WO 96/ 08396 :
PCT/ GB95/ 02161 SEQUENTI AL SELECTI VE OPERATI ON OF Al RCRAFT
BRAKES wo 96/08399€ Present invention relates to an aircraf f’gi%ﬁ@oﬁ?ﬁt rol
system for the control of a plurality of carbon brakes and to an
aircraft braking system conprising a plurality of carbon brakes
operatively associated with .said brake kontrol system _ The

term carbon brakes | t ¥ rakes ' fricti LS . of a
car bon- car bon .corrpo§§pgf5$§pé\?-i gﬁ-@% & 9"#3‘%'@3& 9&&*&?@%5’%@5?& ng
material within a c r@w j ; . bk : reap af t
both quickly and ecg;o ' g{%’?ﬁ{/irﬁ@gng?n relatgsr é%}hfa%?%rbtﬂaé]%ghgrﬂhgﬁo mt)éllﬁs‘ fo .
anount s of ki nehecoatal 9f alpuralityyobearbon biakes @adett amaincridt beaking system

maving aircraft to rest, particularly in an RTO .(refused. or rejecte
Faker ot 1) of tusorgasne Bireley of pafbed fakay operetiveiy, ssEtielon Wwhf s
ki netic energy grré eBntrdl Systepi.ed by drag forces, by application of the .
engi ne thrust reversers, -and by application of the aircraft wheel ‘

brakes. The drag forid@stesmrcasbon hrakessisdused te-mean; brgkes having Hicsion discer

'speed brakes on.the aircr WM o . € [ Ve 1M Q0. ener.

by ake appl | cat 12 rearfob datbon o bbsiin material comBRYRGH carbBniHteddintpiidg
- theref ore pl ay rhateriaf witHin @'oarbB8a rhatrix.det er m ni ng overal |l brake
operating economcs._ IS now recogni sed that the rate of wear

of carbon brake di sdde abifitt to Stf"érﬂ!béi’?fﬂfﬁél“ Aliekyeand @gonpsycaliy is of
during the time, LRe i BhaKERcE hd RRbiABus 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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brake wear being di sproportionately high when the energy input to the brake
is low Consequently, it is beneficial to apply only a restricted nunber of
t he avai l t 9§f°9£c?8kes when the required braking action is relatively | ow.

The conce plying only limted nunmbers of brakes durPEHGCBEN2¢H
operations but all the available brakes in a landing run has al ready been

di sclosed in GB 2216209B and US 4986610. Zhe concept has been descri bed .
variously as brake disabling, -selective operation or as taxi-brake

sel ect .. an appliadhcontrolr signale eachsaithsignal beingaa fenction Bt lgast of milot

i nvention proyides n aircraft prakin _ r1Si.ng. nl. Lt f
et bon b akeBersid wharby Spbiir ot B €8P aid B Tk brakes ¥ ihfiofeBribpach ' ©
‘actuating t heyfty silrdity % éggygggggi §ignals applied to the control means conp/f&fig TUTE

SHEET ( RULE 26& _ _ .
PCT/ GB95/ 021 brake actuation controller lies beyond a respective predepermined &Antobl i ed

denmnd wher eayon SfthshRld. 4F rERfon 18, 8, Bakitir 8 redbureRih ety cach
of a plurali tgaidtonpol melans beirg operadbie ta finlit the hwmbee and/drrproportiors of
conpri sing a brake actuation controller |ies beyond a respective
pr edet er m nedPrakes that may be disabled at at least one stage of'a fhght_spec?rum 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 airéraft status at any given time - |
thereby to ensure that the overall safety'of the aircraft is not hazarded. | ‘
In accordance with‘_another of its aspects the invention provides that
bperation of an aircraft brake control system is controlled at least in part by
an 6n—board brake control imple_mehtatio'n means actuatéd by a remote Iand-
‘based signalling means. . ' |
Said system rhay 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 ruﬁway. a further, auXiIiary
control system may be pi’qvi'ded ‘to select from a limited number of a
' plurality of remote sig’dalling 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 heans may be used in combination with other
selective brake operation means. '
| The control system mév comprise an on-board data bank which
stores information '-coric’erning the conditions-reléting to those airports to
which the aircraft flies frequently and the selective braking control system
" may receive input from such a data baﬁk. ‘Thus, in use, before an aircraft
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signal threshold, in relation to the braking |l evel requirenent of the
aircraft, said control neans being operable to limt the nunber and/or
proportion wo96/083%r akes that may be disabled at at | east onecpicag§oxé: a
T1ight spectrum which may.‘conpri se taxi-out, take-off, |anding and
taxiing-in and being operable - also such3that t he nunber and/ or
proportion of disabled brakes is a function of nonitored conditions

“applicable to tlFﬁd? hé mh&néﬁ@mﬁoﬁﬁo@y 1Hé \Brakéd 16 be %Féraﬁéoehw Be Préste

that the overall safety of the aircraft is not hazarded. ]
accor dance wi t htocstake laecoont ot fixed:s paranseters; & @ vumvay tengtby eirportigititude, and

operation of “an aircraft brake contyol systemis control| ed st,l.n
part by - an YA r&a[ﬂ’ﬁﬁ@r§oﬁl’f’6| qsnﬁ@ﬁﬁ\Iattﬁmeﬁg%g' a@ﬁ'ﬂ&?@d sBé}ua
remot e | and- .(drpmqﬁcﬂ_gnal i ng nmeans. Sai d system may be used

to activate the selective brake operati qg means in response to
‘si gnal | i ng means | octhesimvention furthec prexides aveethaghof operatingrthetbrakesaf aand

its ancillary taxi. S JenVi " L NG ' '

et ne-t he- bourfuity WSt abbra <FHb ARG eraol DHRrRE irerprhes bEHIRS.
of operation ofNt#rakes lamdt Wherdinhak ivagiabianamber ff brakesom,, af, whehpemay be
the aircraft is operating within the designated runway-area. A

an airport havisgjectively opgratedand,NwaryNx 2 Nar Har Saidmethad \comprisiag o

system may be provided t - 0 i (i T al Ly
of *remot e st gnal |1 ng mearkPurellig therditctats Wit HtaRes dilricy sexiplf With
function of whether (or rsrakesisglected foruse/and witts tive aperation béN-n, brakes

oper ati onal use. . _gaig renote signalling neans nay be used in
conbi nation with other inh ctive brake operation neans. The

control system nay C-Orrprié&eéﬁr(]ﬁgfé&%ﬁfb %@mba%&l&miaw?&q{gﬁlaﬁ}hé use

I nformati on concerning the condrtions relating to ose al rpor
which the aircraft flies dfradditionalyprakest he sel ective braking control
System MRy recelve Inptcing Sdditional brakes whereby An additiondF nuffbe?'st 2"
brakes, n,-n, are selected for use and the number of inhibited
brakes is reduced from N-n, to N-n,, o
- 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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SUBSTI TUTE SHEET (RULE 26) WO 96/ 08396

PCT/ GB95/ 02161 3 Iands t he
m ni num gn of the brakes to be operated may be preset ake
- account o flxe3 paraneters, e g runway |ength, airport aI’t’?’E’ﬁHg’”%d

vari abl e paraneters such as anbi ent tenperature, runway status
(dry/wet/icy). The i nventlon f4irt her provides a met hod of

operating the brakes of a ti-wheel aircraft during taxiing thereof
wher e the aircraf tAHY3ke QQSFEH' @fstem of Nhg ipvestiaRMaMcbe | Rrogrammesh te

nunber - of br ﬂ‘e‘?grrﬂ%.%;thh_’[rg@ﬁwms%nﬁbﬁé ﬁLoFB?é@@ that aresl‘aelq%ﬁ'hh"tslc%n?l%? kRS ed

and N > n[er _ . I nmethod co :
oper ati ng t haimraftrinfa safet Manher'r]Sellncakmbmkm om;eraanmmgy\ha limited if the

br ake el ected, fq nd th,the.o ation of N-n
Ch o toq C anti-4k0 dortrdl SyRteRTiS AGHVE db s g, RIRSreoto NERk the Areke | al | y

Callecti ng. aadhein Pressure) o any publattdlahd. 1Pk, BRAEsoaps inaly ot
‘of a total N brakes fitted to the aircraft, then after receipt of an input signal
for_ example denoting antl-skld 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 actwnty at any one 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 airéraft 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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Hrakes, n2-n[err] are selected for use and the nunber of inhibited

brakes is reduced fromN-n[err] to N-n2, - det ecti ng whet her
a condi ti on wedaslgsbdd t he use of addi ti onal

continues to exist, and - I ncreasi ngt he nurrberpétg(r(é%gS%gé
sel ected for use progressi veI y - or increnmentally fromn2
to nferr] while said conditi.on reqU|r|ng t he - use of

addi tional brakes continues toggsdeth: paths and the effblt éaiﬁgkﬁﬂhh% number of
application of additional brakes I's one type of casca operating

system In general the cascadebmsathlbsheyklbmanayatm osdanding; elther to
I ncrease or decreasegthe nber  of e way.s ovi ded t hat t h
safety of the ai rcraflg%ﬁgjatlﬁnq s g/a ﬁ?ma)é'ﬁ rrfr@'fs\rlﬂaif%d"fa an automath-he
i nvention provides also a net h@ﬁet%ftxoﬁﬁﬂtsra@ét'y' Reneroliat iR’ dédorBaAks NWith the _
system conprising a plurality of carbon disc brakes, said method conprising

provi di ng brake actuating meanié\vestioncandti ng t he br akes in response to an

D er e ot o o7 oo PlouE e, il o ScherTRAC e P By L'

be responsive to theConhsiiergtiore i hoe givers RO way of kRafriple, & thé easevfldd a

nunber of brakes_ sel ected as a function of said braking |evel requirenment.

SUBSTI TUTE SHEE?"’FR*J'L withs§ 6 brakes where initially 4 brakes are sufficient to provide the
necessary 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 are 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. |

" The present invention seeks to optlmlse the beneﬂts of the selective

' 'operatlon/brake dlsabhng 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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WD 96/ 08396 .
PCT/ GB95/ 02161 ' ' 4 A
br ake CO”WOQJG/O stem of the invention may be programred to det er m ne
the mini num nunber n[err] of brakes that are required to con/FBISRd
aircraft -in a safe manner. Selective braléé operation may be limted if the
anti-skid control systemis active (| ring pressure to limt the brake

Botuat! on pr eeSuRY B fihs Sriabie S TR s o aH o BBy SRRt e
recei pt of an 'npUt'hébﬁ'ké'controlE%te%ﬁiﬁi&kﬁpmsé‘Qe!éaitVe%bbﬁhtﬂi?ifa\éilitv of -
one or nore of said n, brakes the nunber of brakes which are -

sel ectively olpseyatté@ermsequqpcfmsktayslms to fgeiatenthe brakeractuatiper r |
provi ded t hat 'H& da craft can continue to operate in a completely safe
manner. Sim | RS § "anti-skid activity then continues to occur in one

or -nore of the N[ eAs ldepicté@sin Figutes ﬂnaﬁdalQﬁelmakélQ:oiﬂfbltsmﬁn fiay- bal err]
brakes which are further selectively operated, then the nunber of

sel ectively interipkedhyvith af ﬂk@@kmpbymm%w qantrp) apdanengine thrust, o >
| |
b akes my beleverse.cHffi'sd maf talForeldy BUHls Srovifeda dif s bRER Kt |

n[err] > n[ erotheafebtores aje operabional.err] brakes shal | operate without
anti-skid activity at i nvention is described

| ater herein in gr'Baﬁ%"éé@%FPeF'g‘éﬁﬁPﬁtfpbﬁ"t%’cragae R UGHOr Inus 8% way
of exanpl e onfy aa%@yéé)ser%‘%ﬁace to the acconpanyi ng drawi ngs in '
Frgure 1

whi ch: - I's a block schematic il.lustration of an '
aircraft braking The constructor must consider thedikely increassdndnaxiewnaircrafe
i nvention in

the. pluralit¥ STO%Hte(& wejght shag may occur during his prorg)ra}ncr}lé |rk%qlg¥r8§ﬂ$egf
Figure 2 ifew viiridfits Within hid e réNge! Far BYbBRMhurd TOMWbight drichedse

of 10%, which is typical, t'he brake energy 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 l_ocation's 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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- gear or ‘truck that could be used in accordance with the

I nventi on; Figure 3 Is a chart relating wheel
t enper at ur 6g.0 96/08396 to different phases of
Spectrum w tﬁ _ _ SO conventi onal- braki ng,
absence of selective br aki ng;-

is a schematic diagrammatic.plan view of an’ airport;

speed and br ake

| /Eh%gﬂ{zhsl

Figure 4
Figure 5

is_a di agramatd e, siide;iehiiét toUhsthe BpBratitirat satdty dr@) that seletfivé Braldag o

PCT/ GB95/ 02161

glesEent't Eat hsha:@dtdgmiahéeebooﬂ tHee operatiomal nthriesholdf without the benefit of
r akes at shou e activated on | andi bl,ock
schematic il ufdditona Q?Ifefé[ni%ﬁ‘b'wsf n EP%443213 A2 or (3 HE °rﬁ}5§d§t'ﬁ?%r?ﬁ.{?c

and

saf etY control l%lr e Lﬁ‘fg%?&%rﬂ?@ﬁgr%\?l ﬁ%second manual override systef Bt SN,

ematic iIllustration of a

triggering devig¥72960. Consi deration is now given, by way of

exanple, to the cas

brakes are suffici TRPeratEn s U fejedtive Wﬁ%@@aﬁy"’%ﬁ%@@%@'%’rﬂlﬁé‘na“
taxi-stop or tay oRHel? d b MigHECHARIMEters beifig ABrmal. Thus the system may be

inhibited at least in part if for example the apprqach 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 e inhibition of the brake inhibition means thereby 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 parameters 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 envnronment

a) the proximity of other vehicles

b) relative velocity of other vehicles or objects in relation to the

subject aircraft
¢) 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 and a transducer signal indicative of at least one characteristic

of the aircraft such as
a) aircraft velocity
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taxiing), but anti-skid activity then i nitiates. If the selective operation
of 8 brakes would still .enable the aircraft to be safely controll ed,
then it 6*/3?86 arranged. advant ageously that only the 8 brakes rat her

than the brakes are applied, as selective operZtV&BP50fIhe said -
'8 brakes would effectively reduce - the overal |l brake wear on the :
aircraft and give a substantial 1ife &avi ng when the aforedescribed

type of cascade o eratl stem i s.used, rat her than the arrangenent

in which the sele |ve"@g%ﬁ'lé‘tef - sequence is "cancelled" and all

si xteen brakes ar g)i rm%ﬁ-b?éfelau @We’ndﬂt upon onset of anti-skid or sone

ot her occurrence. further enbodi nent when control ‘i nput

‘signal s indicativélof gepme Of wqaemirhtakentlsc gssamblynt.rol activity, or the

B TYr ot Yange or - RATENGIRERG 1121 P RE ARVGFR"Be' AR BT boofaeRh © nat

it is still peécedsimy BoftaRe Lailising dathcprawaleu fdmn rb.teah§§uéh AR MNQRISd Y. |
e to termnate the sel ective braking activity. - The present

i nvention sedegples ragar ﬁf‘@éﬂftfﬂée%éaﬁ;ﬂfst s of the selective
/ brake d
oPatus and the ovSEANenEER8h e Wear bF 2 Bad gﬁée"ﬂﬁy'Qﬁ"a‘%"a‘*}’ﬁ'ﬁ%ﬁ%ms -

purpose the ibyvetsuabrinspestiore oft Bamdchanicdl | indicatos plecedvesr tgie. nByper
and/or proportion of brakes that may be disabled not only at stages of the

conpl ete fli {IOTRRERtINGA VF@Q%@U%WUTQ ahe -ameunt Hff‘t"ﬁijﬁbe I’Bﬁ@ﬂﬁb
o o o opo 2o 4 Shb AR . 6 SHRE, g 168 crifler RALHTEE o
adjusted in Nmawahbemmemaiecould be excused from duty, i e they would not be
selectively 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 the 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. o
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 ﬁtay be adopted when an aircraft
braking operation is needed. ‘The number of brakes 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 |
seleeted brakes may be adjusted sequentially in accordance with one or
_ mote of the various parameters detailed above. _ |
A suitable proxirhity means, for example as shown in Figure 6, may
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condi tions @RPééh le to the aircraft status at any given ti

The brake contro S’Js?’ystem whi ch provides a sel ective oper atioﬁéﬁﬁ%ﬂoﬂfl
may utilise closed-loop feedback systens to regul ate the brake actuation
pr ocedur es. L As depicted in Figur8s 1 and 7 the brake control

system may be - interlinked with an airbrake depl oynent system control
and an engi ne t fAtate 1o ensurecthat i nesessaly difectiens @ scan@d.ng action is .
provided at all tine : 0 ‘g% 0 Malg) :
In setting the speci ?P@g@?owé? grc%rr']tr%li % rapisegéﬁgﬁétﬁogf o?gﬁn@gﬂtsadggfgﬁ nic
for- a worst caseostrohbdokes, microprocessofd@rcdedicated tanding tgearncomputerse it
i kely increase in maximum aircraft tﬁke-off gTO vvejn%ht thaf may occur
during his progP@iRgeenvisaged 1habfuise of theGRsLAde,APeralingn PFPGRAVrALRR an
range. For a negjoum TReEidibiion B¢ - bolleRY iffelatidry &, CaHd b

br ake ener gy reétl reﬁeﬁﬁevﬁ#?ﬁ?ﬂr‘lc%?e@ﬁggg%?ay Béz %%/e?s a 'hi gLelr TO vel ociét‘F;/
wi |l be requirebeiusedrinieelation po tieicantrobor opefationcefs ether aircrafigsystemnsfand
take-of f. ..__The constructor needs al so to specify brakes capable
of use under de‘f'@ﬁ?'r ene conditions e g corresponding to those o
appertaining to al Tpﬁééﬂaﬁ of the altvidttifhkss %?libé‘ti&% of e aystenss FaillirdBKisO
Gty or Denver during the sumer. he constructor needs to
ensure al so t haalspheontemplated within the scopecehtiis| invention |t@naravide rawlsiplg

at airports with.relatively short run S - que .1 he

will be many in F&H‘%Eamme?%sacﬁ?fgm%ﬁ% of redtg%%s [ %ngbg érhpaiﬁe

| ess onerous. thgglettife bPakingisystdrAN requi rement. -
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 land 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 sénsbrs when said speed risps 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 thg
selective taxi b'raking system during the delay period a'nd' thereby ensure
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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Furthernore the landing requirenent is always far | ess onerous than the
rejected take off requirenent as by the end of the flight the bulk of the
aircraft fuel will have been consuned. A further object of the
i nvent i ortWPPSM9 educe the overal | wear during - the | arRCTigBIMIAlY
operating at |east one less than all the avail abl e brakes during the
~ landing run provided that this is .consistléht with maintaining

operatlonal safety and such neans will be caonsidered further.
Previ ously i taifel3 d SeREIPg eneans whigh inhibits ss eparatign ef the |set,q0tnye

e O e SPhRS Hlaphid | hetE TR G irb Al YA hl¥ thdw 'Y BHEEEnGEUalud®

PCT/ GB95/ 0216t this case the selective braking function will commencé operatiompat ati ve

oot i noe U SoBRY b8 tcsaR SehcSauld b derarInah by BPaLRg the

ety Ton SR SRl iy s ERLBHAG o 0 HBEDLY 200 | o3

5172960.. . Tnggm'mg |rnearts‘__ashdesm'_iha:t aboverand iltustrated bgedinenmayy be

~condi tional 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 @ _thre_shold- level, e g o°C.

Turning now 'to_ the'.drawings in greater detail, in Figur_e 1 an aircraft
wheel 42 and brake 44 .fitted w_i_th temperature, wheel speed and brake
‘wear sensors or transducers'(SO,'LI_»S and 46 respectively) is c'onnecte'd- 10
a hydraulfc_ 'power-sup'ply 40 and the brake pressure is controlied, via the
electrohydraulic val\re 38, by the b.ra'ke_-actuation cont'_roller 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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on other, e g flight, paraneters being normal. Thus the system may be
inhibited at least in part if for exanple the approach rate of aircraft or
poi nt ¥o deidgshlsNg is not within prescri bed boundaries. There may be one
boundary outside which there is conplete inhibition of FRECBINIE] e
br aki ng nmeans, I e inhibition of the brake inhibition nmeans thereby to -
result in full braking. . There may be ahbther boundary which results in
only partial inhjbition, - reater nunber of brakes are brought

. i, . agre L Of
into operation S8SHMiRALOA ﬁgrn’é’lel nti-skidpgoptel cs¥stemy34ndheamyhest spred

brakes are broughhsy i f%,efrfbt jteﬂ'ﬂgefg?ﬁre ae%srczf}’%eén e Wi PG ud ?élmel <h

det ect ‘paraneters prior ouc own an or pre-es

whet her or not Wwheghspeed trarisdueer patputeiscalsol cannectéd no the antiskid contrel
prescri bed boundar.i es. The invention provides |n, anot rr}gd of its
aspects e g in BYYEMS4H apd the 'ar?‘nﬁgftﬁﬁﬁﬁ‘g coﬂ%'%ﬁ'gnf &isclimingtes 3P The
addi tional brakggnpératureCbgfdutSedK509is al Ahaks ' W Bing
t ransducer si gnal sbi.ndi cat Fgﬁe (% of atb lsegssto gﬁe g%iéﬂf‘tbnttmeg 0 |€/\}VI£ nbng
paraneters of toperatioprdiscriminaton30 and the flighttspectrum stage discriminater 32.

roximty. of ot .ehicles, . b el agi velocity.of .other
\F/)ehi cl esyor obj tﬁ% §¥'§Herr"39 é*q"b??st guinsg S|g}lal 227is {‘ea/%o t%es%?eq,’?c%'i"frlaﬁgfst
'C) the tyre-ggo8® friction coefficients 'd)  the location of
the aircraft within the airport confines e) any other :
si gni fi cant oper ati nij regticethesaidfunctions 10-36 may) be ingarperated intgraasingley
nmeans (2)06'1%0'&&’“ eraction between at | east one said signal indicative
of the external™ énvironnment and a transducer signal indicative of at

| east one charact eriFigufe 2 show®é sbhwh@el tiugkicomptising wheels 110, 112))114,

aircraft vel ocliYe 118 and 120, each of which provide input 52-76 to the brake
actuation controller 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 d'escribed 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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wheel vel ocit ¥ c) +:af E.CF aft al I up wei ght d) degree |
X -.-4 .Dat a cencer ni ng PCI)GRAA216( )
above may be provided by STghdl = PHrocessi ng software utilising data
provi ded from neans such as F. M puI se 12 doppler radar and infra red:

|l asers. Conventional ly the wear of a brake assenbly is nornally
moni t or ed tobgh dosvrakonesthenta greatér aumbehaif Ibwkeshwbdim be, sefbo&ed fuﬁi’ﬂ
pi n. By i.ncor por at i transducer . {0 neasute“the anpunt of wearable
material brakiab wing ﬁ‘eca]ﬁgdﬁ'@aw"pﬁ%‘l’(' f fheclicTBitasucsesalvel oversliesthe er

amounts” of - f,rtHBREER G BT Shd gb mwﬂu he Bakes Lt R Yor lusB, tiPfYe Woul d

not be selectively operate e case ere sets of Dbrakes are .
sel ect ed for airceaft touches woves st \theoinermediate pesgndmtnersahslmérrhediaté)r akes

on an aircraft havi 16 main eel.s then the set containing the brake
with the | eaf °r}gbrakF§|’fﬂ|%a %lﬂrﬁ not be selected. It would be

S 5 s o s oottty i S5
of i ndi vi duareegives signals from a proximity device 94 c;psmg speed monitor 96,
aircraft position location device 98 weight data ':récorde'r 100 airport data
bank 14 and tire/ground friction monitors 102 and pre-processes the s:gnals'
to provide the brake actuation controller a sngnal indicative 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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Furthernore, by sunmating or_ofherw se anal ysing the transducer signal s
the system may assess the overal | wear of FHe—brakes—an adj ust maxi mum

al | owabl e n br ak @GI SiEh A§IB§§E| 3f th i ght
Spectrum | n |g‘ht Of@gusﬁﬁlﬁﬁﬁﬁ on. REPLA se sg’glcqnlgé)gislgp
provi de a soph| sticated Whi Gh. may _',': ensure that a cascade
operating system onI y operates in a manner WBichis conpatible with

mai ntai ning the g Wil safety of the aircraft at all tines. Thus
.a variable numbérl rakes may be sel ect ed and proportional- or
incremental actugti omob; rsﬁ‘g@é( ingCa WGl fiched

braki ng operation is nefgciélc?%?p g er 01?@% gsa'?% be d‘?? :c? n(gE b{)arlga_s,
sel ect ed but nmeach shid drakebdving bltakeaactuauhg mpmnsatmroacwalnagethertsraaestme
particular time that the brakin atl I s re red. , The nunber..of .
sel ected brakes "RERPIRE P Uﬁp@&ggé%ﬁg |5é9"§r] Pﬂd& ﬁ@ﬁ‘@ebﬁﬂgnagbﬂcg?" at
more of the varijgagy @ﬁbﬁ@?&éﬁ\%naeﬁvﬁbl'&il Bgeiﬂilon of at least 6né Wfithk! Brakes is
proximty nmeans, for exanple as shown i'n ure 6, may

SUBSTI TUTE SHEE‘InhthEE ibeach of a plu@ln%p@gggg'ol input signals applied to the control
PCT/ GB95/ 02161

means comprising a brake actuation controller lies ,gbeyond 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 aireraft,_ 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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rotate to ensure that all necessary directions are scanned.
Sui tabl e brake control .systens for the above conprise electronic
control boxes, nicroprocessors or- dedi cated | andi ng gear conputers, it

bei ng envi¥@8&eB¥nat (i ﬂ_"g trﬁﬁ@BEé@ ade operati ng proce@®CTCBISAG!
onh E‘zﬁ% Sep NMBY B

aircraft, the operat s-controllled in relation to, and nay
be used in relation : e1|4t ion.of, other aircraft systens
and devi ces. ’ Because of the ai rvvort hi ness inplications of a
systens fail urde it Amnsaircraft bfﬁ@@@%tﬂfplmm!&mlm pluralitysebparbein brékes,

of T edundancy SR s Broke Rbfing brake' 23y Pieai fFF Hitudtoh e SrakBEH" °
The di scri m nagspohsectoragagplied bakancortpal sngﬁapeeﬁaﬁéd)w 6| means

acconpl i shed by neans_either contained within, or fitted externally to, the
aircraft. output saigeg@Btrob MeanswrecRiviggafmpiuraity| 9f icentialumeans input

i dentify that

be- 11 gger od FelanesEid inbat bidra BRI o roneinof o BrsPat SeK R} ace
control s in arequjtemnert whierdby eperatloni oflat ldaist onefofathe brakes'is inkibHed gt by
t he depl oyrrent of p?ll’ brakes or by oper ati on of t he engi ne '

controls. t PR HEadit Ofr'lﬁpqt&%‘iﬁlﬁ applied, é° the: copgra), F'E%a"@fh@p@mﬂdon of
the said cont Eﬁrﬁdéte h‘?ecfédrﬁ&ﬁ t‘t’!lgﬁ'alt FIF‘? @motfelat jon %&ﬂ%ﬁl@k r{gailebél

bel ow a thres [ eln earcra wn;
t hi s neans rrayemaremergga‘rtbd duy:rarhesmd cmwtmlmﬁeadsebdaglapadbwmedletermlnﬁpeed
sensors when said.s eed ri s IH&ve a thre # Level I ndi cati ve of

wheel spi n- upth eq_g %@’BP"”W hie

may be det ect ggh I?Nnﬁn@rhOH%bBF FHdTof )Srdb?dr'i‘i RYoF b?léﬁé tHit faY 66 actuated
One or nore of the triggering neans reC|te int

“and shown in dhengmmwnemaga@g arfilight spectedmi compnblnlgatlaxenut, takewffh a

timng deI ay F%%mg and afxfiihﬁl-ire\ngnc; G\beqtgh époerlagllgl gl'sa gt?cr% t rJthe max:mum
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 overall 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 landiﬁg 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 :s 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 adapte.d td'seléct or inhibit additional brakes
ihcrementally 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. '
7. An aircraft braking system according to any one of claims 1 to 4
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Sel ective taxi braking systemduring the delay period and thereby ensure
that the aircraft has conpleted TtsTanmding run hefore the selective taxi

br ake Y%St em | S Im%ﬁmmﬁeﬁ“"d IS SHE@ nagety gf nati ve arrangenent:

the trigger %08396, - PCT/GB95/02161
n 10 aircraft
e

t i fis co
PCT/ GB95/ 02161 mm‘m"unﬂm
speed sensing neans whi Opel’ﬂ;I @h of :the sel ective

brake operation neans until the aircraft speed- fatls below a threshold

val ue. I n wherelratiee totroRmeahs e abiaptod §6186t bp inhibit|adumitwd W akes
operation at a fi xed speed. The aircraft speed could be determ ned by

measuring the increganialyw as;peentratinpyt signahapalied 1 the ¢entrolmeans
i ndustry. chan?e%r 3% (nBEr BF BrakesSwWiicH: &k r% ?ili’&y %P?ﬁgeé ihétehicths ﬁk(
I nati1on asi ng

herei n may operat'e 1 ndependently or in co reby incre
overal | reIthbdakEs)atamimy additionally be used in conbination with

means of ndi ng/ t axi di fferent | at I on, and sel ective brake
operation inhi b%\*l ng% a"c‘??gg&alﬂth acRATdING ta @any one of clalmqhbto 4
operational st aiyifergin fﬂéec@ﬁ{rﬁlrﬁﬁ?ng\‘?%l C toid Séi8eh EV irthibit @tditiénal brakes

gauge nmounted in or on the aircra measur es the atnospheric
pressure out si déinaramenitalty wherebiyt asm;zob'erobimuit dignal appliexttoethe contoolakeans

during a landi n%hEHaes',sth%nI!uXmBgrS tsﬂ‘ li’naei«as Wi lc %}enpnﬁ'lb %e& chBESS’sS li't;cg'erenxecn al(ijy a

four brakes at a time.

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.rature of the additional brakes as

. quickly as practlcal the temperature of prior operatmg brakes.
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t hreshol d val ue; thus selective braking may be prevented whilst the
i s landi ngwat- at-rperts/airfields at high altitude. This may

aircraft

be a par;. @;ygﬂ@aér b
tenperature rreasuri_n 5 MAK B
aircraft and sel ec @Iu

Simlarl

_desirabl & additional: safety feature.
. us of “‘the aircraft may be mRFEEBYH2Is)
' PRSUres a tenperature outside the

when the tenperature is above—s=threshold level, e g Olerr]C _
- Turni ng now t b9t heAdraiwrafisbraking sustem aecardingito &nygore of ahe precedihy

wheel 42 and
wear sensors

oY wereio e b oF BrekeoeE s PP irdlied & aduncava e o

k g/ a 118di ng run nay be .permitted only

a

~a hydraul i ¢ paweassone paratfetatbitthe diFcthft SHBRTal'dhvironeielt! ol | ed, via the
el ectrohydraul i c val ve 38, by the brake actuation controller 36. The brake

act uati on cont®ol | AR aiferaft biaking systemasgarding torclaion 15ovhereinsaidtat tedstom

the plurality,
i nputs fromt

noni t or
16, the

signalling d
spectrum st ageraft relative to predetermined zones olslﬁ%%}-tll

ol oA bt P Ol o PR by >

df2otheheehicies) rélatee aelotity dflottidiaebidles bRlobfatts irP FETaEkeN RENI t Or

égi'l ot''s demand signalling device 24 the renote | and-based

pSubject airgsaity the pere-arobnd) fristioa cpefticient| therlocation 9é thei ght

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. S .

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. B o
'20.  An aircraft braking system according to any one of the preceding

- claims wherein the control signal is responsive to remote signalling and/or

~ sensing.

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 aircraft landing

locations, and selector means 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. _ o
22. An aircraft braking system according to any one of the preceding

G Sl End )

q

‘claims and comprising proximity 'sénsing'means whereb_y dperation of the
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11 di scrim nator 32, the anti : 34, the wheel

speed bg%%géer 48, the tenpe afm?‘@"@gﬁéiﬁsﬁﬁ ‘the wear sensor 46.
wheel

The d transducer out RERLACED nnectlled t o REWGCBIHM2IGKI d
control system 34 and:-t-he | andi ng/taX| T.ng-operation di scrimnator 30.
The t enperat ure output sensor 50 is ali$b connected to the |anding
/taxiing. - operation discrinmnator -30 and the flight spectrum stage

di scri m nat or 3gontrol meane ig aifygetiomgf desigoakfroot said nmgrmity:%ﬁearss fed to
the two dISCI’Ink racti,

functi ons 10- 36 ?rgt O%@ q'Wéﬁ?f&fPéW@dsYWB" in ?Fﬁﬂf‘@o nce wi L:Ialm 2o0r

Figure 2 shows elain8 aneslbstanaslvagaessived wharl éeécrikﬁ»onloflﬁm?(éﬁﬂhcatuon
116, 118 and 12Q, each of which provide input 52-76 to the b

actuation cont r & erARcaireraft [nake eqnicel sysiesmiureserdig etndanvsnpeeaoﬁrnhe
sensors: 50. ﬁec%&fngsélmvﬁ]ﬁ)h%}(elﬁ fﬁ? BIHES botlibeiy %%Bﬁ gsr 3% ggﬁéé agfal%raft

identified |n rel

sel ective br akiamy i§irgspensive bolsass ihpam tb @igial e a remete dignailing medies!
speed i5 high afﬁ thﬁ br ake é erature rises as the aircraft
decel erat es so ¥t Haf’ﬁ@f{ 18 "(‘ﬂlﬁymaﬁwflﬁ’dﬁdbfpFmﬂs%%&hql’GIWMremotehe

br akes are hot. gﬁ alliAg'm ltsfker%haiéel%nhaﬂéas @gﬁglhﬁgﬁ%ﬂsmeel speed

and brake tenperature-are low and I'n a ot el ‘br ake

tenperature rend®ns Anairasaft beakingsystepeaccondingtselairh @4conelaim®8 wheldiht
of f. lL.n Figure 4, ru \t/s 77, 78 aqd t axi ways 80 are delineated
by sensor S8 Sysemis Pﬂﬁﬁg& 9 RGHVALE selective hrake rapegating means in

| ocati on/ si gnaldgspénse to sngnalling means located between an aircraft runway and
‘ancillary taxlways

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

~28.  An aircraft braking system according to claim 27 and comprising an
auxiliary controi system operabie to select from a specified number of a
plurality of remote signalling means. .
29. Method of operating the brakes of a muiti-wheel aircraft during téxiing

| thereof where the "a'ircr_aft 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 ieast potentially requires the use
of additional brakes, | S
- selecting additional brakes whereby an additional number Ny-N;

This Sheet Has of brakes are selected for use and the number of inhibited .

l Im'” !'"" m, m ’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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devices 84 and 86 which are unique to each runway. The runways are

fitted wth positioning dew ces 88,90, 92 which signal the remaining

_ e AC] "'---=..e.~ roller 36. The sensors/ devices

82- 92 cprrwmwos_me ref AEET ipoaEm [piignal | i ng means 2BCTGBISAAISE 1

~and their function wild— ¥ é—‘d‘e@brl be by reference to Figure 5.

The devices 82 provide a positiVe S Ofgi denti fying the transition

~from the | andi ng-node to the taxi- m)de The devices 92 are placed at the
\6/\90986% 8% gg target touchyrdauemditaily o, 0 heiwHilst ®efd tohditidrmfeduiingt

- PCT/ GB95/ 02161 . the use of additional brakes continues to exjst. t ouch down

zone, then a u e . i
Zone e B 9462 eIy S8 e R bR Slhhas operadi 851
further Sensorrﬁhrbﬁoth%%aﬁﬁn&ﬂh&mmbér bhbrél{e%k@anstmnt eith epdsatiomal safety!

t he aircraft touches down at the internediate position then an

i ntermedi ate 31. Methad ascasdifigste qleim 280k Glaim3Q yyherein control meﬁf‘@d?e 6
shows an aut O”&Hyﬁ Ilgfnfi{ ?rh‘ag'%ﬁ& rﬁ@-&ﬁé%’ andor Qreerﬁféﬂaﬁ gy es disdbiéd 1t CF

signals froma vice 0S1 hg noni t or aircraft
position | OcatplﬂfalWWfC&a@éh wagﬁﬁghﬂsbectremadens h@@rabieraﬁsn sudhtthat the
bank 14 and tire/ ground friction nonitors 102 esses the sbgnal S
o br ovi de. t henumBRG SRdIos RTPBAMRM OF Srpkss SPerahia il Eald aaases oy

m ni pum further adjusted in- response to the conditions appllcable to the aircraft
status at a specified moment in-time. _ ) - | '
32. Method of controlling an aircraft braking system comprising a plurality
of carbon disc brakes, said method combrising providing brake actuating
means for _actuating the brakes in resbonse to' arr applied control signal,

o provrding 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 Ievel'requirement of the 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 m a safer manner in accordance with the
instantaneous brakmg requirement of the aircraft.

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

-'cea'ses'o_r 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 arranged that when the onset of a skid condmon 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 '

suesrrrure sveer ruce 20, | [N AR AN
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nunber of brakes that nust be achr eved to provide a safe |anding.

Fi gure 7 shows a | andi Ngtts : & di scri m nator which

recei ves sr nal s from al _vr ce 104 a flying controls
noni t or AR6B%r ake| C 1 08 an engine cATIGRISHBI6Nt Or
122 a rate of descent noHRToF= or nor exwheel speed
transducers 48 and i dentrfr es V\/net her the pprcraft is operating in a

landi ng " or a taxiing node and transnits an output signal to the brake
actuation papanetdr! éﬁarﬁéteristidl@fathelérrorfaft/\/oetlfsebpédmow seleefad from nheai d
l-andi ng or taxiing AIMS, 1.  An aircraft brakin

systemfor a mﬂfﬂup\MQ@éISﬂ&QerrQifoaWMQ!ﬂC'%sWQeﬁb‘(QPCBVv Rirgraikall up,weight,
conprises brakey gjoé(;%drgra W 5%ra’k@m$ %b%ﬁﬁg%gﬂt?h%??‘% bfrﬁhHHur‘hEer

di-fferent nunber mhereb a lesser es na
sel ectively opafaraétes Ghmcs@ﬂsfiesdthmmdnmtmndsstmkmg tavqbrreqesement is

transducer means to neasure the anpunt of weara ter remai pi ng in
the brakes and 2PRfigd Ehereby At eRFUrgsHIA W8 ﬁyepag t%esadf‘ﬂa r $n8Qbcer
means wher eby foffised han the total number N of brakes is required to be

operated, the brake control means is operable to excuse fromduty those

_brakes havi ng e s aircraftnboaking (systerar cornprisimgea ipluraligy of carbanrbrekes

braking syst *Meac %rra e gmvmg%r‘re1 Iarsns&crgpe%{ ggttu%&llnsger%eians tfor 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 number 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 whereby the
number of disabled brakes is a function of monitored conditions applicable

 to an aircraft '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 brakes_ 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 fequirement 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 arrcraft braking system comprlsmg a plurality of carbon brakes,

‘each brake having an associated brake actuatron means for actuating the
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the systemconprises a plurality of sets of brakes, the brake control means

bei ng operabl e to-seteet—different—sets of brakes for use in successive .
further operable to

br aki ng operations,.a e b CONEFBT—eans el
excuse fr W 2AN8§96t h%h'sr% 4 g egrlﬁl\(e%lageaa-lﬁa$*éﬁ%7ﬁ ’I?%f%hle | éast pPOTAIBEBIBI Ni NY.
iﬂ E[m H‘“ em a®EEH-AUEY to-gllai m 2 characterised in
i per abr €40 change the allocation of -

3. An aircraft bra
that the brake contr
brakes to the sets . at intervals during the“life of the brakes in order to
mini i se the \qupenlidhY EiHECAerit ¥ GetBERhg a‘“ﬁ’é‘lren?i%l ritmirerﬁéﬁﬂ fdt'iAkRased-
An aircraft braking systemaccording to any one of the preceding clalns
char act er i sed brakingforae arcanging $hat said control meaak psings istopperatibn atiddse

o o a1 1 oo 335 e WY B¢ boptiifin &f it eg Hpact Rpusitad s e
f1ight spectr@8.i n MemdiAGdcoOrdaicy With any bherdf dlgirhs 295¢8/88'whibi e S

An aircraft brakinra% system according to any one of the preceding clains
char act er i sed CoAtiohAneans HoiRgsi ioee apesatien| alt of shechrakes iny the ievartof &.

An aircraft b%ﬁﬁ&?ﬁdf&ﬁﬁﬁ%ﬁ%&@ﬁm to any one of the-preceding clains
n tna e

characteri sed rake corftrol neans is operable simultaneously to

apply differe37.br Methodtin atcordapcewith etaifno36 Wiereitnsaid 'spseified condition
ai rcraft braki ngpg&tem according to any one of claims 1 to 6 characterised

in that as add lom,PhREsAIR PEAK GaBIAYMeNtosYssemuEPRtfol or is operation of
- REPLACEMENT Sghbihe reversed thrust control. -

38. Method of c}perating' the carbon disc brakes of an aircraft braking
system according to claim 29 or claim 32 and spbstantially as hereinbefore

- 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_plied éontrol sighal, control means, said control means
' being operabie to I_im'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 timé, said conditions
_including at least -one parameter of the aircraft external environment
selected from the group consisting of proximity of other vehicles, relative'
: 'velocity of other vehicles or objeéts in relation to a subject aircraft, tyré- _
- ground friction coefficient, location of the aircraft relative to predetermined
zones of an airport, and external signalling means thereby to ensure that the
overall safétv of' the aircréﬂ is not cohp_roniised. | . ' |
40. An aircraft braking system comprising a plurality of carbon brakes,'
each brake having an éssociaie_d 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 cc}nditioné applicable to an
aircraft status at any given time, said conditions including 'at. least one

sussrmuresweeraucezsy  INIINIORRUIN .




14 sequentially, different brake act uatlon pressures are applied to ne

additional brakes in a manner sel ect ,.._..-.._.,....-_.....-} of the
addi ti onal aﬁ%g as qui ckly as prad} iTed8 SHEET HASBEEefjat ur

‘operating bra& 56 Met hod of opratl n@E.Ph-AGEPakes f apsﬁ}l‘?{;?&{ﬂhg'{él
aircraft where the a| rcraft has a totat “N br akes—and a | esser number n

of brakes may be sel.ectively operated, chanacterrséd In that said nethod
conpri-ses selecting for selective operation those brakes which have the
gr eat est anountbrake amiacebtrel fredamsi for awomaticaly acdivatinigbadditionalcbrakesgint o
claim8 characterised [n that it conprises r ovi dllePgttransd er . yeans

measure the ancifiective ing, OPeFALiQN jnyres i #y PRE signgldodicagjve of’
arrangi ng br ak%mgﬁ{éﬁtamﬁaﬂnﬁ&eosr%ﬁ%ﬁbmmt ai§ Hohtid) MEEHLESMPASIAG

wher eby when | ess an the total nunber brakes is required to be
operated, the baaskmpet meanseadsa eaotroksigorithm and beingodanted ite determing -

e e Aot SPARbE I ) cned B SRR e 1R

control means iipsfritdhé6us bﬁhl&ﬁ?ﬂé\ﬁél reqOiREReh®andf to $6lebt 8He Loadrtubte said
arranged to select different sets of brakes for use in successive braking-

_operations, andrequiredraumbenof hrakes assneeassgry tareantrolciher aberaft in axsalee
fromduty the s tapﬁgﬁta' ning a brake with the |east wear remaining. 11.
Met hod accor di n'g' | ai m 10 characterised in that the brake control

syst em changes a&¢ aAhcmmraﬂrbrakudy sy<teni cormeisirkea plurdlity ofwearbod wrakes,t he
|ife of the brakes in order to mnimse the variation between the overall

wear of indivie€aeh brakecbavingan assagiaied E@J,‘GrﬁﬁtHQt'QB eI FRY G‘FtU@It'anﬁ‘eS
O hasCharact o bk Adk |ddRbrol hediiTRGY SERASHERR Mhiibfoy R Abhat Brlked
e nu er o e e di sa

brakes and adj usting maxi mum al sto
at any stage- of sélbetive 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 braking system comprising a plurality of carbon brakes,
brake actuating mééns for actuating 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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porrse=$0_sai d assessnent. 13. Method according to

&k%@@%&r sed.in that it is applied to the .

su .If ‘Nt .hod according to any one of clains
ra=eand| i S provi ded si nul t aneoBETAEBIH2Gb| v

di fferent brake actuation™ - AMENDED CLAIMS 15

pressur es [recadived dyethe Bntdrwatianal Buveaihan $2debrliarg 1996a(e.0Re960f cl ai ns 8

to 14 char acArdgirddciaim B3tamerdedddireniadning bi aikms sureshendedo iy itage it o oper at i on

sequential 1y, differenbrlcsmertalafiom mresalntistisaiceeehditidnt @dultihg

addi tional brakes in a manner selected to increase the tenperature of the

addi ti onal brakes as qth&Kp§ ofadditional hipkescontinvestrexistre of pri or

operating br@¢es. method according to claim 29 wherein the control means operates to

flight spectrumi
any one of clali
control of carbop=

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 ata specified moment in time. . ' ‘
-32. . Method of controlling 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. Metho_d according to claim 32 and comprising monitoring for anti-skid
activity and increasing the number of operational brakes progressively or
| incrementally in the event of a_nti-sjdd activity until the anti'-skid éctivity
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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JRB/ M. - CA 10753 WO 96/ 08396 T : '

PCT/ (3B95/ 02161 15. An aircraft braklng systenlaccordlng to any one
of the precedin claims wherein the nunber of brakes that may be :
di sabl ed i s 919?’&?8@% at | east-oné paraneter of th@PCIGRISHLIG]

external environment. -~ 16. . An aircraft braking systemaccording to
claim15 wherein said at |east
| - . Ty
18
| o )
| - 1 _AMBENT | .
o P roo TEMPERATURE
AIRBR»A/KE RgVERSER A"DQLE\;'?\RT EI?(TERNAL B MON[TOR 26
|ENVIRONMENT :
STATUS STATUS BANK MONITOR __L
MONITOR| | MONITOR [ | ATMOSPHERIC
2y —— %! ' MONITOR
TRIGGERING PILOT'S 28
DEVICE DEMAND T\~ F— ——, (REMOTE
SIGNALLING Il OPERATIONAL LS‘?(E\JI\?AIB%ED
| DEVICE | T SAFETY DEVICE
|||l |
LANDING/TAXIINGL oy | ‘
| DISCAMNATR [ o STAGE | T
! EBJ}ZSCRITINATOR | i l‘ Sl
30 ' NI
' — BRAKE. ACTUATION
CONTROLLER —36
38 ' '
VALVE |- _ - HYDRAULIC
T | POWER | -
- SUPPLY
40
50
-48
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‘one paraneter is a paraneter selected fromthe group conprising proximty
of other vehicles, relative velocity of other vehicles or objects in

rel ation t0w096/os%9l§'e subject aircraft, the . tyre-ground frictJ

coefficient, the lTocation of the aircraft relative to p#‘glg(e;?gesfoﬁf'sﬂed
zones or positions of an airport, and external signalling and/or
sensi ng neans. 17. An. aircraft br g system in accordance wth any

one of  the
disabled is a

pre

cedi ng clai ms wherei
function of at

24

e nunber of brakes that may be
| east one paraneter characteristic of the

aircraft or its oper ati on. 18. An aircraft braking system
according to claim.17 wherein said paranmeter is a paraneter selected.
fromthe grou onppbsing aircraft vel ocity, wheel vel ogjt P2regaft
all up wei @2%%7696@6 of wear of brake di sc ass Iégs?ﬁc q_gL'Q.
An aircraft i Sy5t according to any one of clai o] }8/ // and
conprising au ilc [rgan¥4for activating additional brakes i\ 3 Y’
sel ective braki pgrqtion in response to a signal related jtq gt || qagt one
of sai d tqrgq. 20. An aircraft braking system gcqorldilndg to
any one of th edi ig clainms wherein the control signgl |ig
responsive to e |silgnal I i ng and/ or sensi ng. 2%, | An |ai|rgraft
br aki ng syste rdifg to any one of the preceding cliaijrg gng
conprising an r-qni ich stores—infarmation 1 | |cdnder]|ni ng
characteristi edch i 1 90of potdntial_aircraft Ifandifng
|'ocati ons, an ctjor y/ i Teppgnsest o setting df |tHe
sel ector nean dta pialll e skl ggttivel y o define |sgedi fli ed
operating par s |of fedns. 2. ai rcrgft| Jrgkilng
system accord gny edi-ng —] cl ai and gonpryi gi rg
proxi mty sensipng redns on o el '

10 116

48

Fig.2
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17 control neans is a function of a signal fromsaid

proxi mty neans. 23. An aircraft braki ng systemin
accordance with claim1, claim2 or ' claim
“subst ant i aMOP68839% escri bed in the descri pt| on of this appl |€%ﬁ€g?f.’°2161

24. An aircraft brake control system .according to any one of the
precedi ng clains wherein the brake actuating neans is on board an aircraft
and is responsive at least in part to ﬁggnal froma renote signalling

means. : 25. An aircraf aking system according to claim
22 wherein the renote signalling means is a renote

| and- based signal | i ng neans. 26. An aircraft braking
system according to claim24 or claim25 wherein sai d

- systemis operable to activate sel ective brake operating neans in
. response to signalling neans | ocated between an aircraft runway and

ancill ary taxiways. : 27. An aircraft brake control system
according to claim24, claim25 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 claim27 and conprising an
auxi liary.control systemoperable to select froma specified nunber of a
plurality of renote signalling neans.

ol - LANDING
bl o
% | T | TAKE-OFF
-
T | -
2!z | taxi-out | TAXI —IN
2| % B | -
LOW HIGH
BRAKE TEMPERATURE

Fig. 3
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29. Method of operating the brakes of a nmulti-wheel aircraft during taxiing
t hereof where the aircraft has a total of N brakes and wherein a variable
nunber of brakes nLerr], n2 .... n[err] my be selectively operated and N >
nferr] > W09/083 - n2 > n[err], said nmethod conpri si ngﬂ’GB”’“n“l

- operating the aircraft during taxiing with n[err] brakes sel ected for
use and with the actuation of N-n[err] 2‘ s inhibited,

- detecting a.condition which at |ea ibgtentlally requires the use

of additional brakes, ' sel ecting additional
brakes whereby an additional nunber n2-n[err] ' ' _

of brakes are selected for use and the nunber of inhibited brakes is
reduced fromN-n[err] to N-n2, gg detecting whether-a
condition requiring the use of additional
_brakes continues to exist, and g

nunber of brakes selected for :é: progressively

- |ncrea5|g§ t he

WO 96/08396
5 _ g&%rding

PCT/ GB95/ 02161
or |mnemthnyromn2to n[
t he use of additional brakes con'
to claim29 wherein the contrg
nunber of brakes consi stent

«Nat i onal safety.
N .

yoneof the _
may be activated

y onl
B”

Opﬁggqu
Al &\‘I
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84
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- 31.
operable to |imt the nunber and/or proporti

plurality of stage
“nunber andP® 966’?&5

ortion of brakes operable

s of a flight spectrumand is operable al?&nﬂﬂﬁk

Met hod according to claim29 or claim30 wherein control neans is

on of brakes disabled at a

:%Ept t he

during said phases may

further adjusted in response to the conditions applicable to the aircraft

status at a specified nonent in tine.
aircraft braking systemconprising a p

old

sai d net hod conprising providing brake actuatin

t he brakes in response to an applied control
means for. inhibiting any one of a plurality
t he brakes and arranging the control means

braking | evel requirenent of the aircraft t
sel ected as a function of said braking | eve
m ni mrum nunber of brakes is selected and ac
controlling the aircraft in a safe manner i

3

E

2.
ty

Met hod of controlling an
of carbon di sc brakes,
means for actuating
provi di ng control
fferent nunber s of
efresponsive to a
hLbit a nunber of brakes
i rement wherein the
ua consistent with

(0]

N accordance with the

i nst ant aneous braki ng requirenent of the aifcraft. 33. Meth _
according to claim31 and conprising nonitofing fomrqufyskid Rectivity
and increasing the nunber of operational brakes pzdyh i vel y Sl
incrementally in the event of anti-skid act jalty I aat s

activity ceases or decreases to below g pre thre n a
desi gnat ed nunber n[err] of the activdg|brakes.—d 34. in
accordance with claim32 or claim33 and c@fprising noni tori ng
parameters on which the onset of a skid copglition is known to ‘depend
and arranged that when the onset of a skid g¢gondition is predicted or
whi | st the occurrence of a skid conditionjfcentinues the nunber of
oper ati onal brakes progressively or increpehtally increases. 35. .
Met hod according to claim32 or claim 33 angd conprising nonitoring ()]

conditions on which a requirenent for ingre

hsed braking force is.knowiIEb
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20 paraneter characteristic of the aircraft or its operation selected
fromthe group consisting of aircraft velocity, wheel velocit

*aircraft amo96{98396i ght and degree of wear of brake d|§€r’§§§‘é¥%ﬂ| es
such that a m ni nrum nunber ~ of brakes which satisfies the instantaneous
braking level requirenent is appIEﬁP7thereby,to ensure that the
overall safety of the aircraft -is. not ‘conprom sed. 41. An
aircraft braking systemconprising a plurality of carbon brakes each
brake having an associ ated actuating nmeans for actuating the brakes in

response to an applied control signal, control neans of a type which is
operable to bring into operation any one nunber of a plurality of different
nunbers of brakes such that the ggptrol means briggs into operation a
nunber | ess than a total of the bkakes if that |edser nunber is potentially
sufficient to control the aircraff in a safe nannar, at stages of a flight

spectrum i ncl udi ng taxi-ou - ?, | and iing-in whereby the
nunber of disabl ed brakes qn of s dqondi ti ons applicable
to an aircraft status at apy ife the} NM qure that the overal

safety of the aircraft is not co ronlsed A net hod of
controlling an alrcraft braklng ystem conprising a >

23 | jf
AUTOMATIC
ORI ST
 CONTROLLER LOCATION
ONTROLL DEVICE
!
” W&A?AHT
' {4 (FRICTION) |
OUTPUT MONITOR RECORDER
R,
CONTROLLER 102 100
36 |
AIRPORT
"DATA %
BANK |14

Fig. 6

SUBSTITUTE SHEET (RULE 26)



"plurality of carbon disc brakes, said nethod conprising actuating t he

br akes in response to an applied control signal, providing control
nmeans for i nhibiting any. one of a plurality of different nunbers of
“the brakes Y&P86/83%  pnitoring for anti-skid activity, arraf§iftpoeazIel
control neans to be responsive to a braking |level requirenent of a
subject aircraft to inhibit a nunbmg)f brakes selected as a function
" of said braking | evel requirenent rein the m ni num nunber of brakes
is selected and actuated consistent . with controlling the aircraft in a
safe manner in accordance wth an i nst ant aneous braki ng requirenent of -
the aircraft and increasing a nunber of operational brakes
progressively or increnmentally in the event of anti-skid activity
until the anti-skid activity ceases or decreases to below a pre-
sel ected threshold on sai.d m ni mrum nunber of active brakes. 43. An
aircraft braking systemconprisin@Na plurality Qf carbon brakes, each
brake havi ng an associ ated brake tuati on neay for actuating thed
W96/ 08396 mdepend and in the\event of detgcting a potential~
requi rement for gyncreased braking force arr;ﬁgi ng that said £ontrol
means brings int'§ operation at 2 onep=er=—tr=—af t he| the
oper ati on of vvhi% in ibitgb: 36} L&/%r%d in act:o@i&nca with any
one of clainms 29 td 35 erfei n _
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control means brings into operation all of the brakes in the
specified condition occurring. 37. “ Method.in accordancd i
wherein said specified condition -is operation of an air
systemcontrol or is operation of engi neqsheversed t hrusi
Met hod of operating the carbon disc brakes of" an aircraft
according to cl gm@esor claim32 and substantially as herkj _
descri bed. 39. An. aircraft braking system conprising a plurali

carbon brakes, 1. eadhn birataft hmkiinmsmteasﬁmarauﬁiiwimemmrcm wihictshéoa total

actuating the br t a | ed cont nal , contro '
neans, Sgl d contq?m? brtr@ﬁ?saﬁg%g% eg&ésgglcg%rg?lmqﬁr}s Qﬁénﬁ'b&mﬂ agy one Al
that may be di sgiedityabf SiFREESt numBérstofiiraRes wieee n%arresséehumw nt GPUraRey -
take-of f, landing and taxiing-in wher eby t he nunber of -di sabl ed-brakes

is a function ofMayibersplective V@ﬂ@dﬂeﬂeﬁé‘aaﬁﬁiﬁﬂﬁ%ll@ that saidasystenr comprises
at any given (i Yansadiclr k!t Measure g bl AHwhidble ARfedAl aNRIfAo A

the aircraft external environmen group consi
proximty of ot Hhbke brakescdrabsaid brake atmtrol meérwbehgoésmﬂiﬁm Y& BaidltRshsdiucer

~objects inrelation to a ct aircraft, tyre- round friction
coefficient, | Oégqqr@nwgprgsq*_‘,b\&epdgg thansthig F%@' E‘B"}?Ieg&bf’fepfﬁkﬁéds requipbo of

an airport, andpdgirafdd, the BraKd é%ﬁ&%éaﬁé‘%r@ﬁéfabfé W&'ﬁﬁsetfm cﬁﬁ? those

overall safety of the ai rcraft is not conprom sed . An aircraf

braki ng syst em &oakas bawggathpls.mdlertqm@tﬂntsmfowamtageaatenal each br ake

Lo anapp! | o caat r o TEpYERr AR Sysin AL aBlid th bidfin | Phifretlerised RIRRDST
of brakes that mmysbete@lrh sohipritesta slurdiey ofisets bf baikess pee brak® contrélThedhgg

taxi-out, take- | andi ng and taxiing-in whereby the nunber of
di sabl ed brakes Fg‘ga%fﬁ,k{' oo &elegb ditfgrasyt sefsqet |b6ﬂ§e§apfﬁl' iUsgbine sHecegsive

aircraft statusppdiifglopdrdfithd, did tie?brakeOsBHtroItfeahs Deitth RsrtRdr b5érable’Re
excuse from duty the set containing a brake with the least wear remaining.
_' 3. An aircraft brake control system according to claim 2 characterised.
in that the brake control system is operable to change the allocation of
brakes to the sets at intervals during the life of the brakes in order to
minimise the variation between the overall wear of individual brakes. |
4., 'An aircraft braking system according to any one of the preceding
élaims characterised in that it comprises means for analysing signals 'f_rom
the transducer means to assess the overall wear of the bfakes and adjust
the maximum allowable number of brakes to be disabled at ény stage of the
flight spectrum in responsé to information from t.he' transducer signals.
5. An aircraft braking s'ystem'according' to any one of'the preceding
claims characterised in that it comprises a plurality of carbon type brakes.
6. An alrcraf‘t braklng system according to any one of the preceding
claims characterised :in that the brake_ control means is operable'
simultaneously to apply different brake actuation pressures to different
brakes. )
7. An aircraft braking system according to ahy one of clairris 1to6
characterised in that as additional brékes are brought into operation’
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sel ective braking operation in response to ﬁ4 | east one signalli ndi cati ve
of the instantaneous braking | evel requrfrement, said-contfol nmeans

L . | T h bk , |
Co Betermne  SSafHERyCRIBRERCOARE R i HlesBli¥iaus BPofed o TSR ——
as a function obra@isdn a marires iseldcree Qo Sndrealse ttiel erderafftdi gt ddiflgni0

select and to actyate said requi red nunber of brakes as necessary to
control the ai rﬁ;a}pts 3sayicklyras practicghionthie temperagure ofaprien eperatingthrakesig

system conprisigg a Rethad iorodratild A8 REIRCS! o mutti-Gfdb) Bk haNdIgnan

- associ ated brake actuation nean actuating _ | _
means for aut on@ir¢redll hgs iantdtel of I beaidist andal ldssek @smiber n of Brakes hake be

'net antancous BT SPRTRY, Enlanesrioec R el stk metih somosies selosyng.
a conput er neanforagilectivi dberitiot BRidel BrAIRRIWAREH hatdaiteCdrdate St L fTothP o f
' " wearable material remaining.
9. Method according to claim 8 characterised in that it comprises
providing transducer means to measure the amount of wearable material
remaining in the brakes and arranging brake control means to be responsive
to said transducer means whereby when less than the total number N of
" brakes is required to be operated, the brake control means excuses from -
duty those brakes having the smaller amounts of wearable material. |
10. ‘Method according to claim 9 for operating a bltjrality of sets of
- brakes, characterised in that brake control means is provided to control
operation of the brakes and is arranged to select different sets of brakes for
use in successive braking operations, and the brake control means beiﬁg
- further operabie td excuse from duty the set containing a brake with the
least wear remaining. o |
11. Method aéco'riding to claim 10 characterised in that the brake control
system changes the allocation of brakes to each set at intervals during the
life of the brakes in order to minirhise the variation between the overall wear
of individual brakes. _
12.. Method according to any on;a of claims 8 to 11 characterised in that
it comprises assessing' the overall wear of the brakes and adjusting the
‘maximum allowable number of brakes to be disabled at any stage of the
flight spectrum in response to said assessment.
13. Method according to any one of claims 8 to 12 characterised in that
it is applied to the control of carbon type brakes. _
14. Method according to any one of claims 8 to 13 characterised in that
means is provided simultaneously to apply different brake actuation -
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~ brakes that may

t he nunber. of brakes required to decelerate the aircraft as a function of
sai d . instantaneous braking | evel requirenent and to select and to
actuate said requi red nunber of brakes as necessary to contfol the .
aircraft in a safe manner . 45. 1%n aircraft braking system
conprising a plurality of carbon brakes, brake actuating neans for

_actuating theppesdiass ito differemreakes.an appl i ed control signal and

control neans, said control neans being operable to m ne the

det
nunber of brakés r dethodPAcerdiBgdrat @ne RE Claims &ie 14characterisedrdish of
h -. . . - - . . . . 3 . f
the:instant an%@%&?ﬁ%l@ﬂai@é’ﬂe Sr‘ﬁﬂghf gﬁﬁa@%eﬁ’lé‘gtm Qegbé’ﬂﬁaﬁrﬁ%nﬁere% Br ro

e disabl ed at stagés spectru ereby the
nunber of di sabteatidm plessuies axe pplied tnthef additionairbrdkes in a cwamndiet selested
applicable to_ the aircraft status at.an Lyen ti t herehy, t o ensure
Chat the over &P itaapse s teparatirelot e pdoigil aifices s Guibkdy‘as practica
SUBSTI TUTE SHie& thé iblkipedfture of prior operating brakes.
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t he fr Nz 3 egmﬁg,ptrol st gn provi ding control
nmeans (ﬁkﬂ&%&%%ﬁ% @o3é % ty of different nunbers of the
br akgs and.oedonawgﬂmg(qnhe control megfs t g Phls ipons Pﬁ a braking
| evel| reguire J‘t of. the aircraft to inlibit ck,;fff"’b’f%?ﬁes
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- accor ?ﬁggﬁa& n&n}}&p&%&%dy eﬁgrﬁwm&mml toring for anti-skid
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(54) Title: SEQUENTIAL SELECTIVE OPERATION OF AIRCRAFT BRAKES _

(57) Abstract
The invention relates to sequential selective operation ' ' 1?
of aircraft brakes in a-manner in which the braking level 12 % 16 e AVBENT
. TEMPERAT URE
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activity and increasing the nunber of operational brakes progressively or
i ncrenentally -in the event of anti-skid activity until the anti-skid
activity ceases or decreases to below a preselected threshold on a
desi gnat ed nunber n[err] of the active brakes. | 34. Method'in
accordance with claim32 or claim 33 and conprising nmoni t ori ng
~paranmeters on which the onset of a skid condition is known to depend
and arranged that when the onset of a skid condition is predicted or
whi | st the occurrence of a skid.condition continues the nunber of
operational brakes progressively or increnentally increases. 35.

Met hod according to claim32 or claim33 and conprising noni toring

condi tions on which a requirenent for |ncreased braklng force is known to
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