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(57) Abrégée/Abstract:
An aircraft braking control system for an aircraft braking system that comprises at least one first side braking unit (30L) for braking a
respective wheel (22L) positioned on a first side of a longitudinal axis of an aircraft and at least one second side braking unit (30R)
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(57) Abrege(suite)/Abstract(continued):
for braking a respective wheel (22R) positioned on a second side of said longitudinal axis, said braking control system comprising a

brake control unit (40) operable to process respective measurements of performance of the braking units (30L, 30R) and
according to the process results to provide command signals for controlling respective braking forces applied by said first and
second braking units (30L, 30R) to reduce any difference between a first side braking force applied on the first side of the
longitudinal axis by said at least one first side braking unit (30L) and a second side braking force applied on said second side by

sald at least one second side braking unit (30R).
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(57) Abstract: An aircraft braking control
system for an aircraft braking system that
comprises at least one first side braking unit
(30L) for braking a respective wheel (22L)
positioned on a first side of a longitudinal
axis of an aircraft and at least one second side
braking unit (30R) for braking a respective
wheel (22R) positioned on a second side of
said longitudinal axis, said braking control
system comprising a brake control unit (40)
operable to process respective measurements
of performance of the braking units (30L,
30R) and according to the process results to
provide command signals for controlling
respective braking forces applied by said
first and second braking units (30L, 30R)
to reduce any difference between a first side
braking force applied on the first side of the
longitudinal axis by said at least one first side
braking unit (30L) and a second side braking
force applied on said second side by said at
least one second side braking unit (30R).
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The invention relates to aircraft braking control and particularly, but not exclusively to
aircraft braking control for unmanned air vehicles (UAVS). |

-

Background to the Invention . o
Conventronally, aircraft brakes are controlled by a pllct by way of left and right foot

brake pedals that provrde sndependent control of brakes on the left and right hand -

aircraft would result in the aircraft veenng to one side of the runway However the
prlot is able to use the rndependent brake controls for the left and nght hand srdes of

the alrcraft to compensate for any such vanatlon and keep the alrcraft stable and
straight down the runway | |

" For UAVs the brake control syctem needs to aesume the rcle of the pilot in keeping

brakes to achieve a desrred level of alrcraft deceleratlon would not take mto account.

sides of the aircraft. Any variation in overall braking perfonnance on each srde of the -

the aircratft travelling in a straight line during braking. A simple controller actuatrng all

variations in the-torque generated by~the brake unlts on the left and nght hand sides

of the aircraft. Any variation in brake torque between the two sides of the aircraft will
result in the aircraft veenng to the side of the runway correspondrng to the srde with
the greatest brake torque. | |

- Systems exist for controlling the pressure applied to b_rakes in response to signals

representative of the applied brake torque. However; such systems rely on costly

sensoré and the control is difficult given the variation in torque that is seen with the |

carbon-carbon friction materials that are used in modern aircraft brakes.

Summary of the invention

~ The invention includes apparatus for controlling an aircraft brai(ing system that

comprises at least one first side braking means for braking a wheel positioned on a

first side of a longitudinal axis of an aircraft and at least one second side braking.

means for braking a wheel positioned on a second side of the longitudinal axis, said
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apparatus comprising control means for processing respective indications of braking
effect of the braking means and in response to the resuit of said processing issuing
control signals for controlling braking forces applied- by the braking 'means, said
indications of braking effect being determined based on wheel speed of the
S respective wheel and an aircraft speed value obtained virithout reference to wheel
‘speed, each mdlcatlon of braking effect compnsrng a brake slip ratio calculated using

Y

the equatlon
‘ brake slip ratio a|rcraft speed - wheel speed
| ~aircraft speed
10 said control signals being calculated to equalise said brake slip ratios, thereby to-
cause the braking force applied on sald first side:of the Iongltudmal axis by sald at
least one ﬁrst side brakmg means to balance the braking force applred on the second
‘snde of the Iongrtudlnal axus by said at least one second srde braking means.

15 | The rnventlon also lncludes a method of controllmg brakes on an alrcraﬂ havmg at -.
.  least. one first srde brakmg unit for brakrng a respectrve wheel posrtroned on a first’
- side-of a longltudlnal axis of an aircraft and at least one second side braklng unit for
brakmg a respective wheel posrtloned on a second side of the longrtudrnal axrs said
method comprlsrng processmg respective measurements of performance of the
20 braking umts whrch are calculated using a wheel rotational speed for the respective
| "wheel and an lndncatron of aircraft speed obtained without reference to the wheel
speed the reSpectrve measurements of performance are a Sllp ratio belng calculated
| ‘using the equation: . e |
brake slip ratio = aircraft speed — wheel speed . |
25 o ‘ | . aircraft speed .’ '
and; according to a processing output, issuing command signals for controlling the
respectiye braking forces applied by the braking units calculated toequalise' said
.bralt_e slip ratios, thereby to obtain a force balance between the braking forces -
applied on the first side of the Iongitudinal axis by the at least one first side braki'ng
30 unit and the force applied on the second side of thelongitudinal axis Dy the at least
one second side braking unit. ' ' . ‘

It will be understood that the invention may be implemented by means of software or
a data carier loaded into an existing aircraft braking control system, or by

35 substituting a chip or other system circuitry in an existing aircraft braking control
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system and so it is possible to upgrade existing braking control systems to provide
the balancing functionality of the invention.

It will also be understood that the invention may be implemented by upgrading a

5  control system that has a multi-system control function beyond control of an aircraft's
brakes.

It will be appreciated that, although particularly applicable to UAVs, the invention may
also be used in controlling the brakes of a manned aircraft during landings carried out
10 under the control of an auto-brake system or directly controlled by the pilot.

It will also be understood that the invention provides for the balancing of the braking

forces applied on each side of an aircraft's longitudinal axis to avoid, or at least

reduce, any braking force imbalance that would cause the aircraft to veer in the
15 direction of the side to which the higher braking force is applied.

In embodiments in which the invention is applied to the control of brakes of an aircraft
having multiple wheels on each side, a force balance control between the two sides
is provided and the control system may also control the force balance between the
20  individual brakes of the brake sets on each side so that no one brake in a set Is

overloaded as compared with the other brakes in the set.

Brief Description of the Drawings
In order that the invention may be well understood, some embodiments thereof,

25  which are given by way of example only, will now be described with reference to the

drawings in which:

Figure 1 shows the underside of an unmanned air vehicle (UAV);

Figure 2 is a diagrammatic representation of an aircraft braking control
30 system and the brake system of the UAV shown in Figure 1, and

Figure 3 is a diagrammatic representation of an aircraft braking control

system and brake system for an aircraft having multiple braked wheels on

each side of the longitudinal axis of the aircraft.

35
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Detailed Description of the Embodiment
Referring to Figure 1 an unmanned air vehicle (UAV) 10 comprises a fuselage 12

having a longitudinal axis 14. A propeller unit 16 is mounted to the rear of the
fuselage 12. A pair of wings 18 projects from the mid-section of the fuselage 12 and
a pair of tail plane fins 20 is provided adjacent the rear end of the fuselage.

The wings 18 carry respective wheels 22L, 22R supported on legs 24L, 24R. A
further wheel 26 is provided towards the rear of the fuselage 12. Each wheel 22L,
22R has an associated brake unit (not shown in Figure 1) for braking the UAV 10 on
landing and during ground manoeuvres. The wheel 26 is not braked.

Figure 2 shows the brake system of the UAV 10 in combination with an aircraft
braking control system for controliing the brake system. The brake system
comprises respective brake units 30L, 30R associated with the wheels 22L, 22R. The
brake units 30L, 30R are preferably carbon-carbon units, but may be any type of
brake suitable for use on an aircraft. The brake units 30L, 30R are actuated by
respective brake actuators 32L, 32R under the control of respective brake controllers
341, 34R. The brake actuators 32L., 32R may be of any conventional type. For
example, the brake actuators 32L, 32R may comprise hydraulic pumps and valves
for actuating the brake units 30L, 30R by means of controlled hydraulic pressure or
electric servo motors for actuating the brake units 30L, 30R electrically. Actuators for
aircraft brakes will be familiar to those skilled in the art and, therefore, will not be

described in further detail herein.

The aircraft brake system is controlled by means of an aircraft braking control system
comprising a brake control unit 40 and respective wheel speed sensors 421, 42R.
The wheel speed sensors 421, 42R provide signals indicative of the speed of rotation
of the wheels 22L, 22R. The signals from the wheel speed sensors 421, 42R are fed
to the brake control unit 40. The brake control unit 40 may include any signal
conditioning devices necessary to put the signhals from the wheel speed sensors 421,
42R into a condition that allows the signals to be processed by a processor 44 that is
a part of the brake control unit 40. For example, the brake control unit 40 may
include analogue to digital (A/D) converters, amplification means and/or filtering
means for conditioning the signals from the sensors. The wheel speed sensors 421,
42R may be any suitable sensor, known in the art.
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The brake control unit 40 also comprises a memory unit 46 comprising random
access memory (RAM) and read only memory (ROM). The ROM is used to store a

program for operating the aircraft braking control system and any look-up data that
might be used by the operating program.

The brake control unit 40 has an input port 48 for receiving an independently
generated aircraft speed data signal from a speed data source 50. The signal will
normally be an inertial reference signal (IRS). However, the aircraft speed data may
be provided by other systems used alone, or in combination with the IRS. One such
system is the Global Positioning System (GPS).

The aircraft braking control system also comprises an auto-brake system 52 that in
this embodiment is a separate unit. It will be understood that the braking control unit
40 may be a stand alone unit operating in conjunction with a separate auto-brake
system 52 as shown, or may be integrated into a single unit that provides auto-brake
functionality. Similarly, the aircraft braking control system may comprise an anti-skid
control system provided as a separate unit or integral with the brake control unit 40
and/or an auto-brake system unit. Auto-brake and anti-skid control systems will be
familiar to those skilled in the art and so will not be described in further detail herein.

In use, the brake control unit 40 receives the speed data signal from the speed data
source 50. When the UAV 10 is on the ground and rolling, respective wheel speed
signals indicative of the rotational speed of the wheeis 221, 22R are transmitted to
the brake control unit 40 by the wheel speed sensors 421, 42R.

The processor 44 processes the received wheel speed signals to calculate an
individual radius for each wheel 30L, 30R. The wheel radius is calculated by dividing
the aircraft speed (as indicated by the aircraft data speed signal) by the wheel speed.
The wheel speed is in radians/second (rads/s) and the aircraft speed will be in
metres/second (m/s) or knots and the result of the division is a calculated radius for
the wheel for a single instant in time. It will be appreciated that the brake control unit
40 may include conditioning circuitry for scaling the respective signals to make them
compatible for the division process, or the processor may apply a scaling routine as a
part of the division process.
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It is preferred that the wheel radii are recalculated continuously while the aircraft is

roling by using a rolling average technique that comprises performing a simple
calculation every software loop, for example, as follows:

) the aircraft speed is divided by the wheel speed and the result is stored:
1) the stored value is placed in an 8-bit register and moved to the right each
software loop;

1) the contents of the register are summed and the result divided by 8 to provide
an average wheel radius.

This process effectively generates an independent calculated radius for each wheel
30L, 30R in a continuous process using a rolling average technique.

At the point of “Brakes On” instigated by the auto-brake system 92, the calculated
radius for each wheel is frozen and the auto-brake system 52 issues commands to
the brake controllers 34L, 34R to cause them to apply an equal brake force to each
side of the UAV 10. The auto-brake system 52 adjusts the total applied brake force
to achieve the selected deceleration rate.

The "frozen wheel radius” is used by the processor 44 to caiculate a measurement of
performance (braking effect value) for each brake unit 30L., 30R in the form of a slip
ratio for each wheel 221, 22R. The slip ratio is determined using the equation:

Slip Ratio = aircraft speed — wheel speed

aircraft speed

where the wheel speed is the product of rotational wheel speed and the frozen whee!
radius (ie the rotational wheel speed as represented by signals from the wheel speed

- sensor Is multiplied by the frozen wheel radius).

During the braking run, the instantaneous slip ratio for each wheel 22L, 22R is
repeatedly calculated by the processor 44 using a repeating software loop. The
processor 44 compares the calculated slip ratios for the wheels 221, 22R to
determine what difference there is between them. The processor 44 sends
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command signals to the brake controllers 34L, 34R to reduce or increase the
effective braking force applied by the brake units 32L. 32R according to the
difference between the respective slip ratios. The command signals cause a change
in the braking force applied to the brake units 30L, 30R that is calculated to drive the
slip ratios towards an average of the last two calculated values. The brake control
unit 40, therefore, continuously adjusts the gain of the brake controllers 34L, 34R to

try and achieve equality of the slip ratios for the two brake units 30L, 30R. By doing
this, the braking force acting on each side of the UAV 10 is equalised to keep the

UAV running in a straight line during braking.

It will be appreciated that using the slip ratio equation gives a figure that is
independent of the actual speed of the UAV and so makes brake force balancing
easier to perform. If wheel speed balancing was employed rather than slip balancing

then the difference signal would be in knots or m/s, which would be much more

difficult to control. This is because a variable gain based on actual UAV speed would
need to be used to vary the proportional integral and differential gain as the aircraft
speed reduced under braking. This difficulty can be illustrated by ‘considering an
example of a decelerating UAV. At 100 knots UAV speed, a variation between the
wheels of 2 knots would equate to a slip ratio variation of 2%. However, when the
UAV has decelerated to 10 knots, a 2 knots wheel variation would equate to a slip
ratio of 20%.

For safe operation of the UAV 10 during landing, high speed taxi braking and during
a rejected-take-off, it is essential to equalise the slip ratio for each wheel 22L, 22R
during braking to keep the UAV in a straight line. It will be appreciated that the
aircraft braking control system allows the safe operation of brakes on UAVs, by
providing even braking on the left and right hand sides of the UAV even when there
Is a variation In the friction coefficient generated by the friction material on the two

sides.

It will be understood that at times during low speed taxi work, it might be necessary
to use the brakes to turn the UAV. When the brakes are being used to turn the UAV
the slip ratio can be adjusted to slow the wheel on the side around which the aircraft

Is going to be turned more than the wheel on the other side.



10

15

20

25

30

35

CA 02656171 2008-12-23

WO 2008/003971 PCT/GB2007/002513

The aircraft brake system shown in Figure 2 is for a UAV that has only one wheel
221, 22R on each leg 24L, 24R. Figure 3 illustrates an aircraft brake system and

aircraft braking control system operating on similar principles, but for an aircraft that
nas more than one wheel on each leg.

Figure 3 shows an aircraft braking control system and an aircraft brake system for an
aircraft that has four wheels 100 supported from a leg (not shown) that is attached to
the left hand side wing of an aircraft (not shown). The brake system comprises an
individual brake unit 102 for each wheel 100 with respective actuators 104 for

applying a brake force to the brake units and respective brake controllers 106 for the
actuators.

The aircraft braking control system comprises a brake control unit 108 that includes a
processor 110, memory unit (RAM and ROM) 112, input port module 114, output port
module 116 and respective wheel speed sensors 118 for sensing the individual
speeds of the wheels 100. The wheel speed sensors 118 are connected to the input
port module 114 for transmitting sighals indicative of rotational wheel speed to the
brake control unit 108 for processing by the processor 110. The brake control unit
108 may also include any suitable signal conditioning equipment required to
condition the signals to make them suitable for processing by the processor 110.
The brake controllers 106 are connected to the output port module 116 for receiving
command signals from the brake control unit 108.

The brake control unit 108 may be a standalone unit that operates in conjunction with
other braking control system elements, such as an auto-brake system and/or an anti-
skid system or may be integrated into a singie unit that provides auto-brake and/or
anti-skid functionality.

A data source 120 for supplying data signals indicative of aircraft speed is connected
to the input port module 114. The data signals may be IRS or GPS signals or a
combination of both, or any other suitable signal representing the aircraft speed
independently of the wheel speed.

For ease of representation, Figure 3 shows the brake control unit 108 in combination
with the equipment associated with the left hand wheels 100 of an aircraft. It will be



10

15

20

25

30

39

CA 02656171 2008-12-23

WO 2008/003971 PCT/GB2007/002513

appreciated that although not shown in detail, there is a corresponding set of
equipment 122 for the wheels of the right hand side of the aircraft. The equipment on
the right hand side is connected to the input port module 114 and output port module
116 of the brake control unit 108 and operated in the same way as the equipment on
the left hand side.

In use, the auto-brake system 124 is set to either the minimum or medium
deceleration rate (selecting the maximum rate will invariably induce anti-skid
correction activity that will override the balancing operation). The brake contro! unit
108 operates to determine a wheel radius for each wheel 100 on both sides of the
aircraft using the rolling average technique in the same way as the brake control unit
40. At the "Brakes On" point, commands are issued to the brake controllers 106 on
each side of the aircraft to apply an equal brake force to each side of the aircraft.
The auto-brake system 124 adjusts the total applied brake force to achieve the
selected deceleration rate.

From the moment the brakes go on, the brake control unit 108 determines a braking
effect value in the form of a slip ratio for each wheel 100 in the same way as the
brake control unit 40. Thus for each side of the aircraft, four slip ratios are
calculated. The ratios for each side are summed and divided by four to produce an
average slip ratio for each side of the aircraft. The two average slip ratios are then
summed and divided by two to produce a target slip ratio. This target slip ratio is the
value required to decelerate the aircraft at the required rate. The brake control unit
108 issues commands to the brake controllers 106 on each side of the aircraft to
increase the braking force on one leg and reduce the braking force on the other leg
to drive the respective average slip ratios towards the target ratio. This ensures that
the aircraft achieves the required deceleration rate whilst maintaining straight line
movement. The individual slip ratios for each wheel 100 on a leg are then processed
In a similar way to produce command signals that adjust the braking force on each
wheel to maintain the average for the four while balancing the energy distribution
between the brake units 102 equally. The brake control unit 108 thus uses the slip
ratio balancing technique to first equalise the braking force across the longitudinal
axis of the aircraft using the average slip ratios for the two wheel sets and then
balances the braking force applied by the individual brake units 102 of each wheel
set so that the braking load is evenly distributed amongst the brake units. Thus, for
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example, at the end of one software loop, the brake control unit 108 may issue
commands that cause the brake force applied by one brake unit 102 to be reduced

while the forces applied by the other three brake units 102 on the leg are variously
Increased to obtain the required average force.

It will be appreciated that the facility to balance the braking load taken by the
individual brake units 102 is advantageous in terms of improving overall brake unit
life by equalising brake wear and reducing the likelihood of brake unit failures. This
is likely to be especially valuable for brake systems that comprise brake units that
have carbon-carbon friction surfaces. This is because carbon-carbon units tend to
provide more uneven braking forces than steel brakes. This can be understood by
reference to an extreme example in which on each side of the aircraft, one carbon-
carbon brake unit of a set of four provides sufficient braking force to achieve the
required deceleration rate. This results in that one unit absorbing a huge amount of
kinetic energy, which by design should be shared equally between the four brake
units. By using the described balancing technique this inequality can at least be

reduced.

As an alternative to determining an average slip ratio for each side of the aircraft, the
brake control unit 108 could determine an average slip ratio for the aircraft by
summing the individual slip ratios for all the wheels 100 and then dividing by eight. In
this case, the brake control unit 108 would issue commands to the individual brake
controllers 106 that would adjust the gain of the controllers to adjust the individual
brake force applied by each brake unit 102 to the average. At present, the previously
described method of determining an average of the two values is preferred as
balancing the individual brake units against an aircraft average is considered more

difficult to implement.

The braking control methods described in connection with Figures 2 and 3 each
apply the balancing technigues in braking under control of an auto-brake system. The
techniques may be applied equally to UAVs and manned aircraft. The techniques
can also provide benefits if employed during a pilot controlled landing (ie in which the
pilot controls the applied braking force using brake pedals instead of using an auto-
brake). By automatically balancing the energy absorbed by the brake units, the work
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required from the pilot to balance the braking force applied to the two sides of the
aircraft is not needed, or is at least reduced.

It will be understood, that having the wheel radii calculated by the brake controller, it
Is possible to achieve much more accurate control of the aircraft brake system. If a
stored fixed value were used, the results obtained would be less accurate, since

while in use, the diameters of the wheels may change due to changes in tyre
pressure, wear and changes in temperature.
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CLAIMS
1. Apparatus for controlling an aircraft braking system that comprises at

~ least one first side braking means for brakmg a whee! positioned on a first srde |
5 ) | of a longitudinal axis of an alrcraﬂ and at least one second side braking. means
for braking a wheel-posntloned on a second side of the longitudinal axis, said
apparatus comprising control .meahs for prosessing reSpestive indications of
braking' effect of the braking means and in | resbonse to the result of said'
prosessing issuing control signals for controlling braking forces applied by the
10 braking means, said indications of braking effect being deterrnined based on _‘
wheel speed of the respectlve wheel and an alrcraft speed value obtained |
withoutt reference to wheel speed each mdlcatlon of braklng effect compnsmg--
- a brake slip ratio calculated using the equation: |

' .1'5 o e brake Sllp ratlo rrcraft sgeed — wheel sgeed
o |  aircraft speed -

~ said control srgnals being calculated to equallse sard brake Sllp ratios, thereby
to cause the brakmg force applied on said first side of the longitudinal axis by
N 20 ' - said at least one first side braking means to balance the brakmg,force applied
on the second side of the lbngitudinal axis by said at least one sec'orld side
braking means. ' | ' |

2. Apparatus as clalmed in Claim - 1, whereln ‘said control means |s
25 'operable to process respective slip ratios of a plurality of first side braklng
' " means to determine a first side average slip ratlo. value. to process respective
slip ratios of a plurality of second side braking means to determine a second
side average Sllp ratlo value and to process said average slip ratio values' to
- determine a target slip ratio value that is an average of sa|d average slip ratio
30 - values, said control sngnalsbemg calculated to cause said first side braking
means to provrde a first side average slup ratio value at least substantially
equal to said target.slip ratio value and sald second side braking means to
provrde a second side average slip ratlo value at least substantially equal to '
| said target sllp ratio value
35
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3. . Apparatus as claimed in Claim 2, wherein said control means is

| operable to compare the respective slip ratios of said first side brakrng means

with said target slrp ratio value and provrde respectuve command signals for

- causing the respectlve braking forces applied by said first side braking means

5 . to be adjusted towards said target sI|p ratio value while marntalmng a first srde |

average slip ratio. value at least substantlally equal to said target slip ratio

‘value and to compare the respectlve slip ratios of said second side braking

means w1th said target sllp ratio value and provrde respectrve control signals

for causmg the respectlve brakmg forces applled by said second side brakmg

10 means to be adjusted towards said target slrp ratio value while maintaining a
second side average Sllp ratio value at Ieast substantrally equal to sald target'
S|lp ratlo value - | |
4. 'Apparatus ‘as claimed in ’Claim 1, wherein‘ said control 'means-
15 ";determrnes a target Sllp ratro value that IS an average of the respectuve slip

" ratios of the first and second side braklng means and sald control slgnals are.
'for causmg each sald braklng means. to apply a braking force that provrdes a
slip ratio corresponding to said target slip ratio. '

20 - 5. '. ,' .Apparatus as clairn_ed-in an’y one of Claims 1 to 4, wherein said wheel
- speed isdetennined by multiplying a sensed value of wheel spe'ed by a wheel
radius value.

6. Apparatus as claimed in Clarm 5 wherem sald wheel radius value IS a
25 respective calculated value for each wheel |
| ,7. Apparatus as “claimed in Claim - 6, wherein the control means

calculates said -wheel radius value by dividing an aircraft speed value by a
- said sensed value of rotational wheel speed for the respective wheel.

30 , . .

8.  Apparatus as claimed in Claim 7, wherein said control means

calculates said wheel radius value by ‘dividing ‘successive aircraft speed

values by corresponding sensed values of rotational wheel speed for the

respective wheel to obtain successive instant wheel radius values and

35 ~ averaging said successive instant wheel radius values. '
750 N B : | A | , PR |
a . . o o - 06/62/2008]



Printed: 14/02/2008 L CLMSP”;?MI

CA 02656171 2008-12-23

SR 5
5 .
8. ,Apparatus as claimed in any one ofCIaims 1 to 8, further comprising
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speed sensor means for sensing rotational wheel speed of the wheels and

sending respective signals indicative of the wheel speeds to said control
means.’

10. = Apparatus as claimed in any one of Claims ‘1' to 9, Wherein- said control
means is operable to instigate braking on Ianding and provide signals for

', causmg sald braking. means to apply brakmg forces that cause a requnred rate
- of deceleratlon of the wheels. '

11.  Apparatus as claimed in any one of Claims 1 to 10 'further comprising

and said at least one second side brakmg means, the control means |ssu|ng '
said control sngnals to the brake control means ' |

control means IS an aircraft systems control means for controllmg aircraft'

systems addmonal to the brakmg means.

said braking means comprises carbon-carbon friction surfaces.

14. An apparatus as claimed in any one of Claims 1 to 13, further

controllmg the rate of deceleration of the vehlcle during brakmg

| respective brake control means for said at least one first side braking means '

| 12. Apparatus as clalmed in any one of Claims 1 to 11 wherein sald‘ .

13.  An apparatus'as claimed in 'any one of Claims 1to 12,'wherein each

compnsnng an auto-brake system for prowdmg command sugnals for

15. An aircraft fitted with apparatus as claimed in any one of Clams 1to

14.
16. An aircfaﬂ as claimed in-claim 15, which is an unmanned air vehicle.
17.. A method of controlling brakes on an aircraft having at least one first

side braking unit for br_aking a respective wheel positioned on a first side of a
longitudinal axis of an aircraft and at least one second side braking unit for

.
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braking a respective wheel oositioned on a second side of the longitudinal-
axis, said r'nethOd comprising processing -respective méaSurements of
performance of the braking units which are calculated using a wheel rotational
speed for the respective wheel and an indication of aircraft speed obtained |

9 without reference to the wheel speed, the respective measurements of

performance are a sllp ratio belng calculated usmg the equation:
brake slip ratio = |rcraft sged wheel speed
- - . aircraft speed

10 ' | o .

' | 'and accordrng to a prooessrng output issuing command srgnals for controllrng
the respectlve braking . forces applled by the brakrng units ‘calculated to
equallse said brake slrp ratlos thereby to obtain a force balanoe between the

| brakmg forces applied on the first side of the longitudinal axis by the at least

15 - one first side brakmg unrt and the force applied on the second side of the

| - Iongltudrnal axrs by the at least one second srde brakmg unit.

' 1'8. A method as clarmed in Clalm 17, wherern there is a pluralrty of sald
first srde brakmg units and a plurallty of said second side .braking 'units, |
20 | | compnsung processrng the respectlve slip ratios of the first side braklng units
~ to derive a first side average --sllp ratio value, processrng the reSpectrve slip
" ratios of the second side braking units to derive a second side average slip
ratlo value and determining a target slip ratlo value as an average of said first '
- side average slip ratio- value and said second srde average slip ratlo value -
25 - said command signals being arranged to cause the respectlve braklng forces
applied by the braking units to be adjusted such that the first side average slip
 ratio value and the second side average' slip ratio value each tend towards .
“said target slip ratio value. |

30 '19." A method as claimed in Clairn 18, further cornprising comparing the
respective slip ratios of said first side braking units with said target slip ratio
value. and issuing reSpective command signals for causing the respective
braking forces applied by said first side braking units to tend towards said
target sllp ratio value while maintaining a first side average slip ratio value at

35 . least substantially equal to said target 'slip ratio value and comparing the
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respective slip ratios of said second side braking units with said target slip
ratio value and issuing 'respective‘command signals for causing the respective
braking forces applied by said second side braking units to tend towards said
target slip ratio value while marntammg a-second side average sllp ratlo value

at least substantrally equal to sald target slup ratio value.

20. A method as claimed in Claim 17, comprising determmmg an average
value of the sllp ratios of the first side-and second side brakmg units, said

command S|gnals being arranged to cause the respectnve brakmg forces

applled by the braklng unrts to tend towards sald average value

21, A method as clarmed In Clanm 20, compnsmg companng said average'.
value with a required braklng performance value ‘corresponding. to a braklng

force requrred to provide a required deceleratlon for the aircraft, sald )

commands belng arranged to cause the respectwe braking forces by the

braknng units to. be adjusted such that sard average value at least substantlally
equals the requrred braklng performance value

22. A method as clalmed iIn any one. of Clalms 17 to 21 wherem sald

wheel speed Is calculated by multlplynng a sensed value of wheel rotatlonal'

speed by a wheel radlus value

3 23. | A method as clalmed in Clalm 22 whereln sald wheel radlus value IS a

calculated value for the respective wheel.

24. A method as clalmed in Claim 23, wherem said wheel radlus value is
calculated by dwudmg an indication of anrcraft speed by a sensed value of

rotational speed of the respectwe wheel.

25. A method as claimed in-Claim 24, wherein the wheel radius value IS

calculated by dividing successive indications of aircraft speed by
correSpondlng sensed values of rotatronal Speed of the respective wheel to
obtain successive instant wheel radius values and obtalmng an average of
said instant wheel radius values.
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26. A method as claimed in any one of claims 17 to 25, wherein the aircraft is an

unmanned air vehicle.

27. A computer program product comprising a computer readable memory

storing computer executable instructions that when executed on a computer carry

out the method steps of any one of claims 17 to 26.

28. A microcomputer device provided with a data storage medium as claimed In

claim 27.
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FIGURE 1

SUBSTITUTE SHEET (RULE 26)
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FIGURE 2

SUBSTITUTE SHEET (RULE 26)
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FIGURE 3
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