or any other stored data that is op-
erable to cause a processing system to perform the meth-
ods and operations described herein. Other implemen-
tations may also be used, however, such as firmware or
even appropriately designed hardware configured to car-
ry out the methods and systems described herein. For

example, a computer can be programmed with instruc-
tions to perform the various steps of the flowcharts de-
scribed herein. The software components and/or func-
tionality may be located on a single computer or distrib-
uted across multiple computers.
[0042] The present disclosure may be further de-
scribed by the following Aspects.

Aspect 1. A flight control system comprising:

an input configured to indicate a selection of a
variable engine thrust takeoff mode;
an inertial sensor operative to generate an ac-
celeration data signal indicative of an accelera-
tion of the aircraft;
a thrust controller operative to control a thrust
of an aircraft engine in response to a thrust con-
trol signal; and
a processor operative to calculate a calculated
acceleration in response to the selection of the
variable engine thrust takeoff mode, to generate
the thrust control signal corresponding to a first
thrust level associated with the calculated ac-
celeration, for determining a measured acceler-
ation in response to the acceleration data signal,
and for adjusting the thrust control signal in re-
sponse to a difference between the calculated
acceleration and the measured acceleration.

Aspect 2. The flight control system of Aspect 1
wherein the input is a thrust lever.
Aspect 3. The flight control system of Aspects 1 or
2 wherein the input is pilot user interface.
Aspect 4. The flight control system of any one of
Aspects 1-3 wherein the thrust controller is operative
to control a fuel supply to the aircraft engine in re-
sponse to the thrust control signal.
Aspect 5. The flight control system of any one of
Aspects 1-4 wherein the measured acceleration is
further determined in response to an airspeed de-
tected by an airspeed sensor.
Aspect 6. The flight control system of any one of
Aspects 1-5 wherein the calculated acceleration is
further calculated in response to at least one of an
aircraft weight, a takeoff distance, runway charac-
teristics, and an ambient air pressure.
Aspect 7. The flight control system of any one of
Aspects 1-6 wherein the input is a thrust lever posi-
tioned at a derated takeoff detent.
Aspect 8. The flight control system of any one of
Aspects 1-7 wherein the processor is further opera-
tive to determine the measured acceleration and ad-
just the thrust control signal periodically during a
takeoff operation.
Aspect 9. A method for controlling an aircraft com-
prising:

calculating a calculated acceleration in re-
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sponse to a takeoff distance and a selection of
a variable engine thrust takeoff mode;
generating an initial thrust control signal in re-
sponse to the calculated acceleration;
controlling a thrust of an aircraft engine in re-
sponse to the initial thrust control signal;
measuring a measured acceleration of the air-
craft;
generating an updated thrust control signal in
response to a difference between the calculated
acceleration and the measured acceleration;
and
controlling the thrust of the aircraft engine in re-
sponse to the updated thrust control signal.

Aspect 10. The method for controlling the aircraft of
Aspect 9 wherein the selection of the variable engine
thrust takeoff mode is determined in response to a
thrust lever position.
Aspect 11. The method for controlling the aircraft of
Aspects 9 or 10 wherein the selection of the variable
engine thrust takeoff mode is determined in re-
sponse to a user input on a control interface.
Aspect 12. The method for controlling an aircraft of
any one of Aspects 9-11 wherein controlling a thrust
of an aircraft engine is performed by controlling a
fuel supply rate to the aircraft engine.
Aspect 13. The method for controlling the aircraft of
any one of Aspects 9-12 wherein the measured ac-
celeration is determined in response to an airspeed
measurement measured by an airspeed sensor.
Aspect 14. The method for controlling the aircraft of
any one of Aspects 9-13 wherein the calculated ac-
celeration is determined in response to an aircraft
payload and an ambient air pressure.
Aspect 15. The method for controlling the aircraft of
any one of Aspects 9-14 wherein the selection of the
variable engine thrust takeoff mode is a determined
in response to a thrust lever positioned at a derated
takeoff detent.
Aspect 16. The method for controlling the aircraft of
any one of Aspects 9-15 further operative to deter-
mine the measured acceleration and adjust the
thrust control signal periodically during a takeoff op-
eration.
Aspect 17. The method for controlling the aircraft of
any one of Aspects 9-16 wherein the measured ac-
celeration is determined in response to an initial ve-
locity and a final velocity of a distance interval during
a takeoff operation.
Aspect 18. The method for controlling the aircraft of
any one of Aspects 9-17 wherein the calculated ac-
celeration is calculated in response to an ambient
temperature.
Aspect 19. An aircraft, comprising:

an aircraft engine configured to propel the air-
craft in response to a fuel supply;

a thrust controller for controlling the fuel supply
in response to a thrust control signal;
an airspeed sensor for detecting an airspeed of
the aircraft;
an inertial measurement unit for detecting an in-
ertial force;
a user input for indicating a selection of a vari-
able engine thrust takeoff mode; and
a processor configured to calculate a calculated
acceleration in response to the selection of the
variable engine thrust takeoff mode, an aircraft
weight and a takeoff distance, to generate the
thrust control signal indicative of a first thrust
level, to couple the thrust control signal indica-
tive of the first thrust level to the thrust controller,
to determine a measured acceleration in re-
sponse to the airspeed of the aircraft and the
inertial force, for adjusting the thrust control sig-
nal in response to a difference between the cal-
culated acceleration and the measured acceler-
ation, and to couple the thrust control signal ad-
justed in response to a difference between the
calculated acceleration and the measured ac-
celeration to the thrust controller.

Aspect 20. The aircraft of Aspect 19 wherein the
user input is a thrust lever having a derated takeoff
detent position.

Claims

1. A flight control system comprising:

an input configured to indicate a selection of a
variable engine thrust takeoff mode;
an inertial sensor operative to generate an ac-
celeration data signal indicative of an accelera-
tion of the aircraft;
a thrust controller operative to control a thrust
of an aircraft engine in response to a thrust con-
trol signal; and
a processor operative to calculate a calculated
acceleration in response to the selection of the
variable engine thrust takeoff mode, to generate
the thrust control signal corresponding to a first
thrust level associated with the calculated ac-
celeration, for determining a measured acceler-
ation in response to the acceleration data signal,
and for adjusting the thrust control signal in re-
sponse to a difference between the calculated
acceleration and the measured acceleration.

2. The flight control system of claim 1 wherein the input
is a thrust lever.

3. The flight control system of claims 1 or 2 wherein the
input is pilot user interface.
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4. The flight control system of any one of claims 1-3
wherein the thrust controller is operative to control a
fuel supply to the aircraft engine in response to the
thrust control signal.

5. The flight control system of any one of claims 1-4
wherein the measured acceleration is further deter-
mined in response to an airspeed detected by an
airspeed sensor.

6. The flight control system of any one of claims 1-5
wherein the calculated acceleration is further calcu-
lated in response to at least one of an aircraft weight,
a takeoff distance, runway characteristics, and an
ambient air pressure.

7. The flight control system of any one of claims 1-6
wherein the input is a thrust lever positioned at a
derated takeoff detent.

8. The flight control system of any one of claims 1-7
wherein the processor is further operative to deter-
mine the measured acceleration and adjust the
thrust control signal periodically during a takeoff op-
eration.

9. A method for controlling an aircraft comprising:

calculating a calculated acceleration in re-
sponse to a takeoff distance and a selection of
a variable engine thrust takeoff mode;
generating an initial thrust control signal in re-
sponse to the calculated acceleration;
controlling a thrust of an aircraft engine in re-
sponse to the initial thrust control signal;
measuring a measured acceleration of the air-
craft;
generating an updated thrust control signal in
response to a difference between the calculated
acceleration and the measured acceleration;
and
controlling the thrust of the aircraft engine in re-
sponse to the updated thrust control signal.

10. The method for controlling the aircraft of claim 9
wherein the selection of the variable engine thrust
takeoff mode is determined in response to a thrust
lever position, and/or wherein the selection of the
variable engine thrust takeoff mode is determined in
response to a user input on a control interface, and/or
wherein the selection of the variable engine thrust
takeoff mode is a determined in response to a thrust
lever positioned at a derated takeoff detent.

11. The method for controlling an aircraft of claims 9 or
10 wherein controlling a thrust of an aircraft engine
is performed by controlling a fuel supply rate to the
aircraft engine.

12. The method for controlling the aircraft of any one of
claims 9-11 wherein the measured acceleration is
determined in response to an airspeed measure-
ment measured by an airspeed sensor, and/or
wherein the measured acceleration is determined in
response to an initial velocity and a final velocity of
a distance interval during a takeoff operation, and/or
wherein the calculated acceleration is determined in
response to an aircraft payload and an ambient air
pressure, and/or
wherein the calculated acceleration is calculated in
response to an ambient temperature.

13. An aircraft comprising a flight control system accord-
ing to any one of claims 1-8.
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