;efe3ea™f 6T@! 1 METHOD OF REPLACI NG AN ABRADABLE PORTI ON ON THE CASI NG OF A
TURBOQJET FAN Technical field of the invention 5 The invention relates to
mai ntai ning turbojets, and nore particularly to a nethod of replacing a
darmaged abradabl e portion on the casing of the fan of such a turbojet. 10
State of the art and problemto be sol ved An abradabl e portion on the
casing of a turbojet fan is normally replaced by performng the foll ow ng

nmet hods: r i ir. inlet cone_and the mechani cal |y
o1 nat | FETRD Bt Aeiia sl Sor e SeR Ny Bup SRSt acke o
recei ve adh&9rRBeJEL) raoindi ng a new abradabl e porti on agai nst the casing by
the "vacuum bag" techni que for bonding conposite materials together, which
techni que consists in 20 covering the abradable portion by a flexible
vacuum podeiehod cejadiedst eddithg Betvweériogeal i ng gaskets engagi ng t he
casing, the spagg g%%@%%@othquE%gaQ Hé&rkglﬁqq e Lhgxill e Ll m bei ng
filled wth a punping fabric and the entire syst fem b being-conhected to a
sour ce of T&F&t PGH12R IR Keaf @éﬁﬁ@ddéﬁlW@P@écbpghétdém@g@d by neans of
an el ectriagalzdieatl peritelh bh ehdekakangmear tthkhehhermal,ceygl e needed by
t he adhe5|ve 5) cooling, renoving the punping fabric, renmoving the bag,
the gasket8¥PEJEL- and 30 6) machining the new abradabl e portion with a
special tool fitted directly on the disk of the assenbled fan. That

teChQQJOg%tﬁ%ea%%eQ%%b%?t a% e le%a%ln% livedt becones Iengthy and
diffi ere such casings

nomadays have éndﬁ@#@ﬁ@bl@fpagtﬁ@@hoastbeneﬁsngg btf betombsjeér fan 2
is normally replaced by performing the following methods:

1) removing the air inlet cone and the fan stage;

2) mechanically eliminating the damaged abradable

15 portion;

3) preparing surfaces to receive adhesive;

4) bonding a new abradable portion against the
casing by the "vacuum bag" technique for bonding
composite materials together, which technique consists in

20 covering the abradable portion by a flexible vacuum pouch
or "bag" extending between sealing gaskets engaging the
casing, the space between the abradable strip and the
flexible film being filled with a pumping fabric and the
entire system being connected to a source of suction,

25 with heat being delivered by hot air or by means of an
electrical heating belt in order to impart the thermal
cycle needed by the adhesive;

5) cooling, removing the pumping fabric, removing
the bag, the gaskets, etc.; and

30 6) machining the new abradable portion with a
special tool fitted directly on the disk of the assembled
fan.

That technology is acceptable with small casings,
but it becomes lengthy and difficult with the casings of

35 large turbojets, where such casings nowadays have a

diameter of as much as 3 meters. It becomes very




difficult to put the vacuumbag into place and to provide | eakti ghtness at

t he gasket between the flexible filmand the casing, since: - the gaskets
are very long conpared with the volune 5 between the flexible filmand the
casing; - nunerous fixing holes in the casing need to be seal ed off

t horoughly, with these holes serving to enabl e sound-absorbi ng panels for
the engine to be attached to the casing by neans of screws; 10 - putting

t he vacuuqhgﬁg i nt o pl ace beconmes dangerous; and - obtaining a vacuum
i nsi de saij g“»uaéiqﬁor S8 i JESUHe O2Gt i1Ghe Pdase faKe’C PSGELAEr with

speci al nBarskttiaitrase expens wasara dicfhiceul thileo filRpliementti 145 ahhat
t echnol og h%Iso present.s the drawback of pressing the abradable portion

. CasSing,. 1nceg: . . .
agai nst the ca5|ngqm t r§|at|vely | ow pressure only, said conpression

being differenri¢MEb@Bw¢e¢saam@swhewidcm@essmme;&mdwﬁmﬁ ttéleatviod @meacuum
obtai ned haghAld Mo 2aluag 3G, ARl hele olfilgul ty presented by that

technol ogy is controlling the tenperature to which the adhesive is raised,
si nce heat | osse&UieE Aqusr Fa X6t Modyescémdiidts erstimdougiedt te keterial of the

casi ng anGehy «CORVEC N QHARDI At raithe W 1 13UCR heath 4 @3Sesabeeon ng
very large 25 with l%h%% casings. Afirst problemto be solved is to
propose a SSURSI@REF EGee e tRed toe rogiias A RS abtadascethortion on
t he casi nghef castiwgbjyetnelaans iof peSictisgn under the wi ng of the airplane,

and i,n, whi ch the si of .the casing.is 30 _not .a handi cap. A second probl em

to béngolved is §t§§ﬁ€f§%etﬁgc HF?F?gbﬁ@FS 8ﬁa§ﬁhggpygeﬁolynerization.

Summary oﬁam@@ébwwenﬁm@n 35 The invention provides a method of replacing an

abr adabl e portLO%bQ%i%ﬁ%gc%SW%%u%Bl%n%ﬂ@%pbggdf%gp.re%uHQ%sturbojet havi ng
co

a rotary portion, this rotary portion itsel ising a shaft having a
fan st age PATEEONEd PEE GRS IORSnttce g, tekerf at osicdger tdalhf spewpeilsi ng a hub
supporti ngeanpl Whald tireofepleddase andh@itrurikejiet 3l sSapaemanitsi ng an annul ar
vl | 2ai st Wi, & SIRREY ATE B 3BT SaaON pOrFGNN ©bonded. the
bondi ng swrescesncofthichakalidatddlel @oparitonomoanidsaf thike dhanncasiing, t he
surface 0&@5@%i%%l@?ﬁ%%aﬁf%s%%&%i%%lgep%%Ht é%%pgkg%%ogp%gi%% surfacg bei ng
referred to as its~"sealing" surface, 't he Tan casing having plurality of
fixing poiddttd e remd ifedn bettapenh akimes puegniico pgiey sigen aneimsved, The met hod
Conpris?sr%h%tﬁ d MRGORS AL IS i nk3 ) theMURGt Regrar n abr adabl e
portlégh Another difficulty presented by that technology is
controlling the temperature to which the adhesive is
raised, since heat losses are large, both by conduction
through the material of the casing and by convection to
ambient air, with such heat losses becoming very large
25 with large casings.

A first problem to be solved is to propose a simple
and low cost method of replacing an abradable portion on
the casing of a turbojet fan in position under the wing
of the airplane, and in which the size of the casing is

30 not a handicap.
A second problem to be solved is to control the

entire cycle of adhesive polymerization.

Summary of the invention

35 The invention provides a method of replacing an
abradable portion on the casing of a turbojet fan,




b) preparing a new abradabl e portion; c) applying adhesive to the bonding
surfaces of the abradable portion and of the fan casing, said bonding
surfaces having previously been cleaned-; 20 d) applying the abradable
portion against the inside wall of the fan casing; e) putting an "inside"
heating belt into place against the sealing surface of the abradable
portion, the i nside heating belt conpl®tely covering the abradable 25

portion; %ﬁ ttln hol di ng sectors into place agalnst t he inside heating
bel t, eac HiRgIEEC 6 1 cPu&Fﬁ6r§hHOﬁFP§FabF 15 284éry PrétaBradabl e
portion and stlie m@&mdash&@tﬁnghbékthb@um@ sarfdw cheadel Atkukhebetween the

fan 30 casing t er. t he hol. ectors thensel ves being held
in place %&gafﬁﬁﬁta% % %SF%ngtgt ache& ocpﬁgrﬁgﬁngagihﬁ%by the fixing
pi nts; g)S@@mﬁ@@ﬂm@gatméumﬁédd@rgft®lad@@nnnn source of air under pressure

and connect | ng e disicde haationg dight 10,39,2 L aguLat edgelagtrjcal pover

supply, pressurizing t bl adder heS|ve I'n application
of a §V€F€u@ﬂlﬁéhﬁ@ﬁaﬁépeSéﬁ@epré@é@réa@oﬁ@ﬁﬂp§n§oﬂﬁ§ﬂsﬁ§gaéapted to

t he adhesuwglw&e@aauda@@lhae Mﬂ@bﬁﬁb aandye kv iahwuah ot B8 rbaapgasi ng; and h)
cool ing and renDV|ng sectors and the 5 inside heating belt. It
will be uR§&reCdod stk dﬁ% bﬁ&ﬁ&ﬁﬁgsgééﬁﬁﬁ§ Qﬁdtﬁﬁaééé@§38&§r t he

heati ng belotrtiitoni singoesi the Eanpubsum@o mh@ceumﬁa@éesflwaby t he nmeans for
conpressi l.e p that is.far ding to the casing and 10
19° %%r%%%b% %Ql%n %%FO%Qte om. itgs Ponglngosggfggﬁdég Fggether

for heating the a h SIVé an he sur aces tha
The surfaé@§eéﬁédb@@d@@ tidget' wer langdmsiverfe ceenpbeattane casdngo not require

seal i ng ”ﬁ@@ﬁn@oab%l@%%lh@§oo@|%9§1n5h$oqﬂkg'ngh%e%ﬁﬁrgtgﬁkt%g ﬁ% h their

bl adders are into placé separatel’y, one after I5 anot
oper at i onPiFr§ ﬁ@ﬁéﬁb#@e§lﬁﬁméveﬁnexpen5|ve and easy to inplement, even
with |arge turbﬁpeh@thbﬂEb@bpr&@b%lm@etE@lﬁbh&hgpbgﬁkﬁﬁhoﬁﬁvantageOHS'y

fgeprggegaSIng Bn%g%%lq ga@h%u%%&nwghkada%lee%%Etgg%, outside” heating belt

b) preparing a new abradable portion;

c) applying adhesive to the bonding surfaces of the
abradable portion and of the fan casing, said bonding
surfaces having previously been cleaned;

20 d) applying the abradable portion against the inside
wall of the fan casing;

e) putting an "inside" heating belt into place
against the sealing surface of the abradable portion, the
inside heating belt completely covering the abradable

25 portion;

f) putting holding sectors into place against the
inside heating belt, each holding sector including an
inflatable bladder, the abradable portion and the inside
heating belt being sandwiched in full between the fan

30 casing and the bladders, the holding sectors themselves
being held in place by a plurality of straps attached to
the fan casing by the fixing pints;

g) connecting the bladders to a common source of air
under pressure and connecting the inside heating belt to

35 a regulated electrical power supply, pressurizing the

bladders, and heating the adhesive in application of a




20 against the outside wall in register with the abradable portion, the

out side heating belt extending right around the fan casing and thus
surroundi ng the abradabl e portion, said outside heating belt being
connected to an electrical power supply and being heated during the 25
thermal cycle. It will be understood that the outside heating belt delivers
heat to the adhesive and to the surface for bonding through the casing,

i.e. thro h tside of the casing to S th inner wall. This

heati ng th O%gpgbgl§r§£%rﬁe59dl8§§ssﬁrﬁh808§§5éppé fP&ctfon and

consequen@U@pﬁﬁdv¢@e§hbeaﬁ®esa@ntmabdowaﬁ.tbethenmeeamaﬂe of the adhesive

and the s %%i%&rgb%Ed%%% tQ e%@g&ng .hereby solving the second problem
s ¢

Thi s met hod t us nmak it possibleto t on a 35 turbojet while it is
nounted on an &r sPgAdng; aad grder inge thiendod bl inke saictpiranendander egar dl ess
of extwsernahside h@@ﬁq&@t%@qtcondltlons This nmethod is clearly al so
applicable to englnﬁj % at have been renoved. Description of the figures 5
The invention Wit 4 peregriers: sbataky trdnddhartagss sectprsvi des wil |

appear nmoredcbéaridy risn oivee th@hheatlagdﬁﬁawlgg Q@bgéb@&ﬁueaﬂé bhe 0
associ at e gur,es ure 1.s ubl e-flow turbojet in _section 1

vi ew on Ai EP g&%&?ep§ gﬁF56%¥e§ ﬁ%ﬁsmFﬁQSagpﬁdgﬁpgrﬁéﬁﬂpgn E@lng bonded

i nt o pl acebiradabdecpioatt ivnewhbitkewi feroboAliaty Eogthe ZasEinguead3 shows the
ci rehe forged bk chaur (gl %ﬂgsa%t Ay tzt%%etsﬂ%ﬁ\g&%htm%' 3t papgeand bolts,

as seen 15 |l ooking a desEri ption Reference is
nmade |n|tP&Pﬁ?dstﬁﬁﬁﬁ§ﬁéousﬂyetéuFﬁ@@ﬁésafeaﬁ@ngedF@pgﬁéa§@n§tof clarity,

t he frontaﬁbléﬁtth@mb@&aﬁhgé éQd‘80r%E%r%@%%Qrg4s@@@156em%%%% ef the
turbojet 10 is re renc ed 16. The t jet 10 is aof thé dqouble-flow type

and conpr P§e&Y% &y BSFtloﬁhEOhBﬁd&%ﬁsS?EtQSﬁpﬁF§FﬁS Wi thattrddl ar a
shaft 30 aﬂdddetana$ba@et4®nabt@Qbeé veparbsehyh 43et arthe front of the 25

ShafHSSObFBQ%hQEb 4%h§# gﬁes?gpro Iur "t§02% %Eﬁ% s 44 with the portion

of each ot e SR G referred to as its tip
46. The répﬁﬁyeﬁéﬂﬁﬁmnazd gbsy tonpridesecan ,aevennivethcdnegs0 attached to

the front t}4pefekBe hub 42, solving the first problem.

Advantageously, the fan casing including an outer

wall, at least one "outside" heating belt is placed

20 against the outside wall in register with the abradable
portion, the outside heating belt extending right around
the fan casing and thus surrounding the abradable
portion, said outside heating belt being connected to an
electrical power supply and being heated during the

25 thermal cycle.

It will be understood that the outside heating belt
delivers heat to the adhesive and to the surface for
bonding through the casing, i.e. through the outside wall
of the casing towards the inner wall. This heating thus

30 opposes any heat loss in the opposite direction and
consequently provides better control over the temperature
of the adhesive and the surfaces for bonding together,
thereby solving the second problem.

This method thus makes it possible to act on a

35 turbojet while it is mounted on an airplane, i.e. under

the wing of the airplane, and regardless of external




30 At its front end 14, the turbojet 10 al so includes an annul ar fan casing
60 surrounding the fan stage 40 and open to the front 14. The fan casing 60
is stationary, being centered on the axis 22 and being substantially
cylindrical in shape. The fan casing 60 conprises an 35 inside wall 70

agai nst whi ch an annul ar abradabl e portion 80 surrounding the blades 44 is
bonded, sai d abradabl e 6 portion co-operating with the tips 46 of the

bl ades 44 .to | eaye small cl earance, Referepnces 82 and 86 designate
respect i v&EFIPERE CBERACRGIS GrPACe o?hﬂﬁem55988a6?e038ﬁf'8na §°and t he
bondi ng sapbddeabflet he engideswahkt70ave Beker eraev84.desi gnates the
sealing surface of the abradable portion 80 facing the tips 46 of the

bl ades 44, the sealing surface 84 consequently being opposite fromthe
bondi ng skepgeapg2onf ofhgéhgbfadalsles portion 80. The fan casing 60 al so has

an outssi de wal g0 iatehQ s ! ¢h10NEEeHBER CONKARLLEBBH ¥npl aged proj ecting
annul ar rei nforcing hoops 92, this _annular reinforcenent 92 being di sposed
in parti cGPYPRERILSGILSt BEOWLER St Hé labrRBSBIeMpsEt Cé628BY ARdThRAUS with the

bl ades 44)igntasrte weiafioeeeehbedsashhgant the harodQakeeal |y in the event
15 of a bl.ade 44 breaking. At the front 44, the fan casing 60 al so includes

an annul af *PPEAREf1 ange 94 to which the pod (not shown) surrounding the
turbojet 10 isFapuaehédshdhe bhanocasderdl6@ ausbobeel udeseatpbural ity of

fixi poi ny.ent.i. l.I'y constituted by projections 20 pierced by
throgg% tggggdgﬁaﬁgs¥%tﬁ%§g?ﬁiérng points 96 being fornmed in the front

fl ange 94 and FAJtKe dusside ®hkl abOagdebaef paction bkinkgebdndpdsitions of

the el emenbgot batcarent @ Becatibached.t 9i4heikan cashng 6@, Rekesence is now
made sinmultanegusly tgo Figures 2 25 and 3 for descrlbln% tﬁe met hod of
O

repairing the 4BPHdSbPeSPBIE 6Re8616F 1ené orafdcRYi f§UE0NCLRENEuUr boj et bei ng
ei ther attachedst aoyheheirngioh theiai spkape, a6 Bb3esqi sposednhori zontal Iy
on a-.gradle (not shown) . _The repair t hod conprises the follow ng

18 % vP%glphglg 2

oper at’i ondCO%0"Y) 2RERY V'St “air inlet cone 50, this cone

conventionally being screwed to the annular flange (not shown) at the front
14 of theD%%%El%@”%eé%ﬁgggﬁgﬁ fan stage 40. 2) Renoving the rear cone of
the fan s X ne is conventionally screwed to an annul ar
fl ange (not shBRAPrancehést rgAe inidfalhy gisklspnenesfantgo' . 7 3)
Renovi ng theut-ag bl ad8S2. For reasons of clarity, the front of
20 the turbojet 10 is referenced 14 and the rear of the
turbojet 10 is referenced 16. The turbojet 10 is of the
double-flow type and comprises a rotary portion 20 of
axis 22 comprising in particular a shaft 30 and a fan
stage 40 attached via its hub 42 to the front of the
25 shaft 30, the hub 42 supporting a plurality of blades 44
with the portion of each blade that is furthest from the
hub 42 being referred to as its tip 46. The rotary
portion 20 also comprises an air inlet cone 50 attached
to the front 14 of the hub 42.
30 At its front end 14, the turbojet 10 also includes
an annular fan casing 60 surrounding the fan stage 40 and
open to the front 14. The fan casing 60 is stationary,
being centered on the axis 22 and being substantially
cylindrical in shape. The fan casing 60 comprises an
35 inside wall 70 against which an annular abradable portion

80 surrounding the blades 44 is bonded, said abradable




4) Renoving the front and rear sound-danpi ng panels. The abradabl e portion
is now accessible fromthe front 14 of the fan casing 60. 5 5) Renoving the
wor n abradabl e portion 80, either by using portable pneumatic or

el ectropneumati ¢ nmechani cal neans, or else directly by using a portable
grinder nounted on the fan stage 40. 6) Preparing the strip of new
abradabl e portion 80. 10 7) Sanding angl cleaning t he abradabl e portion 80
and the bondln sur[aces fan casin and a i ng ,gdhesive to
the bondi K§ $drFace §§65€%ﬁﬁ§ W&ﬁ%c5§$nél§ﬁ. Bt O§h5§?dggéé855é%v§8 t hat
this sandﬂﬁgvananaﬂdsCdbeaamn@ sh®elfe reecper 8ar aed BG newseéghhar two or
three hou&%s gt%h%pgb%ﬁq gt@%r%gg%sb%ethilg%%ahggl EE%§§% f or

bondi ng toge her be scru u usly cl'eaned and "déoxi Buttlng
t he abradd I@nﬁoﬁﬁﬁoﬁog@lm@téugm@9§ @éaﬁ@@tlmﬁedﬁnyadé Vidl-l 70 of the fan

casing 6OReE@%eQQ%d%Qgd%%ﬁ@%%%%s8%h%n@e%§1Q%'@%r@%@%e@foﬁﬁeaga'nSt the 20
other. During this operation, any bubbles of air are elim.nated together

with exces®r diey & By LR HP éaFH@gaﬁpﬁdéﬂpé pér Cifoit g0 LARERSa dfal | et
agai nst t hed rejade neplshir £ cand 4by-cusieR@ea tsgabeliagt epperave trhemadhesi ve

t hat goes nd t.he abradabl e porti n 8 ng thls 25 step, it can be
convenlent?&e’y 8ﬁ&nth§U§%?§§a§@ 5t ggﬁgfhlﬁlg8§t&§§|§§t the inside
wal | 70 by usi Ageadhesicesistr ioPs al8p E@&tmmgoamsideswdél I¥eabinng bel t 100

t h | h | 30 80,
e i R or RAL Reat1 g BATT TO0 Eavarrag’t ha SSEFaRAbE et el A0 80" Sonpl et o y.

The inter ﬁﬁlnﬁ@éﬂl@@ BerPs166 i §hgr5era@rla1r3|a9r @@ngltfptr@p@@nmy 98 Pritngand

flexible stig s@@Vh&gpb&%l%%q%rsh%p%e%ﬁskg% amradable speLa@A 100 that is
to be covere i éé strip arr lﬁgtan electrlcal 35 heater resistance

el ement t REE G ul&Pﬁyt &dCoveress 44ur F8cé5ata, the inside
heati ng beletinfo@Gce 8heovesiing bife tert ifbey @ior dwrhangnee ahet Reecabr adabl e

portign 8 t S eat nlfor IL.n order to obtain
bette% co%ﬁ?%l%gﬁg% %gng %a& ﬁper&Fqu feOH%nsrdenhéaélﬁgcﬁélp 9 00

i ncl udes &0 alIS@agtnCdm@elsnta@r ranulerpérandr € lpmgiee 9302 of ehicagdhat i on

pur poses. pl) (Rul ishg. £ 0id hol NG o5 RELOES el g dbliaddens 42 i nto pl ace

agai nst t |n5|de eatlng stack “consti tut successively by
the abr ad%ree £58r GRS 0 680 altsr?e linﬁtlélrdﬁél ah@dtirag el vL1dexiagd t he

bl adder s #%th%l®% %@ﬁ@@h&ﬁ@@a&ﬂyf@bthQ&WQ%@ %@epE%ge%ﬁﬁbﬂg 60 and the
re.the ter t o nean %VGI’ t he

hol di t
eﬁtllggcfgﬁﬁﬁgépe gétggoPﬁ@ &6PRES0 lﬁ&rtF@ﬁs§0flfH€ghQP&Pﬁ§ &ctors 110

are thensblkiey Helrthed in the front flange 94 and in the outside
wall 90 as a function of the dispositions of the elements
that are to be attached to the fan casing 60.
Reference is now made simultaneously to Figures 2

25 and 3 for describing the method of repairing the
abradable portion 80 of the fan casing 60, the turbojet
being either attached to the wing of the airplane, or
else disposed horizontally on a cradle (not shown). The
repair method comprises the following operations:

30 1) Removing the front air inlet cone 50, this cone
conventionally being screwed to the annular flange (not
shown) at the front 14 of the rear cone 42 of the fan
stage 40.

2) Removing the rear cone of the fan stage 40, which

35 cone is conventionally screwed to an annular flange (not
shown) at the front 14 of the disk of the fan 40.




15 in place by a plurality of straps 125 held to the fan casing 60 at the
fixing points 96 by neans of bolts 126. In practice, the operator begins by
putting the topnost sector into place followed by the lateral sectors so
that, during assenbly, the lateral sectors can be pressed 20 agai nst
sectors that have already been put into place. The shape of the straps |25
can vary very widely and natches the shape of the fan casing 60 at the

| ocations of t fixing points 96 of said casing. This disposition is well
adapted to Iargz &a8ge9 dihfcd3BadrtansiSdi ng 25 sector 110 can be put into
place and fixed)t Retdbeicgsithg Separatelly rebheseuha-diargisgchansiar e
preferably thr%%einbggnb%ﬁ sg as.to l.imt the opetgﬁjo&s of putting them
into place. Wént RETEISPAG PSToF Farge "AiafeEarst 59@iﬁ§esectors may
be nore ndmemdud s iofe thendlanercaasnto3®@0l.i ghter in weight so as to nake them
easi er; t o handlze. all +ef h ' ctars.110qhave. senbl ed,
t hey ;Brn1a.ciﬁgu$%g%§ﬁ%g ﬁ?FhMEﬁSaggﬁgggﬁzg gﬁ%ﬁ%é g?ds%f?ggghg is just
suf fi ci eniSE@alPraabRe Pactdes iico Be cgectirppoepratd cangchensyed. 35 Mre
preci sel ymegaeh) kel dirg @ﬁ%@%&l%l@g'%sg%@e%abBthBl%h%rﬁ%BEEOf a circul ar
arc and the references |12, 97113, 114, and |16 are used respectively to
designatemPHQt@gnPthzﬁrﬁé@e?tﬁﬁ€ dOncave surface opposite to the convex
surface 112, tke lpatenalinkaces, sandpt be erds aplachbhel dorgisecBor. 110 has
its nvex surface 112 5 pressi.ng_a bl adder |2 ai nst . t.he internal
heatﬁ%b bel t 183 %ﬁ&dfﬁg ggra&éﬁgglﬁgfﬁggna§6§%fﬁ ehSP&Fﬁﬁns§@t8P 110 al so
conpri se ¢heekonti8dexuerddiceg Bteiof ltakerfah sasfiage$01btsd bhedgickeeks 118
brof ect nghi@mvh e CaRKe R tACe L and cholddiAd caplicue sk golateral
direction_10 the bl adders 120 that are di sposed against the _convex surface
11 2. stil Ftmsheugfebies obperivige dhpdpshizs sapdiact adked e ©heanandi ng

sectors 1ls@oly dabsebedft oinaek elcs moe! thanaRGoPions th2ea, HhesShraps 125
t he | ve beinﬂ atta %ed to 15 the Casingh120 by the bolts 126, thickness

b )
spacers 126a2PEnd fdt f2§9%eﬁﬁgeta§FH§eG FeSHg TACETp&d Tt EPRE S i ng
pai nt s 96 tolatt hare mused beetsweep ullvestilyi cheasedspacerdsokddd zaad t he nuts

126b. The boltg,1 . the.re f, t hol di sectors |10 are fitted
radially in ab%gnégFgafé_%Egc%%ﬁé%agggs géépﬁsggtﬁg%Pegﬁafg of the
abr adabl e ag@ifisgn t8€, inisddgomaildg 7durffatée8s ahoicaisiggarn O, mihient in t he

i nsi de “abbnégnbh%hr@%%%%i@@Sa%%V%ge%F%gFa?ﬁ%c%@L%g%b5 AP @R 80 towards

the front 14 or towards the rear . Ing the bl adders 120 applies a
f or wadl y O3B edi-r eBEd ot Eé SoRPERE tHONdi A§Ys BEbELes1od Pt aténds to expe

L hem t O\Nal’edlﬁlmtih% tfﬁ!do Iﬂ]'Ea gbthehn wQﬁ:Elxe lexic@ spr eveRk itke po It@ip@% ngeeher i , é 10 ]
ei ng expell ed, is r.ce i.S taken up i uccessi on by the pjns a, the
straps |zgﬁrﬁﬁgbég|p§r|égnr§®ew9§§ Pn%Fﬁgezbﬁﬁﬁéﬁﬁg f%@c}ngﬁgethe 30
abr adabl ewpdrdt i76na80 by tisenigordispg tswlef Zoe ré&otvieatt eomheai vienprint in the
casing 60 ) 4Bl.aci S “Qqut side” heati ng | .Qn t he

tp%%g oe@C i oﬁb E%%.%ﬁ&%%abﬁ% ESQEEnggpfio%Egﬁﬁggﬁgl%

outsi de wa in register wth the abradable he out si de
heat g béltePr140thepRgbsl seagealilenss tar bodd the pRracadbilegpredtded t hus

surroundi B tihepabicadable nRer tthen i8Q.1 44l 210! a0l BY hetiweenr e iQut si de
strips.
9) Putting an "inside" heating belt 100 into place
against the sealing surface 84 of the abradable portion
30 80, the internal heating belt 100 covering the abradable
portion 80 completely. The internal heating belt 100 is
preferably constituted by a thin and flexible strip
having the same shape as the abradable portion 100 that
is to be covered, said strip carrying an electrical
35 heater resistance element that is regularly distributed

over its surface area, the inside heating belt 100




10 heating belt 140 and the outside wall 90 of the casing 60, at |east one
tenperature probe. The outside heating belt 140 can be held against the
casi ng 60 by adhesive strips. Wen annul ar reinforcing hoops 92 are present
in 5 register with the abradable portion 80, a plurality of outside heating
belts 140 are pl aced besi de and between the annul ar hoops 92 so as to
ensure the entire abradabl e portion 8% is thoroughly covered. 12)

Connectin he bladders to a common source 130 10 of air_ at a regul ated
pressure, e§l§8uF e3G1ise &ircprdssgrecpeiingheorrEAdeslss to ensure that

all the blpaddes ahesbnbbatedewsb&eldeatlqell@ree&uee uhh€ok-Rsi,de heating
belts 100 and the o tS| [ts 140 arﬁ al so %ongected to an
é Si a

el ectrical powef* Suppry fS? %nFPﬁ§FF§ CPRETPHsPIETaRENGUTEi de t enperat ur e
probes 102ecaweri42rarnetbennectied heatrdansbedrt ﬁ@@sumbmgdaedategulating

tempercat un g, 13),-APRLYILO0 T eSS g Lhe, Bladdeys 120 and; LapLement i ng a

thermal cycle that is appropriate adhesi ve use is exanple,
t he adhesPW&EP@SE€E-i s sol d under the trade nane RTV 147A/ 147B, and the

bl adders 120 ane) I@ht%&eg &Qg@dph%§%ﬂh§ Qkclokar 119 LAt BesadBegi ve and the
bondi ng surfaces 82 and béing raised to a tenperature |éln% in the range
ri

105C to 1366 F&Foapégcﬁeﬁﬁé&n§F Shgodrsidesneesdnongelgef P §et he
bl adder s, sde&&onneetumgtemdsme@e%ea@euhebhotdengb&eebeae bt ibhe bl adders

120, e, Reat g BRLLe 100y L 40r 0 L phemmerat e e 102, 142, S0
gri nder abedchesandwticbeshahnt £30,1 WEtheeotaheomanfcﬁhengr%ﬁdendattached to
the shaft %3 enablingdstheoseahng suehace,84.La.0a;ql gn1a shapgehhat s

accurately circular “an centere on t Thé pressure
exerted biotﬁéaﬁl&G&ér§h6nepﬁérébﬂédﬁﬁméeﬁéﬂpﬁo@ff6heb@ﬁ@ﬁdgbﬂ§ taken up: -

by the st Q&lb&58©0nn@%%e%oﬂglh@eSQEQQQ%r1§@pBQ%tth@ﬁQeQVESbKeqae bol ts

126 attac g themto th ﬁﬂ g gh dders 120 are put under

pr essur e, lph Jags ylﬁtB Eﬁ& 5YeR é&ﬁ?&étlgé 88 1c tPofReatednt i nuous

ci rcunf er eacénggdionst the @hxddableipast P6Nb§Omehals o bolhe haomded into

pl ace. Measu ha b rfo med 10 that ow t hat the drop in the
pressure géeﬁgggggéefh¥%§|§§%§%§ IZ%egﬁnfh yaBP&%&Sﬁe%Egrtpgﬁo§ remai ns

| ess t hansgggoirninggi ptlecewifiol lowed byetbe demkaetl lsetwees two adj acent

bl adder s, cahich deTRNS 3chBRLADLE. hlcehayl doheohseryed.t bak Lhg cheeks

118 enable the bladdérs 120 be cont alne betmeen I ng sectors
1 10 #d t RE2APFEdEBICECBST theh WRivce allkeaBvabgers Pate lk@ePlpcessure. The

i nsi de heahienghbgkt 0c¥02hies ssuhidsciient cbar vary very widely and
matches the shape of the fan casing 60 at the locations
of the fixing points 96 of said casing. This disposition
is well adapted to large casings, since each holding

25 sector 110 can be put into place and fixed to the casing
separately. These holding sectors are preferably three
in number so as to limit the operations of putting them
into place. When the casing is of large diameter, the
holding sectors may be more numerous, i.e. smaller and

30 lighter in weight so as to make them easier to handle.
Once all of the holding sectors 110 have been assembled,
they form a circumference with clearance between its ends
116 that is just sufficient to allow the sectors to be
put into place and removed.

35 More precisely, each holding sector 110 is generally

in the form of a circular arc and the references 112,




heating the adhesive, however heat |osses via the material of the casing 60
and to the anbient air around 20 the casing (when working outdoors - e.g.
under the wing of the airplane) make adjusting the bonding tenperature
probl ematic. That is why the inventors prefer to place around the casing 60
a second source of heat in the formof one or nore outside heating belts
140 depending on the 25 configuration ®f the casing 60 and the presence and

t he di sposi_tion_of the annul ar reinforcing hoops 92. Thus, sinmultaneously
moni t or i nd tne ltlémpérgk dlé et Neechdicgeekéatieny bel fesoonang the

t enper at urenefext ke rddlcsi, de hkeabink@ vieelst: r¥4Q smakes siit- cp@ssichke to achi eve
effective 30 control. over heé%gﬁﬁgrature of the a%he ive i.n the space
h i

situated GEOWESN SR Rsit G 6&rPL F6G8nd 2 fe T8Gt §PEE -heat i ng bel t
140. For é&xampheldimgoseertotro 1€r hasmibhendiongext sartfeapernatkure of 85C as i s

requi red dhesi| I 5 r..t tr. Lk 147 he
tenpesgtu g%ggqﬁﬁégi%&%?8%%é§€§n§5%3ﬁ§t|%§GW§§§§F§§1WPE%¥693 @ﬁ%%de 12
t enper at url® Opeasle $heo2biradedgdel moad ian BHOC, Thisi heldhaat erpérasure of the

out si de haaly ng shelbompdd s@S MRAY 8d gWeth 8 QUL $ide heRReLat ure probes
142 is reqgul ated at 90C, it being necessary to determ ne these two 5

t enper at urd< 1@essr ilént &heyer 6he&&ch ISdercdrcEdsiond rom t8RoGPEVEE obser ved
that the mminTapar tl10f ahlbie hbeati ncequiptedef afh polwweriazatiieacirsodel i vered by

t he i.nsi de heati bel 00Q,and that,.the outside heating belt 140 acts
rathé?ﬁas%gﬁ %&%ﬁ%@&?y&Z% %gaéLﬁfﬁBdf§pﬂsﬁ§tﬁ@&lSF%r%bﬁagpﬁﬁeén abr adabl e
portion osurtfeceadil@dg of a turbojet fan, the turbojet (10) having a rotary

o o0 SR S RO, 0 L3gbat a0 ety (20
conpri si nghe RBOLaD) seGhpaet ild§ ®Yplusslti of biraskedes boAYs,t hadt ur boj et
(10) al sopgemPnixSiang taR amular 10an teasiskd ve0h 3wy aurdichg t ke fan stage
(400 ot G R0, S0 00 (OO oMy sing an gl de el (10) sagal ot wnich
(82, 86) ehd hetabriadahl ehporckisdmg( 80) bandgolclbhpebatocasiengikid)y, the
(82) Dol nG o1 Porly Lod ot 5180 18 FeoH g S AGE CSs) “PeRE Fan casi ng
(60) havi Ag6a pindr ahiet puss fliviong Foiento1E86)126t ke far skeage 1E40)X havi ng
previ ousl ypReen 18mRVedcetors 110 are fitted radially in abutments
20 126¢c that press against the rear 16 of the abradable
portion 80, the bonding surface 86 forming an imprint in
the inside wall 70 that restricts movement of the
abradable portion 80 towards the front 14 or towards the
rear 16. Inflating the bladders 120 applies a forwardly-
25 directed force on the holding sectors 110 that tends to
expel them towards the front 14. 1In order to prevent the
holding sectors 110 being expelled, this force is taken
up in succession by the pins 125a, the straps 125, the
bolts 126 received in the abutments 126c, and the
30 abradable portion 80 in the bonding surface 86 that forms
an imprint in the casing 60.
11) Placing at least one "outside" heating belt 140
on the outside wall 90 in register with the abradable
portion 80, the outside heating belt 140 being placed all
35 around the fan casing 60 and thus surrounding the

abradable portion 80. Also placing between the outside




t he met hod being characterized in that it conprises the foll ow ng
operations: 20 a) renoving the worn abradable portion (80); b) preparing a
new abr adabl e portion (80); c) applying adhesive to the bondi ng surfaces
(82, 86) of the abradable portion and of the fan casing (60), said bonding
surfaces (82, 86) having previously been 25 cl eaned; d) applying the
abradabl e portion (80) against the ingpde wall (70) of the fan casing (60);

e) puttin an,"inﬁiqe" 2 ating belt %100) into place against,the seal i ng
surface (%ﬁftépgt &Labrt ﬁaﬁpg b8t PEhS3ge( 8611 PReCitnéf8e CREARPNG bel t
(100) co?mbetahyleawfrbmg th&p@bﬁ&ﬂ&b|@r@?@tLOMhéS@htsﬁBepﬁbbtmgghOLding
sectors o place I,nst _the_ I nside heat 100 eac

hol di ng sé%g%rlgpc &8l%g %%ﬂ 8 &5ITe - Fa&&é}nglgg) ytﬁg §6r38abl e 35
portion (&Qxriasd tW@emn@m@@lheatengfbebunglﬁabpbeBQgasan@wesheﬁ in ful
bet ween t&%gl@%ega%a@a Qﬁ@)a%&gd%pg ﬁ%%tQEQd%%tsa(ﬁ%Qk 1§ perding

sectors (110) thensel ves bein lI"ace ura straps (125)
attached P@tﬁﬁéefﬁﬁa@a§9n@e@6@)15@ afe Pﬂ%pﬁg bﬁﬁﬂ§e(96ﬂ bgywééﬁnectlng t he

bl adders e a¢OMMBR 504 %e 9(21%%) a2 @b @hku¥BdehcPLESIHEE 1BRAqGBMBECTI NG
t he inside h atln% bel t Q a regul ated el ectrical power supply (I40),
I

pressuri zPRG £RE Bladfer OEPEQ lyaﬁﬁvﬁégglng t he adhesive in application of
a cycle of tenﬁénatbhae@mdngre&$Ub&ad@@dstt@na thatohs sadapted3po the

adhe ve ngd .t ernmal _conducti.vity of t fa caS|ng (60);
0 co%%?%§§a%5 %e%o nStF e PRor§hg g%ﬁ&rg%gﬁﬁetﬁéoiﬁg dé*heating belt
(100) 2. pAeﬁévm@db&@@gr@pm@omosolaﬁntb eplaractépitzed 1i nhehat 15 t he

number Ofbh%B@%Q% seet ang1hs ROty Eﬁsadbﬁ%@ %ﬁr§§eséuré mefphad according to
claim11 or claim?2, charact erlze& duri hermal” cycle, the

tenperatuﬂ@séﬁetﬁ@aédﬁéspﬁétﬁs1@@nﬁP@r§éeb9uﬁéaﬁ§ braiingobedsst one inside
t enper at uneopeeke a( $82r-ophacedd rSi da thecikrsicde B%@%kngupg (300), the

sl d teqperanyr e probe (102 el ng saanected Lo eans ([34) gfor measuring
and 142 are connected to means for measuring and
regulating temperature.
13) Applying pressure to the bladders 120 and
implementing a thermal cycle that is appropriate to the

20 adhesive used. In this example, the adhesive used is
sold under the trade name RTV 147A/147B, and the bladders
120 are inflated to a pressure of 1 bar, with the
adhesive and the bonding surfaces 82 and 86 being raised
to a temperature lying in the range 105°C to 130°C for a

25 period of 2 hours.

- 14) Cooling, deflating the bladders, disconnecting
and removing the holding sectors 110, the bladders 120,
the heating belts 100, 140, and the temperature probes
102, 142.

30 15) Machining the sealing surface 84 of the
abradable portion 80 using a grinder attached to the
shaft 30, with rotation of the grinder attached to the
shaft 30 enabling the sealing surface 84 to be given a
shape that is accurately circular and centered on the

35 axis 22.




25 4. A nethod according to any one of clainms 1 to 3, the fan casing (60)
i ncluding an outside wall (90), the nethod being characterized in that at
| east one "outside" heating belt (140) is placed agai nst the outside wall
(90) in register with the abradable portion (80}, the 30 outside heating
belt (140) extending right around the fan casing (60) and thus surroundi ng
t he abradabl e portion (80), said outside heating belt (140) being connected

to an electrlc power su ) .and_be eated during the thernal
cycl e. %ée RrﬁEFW6% 5%@8 %nGYtGhélkﬁ%ﬁgeréhgpaépérlzed in that
during thehuh@mmab @p@k&pntﬁertemnaﬁa@une ek kethegpi:ve is also controll ed

using at Ieaet_og&lg%%s%%% emerature %e %I %) % ggsed agai nst the
t

out si de heating the SUrSFEGe tenperatur obe (142) being
connect ed StiproHe t@mﬁerature nmeasuring means (134). 6. A nethod according

to any one of clgymepl tb%l%s q%r ARLEChIRg Al the sealibng surtace (84)

of the 10 abradabl'e portion IS su uently mac nmet hod
accordi ng to afesné é@&ﬁﬁ§511@@ Grecﬁéﬁa@ﬁéﬁﬁz@éeﬁﬁuﬁﬁattbﬁ& abr adabl e

portion i sofRChinted cusi-#e-2nal icddehcat kached tko fhe shabhtl(30bus

yQEPEUfI[ AYHLfAYE%céYE%aéYH% Aﬁ% éYgdaé{espéigl%nAg L. Lt is YE%'AFnS_'AI
C$E$$++33@e}b9md@dZUh¢@]@ah@@]caMeabmahmehma]@abe“@hea]@%akeahea]ca]ca]ca]c

Ag "
f]ﬁaﬁgﬁ}c %3%%%k§%%% %%Q %k%F gg%ce% }bafcgfcﬁg?ﬂ ]cg%ga??grzgrgg?
ca]ca]ca]@dP@éFé@]é@Pc@Fc&P@aF@an@Pd&]@@F@aP@aP@aFe&Hh@b@ﬂe¥%10@MM&.() ty"
109%& ()-t!than 10% in wit contact between two
F109%&' () - le%&'() 10%&'8) leO%&' %PZXG'C Y" 10%ww&' () -! CY" 0@&r&f()-'Y"10
% zr z& () ANEGHEGRLE ?ff@()/«kzh(l)chl \P@@%@S&%)CGP@@P&%M [ Mtcstrovdghw 10cc
10cc 10cc i @Gsb@%@&'t(h)at' 46" LOURMEME16) hB¥1E0 Y& ¥ rE0%mos& () - +-
~\:Mf§W to be contained between the holding sectors 110 and the
abradable portion while the bladders are under pressure.
The inside heating belt 102 is sufficient for
heating the adhesive, however heat losses via the
material of the casing 60 and to the ambient air around
20 the casing (when working outdoors - e.g. under the wing
of the airplane) make adjusting the bonding temperature
problematic. That is why the inventors prefer to place
around the casing 60 a second source of heat in the form
of one or more outside heating belts 140 depending on the
25 configuration of the casing 60 and the presence and the
disposition of the annular reinforcing hoops 92. Thus,
simultaneously monitoring the temperature of the inside
heating belt 100 and the temperature of the outside
heating belt 140 makes it possible to achieve effective
30 control over the temperature of the adhesive in the space
situated between the inside heating belt 100 and the
outside heating belt 140.
For example, in order to perform bonding at a
temperature of 85°C as is required for an adhesive sold
35 under the trade mark RTV 147A, the temperature of the

inside heating belt 100 measured with the inside
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;& () - 0! Y eh@Mred e @10 %< )omﬂ;sh&?@h(e)a—tlng belt 140 as measured

1OCC| at a- P Y MY+ 10% 0 .Y+" 109 ) -0l QY+"10% & ()
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| " #GSASBS Ligp beyo ved that the main part of the heat

requlred for polymerization is delivered by the inside

heating belt 100 and that the outside heating belt 140

acts rather as an auxiliary.
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10 casing (60) comprising an inside wall (70) against which
a likewise annular abradable portion (80) is bonded, the
bonding surfaces (82, 86) of the abradable portion (80)
and of the fan casing (60), the surface of the abradable
portion (80) opposite from its bonding surface (82) being

15 referred to as its "sealing" surface (84), the fan casing
(60) having a plurality of fixing points (96), the fan
stage (40) having previously been removed,

the method being characterized in that it comprises
the following operations:

20 a) removing the worn abradable portion (80);

b) preparing a new abradable portion (80);

c) applying adhesive to the bonding surfaces (82,
86) of the abradable portion and of the fan casing (60),
said bonding surfaces (82, 86) having previously been

25 cleaned;

d) applying the abradable portion (80) against the
inside wall (70) of the fan casing (60);

e) putting an "inside" heating belt (100) into place
against the sealing surface (84) of the abradable portion

30 (80), the inside heating belt (100) completely covering
the abradable portion (80);

f) putting holding sectors (110) into place against
the inside heating belt (100), each holding sector
including an inflatable bladder (120), the abradable

35 portion (80) and the inside heating belt (100) being
sandwiched in full between the fan casing (60) and the
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, 21y 10%&&&&, (h)eldz‘s{AV\WLXXM)de plﬂ;@bli@fyrof straps (125)
10rr|>Y" 0%& h%% to Xheo%hn&cg 1hg gb}o%g]the fixing pints (96);
g) connecting the bladders to a common source (130)
5 of air under pressure and connecting the inside heating
belt (100) to a regulated electrical power supply (140),
pressurizing the bladders (120), and heating the adhesive
in application of a cycle of temperature and pressure
conditions that is adapted to the adhesive used and to
10 the thermal conductivity of the fan casing (60); and
h) cooling and removing the holding sectors and the
inside heating belt (100).

2. A method according to claim 1, characterized in that

15 the number of holding sectors is not less than three.

3. A method according to claim 1 or claim 2,
characterized in that during the thermal cycle, the
temperature of the adhesive is monitored by means of at
20 least one inside temperature probe (102) placed inside
the inside heating belt (100), the inside temperature
probe (102) being connected to means (134) for measuring

and regulating temperature.

25 4. A method according to any one of claims 1 to 3, the
fan casing (60) including an outside wall (90), the
method being characterized in that at least one "outside"
heating belt (140) is placed against the outside wall
(90) in register with the abradable portion (80), the

30 outside heating belt (140) extending right around the fan
casing (60) and thus surrounding the abradable portion
(80), said outside heating belt (140) being connected to
an electrical power supply (132) and being heated during
the thermal cycle.

35
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5 (140), the outside temperature probe (142) being

connected to the temperature measuring means (134).

6. A method according to any one of claims 1 to 5,
characterized in that the sealing surface (84) of the

10 abradable portion (80) is subsequently machined.

7. A method according to any one of claims 1 to 6,
characterized in that the abradable portion is machined
using a grinder attached to the shaft (30).




