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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a braking con-
trol system for an aircraft having a plurality of braking
wheels and a method for operating an aircraft having a
plurality of braking wheels.

BACKGROUND OF THE INVENTION

[0002] A typical aircraft has landing gear comprising a
plurality of undercarriages which support the aircraft
when it is on the ground. The undercarriages are used
to control the movement of the aircraft during ground ma-
noeuvres such as landing, taxiing and take off. Some of
the undercarriages have braking wheels which are op-
erable to provide a braking force to decelerate the aircraft
when a braking torque is applied by a set of brakes.
[0003] In use, the braking torque generated by each
braking wheel of the aircraft may vary, for example due
to differences in brake gain (the ratio of the actual braking
torque to the clamping force used to control the braking
torque). Variations in brake torque across the braking
wheels may cause variations in loading of the undercar-
riages, therefore increasing the design requirements and
also the weight of the aircraft. Variations in brake torque
may also lead to asymmetric braking (the generation of
uneven braking forces either side of the aircraft centre-
line) resulting in a net yaw moment which may need to
be corrected by a pilot or control system, increasing pilot
and control system workload. GB2463752 shows an anti-
skid braking system for a vehicle that independently con-
trols the braking force applied to a plurality of rotating
wheels. WO2008/147579 shows a vehicle braking con-
trol system characterized by fault tolerance when velocity
data from at least one wheel is lost.
[0004] In use, the brakes may also heat up at different
rates, for example due to variations in brake gain, result-
ing in temperature scatter (temperature differentials be-
tween the brakes). Temperature scatter may lead to in-
creased aircraft turn-around time or TAT (the time for
which an aircraft is grounded before a flight) and in-
creased wear rates of brake system components.
[0005] Controlling temperature scatter and variations
in brake torque may be particularly difficult in failure
modes, where the ability of a braking system to function
optimally may be impaired.
[0006] It is therefore desirable to provide a braking sys-
tem for an aircraft which addresses these problems and
allows an aircraft to perform ground manoeuvres with
maximum efficiency within the available performance en-
velope, particularly in failure modes when performance
may be reduced.

SUMMARY OF THE INVENTION

[0007] A first aspect of the invention provides a braking

control system for an aircraft having a plurality of braking
wheels, the braking control system being configured to
receive input of signals from sensors representative of a
plurality of measured aircraft parameters, and to output
a plurality of brake commands to brakes associated with
the braking wheels according to a brake torque distribu-
tion, wherein the braking control system includes a health
monitoring system for determining the operability and/or
reliability of the sensor signals and/or of the braking
wheels, and a task manager for automatically self-recon-
figuring the braking control system so as to change the
manner in which the braking control system utilises the
input signals in the event that the health monitoring sys-
tem judges a failure of one or more of the braking wheels
or sensor signals and characterised in that the braking
control system is further configured to control the priori-
tisation of the brake torque distribution among the avail-
able braking wheels to prioritise either equalising brake
torque or equalising brake temperature in response to
detected events under normal and failure conditions.
[0008] A further aspect of the invention provides a
method for operating an aircraft having a plurality of brak-
ing wheels, the method comprising receiving input of sig-
nals from sensors representative of a plurality of meas-
ured aircraft parameters, outputting a plurality of brake
commands to brakes associated with the braking wheels
according to a brake torque distribution, determining the
operability and/or reliability of the sensor signals and/or
of the braking wheels, and automatically self-reconfigur-
ing the manner in which the input signals are utilised in
the event that a failure of one or more of the braking
wheels or sensor signals is determined and character-
ised in that the method comprises controlling the priori-
tisation of the brake torque distribution among the avail-
able braking wheels to prioritise either equalising brake
torque or equalising brake temperature in response to
detected events under normal and failure conditions.
[0009] The invention is advantageous in that it allows
the optimised distribution of torque among a plurality of
braking wheels according to input data from sensors pro-
viding one or more feedback loops, and provides the ca-
pability to reconfigure the use of the input data in re-
sponse to failures to maintain optimised control of the
distribution of torque.
[0010] The aircraft parameters may include one or
more of: aircraft speed, aircraft longitudinal braking force,
wheel brake torque, wheel brake temperature, wheel
brake pressure, or aircraft weight.
[0011] Alternatively the aircraft parameters may in-
clude any other properties of an aircraft or braking system
which may affect the performance of the aircraft during
ground manoeuvres. The aircraft parameters may be
used to provide feedback signals for optimising the dis-
tribution of braking torque among the braking wheels.
[0012] The braking control system may be further con-
figured to receive a signal representative of a total braking
force command to be achieved by the available braking
wheels of the aircraft.
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[0013] The braking control system may be configured
to minimise any error between the commanded braking
force and the actual braking force developed, in use, by
the braking wheels.
[0014] By minimising the error between the command-
ed braking force and the actual braking force, the braking
control system may improve control of the braking force
generated by the braking wheels, therefore improving
control of the aircraft during ground manoeuvres and de-
creasing the pilot and control system workloads.
[0015] Minimising the error may also help to control
undercarriage loading so that the loading requirements
of aircraft undercarriages may be decreased, reducing
weight and improving fuel consumption of the aircraft.
[0016] By equalising the torque applied across the
braking wheels the braking performance may be in-
creased, loading of the undercarriages may be controlled
and asymmetric braking may be reduced or eliminated.
[0017] By equalising brake temperature across the
braking wheels the aircraft TAT may be reduced, the wear
rate of brake system components may be reduced and
performance variations between the brakes due to tem-
perature differences may be minimised.
[0018] The braking control system may be further con-
figured to optimise usage of the available braking wheels
by trading the prioritisation of brake torque equalisation
against reducing brake temperature scatter.
[0019] By optimising usage according to a trade-off be-
tween torque equalisation and temperature equalisation
the braking control system may prioritise either equalis-
ing torque or equalising brake temperature according to
the current needs of the aircraft, for example in response
to a need for rapid deceleration and improved stability or
a need to reduce a significant temperature differential.
[0020] The braking control system may be further con-
figured to estimate a brake gain of each braking wheel
based upon input signals representative of the brake
torque and brake pressure for that wheel.
[0021] By estimating the brake gain of each wheel the
actual braking torque delivered at each wheel may be
more accurately controlled, thereby reducing pilot and
control system workloads and controlling undercarriage
loading. The braking torque may also be maintained at
a commanded level despite variations in brake gain.
[0022] The braking control system may be further con-
figured to estimate a runway tyre friction coefficient based
upon input signals representative of the aircraft weight
and either the total braking torque or the aircraft longitu-
dinal braking force developed in use.
[0023] By measuring the runway coefficient the actual
braking torque delivered at each wheel may be more ac-
curately controlled and an additional anti-slip back-up
system may be provided to prevent wheel skidding and
a resulting loss in braking performance.
[0024] The input signals from the sensors may be rep-
resentative of real-time measured aircraft parameters to
provide closed-loop braking control. The braking control
system may therefore adapt the brake commands to

each braking wheel according to the current operating
conditions.
[0025] At least some of the input signals may be esti-
mates of some aircraft parameters based upon other
measured aircraft parameters to provide open-loop brak-
ing control.
[0026] The system may automatically revert to open-
loop control when closed-loop control is unavailable or
is unreliable.
[0027] By enabling open loop control, functionality of
the braking control system may be maintained when
feedback data from some sensors is unavailable.
[0028] One or more functions of the system may be
selectively enabled without disrupting continuous oper-
ation of the braking system.
[0029] By selectively enabling different functions or
control loops of the braking control system, the system
may adapt the way in which input data is used to prioritise
different functions according to specific needs or opera-
tional circumstances.
[0030] The function(s) may be enabled by a pilot-con-
trolled input and/or automatically based upon aircraft op-
erating conditions.
[0031] The task manager may generally control the op-
eration of any number of feedback loops of any type
which are used to modify or control brake commands
output by the braking control system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings, in
which Figure 1.

Figures 1a and 1b show an aircraft;

Figure 1c shows a plan view of a steerable nose
landing gear;

Figure 2 shows a braking and steering control sys-
tem;

Figure 3 shows a part of the steering and control
system of figure 2, and

Figure 4 is a table of symbols used in figures 2 and 3.

DETAILED DESCRIPTION OF EMBODIMENT(S)

[0033] Figures 1a and 1b show an aircraft 1 having a
fuselage 2 with a longitudinal axis 3 and wings 4, 5 ex-
tending outwardly from the fuselage. The aircraft 1 de-
fines a set of axes with a longitudinal x direction parallel
to the longitudinal axis of the aircraft, a lateral y direction
perpendicular to the x axis, and a vertical z direction per-
pendicular to the x and y axes. The aircraft 1 has a centre
of gravity 6.
[0034] The aircraft has landing gear which supports
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the aircraft when it is on the ground and controls the
movement of the aircraft during ground manoeuvres such
as landing, taxiing and take-off. The landing gear com-
prises a nose landing gear (NLG) undercarriage 10 and
port and starboard main landing gear (MLG) undercar-
riages 11, 12 either side of the centre line. The landing
gear may be retracted when the aircraft 1 is in flight and
extended before landing.
[0035] The NLG undercarriage 10 has a pair of steering
wheels 13 which may be rotated by a steering actuator
to steer the aircraft. The nose wheel angle θNW is defined
as the angle between the direction in which the steering
wheels are facing 13’ (that is the direction in which the
wheels roll in a direction perpendicular to the axis of ro-
tation) and the longitudinal axis 3 of the aircraft 1, as
indicated in figure 1c. The direction of travel of the aircraft
(DoT) is defined as the direction of the speed vector of
the NLG undercarriage 10 with respect to the longitudinal
axis 3 of the aircraft 1. The nose wheel angle θNW may
be varied to control the direction of travel of the NLG
undercarriage 10, thereby controlling the heading of the
aircraft.
[0036] When the steering wheels 13 are not aligned
with the DoT, an angle known as the nose wheel slip
angle SNW is created between the direction in which the
steering wheels are facing 13’ and the DoT. When the
steering wheels 13 are operated with a slip angle, a side
force Fside having a lateral component Flateral (in the y
direction) is generated which results in a turning moment
or yaw moment which acts to turn the aircraft. The net
yaw moment being generated in a particular direction
may, therefore, be increased or decreased by applying
a slip angle.
[0037] The MLG undercarriages 11, 12 each have a
plurality of braking wheels 14 which may be operated to
decelerate the aircraft. Each braking wheel is operated
by using a brake actuator to apply a clamping force to a
stack of carbon brake disks (stators and rotors) which
transfers a braking torque to the braking wheel, resulting
in a longitudinal deceleration force being transferred to
the aircraft 1. The longitudinal braking force generated
by each braking wheel may be controlled by operating
the actuators to control the brake pressure of each brake.
The brakes used in the embodiment described below
may have a hydraulic brake actuator but a skilled person
would appreciate that a similar control system using cor-
responding control methods could be employed regard-
less of the type of brakes, and could, for example be
applied to an aircraft having electromechanical brake ac-
tuation and/or regenerative brakes.
[0038] In addition, the braking wheels may be used to
help steer the aircraft through differential braking. Differ-
ential braking (DB) is the intentional application of unbal-
anced braking forces either side of the aircraft centre line
3 to generate a net yaw moment to steer the aircraft. DB
may conventionally be achieved by asymmetric deflec-
tion of a pair of brake control devices for controlling port
and starboard braking undercarriages. Braking and

steering operations may also be assisted by other sys-
tems, for example spoilers and other control surfaces
and the aircraft’s engines.
[0039] The aircraft 1 includes a cockpit device for lon-
gitudinal control which is used to control deceleration of
the aircraft and which outputs signals representative of
a desired speed or deceleration, ie a speed command
U* or a deceleration command U’*. The aircraft 1 also
includes a cockpit device for lateral control which is used
to steer the aircraft and which outputs signals represent-
ative of a desired direction of travel (DoT) and yaw rate,
ie a DoT command β and a yaw rate command r*.
[0040] Figure 2 shows a braking and steering control
system 100 of the aircraft. Figure 3 shows an enlarged
view of a part of the control system 100 according to one
embodiment of the invention. The part of the control sys-
tem shown in figure 3 receives a signal representative of
a braking force command to be achieved by the braking
wheels 14 of the aircraft landing gear and divides the
braking force command between the braking wheels to
promote even and efficient distribution of braking force
and to reduce temperature scatter, especially in the event
of component or sensor failures in the braking system.
[0041] The braking and steering control system 100 is
generally configured to receive input commands repre-
sentative of a desired speed U*, deceleration U’*, DoT β
or yaw rate r* and to transmit output commands repre-
sentative of a desired brake pressure or nose wheel angle
- brake pressure command PCOM and nose wheel angle
command θNW* - to braking and steering actuators to
control the operation of the braking and steering wheels
in accordance with the input commands.
[0042] Each deceleration command U’* output by the
longitudinal control device 101 is received by a deceler-
ation controller 102 which also receives data represent-
ative of the current aircraft acceleration U’ and the max-
imum achievable braking force Fxmax to be generated by
the MLG undercarriages 11, 12 from a feedback module
200. The deceleration controller 102 uses this data to
determine the longitudinal braking force required to
achieve the commanded deceleration for the aircraft 1
and outputs this value as a longitudinal force command
FAC*.
[0043] Each speed command U* output by the longi-
tudinal control device 101 is similarly received by a speed
controller 103 which also receives data representative of
the current aircraft speed U. The speed controller 103
applies a speed control law and outputs a longitudinal
force command FAC* representative of the longitudinal
braking force required to achieve or maintain the com-
manded aircraft speed.
[0044] The longitudinal force command FAC* (originat-
ing either as an acceleration command or a speed com-
mand) is received by an aircraft force and moment con-
troller 104 as an x direction force command Fx*. The
aircraft force and moment controller 104 also receives
data representative of the longitudinal braking force Fx
and the NLG x-direction reaction force FxNLG from a feed-
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back module 200. The force and moment controller 104
uses the current MLG undercarriage longitudinal forces
to apply a correction to minimise the error in the x direction
force command Fx*, and outputs a corrected force com-
mand Fxc.
[0045] A force distributor 105 receives the corrected
force command Fxc and splits the total command into
two MLG braking force commands FxM* representative
of the braking force to be achieved by each of the MLG
undercarriages 11, 12. After the force distributor 105, the
braking and steering control system 100 includes two
parallel branches, one for each MLG undercarriage. Both
of the MLG undercarriages 11, 12 have similar control
system elements downstream of the force distributor 105.
For clarity, figure 1 only shows one of the MLG force
commands FxM* being output to one of the MLG under-
carriages. Figure 3 shows a brake control system (BCS)
400 for one of the MLG undercarriages (hereafter re-
ferred to as the MLG undercarriage) which receives a
MLG force command FxM*. However, both of the MLG
undercarriages receive a MLG force command FxM* and
control braking of their braking wheels using a similar
system.
[0046] The BCS 400 has a force controller 106 which
receives the MLG force command FxM* from the force
distributor. The force controller 106 also receives a lon-
gitudinal force feedback signal FxM representative of the
actual current longitudinal force generated by the MLG
undercarriage from a load sensor in the MLG undercar-
riage structure. The MLG force controller 106 determines
and outputs a landing gear torque command TLG* repre-
sentative of the total braking torque to be generated by
the braking wheels 14 of the undercarriage to achieve
the commanded braking force, using the current longitu-
dinal force FxM feedback loop to minimise any error be-
tween the commanded braking force and the actual brak-
ing force developed by the MLG undercarriage.
[0047] The feedback loop reduces the error in the force
signal so that the torque generated by the braking wheels
of each undercarriage may be more accurately and ef-
fectively controlled, thereby decreasing pilot and control
system workloads. The feedback loop also improves con-
trol of MLG undercarriage loading, so that the design
requirements for the undercarriages are reduced and the
weight may be reduced, thereby increasing aircraft fuel
efficiency.
[0048] The BCS 400 has a torque distributor 107 which
receives the landing gear torque command TLG* and di-
vides it into a plurality of wheel brake torque commands
TW* representative of the braking torque to be achieved
by the brake of each of the respective braking wheels 14
of the MLG undercarriage. For clarity figure 3 only shows
one brake torque command TW* being output to one
brake but a separate torque command is output by the
torque distributer to each of the brakes of the MLG un-
dercarriage. The torque distributor 107 divides the total
torque command TLG* among the brakes according to a
set of optimisation coefficients θ received from a brake

energy optimisation module 108 for each braking wheel.
[0049] The brake energy optimisation module 108 in-
cludes a brake torque equalisation module 108b which
receives a signal representative of the braking torque Tw
generated at each wheel of the MLG undercarriage and
establishes a torque coefficient θT for each braking wheel
representative of a desire to equalise the braking torque
with that of the other braking wheels. The brake energy
optimisation module 108 also includes a brake temper-
ature equalisation module 108c which receives a signal
representative of the brake temperature Tew of each
wheel brake of the MLG undercarriage and establishes
a temperature coefficient θTe for each braking wheel rep-
resentative of a desire to equalise the brake temperature
with that of the other wheel brakes.
[0050] The torque coefficients θT and temperature co-
efficients θTe for each braking wheel of the MLG under-
carriage are received by an optimisation criterion module
108a of the brake energy optimisation module 108 which
applies a weighting to each set of coefficients. The
weighted sum of the coefficients for each wheel is used
to establish an optimised coefficient θ for each wheel.
The sum of the optimised coefficients for all of the braking
wheels is equal to 1. The optimised coefficients θ are
received by the torque distributor 107 which multiplies
the landing gear torque command TLG* by the optimised
coefficients to determine the proportion of the landing
gear torque command TLG* which should be sent to each
wheel as a wheel brake torque command TW*.
[0051] The torque coefficients θT therefore enable the
BCS to distribute torque commands TW* among the brak-
ing wheels in such a way as to equalise braking torque,
thereby maximising braking performance, increasing
control of loading of the undercarriages and reducing
asymmetric braking. The temperature coefficients θTe
enable the BCS to distribute torque commands TW*
among the braking wheels in such a way as to equalise
brake temperatures (ie to minimise temperature scatter),
thereby reducing aircraft TAT, reducing wear rates of
brake components and reducing performance variations
between wheels due to different brake temperatures. The
weighting assigned to the torque coefficients θT and tem-
perature coefficients θTe may be varied according to the
priority assigned to equalising torque and equalising tem-
perature as dictated by an automatic task manager (de-
scribed below).
[0052] Each of the braking wheels has a brake pres-
sure controller or torque controller 109 which receives
the brake torque command TW* for that particular wheel
and outputs a brake pressure command PCOM represent-
ative of the brake pressure to be generated at the brake
for that wheel. The brake pressure commands PCOM for
each braking wheel 14 are received by the brake actua-
tors for each of the respective braking wheels which apply
pressure to the brakes in accordance with the brake pres-
sure commands PCOM, thereby decelerating the aircraft
1.
[0053] Each braking wheel also has a brake gain
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measurement unit 110a which calculates BG using inputs
of brake torque Tw and brake pressure Pw for that wheel
and a runway-m measurement unit 110b which calculates
the tyre-runway friction coefficient m using inputs of brake
torque Tw for that wheel and longitudinal and vertical un-
dercarriage load Fx and Fz. For clarity the two measure-
ment units are shown as a single block 110 in figure 2.
[0054] The BG and friction coefficient m are transmitted
to the torque controller 109 in a closed feedback loop,
and the torque controller uses these values in calculating
the required brake pressure at its brake to achieve the
commanded brake torque. The brake pressure controller
109 has anti skid (AS) functionality to reduce or eliminate
skidding by limiting the brake pressure command PCOM
if the wheel begins to skid. The friction coefficient m may
also be used to provide friction limited torque control by
limiting the brake torque command TW* according to the
measured friction coefficient as an additional anti-skid
measure.
[0055] By providing BG and tyre-runway friction coef-
ficient feedback, the brake gain measurement unit 110a
and runway-m measurement unit 110b improve control
of the braking torque generated at each wheel by reduc-
ing variations in torque due to brake gain and tyre/runway
conditions. By controlling variations in braking torque,
the performance of the brakes can be more efficiently
and easily controlled, thereby improving braking perform-
ance and reducing pilot and control system workloads.
The feedback loop also improves control of loading of
the landing gear so that the design requirements are re-
duced and the weight of the landing gear may be reduced,
improving the fuel efficiency of the aircraft. The runway
friction coefficient m may also be used to control the brak-
ing torque to prevent the braking wheels from skidding.
[0056] The BCS 400 also includes an automatic task
manager (ATM) 401 and a health monitoring system
(HMS) 402. The HMS 402 is configured to determine the
operability of the brake actuators and the validity of the
signals received by the BCS 400 from various sensors.
The HMS makes its determinations using correlation
analysis on the data received form the sensors. The cor-
relation analysis compares measured quantities in order
to establish the probability that a linear relationship exists
between the two quantities, indicating whether or not the
measured quantities are within a moving range of ac-
ceptable values according to an expected correlation.
[0057] The ATM 401 receives signals representative
of aircraft speed U, undercarriage longitudinal loading
Fx, wheel torques TW, wheel brake pressures Pw and
wheel brake temperatures Tew and communicates with
the other elements of the BSC 400 to configure the BCS.
Specifically the ATM 401 dictates how the input signals
to the brake energy optimisation module 108, brake gain
measurement unit 110a and runway-m measurement unit
110b are used to control the distribution of torque among
the braking wheels. In particular the ATM 401 is adapted
to automatically reconfigure the BCS in response to cer-
tain events to maximise braking performance, maintain

effective distribution of braking torque and reduce tem-
perature scatter under various normal and failure condi-
tions. Braking performance of the aircraft 1 is, therefore,
optimised in normal, failing and degraded conditions and
in failure modes.
[0058] In normal operation the ATM 401 may establish
a trade-off between equalising brake torque and equal-
ising brake temperature between the braking wheels and
assign a relative priority to each. The ATM 401 may then
reconfigure the BCS 400 by varying the weighting applied
to the torque coefficients θT and temperature coefficients
θTe for each braking wheel 14, thereby prioritising the
equalisation one or the other of torque or temperature
equalisation. The ATM may, for example, determine the
relative priority by considering the current levels of vari-
ation in brake torque and brake temperature between the
wheels.
[0059] If, for example, a torque sensor for a braking
wheel 14 fails, the HMS detects the sensor failure and
reports the failure to the ATM 401. The ATM 401 then
reconfigures the BCS 400 to use the maximum torque
measurement TW from the other braking wheels in the
place of the missing torque measurement. In this way
torque equalisation may remain operational despite the
sensor failure but with a bias towards the wheel gener-
ating the highest braking torque.
[0060] If there is a failure affecting a brake actuator,
brake, wheel or tyre which prevents the braking wheel
from operating normally to generate a braking force, the
HMS 402 reports the failure to the ATM 401. The ATM
401 then reconfigures the BCS 400 to use the maximum
torque measurement TW from the other braking wheels
in the place of the torque measurement for the inoperable
braking wheel. In this way torque equalisation may re-
main operational despite the sensor failure but with a
bias towards the wheel generating the highest braking
torque.
[0061] Similarly in the case of a failure of a component
or sensor affecting the operation of brake temperature
equalisation, BG feedback or tyre-runway m feedback,
the ATM 401 may reconfigure the BCS 400 to use an
alternative value to enable the continued operation of the
respective feedback loops.
[0062] If there is a failure affecting a brake actuator,
brake, wheel or tyre which prevents the braking wheel
from operating normally to generate a braking force, an
error is created between the MLG force command FxM*
and the longitudinal force feedback signal FxM. The feed-
back loop acts to minimise the error to maintain control
over the braking force generated by the MLG undercar-
riage as described above. If the load sensor providing
the longitudinal force signal FxM fails, the ATM 401 recon-
figures the BCS 400 to generate an alternative value, for
example by dividing the braking torque at each wheel by
the average wheel radius and adding the longitudinal
braking force from each wheel.
[0063] The ATM 401 generally enables each of the
control feedback loops of the BCS 400 to be operated to
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maximise braking performance and improve control of
the braking forces generated in failure modes, ie by
reconfiguring the BCS to use alternative data to maintain
closed loop control. In the event that closed loop control
is no longer available for one or more of the feedback
loops, the ATM reconfigures the BCS to disable the un-
available feedback loop(s) so that parts of the BCS run
open loop control. Any one of the feedback loops may
be enabled or disabled by the ATM 401 individually, and
may be operated in any combination with the other avail-
able feedback loops in any combination as required. The
ATM therefore allows improved performance and control
of braking particularly in failure modes.
[0064] The ATM 401 may also selectively enable and
disable the feedback loops as desired to prioritise a par-
ticular functionality of the BCS 400 according to a pilot
controlled input requesting engagement or disengage-
ment of a specific function or functions or according to
an automatic input based on aircraft operating conditions.
For example, in a situation in which maximum braking
force is desired, for example in a rejected take-off, it is
desirable to maximise the total braking force while min-
imising asymmetric braking which may affect the heading
of the aircraft 1. The ATM may therefore enable the
torque equalisation module 108b and the brake gain
measurement unit 110a feedback loops to maximise con-
trol over the braking force generated by each undercar-
riage and disable the temperature equalisation module
108c because equalising brake temperature is a lesser
priority. Prioritisation of load control and equalisation over
temperature equalisation may, for example, be initiated
by detection of a braking force command or deceleration
command in excess of a threshold.
[0065] The ATM may also enable the temperature
equalisation module 108c feedback loop to reduce tem-
perature scatter and disable the torque equalisation mod-
ule 108b if reducing temperature scatter is determined
to be the greater priority, for example if a temperature
differential exceeds a threshold. The ATM may then
resume operation of the torque equalisation module 108b
in combination with the temperature equalisation module
108c when the temperature differential falls below a
threshold.
[0066] Each yaw rate command r* output by the lateral
control device 111 is received by a yaw rate controller
112 which also receives data representative of the cur-
rent aircraft yaw rate r, the maximum achievable turning
moment to be generated by steering using the steering
wheels MzSt_max, the maximum achievable turning mo-
ment to be generated by differential braking MzDB_max
and the MLG reaction moment MzMLG (ie reaction mo-
ment from the MLG undercarriages 11, 12 to changes in
yaw) from the feedback module 200. The yaw rate con-
troller 112 uses this data to determine a yaw moment
about the z axis which is required to achieve the com-
manded yaw rate for the aircraft 1, and outputs an aircraft
yaw moment command MzAC* representative of the re-
quired yaw moment.

[0067] The aircraft yaw moment command MzAC* is
received by a dispatch module 113 which also receives
a moment dispatch coefficient κ representative of the op-
erating conditions of the runway and/or the aircraft. The
dispatch coefficient may be used to apply a correction
factor or a limit to the yaw moment command MzAC*. The
dispatch module outputs a z moment command Mz* rep-
resentative of the desired yaw moment to be generated
by the landing gear.
[0068] The z moment command Mz* is received by the
aircraft force and moment controller 104 which also re-
ceives data representative of the yaw moment due to
steering Mz and the yaw moment reaction force from the
MLG undercarriages MzMLG from the feedback module
200. The force and moment controller 104 uses the cur-
rent aircraft yaw moment to apply a correction to the z
moment command Mz*, and outputs a corrected turning
moment command Mzc.
[0069] The corrected turning moment command Mzc
is received by the force distributor 105 which also re-
ceives a signal representative of the maximum achieva-
ble lateral force FyN_max to be generated by the NLG
undercarriage from a slip protection module 114. The slip
protection module 114 receives signals representative
of the nose wheel angle θNW, NLG lateral force FyN and
NLG-ground reaction force FzN, as well as a signal rep-
resentative of the DoT from a NLG DoT calculation mod-
ule 114’, which calculates the current DoT based on the
current aircraft yaw rate r, longitudinal speed U and lateral
speed V. The force distributor 105 outputs a NLG lateral
force command FyN* representative of the lateral force
(in the y direction) to be generated by the NLG undercar-
riage 10. The force distributor 105 also receives a DB
activation signal DBACTIVE from the slip protection mod-
ule to activate differential braking if this is determined to
be required, for example if the commanded turning mo-
ment cannot be achieved by steering alone or if steering
efficiency could be improved by DB. If differential braking
is determined to be desirable, the force distributor 105
outputs an MLG lateral force command to the MLG un-
dercarriages to activate differential braking. The force
distributor 105 also receives a DB authority signal κDB
for confirming whether or not DB may occur, so that the
activation of DB may be controlled by a pilot or co-pilot
or an another control system.
[0070] The NLG lateral force command FyN* is re-
ceived by a NLG force controller 115 which also receives
data representative of the normal reaction force between
the steering wheels 13 and the runway FzN (ie force in
the z direction) and the current lateral steering force FyN
(ie force in the y direction). The NLG force controller 115
uses this data to calculate a required slip angle to gen-
erate the commanded NLG lateral force FyN* and outputs
a slip angle command SNW. The NLG force controller 115
also receives data representative of the maximum slip
angle SNW_max to avoid skidding of the steering wheels
13 from the slip protection module 114 and limits the out-
put slip angle command SNW if it exceeds the maximum
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slip angle SNW_max.
[0071] When the lateral control device 111 outputs a
DoT command β and a yaw rate command r*, the com-
mands pass through a switch 115 which is used to select
either the DoT command β or the yaw rate command r*.
If the yaw rate command r* is selected a beta calculation
module 116 calculates a DoT command β based on the
inputted yaw rate command r* to achieve the desired yaw
rate. If the DoT command β is selected the DoT command
bypasses the beta calculation module 116 and is not
changed. The DoT command β (originating either as DoT
command or a yaw rate command from the lateral control
device) then passes through a rate limiter 117 which acts
to limit the rate of change of the DoT command.
[0072] The limited DoT command β and the slip angle
command SNW output by the NLG force controller 115
are then combined to give a nose wheel angle command
θNW* representative of the desired nose wheel angle.
The nose wheel angle command θNW* is received by a
steering servo controller for the steering actuator which
sets the nose wheel angle to steer the aircraft 1.
[0073] An axis tracking module 118 is also provided
which may be used to automatically output a DoT com-
mand β and a yaw rate command r* when the pilot re-
quests automatic steering of the aircraft 1 to a desired
location. The DoT command β and a yaw rate command
r* output by the tracking module 118 are used in the same
way as the equivalent commands from the lateral control
device 111 as discussed above.
[0074] The embodiment described above gives spe-
cific examples of how a task manager may be used to
reconfigure a brake control system to change the way in
which the brake control system uses input signals. The
skilled person will appreciate that a similar task manager
may be used to reconfigure another brake control system
having a different set of input signals used to control
brake commands, and may control the use of any number
of input signals in any number of independent or com-
bined feedback loops.
[0075] In an alternative embodiment the brake control
system may not be part of an integrated braking and
steering control system.
[0076] In an alternative embodiment, the health mon-
itoring system and task manager may be a combined
health monitoring system and task manager.
[0077] In an alternative embodiment, an aircraft may
have any number of undercarriages with braking wheels,
and any one or more of the braking undercarriages may
have a BCS with a task manager in accordance with the
appended claims. One or more of the undercarriages
may include a bogie supporting a plurality of wheels on
a plurality of axles.
[0078] In an alternative embodiment, a BCS may out-
put brake commands to control the operation of braking
wheels across a plurality of undercarriages.
[0079] A brake control system having an automatic
task manager for reconfiguring the use of input data to
determine brake commands may be designed into an

aircraft braking system or alternatively retrofitted to an
existing aircraft braking system.
[0080] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.

Claims

1. A braking control system for an aircraft having a plu-
rality of braking wheels (14), the braking control sys-
tem being configured to receive input of signals from
sensors representative of a plurality of measured air-
craft parameters, and to output a plurality of brake
commands to brakes associated with the braking
wheels according to a brake torque distribution,
wherein the braking control system includes a health
monitoring system for determining the operability
and/or reliability of the sensor signals and/or of the
braking wheels, and a task manager for automati-
cally self-reconfiguring the braking control system
so as to change the manner in which the braking
control system utilises the input signals in the event
that the health monitoring system judges a failure of
one or more of the braking wheels or sensor signals
and characterised in that the braking control sys-
tem is further configured to control the prioritisation
of the brake torque distribution among the available
braking wheels to prioritise either equalising brake
torque or equalising brake temperature in response
to detected events under normal and failure condi-
tions.

2. A braking control system according to claim 1,
wherein the aircraft parameters include one or more
of: aircraft speed, aircraft longitudinal braking force,
wheel brake torque, wheel brake temperature, wheel
brake pressure, or aircraft weight.

3. A braking control system according to claim 1 or 2,
further configured to receive a signal representative
of a total braking force command to be achieved by
the available braking wheels (14) of the aircraft.

4. A braking control system according to claim 3,
wherein the braking control system is configured to
minimise any error between the commanded braking
force and the actual braking force developed, in use,
by the braking wheels (14).

5. A braking control system according to any preceding
claim, further configured to estimate a brake gain of
each braking wheel based upon input signals repre-
sentative of the brake torque and brake pressure for
that wheel.
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6. A braking control system according to any preceding
claim, further configured to estimate a runway-tyre
friction coefficient based upon input signals repre-
sentative of the aircraft weight and either the total
braking torque or the aircraft longitudinal braking
force developed in use.

7. A braking control system according to any preceding
claim, wherein the input signals from the sensors are
representative of real-time measured aircraft param-
eters to provide closed-loop braking control.

8. A braking control system according to any preceding
claim, wherein at least some of the input signals are
estimates of some aircraft parameters based upon
other measured aircraft parameters to provide open-
loop braking control.

9. A braking control system according to claim 7 and
claim 8, wherein the system automatically reverts to
open-loop control when closed-loop control is una-
vailable or is unreliable.

10. A braking control system according to any preceding
claim, wherein one or more functions of the system
are selectively enabled without disrupting continu-
ous operation of the braking system.

11. A braking control system according to claim 10,
wherein the functions are enabled by a pilot-control-
led input and/or automatically based upon aircraft
operating conditions.

12. A method for operating an aircraft having a plurality
of braking wheels (14), the method comprising re-
ceiving input of signals from sensors representative
of a plurality of measured aircraft parameters, out-
putting a plurality of brake commands to brakes as-
sociated with the braking wheels according to a
brake torque distribution, determining the operability
and/or reliability of the sensor signals and/or of the
braking wheels, and automatically self-reconfiguring
the manner in which the input signals are utilised in
the event that a failure of one or more of the braking
wheels or sensor signals is determined and charac-
terised in that the method comprises controlling the
prioritisation of the brake torque distribution among
the available braking wheels to prioritise either
equalising brake torque or equalising brake temper-
ature in response to detected events under normal
and failure conditions.

Patentansprüche

1. Bremssteuerungssystem für ein Luftfahrzeug, das
mehrere Bremsräder (14) aufweist, wobei das
Bremssteuerungssystem konfiguriert ist, um eine

Eingabe von Signalen von Sensoren zu empfangen,
die mehrere gemessene Luftfahrzeugparameter
darstellen, und um mehrere Bremsbefehle an Brem-
sen auszugeben, die mit den Bremsrädern gemäß
einer Bremsmomentverteilung verknüpft sind, wobei
das Bremssteuerungssystem ein Zustandsüberwa-
chungssystem zum Bestimmen der Betriebsfähig-
keit und/oder der Zuverlässigkeit der Sensorsignale
und/oder der Bremsräder und einen Task-Manager
zum automatischen Selbst-Rekonfigurieren des
Bremssteuerungssystems einschließt, um die Art zu
ändern, in der das Bremssteuerungssystem die Ein-
gabesignale verwendet, für den Fall, dass das Zu-
standsüberwachungssystem einen Ausfall der
Bremsräder und/oder der Sensorsignale beurteilt
und dadurch gekennzeichnet, dass das Brems-
steuerungssystem ferner konfiguriert ist, um die Pri-
orisierung der Bremsmomentverteilung unter den
verfügbaren Bremsrädern zu steuern, um entweder
ein Ausgleichen des Bremsmoments oder ein Aus-
gleichen einer Bremstemperatur als Reaktion auf er-
fasste Ereignisse unter Normal- und Ausfallbedin-
gungen zu priorisieren.

2. Bremssteuerungssystem nach Anspruch 1, wobei
die Luftfahrzeugparameter Folgendes einschließen:
Luftfahrzeuggeschwindigkeit, Luftfahrzeuglängs-
bremskraft, Radbremsmoment, Radbremstempera-
tur, Radbremsdruck und/oder Luftfahrzeuggewicht.

3. Bremssteuerungssystem nach Anspruch 1 oder 2,
das ferner konfiguriert ist, um ein Signal zu empfan-
gen, das einen Gesamtbremskraftbefehl darstellt,
der durch die verfügbaren Bremsräder (14) des Luft-
fahrzeugs erreicht werden soll.

4. Bremssteuerungssystem nach Anspruch 3, wobei
das Bremssteuerungssystem konfiguriert ist, um je-
den Fehler zwischen der befohlenen Bremskraft und
der tatsächlichen Bremskraft zu minimieren, die in
Verwendung durch die Bremsräder (14) entwickelt
wird.

5. Bremssteuerungssystem nach einem der vorherge-
henden Ansprüche, das ferner konfiguriert ist, um
eine Bremsverstärkung jedes Bremsrads basierend
auf Eingabesignalen zu schätzen, die das Brems-
moment und den Bremsdruck für dieses Rad dar-
stellen.

6. Bremssteuerungssystem nach einem der vorherge-
henden Ansprüche, das ferner konfiguriert ist, um
einen Landebahnreifenreibungskoeffizienten basie-
rend auf Eingabesignalen zu schätzen, die das Luft-
fahrzeuggewicht und entweder das Gesamtbrems-
moment oder die Luftfahrzeuglängsbremskraft dar-
stellen, die in Verwendung entwickelt wird.
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7. Bremssteuerungssystem nach einem der vorherge-
henden Ansprüche, wobei die Eingabesignale von
den Sensoren die in Echtzeit gemessenen Luftfahr-
zeugparameter darstellen, um eine Bremssteuerung
mit geschlossenem Regelkreis bereitzustellen.

8. Bremssteuerungssystem nach einem der vorherge-
henden Ansprüche, wobei wenigstens einige der
Eingabesignale Schätzungen einiger Luftfahrzeug-
parameter sind, basierend auf anderen gemessenen
Luftfahrzeugparametern, um eine Bremssteuerung
mit offenem Regelkreis bereitzustellen.

9. Bremssteuerungssystem nach Anspruch 7 und 8,
wobei das System auf die Steuerung mit offenem
Regelkreis automatisch zurückgreift, wenn die Steu-
erung mit geschlossenem Regelkreis nicht verfüg-
bar ist oder unzuverlässig ist.

10. Bremssteuerungssystem nach einem der vorherge-
henden Ansprüche, wobei eine oder mehrere Funk-
tionen des Systems wahlweise aktiviert werden, oh-
ne den fortlaufenden Betrieb des Bremssystems zu
unterbrechen.

11. Bremssteuerungssystem nach Anspruch 10, wobei
die Funktionen durch eine von einem Piloten gesteu-
erte Eingabe und/oder automatisch basierend auf
Betriebsbedingungen des Luftfahrzeugs aktiviert
werden.

12. Verfahren zum Betreiben eines Luftfahrzeugs, das
mehrere Bremsräder (14) aufweist, wobei das Ver-
fahren Folgendes umfasst: Empfangen von einer
Eingabe von Signalen von Sensoren, die mehrere
gemessene Luftfahrzeugparameter darstellen, Aus-
geben mehrerer Bremsbefehle an Bremsen, die mit
den Bremsrädern verknüpft sind, gemäß einer
Bremsmomentverteilung, Bestimmen der Betriebs-
fähigkeit und/oder der Zuverlässigkeit der Sensorsi-
gnale und/oder der Bremsräder und automatisches
Selbst-Rekonfigurieren der Art, in der die Eingabe-
signale verwendet werden, für den Fall, dass ein
Ausfall der Bremsräder und/oder der Sensorsignale
bestimmt wird, und dadurch gekennzeichnet, dass
das Verfahren das Regeln der Priorisierung der
Bremsmomentverteilung unter den verfügbaren
Bremsrädern umfasst, um entweder das Ausglei-
chen des Bremsmoments oder das Ausgleichen der
Bremstemperatur als Reaktion auf erfasste Ereig-
nisse unter Normal- und Ausfallbedingungen zu pri-
orisieren.

Revendications

1. Système de commande de freinage pour un aéronef
ayant une pluralité de roues de freinage (14), le sys-

tème de commande de freinage étant configuré pour
recevoir une entrée de signaux provenant de cap-
teurs représentatifs d’une pluralité de paramètres
d’aéronef mesurés, et pour délivrer une pluralité de
commandes de freinage aux freins associés avec
les roues de freinage selon une répartition du couple
de freinage, le système de commande de freinage
comportant un système de surveillance de l’intégrité
pour déterminer l’opérabilité et/ou la fiabilité des si-
gnaux de capteur et/ou des roues de freinage, et un
gestionnaire de tâches pour l’auto-reconfiguration
automatique du système de commande de freinage
de manière à modifier la manière dont le système
de commande de freinage utilise les signaux d’en-
trée dans le cas où le système de surveillance de
l’état de santé juge une défaillance d’une ou plu-
sieurs des roues de freinage ou des signaux de cap-
teur et caractérisé en ce que le système de com-
mande de freinage est en outre configuré pour com-
mander la hiérarchisation de la répartition du couple
de freinage parmi les roues de freinage disponibles
pour donner la priorité à l’égalisation du couple de
freinage ou à l’égalisation de la température des
freins en réponse aux événements détectés dans
des conditions normales et de défaillance.

2. Système de commande de freinage selon la reven-
dication 1, les paramètres d’aéronef comportant :
la vitesse de l’aéronef, et/ou la force de freinage lon-
gitudinal de l’aéronef, et/ou le couple de freinage des
roues, et/ou la température des freins des roues,
et/ou la pression des freins des roues et/ou le poids
de l’aéronef.

3. Système de commande de freinage selon la reven-
dication 1 ou 2, configuré en outre pour recevoir un
signal représentatif d’une commande de force de
freinage totale à réaliser par les roues de freinage
disponibles (14) de l’aéronef.

4. Système de commande de freinage selon la reven-
dication 3, le système de commande de freinage
étant configuré pour minimiser toute erreur entre la
force de freinage commandée et la force de freinage
réelle développée, en utilisation, par les roues de
freinage (14).

5. Système de commande de freinage selon l’une quel-
conque des revendications précédentes, configuré
en outre pour estimer un gain de freinage de chaque
roue de freinage sur la base de signaux d’entrée
représentatifs du couple de freinage et de la pression
de freinage pour cette roue.

6. Système de commande de freinage selon l’une quel-
conque des revendications précédentes, configuré
en outre pour estimer un coefficient de frottement
piste-pneu basé sur des signaux d’entrée représen-
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tatifs du poids de l’aéronef et soit du couple de frei-
nage total, soit de la force de freinage longitudinale
de l’aéronef développée en cours d’utilisation.

7. Système de commande de freinage selon l’une quel-
conque des revendications précédentes, les signaux
d’entrée provenant des capteurs étant représentatifs
des paramètres d’aéronef mesurés en temps réel
pour fournir une commande de freinage en boucle
fermée.

8. Système de commande de freinage selon l’une quel-
conque des revendications précédentes, au moins
certains des signaux d’entrée étant des estimations
de certains paramètres d’aéronef sur la base
d’autres paramètres d’aéronef mesurés pour fournir
une commande de freinage en boucle ouverte.

9. Système de commande de freinage selon la reven-
dication 7 et la revendication 8, le système revenant
automatiquement à une commande en boucle
ouverte lorsque la commande en boucle fermée
n’est pas disponible ou n’est pas fiable.

10. Système de commande de freinage selon l’une quel-
conque des revendications précédentes, une ou plu-
sieurs fonctions du système étant activées sélecti-
vement sans interrompre le fonctionnement continu
du système de freinage.

11. Système de commande de freinage selon la reven-
dication 10, les fonctions étant activées par une en-
trée commandée par le pilote et/ou automatique-
ment sur la base des conditions de fonctionnement
de l’aéronef.

12. Procédé pour faire fonctionner un aéronef ayant une
pluralité de roues de freinage (14), le procédé com-
prenant la réception d’entrée de signaux provenant
de capteurs représentatifs d’une pluralité de para-
mètres d’aéronef mesurés, la sortie d’une pluralité
de commandes de freinage vers des freins associés
aux roues de freinage selon un répartition du couple
de freinage, la détermination de l’opérabilité et/ou
de la fiabilité des signaux de capteur et/ou des roues
de freinage, et l’auto-reconfiguration automatique de
la manière dont les signaux d’entrée sont utilisés en
cas de défaillance d’un ou de plusieurs des freins
des roues ou des signaux de capteur est déterminé
et caractérisé en ce que le procédé comprend la
commande de la hiérarchisation de la répartition du
couple de freinage parmi les roues de freinage dis-
ponibles pour donner la priorité soit à l’égalisation
du couple de freinage, soit à l’égalisation de la tem-
pérature des freins en réponse à des événements
détectés dans des conditions normales et de dé-
faillance.
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