*DESCRI PTI ON DI SK BRAKE AND METHOD OF ASSEMBLY This invention relates to
di sk brakes. and especially to aircraft brakes utilizing carben brake_disks.
41t also relates to the assenbling and 5 over haul i ng of di sk irakes.—
ircraft brakes of this type are nornmally assenbled with the avail abl e wear
portions of the stator and rotor disks having the sanme thickness. The
brakes have then been operated until all the-disks are fully worn at 10
which tinme the disks are renmoved and: refurbished or reworked to repl ace
t he avail abl e wear portions. The brakpESGREPTHON reassenbled with the’
ref ur bi shed or new di sks having the sane thickness of avail able wear

portions. Wth this construcpi®k BRAKBcANDsMBEHORsSOF1BSSEMBLY educed by the
total anount of wear of all the disks. This is not desirable because the
heat sink mass nust bPhisboneendionckiediaesl eveldiskobriakdes the operating
tenperature down. he _size.,and _weight - af bra 1§ 5_Js n..an
aircraft and theref%’?% ?ﬁ@eﬁéali‘{'hf’f?kﬁgggra?tt ﬁé‘aﬁ ilugt:}lﬁg'zvj\gﬁét' %%Jﬁb[_qrbns of
the disks is also brakeediskshi sItoallsol reflhéesutivethef alssetibldngdanden
t he refurbishi 2] Oéve{'ﬁgﬁg%ﬁésof‘ dIQF B}g?gg- cylinder assenblies for

S§0 have a | engthd Ti

actuating the brakes a eterm ned by piston travel which

is a 25 function of thgrtpif viads oF $M8 gipKare ndbeiBly BSsdtakesSsithre

operated wuntil all --the disks are fully worn, the gistontravel is a

significant factor W cRVaidaPdSesWEAE |RPGE AR OF atB8r AHRFGE ande rotor
wei ght of the pistalisksdindeingsshebldsife @Wickness. | rhBaprakeshanivd open
_p.OSISIble to mtlgatt?eetr{]eolp%trta redp'rt?rt;)tl::?{rs'all the dis_ks are fully worn at
.\./ 10 which time the disks are removed .and: refurbished or
reworked to replace the available wear portions. The
brakes are then reassembled ‘with the refurbished or
‘new disks having the same thickness of available wear
portioxis. With this construction the heat sink mass

15 is reduced by the total amount of wear of all the
.disks. This is not desirable because the heat sink
mass must - be above a certain level to hold the
operating temperature down. The g.ize and weight ‘of
_brakes are limited on an aircraft and therefore the

20 thickness of tfx_e available wear portions of the disks
is also limited., This controls the number of landings

—/ ' between the ‘refurbishing of the disks. The piston-
- cylinder assemblies for 'actuating the brakes also have

_ a length determined by piston travel which is a
25 function of the total wear of the disks. ‘Where the
' brakes are operated until all the disks are fully
worn, the pié{;on travel is a 'significant factor which
increases the -length and, accordingly, the weight of
“the piston-éylinder éssemb_lies. _ :
30 | It has now been fqund possible to mitigate

the latter problems.



-2- In an aircraft disc brake according to this invention, an internediate
overhaul is nmade after a predeterm ned nunber of |andings and a portion of
t he di sks replaced by new or refurbished disks. In this way, the piston

TR

travel is reduced and the size and wei ght of the brake may be reduced while

at the same time a substantial portiorT & the heat sink nass of the worn
brake is retained to | ower the operating tenperatures. In accordance with

one aspect of the inveption there is provided a disk brake co i,sing a
st DT oup of | brake. arbi @R aarstasd RHS e (aBraRheHE B8 RRR ' I

al i gned and i nttaveavidny, ebhat floksrined fdfee doekshahlt he hadet agrteup abei ng
interl eaved with, Lsks . qf . )y & 1N ter ' r elaatiqnship,
each of the disggéggtghEE?f?sphgﬁﬁﬁﬁqgﬂ %ﬁé&%&%oﬁ bg?ngPhggpngfgggggitely
di sposed avai | abtekpeneprpacedohy sevpratictefvrbbehedi dkakss, The thilisst

group of the digks heybngiaydnl alNa& dteals PPSi4ONS Rhadthil sk okhiaglgness, the
second group of the disks having available wear portions of a second

t hi ckness, the ¥¢¥8httAfckREsPrake MakRg | 2ptecoarnpdet AENENST 8@ME frst

group of the digksebgi Bavkeantishan gdre sacadel ¢he ckegsssohkt Rasavaid abl e
wear portions of the second group of the disks mhereb%Pafter a

predet er ni ned ntRBHeFObR BFakE dfpmishaingd thelAVar| Bre°RBEA S8 i ons of
the first grouptehpéhetdralss are substantially;fully_morn away at an

internedi ate brake In accordance with one aspect of the invention
there is proiidéd a'disk_brake”qomprising a first T
group of brake disks and a:secdnd group of brake disks et
in axially.aligned and interleaved rglatiqnship, the
disks of_thé first grqup being interleaved with the
disks of the second group in alternating relationship,
each of'the diéks'of the first group and the second
group having'Opposite}y disposéd_available;wear
porﬁioné of §redetermined thickness, the first group
of the disksfhévihg available wear portions of a first
thickness, the sécond group of the disks having
available wear pértioné of a sedond thickness, the
first thickness of the availabie wear portions of the
first group of the disks being less than the second
thickness of the available wear portions of the &J
second group of the disks whereby after a predetermined
number of brake'applicationS'tﬁé avai;able wear
 portions of the first group of the diéks are
substantially fully wofn aﬁay”at aﬁ intermediate brake
overhaul time and the évailable_wear portions of the
second group of the diéks'are not fully worn away.
Preferably both sides of'each of the disks of
the first group Ha#e évailable wear portions which are
one-half worn and both sides of each of the disks of
the second group have available wear portions which

are not



*overhaul tinme and the avail abl e wear portiohs 'of the second group of the
di sks are not fully worn away. Preferably both sides of each of the disks
..of the-first group have avail abl e wear portions which are one-half worn and

Moot h sides of each of the disks of the second group have availabl e wear
‘portions which are not worn whereby the first thickness of each of the
avai l abl e wear portions of the first group of disks is one-half the second
t hi ckness of each of the avail abl e wear port+ons of the second group of
di sks. The-di sks may be positioned in an envél ope space within the disk
brake assenbly havWagnawhexiedly [theythinsfuctbtiokredst afit eakhy t he sum of the
t hi cknesses of theofi the gvalifabflet k2 adi ploz i ft ishavlitebl fro@frof

portions which are_ half worn_an ) hi ckness of the second 10 gL oup
r " L he i ks havi ng aksi TRnPBRRBAL T e BREanT S iEkReRt Ghraech of JFRS
accordance with a seabhdbaspeetropofirid cinsverft itdre tderend sgpowy i alfdd Asket hod
of assenbling and r i.n IS I, I Pl [ ) [ Sk L L h
opposi tely di%posegﬂgvgiggglgaaegF éggﬁﬁgﬁgnb J'pre eﬁ%ﬁ%?h@%¥5ggag%iY$%$%ht
t hi cknesses conpri thegdpeki brekengssembrlyt hgrnvdung cfn téwiall skengbh equal

g¥er' apping relati pgshBs¥ahfi3135CURE YRR OfeHd i SkFesdd® dF 7 Bhe IFOHBE
group of the disks having the available wear portions

which are half worn and the thicknesses of the second
10 ' group of the diéks'having available wear portions which

\_/ ' are not worn.



t he di sks, havi ng each of the availtable wear portions of a first thickness,
t he second group of the disks 10 havi ng each of the avail able wear
portions of a second thickness, the first thickness of each of the P
avai |l abl e wear portions of .the first group of ‘the disks being | ess than the
second thickness of each of the avail able wear portions of the second group

of the disks, replacing 15 the first [group of the disks with a third

group of the disks at an internedi ate brake overhaul tine when the

avai | abl e wear portlomm(ﬁcd&ﬁdémﬁstwgtbup aaeoaubsm@mcﬂluﬂIqhétﬂdwewtﬁdn

t he avail abl e r. portlo C [ r f

a third thi ckn\é\gg f(? % grea velrd %a% ﬁ%tkpﬁ %Enegssgo%lﬂn Y ljz}'valhflab';l’e
wear portions ofa tdieksdoaie dTame@fathéUUEQRSYapfsailléklmtvertrmmpimasikﬁakae _
overhaul time. Brefer )%Jg%iéﬁ{étwggpmﬁt?@gghgethe 4 the disks

are positioned |n verl apping relation _ rst thlc ness bei ng
one-hal f tise se@Gﬁquﬁﬂﬁ«ﬁﬁﬁﬁkm¢ﬁﬁeﬁaPPaBFéSwearPG@ﬂmkﬂﬁiﬁﬁ & he second

group bei ng not I Vj Kk [ f t r roup
AR N S Bl S IR Ay FU R G UL

third group of tdhdiasi&eennd %ﬁ°¥he°fn?€?n€&?§§e hek & ihadr IRAYR i e mhen
the first group tgfe tdlegkca Hebv 177y e SR babltaewaalalu@rbtveomawmw@ns

substant 2l T VL N L SE0N T BURARAVS el Ll e par oo
i nt er medi atyg 35 havtirnaj«eamerdwﬁutthé [ @eawilbbltehaehlm pd rdriens aff di sSecomfich.
havi ng avallabl%hléﬁ JggJIQQS ph%cp #hsc ness of each of the available ~;}
wear portions of the first group of the dlsks being
less than the second thickness of each of the available
wear portions of the second group of the disks, replacing
15 the first group of the disks with a third group of the
disks at an intermediate brake overhaul time when the
available wear portions of the first group are substan-
tially fully worn, the available wear portions of each
of the third group of the disks having a third thickness
20 dreater than the thickness of each of the available
wear portions of the second group of the disks at said
intermediate brake overhaul time.

. Preferably the first group and the second group ,
of the disks are positioned in overlapping relation with et
25 the first thickness being one-half the second thickness,

the available wear portions of the second group being not

worn and £he available wear portions of the

first group being one-half worn. The first group of

disks can be replaced with the third group of the disks
30 at the intermediate brake overhaul time when the first

group of the disks have available wear portions which

are substantially fully worn and the second group have

available wear portions which are half worn. Preferably

the first group of disks is replaced at the intermediate
35 brake overhaul time with the third group of disks,

each having available wear portions which are not

(/



‘worn and having a thickness which is twice the thickness of the avail able
wear portions of each of the second group of the disks at the internedi ate
-~ brake overhaul tinme. 5 The present invention will now be
“dgescribed further hereinafter, by way of exanple only, with reference to

t he acconpanying drawings, in which:- Fig.1 is an axial elevation of a tire
and 10 ri massenbly showi ng the wheel and brake fromthe axle nmounting
side; Fig.2 is a fragnentary schematic section taken along the line 2-2 in
Fig.1, showing a prior art heat sink brake with new unworn di sks; Fig.3
is a view corresponding to Fig.2, but showing the disks in t he fuIIy wor n
condition; Fig.4 i Spo F W wth
the sane size ‘{)ra ealdﬁ\#\‘/%f{ﬁg J E anggﬁ ?g‘i%étsq%s ﬂ<'31"§Jj'sentb)‘f ed.in
accordance with thhdoknéems eﬁdt%enen&éabén yearh@qntdsena dhveselon; Fig.5
I's a view simlargd 0 fd 9s S HHM déxth’M‘b”Grt 'Eﬁebﬁi's%sOfatF'tﬂme“ at the

i nternedi ate overhaul tine rea | acement of one group of fully worn
di sks; 10 #QEF%P?%i%FﬁlE&Fkﬁeﬁ?PBHP“ﬂotﬁﬂg-Z showing a prior art

brake with the unworn dwﬂ@Sﬂngggﬁgi15»;g@abﬁakglgnﬁehose, Fig.7 is a view
simlar to’Fig.5 but show n i fied enbodi nent of the invention

havi ng a shorterQﬁ?°”¥ﬁ%$efugﬁ%%Tobéraﬁﬁaﬁéﬁﬁg qﬂ1%ﬁﬁuﬂQ|%ﬁFWQ&ereplaC|ng

only, with reference to the accompanying drawings,
,;n which: -
Fig.1 is an axial elevation of a tire and
N, .10 rim assembly showing the wheel and brake from the
axle mounting side;
Fig.2 is a fragmentary schematic section
taken along the line 2-2 in Fig.1, showing a prior

art heat sink brake ﬁith new unworn disks;



”y

the fully worn disks with refurbi'shed or unworn disks at an internediate
overhaul tine, and Fig.8 is a viewsimlar to Fig.7 but showing the brake
after the fully worn disks have been replaced 20 with the unworn disks. &
Referring to Fig.l, a wheel and brake assenbly 10 is shown in which a rim

12 supports a.tire 14. The wheel and brake assenbly 10 is of a type used

for an aircraft and nay have a prior art disk brake 16 25 positioned

between the ri mgg, and ggstali opaLy VHE rddpoififh Skelrakgqlg in es a
torque franme 20%2% rrgs_ be fas?ened to a tor que Tl ange gggm)dnt gﬂ’d&gn t he
axle 18 Dbyphawing thediskssinoghe fpjdivawpra ceingiigionsyl i nder

assenblies 26 argjpupPQist el ¥ldwecbor@dpod@ing 88E Fidl.2 abhowing a
circunferentially ™ spaced-apart positjons around the axle 18. t or que

tube 28 is mAdk%d “b"gﬂ'the”!%r RNt FE220 RIRKPa LR PP xR EhdiWbtRpl i nes

30 for ¢lidigigkngagss@mbléd SiAt SacBokdahewn) withd fuheSt n@tiga ofamlt sks

such as stators 32 and end_plates 34. Pgsitioned between 5 ~ the stators
32 is a secHAPIFHGEI® LELKEhe PReSENELBYENEEO Vi ng sl ots for sliding
engagenent with g 28 | Ysexd erdieng 495138 (shombgl8- Bur 1yhowingedeww t he

.rim 12, Pistqns 40 of _the pistop-cyl.inder senbl i es 26 _engage aqne of the
end pl ates %’zfajﬁ?d ?igcglllgpér %Errglé? &?tzirﬁf?rs} _eloogeﬂi’%ufhglggr qﬁfeacﬁﬁbe 28
for engagendiur widgildadenentheof odbnéhgrong pfattaed 1y4 wokime dirsker; art di sk
brake 16, shown g

brake 44 enbodyi n%{:%gf‘lsﬁ\a}g%%'n gﬁgnéﬂgﬁaﬁ :—fleig}gt% gﬁg&gés‘?\éﬁ%ﬁbﬁs i sk
art brake with the unworn disks mounted in the brake _
erivelope; | - _ _ ' e
Fig.7 is a view similar to Fig.5 but showing a
modified embodiment of the invention having a shorter
15 brake envelope and being in condition for replacir’xg‘
| the fully worn disks with refurbished or unworn disks
at an intermediate overhaul time; and '
Fig.8 is a view similar to Fig.7 but showing the
brake after the fully worn disks have been replaced
20 with the unworn disks.

Referring to Fig.l, a wheel and brake assembly 10
is shown in which a rim 12 supports a.tire 14. The
wheel and brake aséembly 10 is of a type used for an o/
aircraft and may have a prior art disk brake 16
25 positioned between the rim 12 and a -stationary axle 18.
The disk brake 16 includes a torque frame 20 which
may be fastened to a torque flange 22 mounted on the .
axle 18 by Dbolts and nuts 24. Hydraulic piston-
cylinder assemblies. 26 are supported on the torque
30 frame 20 at circumferentially spaced-apart positions



15 parts which are the sanme in disk brake 44°'as in the prior art disk
brake 16 will be given the sanme nunerals with a single prinme synbol to
iﬁplcate they are the same. Those parts in the disk brake 44 enbodying the
vention which are sinmlar but are not the sane as the parts in the 20
prior art disk brake 16 will be identified by new num bers. Referring to
Figs 4 and 5 the first group of disks such stators 46 and end pl ates 48
have slots for slid- able engagenent on the splines 30'. A second group
of disks, such as rotors 50, are positioned between the sta- 25 tors 46
and are sli dablay"wiﬁjr'if‘éda’t;ﬁ Higs A3Borqueatyfies £8 niss mogntegnen dihet h@q@lesfname

cylinder-assenlg egmf' 1l [‘]ﬁa%‘qﬁq & Ofe’ét%% Pl efn é§ fs;lﬁj el P {BIHT

42' engages the other of e en ates 48 erring to prior art
construction ofergagement $n sﬂ»et§t 40ets siowhy Jemdapfa:§§ 91%%4:@%%

brake di sks haygih ad %@Atébscbaeaadofer@orﬂ%é@tﬂy lpésm%a%d( Aoélﬁvéé’ﬁ
w th an avail abl e wear portion on each (or on_one side of the end

pl ates 34)5 hakhey StARPERNSLs i Qab%%ﬁ"GQSGrPH@né’sf (DS cRPECh AFe GRS

36 may al sgge pivingi $18¢s ceaftrslnaseﬂg agg tableﬁiémss wilH i Mkially
operation of the prior ary disk_brake 16 brake ggg |cat|o are nade, at
I

each | andi ng ofeX4fnding hrgsuaBi (siown; He Kig ‘B°%EF SPt Eh&s e Yo n
off the 5  staljtond?. 49ndop! %tr@ Bés88d -c9ldnBeId ahséﬁ\lb(lh.efsl nEG”'éhgage

piSton 40 has & LM ek ELELe"3 e 4 et P oghBers i 3RS,
pounds (4p. 4 k@ , theerraspidietibat 28 nkoﬁasalqﬁgédﬂenfuwlm:hvmmesbah@rs &2,
- the end plates 34.
The prior art disk brake 16, shown in Flgs 2 and
3, has the same length brake envelope as disk brake 44
. '_ embodying the invention and shown in Figs 4 and 5. Those
15 parts which are the same in disk brake 44 as in the prior
art disk brake 16 will bé given the same numerals with a
single prime symbol to indicate they are the same. Those
parts in the disk brake 44 embodying the invention which
are similar but are not the same as the parts in the
20 prior art disk brake 16 will be identified by new num-
bers. Referring to Figs 4 and 5 the first group of disks
such as stators 46 and end plates 48 have slots for slid-
- able engagement on the splines 30'. A second group of
disks, such as rotors 50, are positioned between the sta- -
25 tors 46 and are slidably mounted on lugs 38'." A piston
52 of one of the piston cyllnder—assemblxes 26' engages
' one of the end plates 48 and caliper member 42" engages
the other of the end plates 48. N
Referring to the prior art construction of Fig
30 2, the stators 32 and end plates 34 may be carbon brake
disks having' a total thickness of approximately 1.6
‘inches (4 06 cm) with an available wear portion_on each
side (or on one side of the end plates 3’4) having a
thickness of about 0.30 inches (0.76 cm). The rotors 36



10 end plates 34 and rotors 36, ‘shown in Fig 3, is 60 pounds (27.24 kg).
This represents a loss of 40 pounds (18.16 kg) in heat sink nass.
Referring to the brake 44 enbodying the inven- tion shown in Figs 4 and 5, W
t he second group of disks or 15 rotors 50 are carbon brake disks having a
total thickness of 1.8 inches (4.47 cn) wth an available wear portion of

.40 inches (1.02 cm) on each side of the™unworn disks. The end pl ates 48

and stators 46 are the sane as the rotors 50, except that the avail able

wear portlon%xaﬁyeaa.(so B t bal | ¥ Vini Po# r@h@@:@@@xb&'f at@r Ly Hiddhdss .
5, the brake 44 i1s

t hi ckness of 2, 1 nches . 'Referring to Fig

shown at an iO# re‘r"rﬂadP?Fé(a&)E?%aelf tFhe &nigr aaﬁttedéi-%kmh?&#%ukﬁerbmke

brake appl i C&tpplr&ﬁlo@@dla&&ﬁ madEheagvaid @! Q.a‘ﬂ@s'!ngf%lolf p@ﬁ%%&;\rﬁ@éaf%he
u WO

end plates 48 ior 46 haye been substantiall
t he avai | abl é‘u\%e‘glr S tﬁ?%ngvéf' S ofRRE RP %eéﬁepa‘fqlffal of EnckReand
_ rrﬁy behorie hetﬁ‘awtrm 32, Thenai plaaetsra\qelar{derf&taﬁs saewagl ﬂhEt'c% 5:1Emé St%llléssl
than the piston tra err may hirds, the piston trave
[err] of Fh@ %ﬁt %ﬁaﬁe q§ﬁbmﬁr?ﬁe£051 28, thawn | k0 Figerder r sthe
enbodi ment Oheahf $inke mss sboWthe Ghgora aeml=.-.5¢ar§ht321(‘]I | réadt bualtgéssswf
an i s

Lhe aval! o0l SoUEaLaBBLh! o sRo *incHlg PhTEs fho abat pig s,
rotors 50. Mkmreatﬁetheahealtnlsmﬂesma)sstbc mwﬂﬁ;ﬁ werfl Blaters 3w
rotors 3@ S@%g1pla€e§ §4 and rotors 36, shown in Fig 3, is 60 pounds .
(27.24 kg).  This represents a ‘loss of 40 pounds '\J
(18.16 kg) in heat sink mass. '
' Referrlng to the brake 44 embodying the inven-
tion shown in Figs 4 and 5, the second group of disks or
15 rotors 50 are carbon brake disks having a total thickness
of 1.8 inches (4.47 cm) with an available wear portion of
.40 inches (1.02 cm) on each side of the unworn disks.
The end '-plates 48 and stators 46 are the same as the
rotors 50, exoept'that the available wear portions are
20 partially worn and may be one-half worn with a thickness
of 0.2 inches (0. 51 cm) . _

Referring to Pig 5, the brake 44 is shown at an
intermediate overhaul time after a predetermined number
of brake applications-or landings. The available wear '

25 portions of the end plates 48 and stators 46 have been
substantiaily fully worn away dnd'the available wear por-
tions of the rotors 50 have been partlally worn and may
be one-half worn. The plston travel P,, as shown in Fig
5, is less than the. piston travel P; and may be two-

30 thirds the piston travel P; of the prior art brake 16
shown 1n Figs 2 and 3.

In a preferred embodlment of the brake 44, shown
in Figs 4 and 5, the first thickness of the available
wear portions of the end plates 48 and stators 46 is



s 100 pounds (45.4 kg) whereas the heat sink nass of the 5 sanme disks in
Fig 5 at the intermedi ate overhaul time is 73-1/3 pounds (33.29 kg) which -
3 epresents a loss of 26-2/3 pounds (12.11 kg) with a disk brake 44 having

e sanme brake envelope as the prior art disk brake 16. In accordance with
thIS invention-the fully worn 10 stators 46 and end plates 48,
shown in Fig 5, are replaced at the inte#¢njedi ate overhaul time by new or
refurbished stators and end plates wth!{ each -of the available wear
portions having a thickness of 0.4 inches (1.02 cm). In the enbodi ment
shown in Figs fnarh&lfthbelsecand ctivbcknessowdr itthe avablablaf wear2 mpo-

| andi ngs and ttﬁ@satgfstﬁgh:%[&%r@ afs Aﬁ}ﬁgd RO et g{%aﬁggg o shed

after 4,000 ares prior art e 16 of Flg
2 and 3 where tﬂf@@%ﬁ(e‘iﬁs @X@rk@lﬂ’é@l 48 :armborotcaﬁdﬁﬁgs SHRVR hdnsFadorsk:

32, end 20 plat 36% ésr?hgrﬁ §§n}a%e&@&§ b&ﬁ@eﬂeé‘{:tginﬁ REgs! Qﬁd'the
or e of the

Ings. It can there e seen the nmethod and appar at us
di sk brake 44 @anedisksedn; é‘n%rﬁmﬁ hhei dotermedinte Hevarhaerl &flme is

| andi n ro by 2 h t fggggg 3-al/
3, 000 tgg épl Ogi)d;%d-lﬂ% Ep erg‘?é: S(I@Ic’l 2% Qégsil(z v}rrl'lz'?{‘id'rlr?gur ned a%h/ts??) all/ S%épso%;\?g
(33.29 kg) an |2rﬁfr?e/%e96¥m§:§ A2 ﬂ-d-uﬁ%ﬂs) with rgdiskerbrake w4f nbaZingsithe

mass of.- the p“éﬂhé”ﬁréﬁ@kénéélo 80&§ t&éﬁglﬁbraﬂﬂttaﬁsﬂlEfﬁnetl@we| P2
i's reduced by 30 one third. w&,thré:gqe w thin the gsrre br.gke Ehve-

|l ope and with only the e&?r%?%ﬁ% QFFSn & myeRtHowi Epe 8L
i nternedi age @Aderd 46 Mand@f tetid 2,0k éHNdiBPS.shown ~ in Fig 5, are

~ replaced at the intermediate overhaul time by new or
refurbished stators and end plates with each of the
available wear portions having a thickness of 0.4 inches
(1.02 em). In the embodiment shown in Figs 4 and 5, the
15 intermediate overhaul time . is after 2,000 landings and
the stators 46, end plates 48 and rotors 50 are refur-
bished after 4,000 landlngs. This compares with the
prior art brake 16 of Figs 2 and 3 where the brake is
overhauled at 3,000 landings ‘and the stators 32, end
20 plates 34 and rotors_36'are refurbished after 3,000 land-

ings. ' '
"It can therefore be seen that -with the method
~ . and apparatus of the disk brake 44 of this invention
' shown in Figs 4 and 5, the number of landings provided by
'25. each of the disks is increased by 33-1/3% from 3,000 to
' 4,000. The heat sink mass is maintained at 73-1/3
pounds;'(33.29 kg) -an increase of 13-1/3 pounds (6.04 kg)
over the worn heat sink mass of the prior art brake 16,
shown in Fig 3, and the piston travel P, is reduced by
30 one third. This is all done within the same brake enve-
' lope and with only the extra operation of replacing worn
disks at an intermediate overhaul time _after 2,000

landings. '



The prior art brake 16 is shown again in Fig 6 on fhe sane page with Figs 7
and 8 showing the first nodification of the present
the difference in the length of the brake envel ope between 5

invention to illustrate
t he cal i per

42 and the piston 40 in Fig 6, and the I ength of the brake envel ope shown
in Fig 8 between the caliper 54 and the piston 56. In Figs 7 and 8, a
nodi fied di sk brake 58 is shown with thg-parts that are the sane as the

parts of the prior art disk brake 16 indicated by the 10 same nunber and
a doubl e prine synbol  Referring_to Fi e brake 58 is shown after a
predet er m ned nurber Jhe RrtAGs2 8 tﬁ‘ga]f%t g&
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a predetermined number of landings at the intermediate
overhaul time, wnlch in this case Ls-oneehalf the land-
ings for the prior art brake 16 shown in Pig 6. The sta-
tors 32" and end plates 34“ have substantially fully worn
available wear portions and the rotors 36" have available
wear portions which are one-half worn. ~The piston throw
P3 is one-half. the plston throw Py of the brake 16 shown
in Fig 3. The heat sink mass is 70 pounds (31.78 kg) as
‘comparéd to. 60 pounds (27.24 kg) Ln_the brake 16 shown in
Fig 3. '

At the intermediate overhaul time of the brake
58, illustrated in Fig 7, the stators 32" and end plates
34" are replaced by new or refurbished disks with unworn

~available wear portions. Referring to Fig 8, the rotors

36" have available wear portions with a first thickness
which "is one-half the thickness of the unworn wear por-
tions of the stators 32" and end plates 34". .Also, the
heat sink mass of the disks, shown in Fig 8, is 90 pounds
(40.86 kg) which is only 10 pounds (4.54 kg) less than
the heat sink mass'of the disks of the prior art brake
16, shown in Fig 6. With the prior art brake 16, the
loss in heat sink mass is 40 pounds (18.16 kg) as opposed
to only 20 pounds (9.08 kg) with the brake 58 in the



16, shown in Fig 6. Wth the prior art brake 16, the toss i.n heat sink

mass is 40 pounds (18.16 kg) as opposed to only 20 pounds (9.08 kg) wth

-+the brake 58 in the condition shown in Fig 7. The piston travel [err]

the brake 58 is one-half of the piston travel [err] of the prior art
brake 16, shown in Fig 6. This reduction in piston travel plus the
reduction in length of the brake envel ope 5 T/decreases t he wei ght of the
brake and the space required for the brake. “The disks of the brake 58 are
usable for 3,000 |andings before:refurbishnment is necessary and_ the nunber

of |andings betSRRALEAORr Phewa cimvBigaldl- t i Pee Péskennttmarel aP3156F the
In the operatlogrgﬁ? ?Be iRr 3 H%if”&%fgh P¥ﬁohngghgél41 of7§?§ié% % pe

same net hod may be | owed. sunnar nmet h i's sett fort
enodi nent . of F.%ﬁt4baﬁés% Lot ShRPRi é@ tBig he. entfddiseredeet £Pgs in ks Boas

well. Referri ng:.x?é’vglgpiust 'Eﬁebrr%@%c‘lﬁdﬁsupeﬁé‘nééh o@sﬁﬁﬁbb‘i@k@’ envelope
positionin rst group, ,such as stators 4 end_pl ates 48
overlapplng r el SRFERRBLF \hhen we ightnaf grB&pgﬁa&ﬁsﬁ% dstRe éQaﬁﬁ(ﬁﬁﬂQKFEd

The stators 46 BHEl eﬁé Prakes 481‘5@%!31@!3' b§b|t‘héi\ﬂi’fal@@r$8 OEQeOfus%Hlé Sfor
t hi ckness ﬁg:@@ Ess than refer gﬂ g hal f, t he 20
t hi ckness of t Qi éBFé“ﬁéa oﬁ% i W%ﬂQHEF EeceﬁfFéy gnd the
predet er m ned mmivbér%fbmahazagal lbetmterpnﬁntoérmeadaaeswbeha\aaj |toilens Wegir
portions of the st tors ﬁ? 23§Bd plates 48 will be substantially fully

a

worn and these B3P ﬁbﬂ By a third group of 25 disks such as new
or refurbilYhed stators ald ¢he Wp&dmstidncofhabhe rked| £4vand 5@t isinswn

wWih a thinjtrgfkpfsg 4, 5, 7 and 8, the same method may be followed.

A summary of that method is set forth for the emodiment

of Figs 4 and 5, but applies to the embodiment of Figs 7

and 8 as well. Referring to Fig 4, the brake 44 has been

15 assembled by positioning a first group, such as stators

46 and end plates 48 in overlapping relationship with a

second group of disks such as rotors 540. The stators 46

and end plates 48 have available wear portions of a first

thickness which is less than and preferably one-half the

20 second thickness of the available wear portions of the

rotors 50. After a predetermined number of brake appli-

cations or landings the available wear portions of the

N\ stators 46 and end plates 48 will be substantially fully

worn and these are then replaced by a third group of

25 disks such as new or refurbished stators and end plates
_ which have available wear portions with a third thickness

greater than and preferably double the thickness of the

available wear portions of the rotors 50 at the inter-

mediate overhaul time. The brake 44 is then operated for

30 a predetermined number of brake applications or landings

to another intermediate overhaul time whean the available

wear portions of the rotors 50 will be fully worn and

will be replaced_by new or refurbished rotofs to obtain

the condition shown in Fig 4. The fully worn stators 46,



greater than and preferably doubl e the thickness of the avail able wear

portions of the rotors 50 at the inter- nediate overhaul tine. The brake 44

is then operated for 30 a predeterm ned nunber of brake applications or v””
| andiings to another internediate overhaul tine when the avail abl e wear

portions of the rotors 50 will be fully wors and will be replaced by new or
refurbi shed rotors to obtain the condition/shown in Fig 4. The fully worn

stators 46, end plates 48 and rotors 50 are refurbished after being
removed fromthe brakes. Theci/ are then ready to be installed in a brake
where they pr8PRdPLR%e%| 4§ And | Feters érﬂjlﬁﬁg refurbished aftaradginion

to the nethodraméve@ariomns ahe%ﬂaﬁesescrlﬂﬁ.c& Walrla  8hahi OPedd@yFi S %e S
7 and 8, it is und st ogd thagFéﬁ‘ﬁe nodi fi cations may be provi ded n. |ch

t he thi cknességsﬁ atfi Ra 4SS ( FRRE - BF eraakder b} sRigke bifs
to obtain theofidlamidigess pro- 10 vi ded by the above descri bed
enobodi negt s. CLAI

1. di sk br ake .conpri rst group of brake.
di sks and”a second gro Fégf"ﬁ'ﬂ‘@“dlgﬁstl a’k‘?ghpg a?‘? né(?p%rﬁ?é) e PRSP d
rel ationship, ahtle @scritbekswbtht belatisn goupidei ng 6nt o lanyed, Wkt gt he
di sks of the segan r nalt tin Iatlonshl h of th.edsks of
the first groﬁﬁagﬁgtt%ﬁ’? 8ﬁd Cbtﬁb?lg ﬁ'ﬁ%‘ré‘ d?gﬁoé’erc? ZASH a .
wear _ which the thicknesses of the ava:.lable wear portions of
the brake disk are varied to obtain the advantages pro-

10 vided by the above described ‘emobodiments.



'bortions of predeterm ned thickness, the first group 10. of the disks
having avail abl e wear portions of a first thickness, the second group of

“# he di sks having available wear portions of a second thickness, the first
%ﬁickness of the avail able wear portions of the first group of the disks
being | ess than the second thickness of the 15 avail able wear portions of
the second group of the disks whereby afti a predeterm ned nunber of brake
applications the avail able wear portions of-the first group of the disks
are substantially fully worn away at an i At'ermedi at e brake overhaul tine
and the avail abl e wear portlons of 20 CLAdMSecond group of the disks are

not fully worn away. 2. Kk cl I clal e|n oth
si des ofyeach of t%e di sﬁ $ ?EQQ grg rcgug%%as\}ggavalﬁa%ﬁte% &P p% tions:
whi ch are one- hal foxwke QSSkSaﬁddbet Isesloo@s gofoupacif dfrake dlisks o the
second group have ayphigpl €16AEdPANk! Rt etieal o &Nt RGh IET Y he

first thickness of eac aval | abl'e wear portions o rst group
of disks is ofe-haliskheoEectBadliRPékAESYPOPEdAGh ioftatieBed avilh abhe

wear portions of thpsis@condtgeoyRsoRl drakp id a&t@rﬂ%ﬂrﬁ(%ﬂ%ﬁﬁ%‘?t ; n

claim2, wherein the dIS S, are positiqned in an envelope ace wt
di sk brake assenbl §AHAVE hgths: QEFEP Pgnﬁpﬁ dagst 98 cumanshiiha 1seqerd sum

of the th|cknesse@tﬁuﬁfﬁh@iﬁgtoBEoGﬁ@BQyOH1@b©s@b5%&dﬁﬁéﬂnktﬁEhﬁVal|ab|e

wear portions which are half worn and the thicknesses of the second
portions of predetermined thickness, the first group

o 10 of the disks having available wear portions of a first
— - thickness, the second group of the disks having available
wear portions of a second thickness, the first thickness
of the available wear portions of the first group of
the disks being less than the second thickness of the
15 available wear portions of the second group of the disks
whereby after a predetermined number of brake applications
the available wear portions of the first group of the
disks are substantially fully worn away.at an intermediate
brake overhaul time and the available wear portions of
20 . the second group of the disks are not fully
WOTNn away. :
2. A disk brake as claimed in claim 1, wherein
\_J both sides of each of the disks of the first group
have available wear portions which are one-half worn
25 and both sides of each of the disks of the second
group have available wear portions which are not
worn whereby the first thickness of each
of the available wear portions of the first group of
disks is one-half the second thickness of each of the
30 available wear portions of the second groups of disks.
3. A disk brake as claimed in claim 2, wherein
the disks are positioned in an envelope space within the
disk brake assembly having an axial length equal to
: substantially the sum of the thicknesses of the first
33 group of the disks having the available wear portions

~ which are half worn and the thicknesses of the second
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14 group of the disks having available wear portions which are not worn. 4.
A met hod -of assenbling and overhauling a disk brake having a plurality of .
di sks with oppositely 5 di sposed avail abl e wear portions of -kjp“
predeterm ned different thicknesses conprising positioning a first group

of the disks in overlapping relationship with a second group of the disks,

the first group of the disks having each of the available wear portions of

a first thickness, 10 t he second group Aﬁ_the di sks having each of the
avai | abl e wear portions of a second thickness, the first thlckness of each

of the avail abl e3n®ep pbrthendiskst aviingtavgiolabbé wear dpsksibasnghliess

than the second thickness of each of the available wear portions of 15

t he second groupaﬁT Phe HPERs, replacing the first group of the disks with

a third group of the dfsksPafeihodnedr Ramembl inakendveyephtuiing when the

avai | abl e wear pors§komparé hBeihigh st panawd e SHheiswns il by {;H%hiﬁig@ﬁ&’
the avail able wear portions oﬁ s?ch of the third ZOF group o e di sks
having a thPrd t %FE%%% BYBALEP BN NS AP ANF I 2 cpredehepripgd different

avai | abl e wear p@ﬁiébmes@éstbgmﬁeﬁeﬂdq%ﬂﬂﬂﬁggfﬁiﬁbfﬂSkﬁﬁ@?négFansz the
ncluding 25 SOSTET oh ngvERASPPAGE GERAS LN e WEtbY SR eepdosFoHe
di sks in overl appf nthe ed asksp wheh flilve tf igratup Hmlﬁmwm?mfgﬁneg%ﬁgh%&
vorn and the. avel 1anrerbEa T8 RekE R oBR Il B s e 90t oS Ry one-hal
worn. 6. A h@thddhassetendedrpupchdi hhe, diisksudiawing each of the
available wear portions of a second thickness, the first
thickness of each of the available wear portions of
the first group of the disks being less than the second
thickhess of each of the available wear portions of
15 the second group of the disks, replacing the first
group of the disks with a third group of the disks at
an intermediate brake overhaul time when the available
wear portions of the first group are substantially fully
~ worn, the availablé wear portions 6F each of the third
20 group of the disks having a third thickness greater than
the thicknesé of each of the available wear portions of
the second group of the disks at said intermediate
brake overhaul time. . B o/
5. A method as claimed in claim 4, including '
25 positioning the first group and the second .group of the
disks in overlapping relation with the first thickness
being one-half the sebond thickness, the available wear
portions of the second group being not
worn and the available wear portiong of the first group
30 being one-half worn.

6. A method as claimed in claim 5, including
replacing the Firét group of said disks with the third
group of the disks at the intermediate brake overhaul
time when the first group of the disks have available

35 wear portions.which_are-substahtiallY'fully worn and the

second group  have available wear portions which are
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%eplacing the first group of said disks with the third group of the disks
't the internedi ate brake overhaul tinme when the first group of the disks
ve available 35 wear portions which are substantially fully worn and
H\We second group have avail abl e wear portions which are hal f worn. 7. A
~method as clained in claim®6, including replacing the first group of disks
at the internedi ate brake overhaul time with the third group of disks, 5

each having avail abl e wear portions mhichfa;e not worn and having a
t hi ckness which is twice the thickness of the avail able wear portions of
each of the secon®agrfodPrst: t he disks at the internediate brake overhaul

time. 10 8. A disk mrﬂ%@t@g @Iéﬁﬁé&' as pggﬂ, pef Qéglgﬁ%l bed

with reference to and as ill ustrated in FIgs and and 8
of the acconpanyi f§PdreSdinggthe. W%twmeQS%meQ blnel bvbﬂnaaﬂnagea

disk 15 brake, syaneantierHauas ey aiihefie @i%ﬁdi'&%’uwah gekggence to

Figs. 4 and 5 to F| 7 and 8 of. the acconpanyin rawm ng
9 5 %% haf%ng available wegg)pg;tfkns whlch are not worn

and having a thickness which is twice the thickness
of the available wear portions of each of the second
group of the disks at the intermediate brake overhaul
time.
| 10 8. A disk brake substantially as hereinbefore
Y described with reference to and as illustrated in Figs.
4 and 5 and in Figs. 7 and 8 of the accompanying
drawings.
9. A method of assembling and overhauling a disk
15 brake, substantially as hereinbefore described with
reference to Figs. 4 and 5 to Figs. 7 and 8 of the
accompanying drawings.
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