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SEQUENTIAL SELECTIVE OPERATION OF AIRCRAFT BRAKES
The present invention relateé to an aircraft brake control system for
- the control of a plurality of carbon brakes and to an aircraft braking system
comprising a plurality of carbon brakes operatively associated with said
~ brake control system. | |

,The term carbon brakes is used to mean brakes having friction discs
of a carbon-carbon composite material comprising a carbon fibre reinforcing
material within a carbon matrix. |

The ability to stop an aircraft both quickly and economically is of
great importance and enormous amounts of kinetic energy have to be
dissipated_ in order to bri'ng a'moving aircraft to rest, particularly in an RTO
(refused or rejected take-off) situation. The aircraft velocity may be
dec'reas_ed and the kinetic energy thereby dissipated by drag forces, by
- application of the engine thrust ~reversers, and by application of the aircraft
wheel brakes. The drag forces can be increased by deploying of airbrakes
or speed brakes on the aircraft wings. .

However, very high energy brake applications in a RTO situation are
fortunately rare events and therefore play littl'é, if any, part in determining
overall brake operating economics.

It is now recognised that the rate of wear of carbon brake discs is not
proportional to the energy dissipated during the time the brakes are applied,
brake wear being disproportionately high when the energy input to t_he brake
is low. Consequently, if is benefic,jal t0 épplv ohly a restricted number of
the available brakes when the requifed braking action is relatively low.

The concept of aﬁplying only Iimifed numbers of brakes during taxiing-
operations but all the available brakes in a landing run has already been
disclosed in GB 2216209B énd US 4986610. The concept .hés been -
described variously as brake disabling, selective. operation or as taxi-brake
select. |

in accordance with one of its aspects the present inventibn provides
aﬁ éircraft braking systém comprising a plurality of ca_rbon brakes, each said
* brake having brake actuating means. for actuating the brakes in response to
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an applied con‘troi'sign’a’l, each said signal being a function at least e'f pilot
- demand whereby operation of at least one of-_the"brakes is inhibited if each
of a plurality of control input signals applied to the control means comprising '
a brake actuatlon controller lies beyond a respective predetermined control
signal threshold in relatlon to the braking level requlrement of the anrcraft
said control means being operabie to Ilml_t the number and/or proportion of
brakes that may be disabled at at least one stage of a ﬂight_spectrum Which
may comprise taxi-out, take-off, landing and taxiing-in and being operable
also such that the number and/or proportion of disabled brakes is a function - |
of monitored conditions applicable to the aireraft status at any given time -
thereby to ensure that the overall safety of the aircraft is not hazarded.

In accordance with anofher of its aspects the invention provides that
operatton of an aircraft brake control system is controlled at least in part by
an on—board brake control |mplementat|on means actuated by a remote Iand-
‘based signalling means. . .

Said system may be used to activate the selective brake operating
means in response to signalling means located at the junction between an
aircraft runway and its ancillary taxi-ways. It.is envisaged to "ring-fence”
or likewise define the boundary of part of the runway and arrange that the

- manner of operation.of the selective braking means is a function of whether
the aircraft is operating within the designated runway area.
. At an airport having more than one runway. a further, auXiIiary
control system may be pi’qvi'ded ‘to select from a limited number of a
' plurality of remote sig'nalling means. Said selection (or inhibition) may be
a function of Whetherv(or not) a given runway is designated as being in
~ operational use. E

Said remote signalling means may be used in combination with other
selectlve brake operation means

The control system may comprise an on-board data bank which
stores information '-conc'erning the conditions-relating to those airports to
which the aircraft flies frequently and the selective braking control system

" may receive input from such a data bank. ‘Thus, in use, before an aircraft
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lands the minimum prbportion of the brakes to be operated may be preset
to take acéount of fixed parameters, e g _r-urivvay length, airport altitude, and
variable parameters such as ambie_nt_ temperature, runway status
{dry/wet/icy). o o |
- The invention further provides a méthod of operating the brakes of a
multi-wheel aircraft duriﬁg taxiing thereof where the aircraft has a total of
N brakes and wherein a variabie number of brakes n,, n, .... n, may be
selectlvely operated and N > n, > n, > n,, said method comprising:-

- operating the aircraft with n, brakes during taxiing with n1
brakes selected for use and with the operation of N-n, brakes
inhibited, |

- detecting a condition which at least potentiaily requires 'thé use
of additional brakes,

- selecting additional brakes whereby an addutlonal number of
brakes, n,-n, are selected for use and the number of inhibited
brakes is reduced from N-n, to N-n,,

- detecting whether a condition requiring the use of additional
brakes continues to exist, and

- increasing the number of brakes selected for use progressively
or incrementally from n, to n, while said condition requiring the
use of additional brakes continues to exist.

This seq'uential application of additional brakes is one type of cascade
operating systém. In general the cascade operation system may be used
either to increase or decrease the 'num.ber of brakes always provided'_that
the safety of the aircraft operation is always fully maintained.

The invention provides also a method of controlling an aircraft braking
system comprising a. plurality of carbon disc brakes, said method comprising
providing brake actuating means for actuat_ing' the brakes in response to an
applied control signal, providihg control means for inhibiting any one of a
plurality of different numbers of brakes and arranging the control means to
be responsive to the braking level requirement of the aircraft to inhibit a
number of brakes selected as a function of said braking Ieyel requirement. |
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A brake control system of the invention may be programmed to
determine the minimum number n, of brakes that are requiréd to control the

aircraft in a safe manner. Selective brake operation may be limited if the '

anti-skid control system is active (i e during pressure to limit the brake
actuation pressure) at any aircraft speed. If n, brakes operate initially out
of a total N brakes fitt'.ed't.o the aircraft, then after receipt of an input signal
for example denoting anti-skid activity of one or more of said n, brakes the
'. number of brakes which are selectively operatéd may be increased to n,
where N > n, > n, provided that the aircraft can continue to operate ina

completely safe manner. - Similarly, if anti-skid activity then continues to

occur in one or more of the n, brakes, or is initiated in the additional n, - N,
brakes which are further Se'lectively operated, then the number of selectively
operated brakes may be increased to n; where N > n; > n, > n,. In more
general terms, the number of SelectiVely-operat’e&'-'brakes may be inéreased
incrementally from n, to n, where N > n, > n, and n, of the n, brakes shall
operate without anti-skid acti\'l_ity at any oné' time. | -

The invention is described later herein in greater detail in relation to
embodiments given by way of example only and with reference to the
accompanying drawings in which':-_ - |

Figure 1 = “i§ a block schematic illustration of an aircraft braking

S\/stem in accordance with the invention in which, for
simplicity, only one of the plurality of wheel and brakes
| is shown; _ |

Figure 2 is a diagr’ammatlic plan view of a typical aircraft landing

' | gear or truck that could be used in accordance with the
invention; '

Figure_s . is a chart ielafing wheel speed and brake temperatures

' to different phases of a flight spectrum with

conventional braking, i e in the absence of selective

_ braking; |
Figure 4 is a SChe_matic diagrarhmatic plan view of an airport;
Figure 5  is a diagrammatic side eievatio’n showing aircraft final
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de.scent paths and the effect on the minimum number of
brakes that should be activated on landing;

Figure 6 is a block sch_e_maﬁc illustration of an automatic

' operational safety controller in accordance with the
“invention, and

Figure 7 is a block schematic illustration of a triggering device.

Cdnsideration is now given, by way of example, to the case of an
aircraft with 16 brakes where initially 4 brakes are sufficient to provide the
necesséw braking during a taxi-stop or taxi-snub (i e deceleration during
-taxiing), but anti-skid activity then initiates. If the selective operation of 8
brakes would still enable the aircraft to be safely controlled, then it may be
arranged advantageously that only the 8 brakes rather than the full 16
brakes are applied, as selective operation of the said 8 brakes would
effectively reduce the overall brake wear on the aircraft and give a
substantial life saving when the aforedescribed type of cascade operating
System is used, rather thén the arrangement in which the selective operation
sequence is "cancelled” and ail sixteen brakes ére immediately applied upon
onset of anti-skid or some other occurrence. .

In a further embodiment when control input signals indicative of pilot
demand, anti-skid ‘control éctivitv, or the proximity of other vehicles or
objects changes so that they lie outside a first range of acceptable
instantaneous value it may be provided that it is still not always necessary
10 apb‘ly all brakes simultaneously, i e to terminate the selective braking
activity. B _

" The present invention seeks to optimise the benefits of the selective

' 'operation/bi'ake diéabii_ng procedure whilst'ensuring that the airworthiness
status and the overall safety of the aircraft are not hazarded. For that
purpose the invention provides that limitations are placed' on the number
and/or proportion of brakes that may bé disabled not only at stages of fhe
compléte_ fli'ght _spectrum (i e taxiing-out, take-off, in flight, landing, taxi'ing-

- in or stationary on the ground) but also that said number and/or proportion

applicable during said stages shall be further adjusted in response to the
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specific conditions apblicable_ to the aircraft status at any given time.
The brake control system which provides a selective operation facility
" may utilise closed-loop feedback systems to regulate the brake actﬁation
procedures. ' | '

As depicted in Figures 1 and 7 the brake control system may be
interlinked with an airbrake deployment system control and an éngine thrust
reverse control so _that- full braking action:is provided at all times when such
other features are operational. |

" In setting the spebification for an aircraft a constructor must design
for a worst case scenano. '

The constructor must consider the hkelv increase in maximum aircraft

' také—off (TO) weight that may occur during his programme as he introduces
new variants within his model range. For a maximum TO weight increase
of 10%, which is typical, t'he brake enérgy requirement will increase by
20% as a highef TO velocity will be required in order to produce the
increased lift required for take-off. . '

The constructor needs :'also to specify brékes capable of use under
extreme conditions e g COrrGSponding to those appertaining to airports at
high altitude in hot locations e g Mexico City or Denver during the summer.

The construttor needs to ensure also that the aircraft has the
ccapability to land and take off at airports with relatively short runways.

_ C'onse'que'ntly there will be many instances where the actual landing
conditions are far less on_erou-s than the specification requirement.
Furthermore the landing requiremént is always far less onerous than the
rejected take off requirement: as by the end of the flight the bulk of the
aircraft fuel will have been consumed. |

A further object of the invention is to reduce the overall wear during

| -the landmg run by operating at least one less than all the available brakes

_ durmg the landing run provided that this is consistent with maintaining
operational safety and such means will be considered further. '

Previously it has been taught either (1) that above an upper velocity
'threshold representing  the maximum taxiing velocity all brakes shall be
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operative in order to e'nsu're operational safety 6r (2) that selective braking
can continue above the operational threshold without the benefit of
additional safety features as in '.EP 0443213 A2 or (3) the only additional
-séfety feature being provided by a second hanual override system as in L_JS
5172960.

Operation of the selective brake control system may be conditional
on other, é g flight, parameters being normal. Thus the system may be
inhibited at least in part if for example the approach rate of aircraft or point
of landing is not within prescribed boundaries. There may be one boundary'
outside which there is complete inhibition of the selective braking means,
i @ inhibition of the brake inhibition means thefeby to result in full braking.
There may be another boundary which results in only partial inhibition, i e
a greater number of brakes are brought into operation than would normally
be the case, but not all of the brakes are brought into operation. The
system may be operable to detect parameters prior to touch down and pre-
select or pre-establish whether or not flight and related parametefs lie within
one or more prescribed boundaries. | |

The invention provides in another of its aspects e g in Figures 6 and
7 automatic means for activating additional brakes in a selective braking
operation in response to transducer signals indicative (1) of at least one of
the following parameters of the aircraft external environment: | :

a) the proximity of other vehicles | |

b) rel_ative‘ velocity of other vehicies or objects in relation to the

subject aircraft L
¢) the tyre-ground friction coefficients
~d)  the location of the aircraft within the airport confines

e) . any other significant operating consider_at.ion_s

f)  external signalling means
{2) the interaction between at least one said signal indicative of the external
environment a'nd a transducer signal.indi(:ative of at least one cha_racteristic
of the aircraft such as |

a) aircraft veldcity
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b)" wheel vélocity
¢) aircraft all up weight

d) = degree of wear of brake disc assembly

Data concerning 1(a) and 1(b) above may be provided by signal
processing software utilising data provided from means such as F.M. puise

~ doppler radar and infra red lasers. .' |

Conventionally the wear of a brake assembly is nbrmally monitored
by \iis'ual inspection of a mechanical indicator, i e a wear pin. By
incorporating a transducer to measure the amount of wearable material
remaining in the heat pack, those brakes having the smaller amounts of
wearable material could be excused from duty, i e they would not be ‘
s'electively operated. In the case where sets of brakes are selected for use
in successive operations, e g four sets of four brakes on an aircraft having
16 main wheels: then the set containing the brake with the least wear

" remaining WOuld not be selected. It would be advantageous to change the
make up of the sets at intervals during the brake life in order to minimise the
variation between the overall wear of individual brakes.

Furthermore, by summating or otherwise analysing fhe transducer
sighals the system may assess the overall wear of the brakes and adjust

- maximum allowabie-number of brakes to be disabled at any stage of the
flight spectrum in the light of such information. '

These selections provide a sophisticated override system which may
ensure that a cascade operating system only operates in a ma-nner which is
compatible with maintaining the overall safety of the aircraft at all times.

Thus a variable humber of brakes may be selected and proportional
or incremental actuation of such brakes hay be adopted when an aircraft
braking operation is needed. ‘The number of brakés to be used is not pre-
selected but may be __determined by the aircraft operation parameters at the
particular time that the braking application is required. The number of |
seleéted brakes may be adjusted sequentially in accordance with one or

_ mofe of the various parametérs detailed above. - _ |

A suitable proxirhity means, for example as shown in Figure 6, may
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rotate to ensure that all necessary directions are scanned.

Suitable brake control systems for the above comprise electronic
control boxes, -micr'oprocessors or dedicated !andi'ng gear computers, it
bein'g envisaged that in use of the cascade operating procedure on an
aircraft, the opération of brakes may be controlled in relat_i,on to, and may
be used in relation to the control or operafion of, other aircraft systems and
devices. , '

Because of the airworthiness implications of a systefns failure it is
aléo contemplated within the scope of this invgntion to provide multiple
discriminatioﬁ means sb that a measure of rédundancy is built into the

- selective braking system. |

The discrimination between landing and taxiing operations may be
accomplished by means either contained within, or fitted externally to, the
aircraft. | | '

Means, as shown diagrammatically in Figure 7, to identify that the
_aircraft is about to iand or ha’s_?lready landed, may be triggefed for example

by operation _of the flying or flight surface controls in a sequence which is
- indicative of an imminent landing, by the deploymént of air brakes or by the
operation of the engine controls. Alternative means may respond to the
results of operation.of the said controls i e be'tri'ggered when the rate of
descent falls below a threshold value, i e indicative of the aircraft touching
| down; this means miay be triggered by one or more 6f the depicted wheel
speéd sensors when said speed rises above a threshold level indicative of
wheel spin-up on touch-down. Landing or imminent landing of the aircraft
rhay be detected by a Qi"ound proximity warning/signalling device.

One or more of the triggering means recited in the preceding
paragraph and shown in the aﬁached drawihgs may be used in combination
with a tirﬁing delay means of sufficient length to inhibit operation of the
selective taxi b'raking system during the delay period a'nd' thereby ensuré
that the aircraft has completed its landing run before the selective taxi brake

 system is implemented. |

Inan afternative arrangement the triggering means could activate an
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aircraft speed sensing 'means which. inhibits the operation of the selective
brake operation means until the alrcraft speed falls below a threshold value
In this case the selectwe brakmg function will commence . operatlon at a
fixed speed. The aircraft spe,.ed; could be determined by measuring the
aircraft wheel spe_ed as is a standard practice m the industry.

Triggering _means as described above and illustrated herein may
operate independently or in corribination (thereby i_ncreasihg overall
reliability) an'd may additionally-_be. used in combination with means of
landinglta)ci mode differentiation .and selective brake operation inhibiting |
means of types known perse.

The operational status of the alrcraft may be monitored by a pressure
gauge mounted. in or_.on_ the;.alrcr_aft which measures the atmospheric
pressure outside the aircraf_t.. It may=be provided that selective braking
during a landing run is only possible if the atmoepheric pressure exceeds a
threshold valueﬁ thus selective braking may.be preVented whilst the aircraft
is landing at alrports/alrflelds at hlgh altitude. This may be a partlcularly
desirable additional safety feature, :

Sumllarly the operatlonal status of the alrcraft may be momtored by
a temperature measurmg device which measures a temperature outside the
aircraft and selective bra,klng,durlng a landl_ng run may be permitted only

' when the temperature is above a _thre_shold- Ievet; eg o°C.

Turning now 'to_ the'.drawings in greater detail, in Figure 1 an aircraft
wheel 42 and brake 44 .fitted w_i_th temperature, wheel speed and brake
‘wear sensors or transducers (50, 48 and 46 respectively) is c'onnecte'd- to
a hydrauhc power supply 40 and the brake pressure is controlied, via the
electrohydraulic vaive 38, by the brake actuation controller 36. The brake
actuation controller determines the _number.-of brakes to be actuated from
the plurality of brakes fitted to the aircraft. The controller 36 receives

: mputs from the airbrake status monitor 10 the thrust reverser status monitor -
12 the airport data bank 14, the external environment monitor 16, the
pllot s demand signalling device 24 the remote land-based signalling device
26 the operational-.___safety controller 28, the flight spectrum stage
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" discriminator 32;:-the anti-skid control system 34, the wheel speed
transducer 48, the temperature sensor 50 and the wear sensor 46. The
wheel speed transducer output is also connected to- the anti-skid control
.system 34 and the landing/taxiing operation discriminator 30. The
température output sensor 50 is also connected to the landing/taxiing
operation discriminator 30 a_nd the flight spectrum stage discriminator 32.

The triggering devices output signal 22 is fed to the two discriminators

30,32. , _ .
| in bréctice the said functions 10-36 may be i'ncorporated into a single
computer. '

Figure 2 shows a six wheel truck comprising wheels 110, 112, 114,
- 116, 118 and 120, each of which provide input 52-76 to the brake

actuation controlier 36 from wheel speed transducers 48 and temperature
sensors 50. (N.B. for simplicity transducer 48 and sensor 50 are only

identified in relation to wheel 110).

In the absence of selective braking Figure 3 shows schematically that
on landing, wheel speed is high and the brake {émperature rises as the
aircraft dece'lerat_es so that in the taxi-out mode although the speed is low
the brakes are hot. On taxi-out the brakes have cooled so both wheel speed

and bréke temperature are low and in a8 normal take-off the brake |

temperature remains low as the wheel speed increases to a maximum at lift
off. |

In Figure 4, runways 77, 78 and taxi ways 80 are delineated by
sensors 82 and the runways theméelves are ide'ntified by location/signalling
devices 84 and 86 which are uni'qué to each runway. The runways are
fitted with positioning devices 88, 90, 92 which signal the remaining

runway length to the brake actuation controller 36. The sensors/devices -

82-92 comprise the remote landing-based signalling means 26 of Figure 1

and their function will now be described by reference to Figure 5.

The devices 82 provide a positive means of identifying the transition '

“from the landing-mode to the taxi-mode. The devices 92 are placed at the
edge of the target touch down zone. If the aircraft overflies the target
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touch down zone, then a greater number of brakes need to be selected for
braking during the landing run and if the alrcraft successuvely overflies the
- further sensors .90 and 88 then all the brakes must be ready for use. If the
alrcraft touches down at the mtermedlate position then an intermediate
' number of brakes will be sufficient. _

Figure 6 shows an automatic operational safety controllef 28 which
receives signals from a proximity device 94 -'c;_c_b’sing speed monitor 96,
aircraft position location device 98 weight data ':récorde'r 1'00, airport data
bank 14 and tire/ground friction monitors 102 ah'q"pre-proce'ése.s the signals'
to provide the brake actuation controller a sigﬁél ihdicativa of the minimum
number of brakes that must be achieved to provide a safe landing.

Figure 7 shows a landing/taxiing operatuon discriminator which
receives signals from a ground proximity device 104 a flying controis
monitor 106 an airbra‘ke:-deployment m'on'itor, 108 an engine control monito_r
122 a rate of descent monitor 124 ‘and one or more wheel speed
transducers 48 and identif_ies whether the aircraft is operating in a landing
or a taxiing mode and transmits an output 'signél to the brake actuation
controller 36, indicative o'f.whether the aircraft is in said landing or téxiin‘g

mode.
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CLAIMS:

1. An aircraft braking system comprising a plurality of carbon brakes,

each said brake having brake actuating means for actuating the brakes in
response to an applied control signal, each said signal being a function at
least of pilot demand whereby operation of at least one of the brakes is
inhibited if each of a plurality of control input signals applied to the control
means comprising a brake actuation controller lies beyond a respective
predetermined control signal threshold, in relation to the braking level
requirement of the aircraft, said controi means being operable to limit the
number and/or proportion of brakes that may be disabled at at least one
stage of a flight spectrum which may comprise taxi-out, take-off, landing
and taxiing-in and being operable also such that the number and/or
proportion of disabled brakes is a function of monitored conditions
appllcable to the aircraft status at any given time thereby to ensure that the
_overall safety of the. aircraft is not hazarded.
2. An aircraft braking system comprising a plurality of carbon brakes,
each said brake having brake actuating means for actuating the brakes in
response to an applied brake control signal supplied by a control means
output said control means receiving a plurality of control means input
signals one said input signal being a function of the'pilot's demands and
other input signals being indicative of the aircraft’s bfaking level requirement
whereby operation of at least one of the brakes in inhibited if each of a
plurality of input signals applied to the control means lies beyond a
predetermined control input signéi threshold in relation to the braking level
requirement of the airéraft,_ said control means being operable to determine
the maximum number and/or proportion of brake_s that may be disabled and
the minimum number.and/or proportion of brakes that may be actuated
during at least one stage of a flight spectrum comprising taxi-out, take-off,
landing and taxiing-in and being operable also such that the maximum
- number and/or proportion of d_isabled brakes is a function of monitored
conditions applicable to the aircraft sfatus at any given time thereby to
ensure' that the overall safety of the aircraft is not compromised. |
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3. An aircraft braking system comprising é plurality of carbon brakes,
" each said brake having brake actuating meaﬁ_s,‘ for actuating the brakes in
response to an applied brake control signa!--supplied by a control means
output said co_ntrol means receiving a :r')lurelitjy of sontrol ‘means input'
signals one said input signal being a function 'of'-the aircraft’s braking level
requirement whereby operation of at least one of the brakes is inhibited if
each of a plur'ality'ef input signals applied to ;_hef@t:ontrol means lies beyond
a predetermined control input sighal thresholdziri relation to the braking level
requirement of the aircraft, said control -means=being operable to determine
the maximum number and/or proportion of brakes that may be disabled and
" the minimum ‘number and/or proportion of b_ré_k_esthatmay be actuated
during at least one stage of a flight spec_trum.eornprising taxi-eut, take-off,
landing and texiing-in and being operable. aiso such that the maximum
number and/or proportion of disabled brakes .iS'a function of monitored
conditions applicable to the aircraft status at any given time thereby to
ensure that the o’verali safety of the aircraft is not compromised.
-4, An aircraft braking system according to any one of the preceding
. claims wherein the control means is adapted to inhibit none of the brakes
if at least one control input signal applied to the control means is indicative
of a requirement for. maximum available braking. '
5. An.aircraft braking system 'ac_cording to any one of claims 1 to 3
wherein said control means is adapted to allow operation of n brakes out of
a total of N' brakes during the landirig phase of the flight spectrum provided
that a control input signal applied to the control means is not indicative of
a braking level requirement in excess of nB/N where B rs the maximum
brakmg action provided by said N brakes.
6.  An aircraft braking system accord_mg_to any one of claims 1 to 4
wherein the control means is adapted te'select or inhibit additional brakes
iricrementa_lly whereby, as a control input signal applied - to the control
means changes, the number of brakes which are inhibited changes

incrementally one brake at a time.
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7. An aircraft braking system according to any one of claims 1 to 4
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wherein the control means is adapted to select or lnhlblt additional brakes

15

incrementally whereby as a control input signal appl_led to the control means
changes, the number of brakes which are inhibited changes incrementally
two brakes at a time. |
8. An aircraft braking system according to any one of claims 1 t0 4
wherein the control means is adapted to select or inhibit additional brakes
incrementally whereby as a control input signal applied to the control means
changes, the number of brakes which are inhibited Changes incrementally
four brakes at a time. _ o _ '
9. An aircraft braking system according to claim 7 wherein said two
brakes lie respectively at right and left-hand sides of a longitudinal, fore-and-
aft centre line of the aircraft. |
10.  An aircraft braking system according to claim 9 wherein, of said four
brakes, two brakes are respectively at right- and left-hand éides of a
longitudinal fore-and-aft centre line of the aircraft and the two brakes on
one side of the aircraft Ile respectively on the right- and left-hand S|des of
a landing gear. _
11.  An aircraft braking systém according to any one of the preceding
claims wherein at Ieast one said applied control signal is a functlon of the
' brakmg level requ:rement of the aircraft.
12. An aircraft braking system in according' to any one of the preceding
- claims wherein the control means is oper_able to limit the number and/or
proportion of brakes that may be disabléd at any stage of the flight
spectrum.
13. An aircraft braklng system in accordance with any one of the
preceding claims and including means to apply different brake actuation
pressures to different brakes. .
14. An aircraft braking system in accordance with.ciaim 11 and arranged
such that as additional brakes are brought into operation sequentially,
different brake actuation pressures are applied to the additional brakés- ina
manner selected to increase the tempe.ra.ture of the additional brakes as

. quickly as practical the temperature of prior operating brakes.
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15. An aircraft braking system according to any one of the preceding

claims wherein the number of brakes that may be disabled is a functlon of
 at least one parameter of the aircraft external envuronment

16. Anaircraft brakmg system according to claim 15 wherein said at least

one parameter is 8 parameter selected from th'e group comprising proximity

of other vehicles, relative velocity of other vehicles or objects in relation to

the subject aircraft, the tyre-ground friction coefficient, the location of the

aircraft relative to predetermined zones or pos_itions of an airport, and

external signalling and/or sensing means. - |

17.  An aircraft braking system in accordance with any one of the

preceding claims wherein the number of brakes that may be disabled is a

function of at least one parameter characteristic of the aircraft o'rj its
 operation. | . - _

18. An aircraft braking system according to claim 17 wherein said

parameter is a parameter selected__ from the group comprising aircraft.

velocity, wheel velocity, aircraft all up weight, and degree of wear of brake

disc assembilies. _ .

19. An aircraft bfaking system aci:ording to- any one of claims 15 to 18

and comprising automatic means for activating additional brakes in a
selective braking operation in response to a signal related to at least one of

said parameters. ,

'20.  An aircraft braking system accordmg to any one of the preceding
- claims wherein the control signal 1s_ responsive to remote signalling and/or
sensing. A

21. An aircraft brakihg system according to any one of the preceding

claims and comprising an electronic database which stores information

concerning characteristics of each of a plurality of potential a’ifcra_ft landing

locations, and selector me_ahs whereby 'in response to a setting of the |

selector 'means the data store is operable selectively to define specified

operating parameters of the control means. | '

22. An aircraft brakmg system accordmg to any one of the precedlng

‘claims and compnsmg proximity sensnng means whereby operatlon of the
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control meéns is__i.a function of a signal from said proximity means.

23.  An aircraft braking system in accordance with claim 1, claim 2 or
claim 3 and substantially as described in the description of this application.
24. An aircraft brake control system according to any one of the
preceding claim.s wherein the brake actuating means is on board an aircraft
and is responsive at least in part to a signal from a remote signalling means.

- 28. An aircraft bra_king system according to claim 22 wherein the remote

signalling_ means is a remote land-based signaliing means.
26. An _aircraft braking system according to claim 24 or claim 25 wherein

- said system is operable to activate selective brake operating means in

response to signalling means located between an aircraft runway and

‘ancillary taxlways

27.  An aircraft brake control system accordmg to claim 24, claim 25 or
claim 26 wherein the manner of operation if a function of whether the
aircraft is operating within a designated runway area.

- 28. An aircraft braking system according to claim 27 and comprising an

auxiliary control system operable to select from a specified number of a
plurality of remote signalling means. .
29. Method of operating the brakes of a multi-wheel aircraft during taxiing

thereof where the "a'ircraft has a total of N brakes and wherein a variable

number of brakes n,, n, .... n, may be selectwely operated and N > n, >

_Ng > n,, said method comprising:-

- operating the aircraft during taxiing with n, brakes selected for
~ use and with the actuation of N-n, brakes inhibited,
- detecting a condition which at least potentially requires the use
of additional brakes, | -
- selecting additional brakes whereby an additional number Ny-Ny

\
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of brakes are selected for use and the number of inhibited
’i ‘brakes is reduced from N-n, to N-n,, -
,, detecting whether a condition requiring the use of addmonal
brakes continues to exist, and

- -increasing the number of brakes selected for use progressively
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- or incrementally from n, to n, whilst said condition requiring
~ the use of additional brakes confinues to exist.
30. Method accordin'g to claim 29 wherein the control means ob’erates to
inhibit the maximum number of brakes consistent \)vith operational safety.
31. . Method according to claim 29 or claim 30 wherein control means is
operable to limit the numb_er and/or proportion of brakes disabled at a
plurality of stages of a flight spectrum and is operable also' such that the
number andfor proportion of brakes operable during said phases may be
further adjusted in. response to the conditions applicable to the aircraft
status at a specified moment in time. | |

32. _ Method of controlling an aircraft braklng system comprising a plurality
of carbon disc brakes, said method comprising provndlng brake actuating
meéns for _actuating the brakes in resbonse to' ah applied control signal,

o provfding control means for inhibiting any one of a plurality of different
numbers of the brakes and arranging the control means to be responsive to
a braking Iével'requirement of the aircifaft to inhibit a number of brakes
selected as a function of said braking level requirement wherein the
minimum numbef of brakes is selected and actuated consistent with

- controlling the aircraft m a safer manner in accordance with the
instantaneous brakmg requirement of the aircraft.

. '33. - Method according to claim 31 and comprising momtonng for antl-skld
activity and increasing the number of operational brakes progressively or
incrementally in the event of anti-skid activity until the anti-skid activity

- ceases or decreases to below a preselected threshold on a designated
number n, of the active brakes. '

34,  Method in accordance with claim 32 or claim 33 and comprising
monitoring parameters on which the onset of a skid condition is known to
depend and ar_rangedﬂ that when the onset of a skid t:ondition is predicted
or whilst the occurrence of a skid condition continues the number of
operational brakes progressively or mcrementally increases.

35. Method accordmg to claim 32 or claim 33 and comprising momtormg

conditions on which a requirement for increased braking force is known to '
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parameter characteristic of the aircraft or its operation selected from the
group consisting' of aircraft velocity, wheel velocity, aircraft all up weight,
and degree of wear of brake disc assemblies such that a minimum number
of brakes which satisfies the instantaneous braking level requirement is
applied thereby to ensure that the overall safety of the aircraft is not
compromised. _ ' |
41. An aircraft braking system 6omprisirig a plurality of carbon brékes
each brake having an associated actuating means for actuating the brakes
in response to an applied control signal, control means of a type which is
operable to bring into operation any one number of a plurality of different
numbers of brakes such that the control means brings into operation a
number less than a total of the brakes if that ‘Iesser numbe; is potential'ly
sufficient to control the aircraft in a safe manner, at stages of a flight
spectrum including taxi-out, take-off, Ianding and taxiing-in whéreby the
number of disabled brakes is a function of monitored conditions applicable
 to an air;:raft 'status at any given time thereby to ensure that the overall
safety of the aircraft is not compromised.” ' '
42, A method of co'ntrolling an aircraft braking system comprising a
plurality of carbon disc brakes, said method comprising actuating the brakes
in response to an‘:applied control signal, providing control means for
inhibiting any one of a plurality of different numbers of the brake;_ and
monitoring for anti-skid activity, arranging the control means to be -
responsive to a braking level requirement of a subject aircraft to inhibit a
number of brakes selected as a function of said braking level requirement
wherein the minimum number of brakes is selected and actuated consistent
with . controlling the aircraft in a safe manner in accordance with an
instantaneous braking fequifement of the aircraft and increasing a number
of operational brakes progressiyely or incrementally in the event of anti-skid
activity until the anti-skid activity ceases or decreases to below a pre-
- selected threshold on said minimum number of active brakes.
43. An anrcraft braking system comprlsmg a plurality of carbon brakes,
‘each brake'havmg an associated brake actuatuon means for actuating the
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depend and in the event Qf detecting a potential requirement for increased
'i_)raking force arranging that said control means brings into operation at least
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some or all of the brakes the operation of which_nas been inhibited.

36. Method in accordance with any.one of claims 29 to 35 wherein the
control means brings into operation all of the brakes in the event of a
speclfied condition occurnng

37. Method in accordance with claim 36 wherein said specified condition |
is operation of an air brake deployment system control or is operation of
‘engine reversed thrust control. |

38. Method of eperating_' the carbon disc brakes of an aircraft braking
system according to claim 29 or claim 32 and spbstantially as hereinbefere

- described.

39. An aircraft braking system comprising a plurality of carbon brakes,
each brake having an associated actuating means for actuating the brake in
response to an ap_piied eontroi signal, control means, said control means
' being operabie to I_irn'it the number of brakes that may be disabled at stages
of a flight spectrum including taxi-out, take_-dff, landing and taxiing-in
whereby the number of disabled brakes is a function of monitored
conditions applicable to an aircraft status at any given tinie, said conditions
_including at least -one parameter of the aircraft external environment
selected from the group consisting of proximity of other vehicles, reiative'
: 'veiocity of other vehicles or objeets in relation to a subject aircraft, tyre- _
- ground friction coefficient, location of the aircraft relative to predetermined
zones of an airport, and external sngnallmg means thereby to ensure that the
overall safety of the alrcraft iS. not compromised '

40. An aircraft braking system comprising a plurallty of carbon brakes,
each brake having an associated actuating means for actuating the brake in
response to an applied control signal, control means operable to limit the
number of brakes that may be disabled at stages of a flight spectrum
including taxi-out, take-off, landing and taxiing-in whereby the number of
disabled brakes is a function of monitored cenditione applicable to an
aircraft status at any given time, said conditions including et least one
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brake and confﬁﬁiﬁfheans for automatically activating additional brakes in
éelective brak'ih.g operation in response to at least one signal indicative of
- the instantaneous braking level requirement, said control means comprising
~ acomputer meahs and a control algorithm and being adapted to determine -
the number of brakes réquired to decélera‘teﬁthe aircraft as a function of said
instantaneous braking level requirement and to select and to actuate said
 required number of brakes as necessary to control the aircraft in a safe
manner. | _
44, AnJaircraft braking .sy:stem comprising a plurality of carbon brakes,
each brake having an associated brake actuation means for actuating the
brake and control means for automatically inhibiting additional brakes in
selective braking operation in response to at least one signal indicative of
the instantaneous braking level requirement, said control means gomprising
a computer means and a control algorithm and being adapted to determine |
the number of brakes required to decelerate the aircraft as a function of said
instantaneous braking level requirement and to select and to actuate said
required number of brakes as necessary to control the aircraft in a safe
manner. '
45. An aircraft braklng system comprising a plurallty of carbon brakes,
brake actuating means for actuatmg the brakes in response to an ‘applied
control signal and control means, said control means being opera_ble to
determine the number of brakes r.equired to decelerate the aircraft as a
- function of the instantaneous braking level -requirémént and to limit the
number of brakes that may be disabled at stages of a flight spectrum
whereby the number of disabled brakes is a function of monitored
c'o_nditi'ons applicable to the_airc.raft status at any given time thereby to
ensure that the overall safety of the aircraft is not hazarded.
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----- " AMENDED CLAIMS
[received by the Internatlonal Bureau .on 12 February 1996 (12.02.96);
original claim 33 amended; remaining claims unchanged (1 page)]

or incrementally from n, to n, whilst said condition requiring
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‘the use of additional brakes continues to exist.
30. Method according to claim 29 wherein the control means operates to
inhibit the maximum number of brakes ccnsistent_ with operational safety.
31. Method acccrding to claim 29 or claim 30 wherein control means is
operable to limit the number and/or proportion of brakes disabled at a
plurality of stages of a flight spectrum and is operable also such that the
number and/or proportion of brakes operable during said phases may be
further adjusted in response' to the conditioné applicable to the aircraft
status at a specified moment in time. :
| '32.  Method of con,t_rclli_ng an aircraft braking system comprising a plurality

of carbon disc brakes, said method comprising providing brake actuating
means for actuating the brakes in response to an applied control signal,
providing control means for inhibiting any one of a plurality of different
numbers of thc brakes and arranging_the control means to be responsive to
a braking level requirement of. the aircraft to inhibit'a number of brakes )
selected as a function.of said'brakihg. level requirement wherein the
minimum number of brakes is selected and actuated consistent with
controlling the _aircfaft in a safe ménner in. accordance with the
instantaneous brakin'g requirement of the aircraft. . |

33. Method according to claim 32 and comprising monitoring for anti-skid
activity and increasing the number of operatlonal brakes progressnvely or
| incrementally in the event of antt-sknd activity until the antn-sknd actnvnty
ceases or decreases to- below a preselected threshold on a designated
number n, of the active brakes. - | |
34. Method in accordance with claim 32 or claim 33 and comprising
monitoring parameters on which the onsct of a skid condition is known to
depend and arranged that when the onset of a skid condition is predicted
or whilst the occurrence cf a skid condition continues the number of
operational brakes progressively or incrementally increases.

35. Method according to claim 32 or claim 33 and comprising monitoring
conditions on which a requirement for increased braking force is known to
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