- 1 - AN APPARATUS AND A METHOD OF SHAPI NG AN EDGE OF AN AEROFO L

The present invention relates to an apparatus and a net hod of shaping
an edge of an aerofoil and in particular to an apparatus and net hod
of shaping a 5 | eadi ng edge of a gas turbi-ne engine fan bl ade or

conpressor blrade. " “The 1 eading-edges of fan blades and/or =

conpressor ANARBABRATLHS AND B ME TSIEID @S SHARISIG ANBDSH SFOANAEROFO|
operation due to particles flowng into the intake of the gas turbine
engi ne inpacting and eroding the | eading edges of the fan bl ades

and/ or the | eadi o r : j :
edges of the fan I@%ggﬁ%ﬂdeﬁ Ie Eéggn%%gé?@ra@a%@? agﬁgﬁéﬁecﬁggg:&%ﬂgpmg an
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edges of the famyel RdamgPedY of AR Bisdel Qﬁd)%?%%ﬁ?%séd?%l&&%’b? 89%urbine

bl ades erodes and bl unts the |eading edges of the fan bl ades and/ or
15 t he | eadinginesdgaenfromherasion desingr operaties . duehéo Iplastitlés dlowfng lieto the

| eadi ng ed f f l.ades and/ ar_ t.he | eadi edge f th

compr essor TRKAS e ga8 durink SBePEIriiacing Ao obie T Badind dfmsotihe
the fan andagrblsgee tagrn! thef lchlimgdadgés!iopithe @mepieSsor! BRIdRs! S TheNeading
for an apparatus and a method to shape,  or re-shape, the 20 | eading

edge of 14 feslges|ohdie Bin Rlaaps a5ddhe spaECeor Dlages angrganasaldnpiovisled with a

Accor di ngl - t. 4V [ | r ; S | :
an edge o POfIBATERTAD edds: Wy 8 MERACRRRY BREE" B i ARG
second br usifficieash blowsdveeodqring bpgratiop| efrtaki das tlrbibei eridies tiex iapdiRoof
substanti al | aral l el to each ot :z)grtﬁg%fi rst device arranged to

t

rotate t he PEf#Qes B8R learline egors iy blades anel/en ther leading ergasgof the
arranged S%Bﬁ’i;ﬁ*@éécﬁr'HIeYdé%aér%Jd'e%'arfo?%th% G Igé({l)iflg Se‘ﬁbg% 0% 1hd F5H berqgﬁ Bindfor

second device 'arranged to rotate e secon out a seco
axi s, ttie dke btautlinyedgesiohthacompgestos btedemnt The Ibjunimgadfl tak leadingeedges

bristl f . th db h t st t d to hold
Che first Bf i dadenandinins 1efiasnass pt esaindressor bledes srauges the
of an edge eficidity28haicpi theafiGttet rRRGiAdot ehd1ahd éﬂ@oﬁ@oﬁﬁﬁ@%r%ﬂ‘% gas

such that the second axis intersectS a second surface the edge o

t he aer of oftWrbinee@@neo nove the first brush such that the first brush
contacts the fi syr and ,neans to ve the segcond
brush such t hat ﬁ?’%g’ 'g'eécﬁﬁgd E%ruérﬂgeﬁfﬁlt%iﬁ En? ﬁemgﬂ'tognt(? 285 r?_)'?ﬁ‘?ﬂ% the
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brush and the second brush and the aerofoil such that the first brush

and the second Hegaminglydhe ggsentdnqantion arovides pe arRpsaws fareshaping an

aerofoil t f r | deiThE: t
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each brush comprising a plurality of bristles extending substantially parallel to

each other, a first device arranged to rotate the first brush about a first axis, the
25 first axis being arranged substantially parallel to the bristles of the first brush, a
second device arranged to rotate the second brush about a second axis, the
second axis being arranged substantially parallel to the bristles of the second
brush, a support structure arranged to hold the first brush such that the first axis
intersects a first surface of an edge of an aerofoil and arranged to hold the
30 second brush such that the second axis intersects a second surface of the edge
of the aerofoil, means to move the first brush such that the first brush contacts
the first surface of the edge and means to move the second brush such that the

second brush contacts the second surface of the edge, means to produce



5 second brushes, each brush conprising a plurality of bristles

extendi ng substantially parallel to each other, a first device
arranged to rotate each first brush about a respective first axis,

each first axis being arranged substanttdl-ly parallel to the bristles
“rof"t'he respective first brush; a second devi ce arrangedto rotate ~
each secondelativemabemenbbetespadhe fiestdwosndndxhs seeandh bagstoand e aerbfoil

bei iall llel to the bristl f. t
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first surface of an edge of an aerofo arranged to hold the
plurality of secOwlapparsiissmayctomprse aggaradibecohfirsbbrsshast and aqilaradity of

second surface qf ,the edge_aqof the, aerofoil, neans to no f he .
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first surf aéiﬂ)sféntiahﬁ (R8I 2B Ce A8 BEhr O aHSE deliRe PArvdriddd Yo Pbtafe @@PRH first
brushes such that the second brushes contact the second surface of

the edge, r¥HAR abeupeomspect Hrst\axisrmranhefirst mxisnbeingt arcanged aubstantally

such t hat - cemeiip 411 ftelpd of e RigeREREE RroliBaRE o Bband B e “ufigey to
brushes 20 romte daphgsétshdbhish abenyat Spedirs 8bcdm® 5@, b séond axis
shape the edge of the aerofoi support structure may b

L. Th
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surfaces respectively af ang e range
support st raachuirst amy intersectsaadiest suofacelof speetiyodf hhaectofol andrairanged to

db h t hat h first i d h d IS,
Tt ersect TR e aluialf of Serend biustits: Snal att Foe pegena e injerassts a
to 75. second SiffatERAGHE éatdeuﬁft @a@@oiﬁ%é&ﬁ@@%@tﬂ?é@gﬁﬂ&'E)fq'?crst

the first and second brushes suc at eac Irst axi s an
second Hxi drushes such thaktifa fisst [F0shesl coatantdhe uithsadace syidbei edde and

| f_60. T t st t i dj t
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surfaces resgectlvel . - 3 - Each first brus y conprise alum na

bristles obesveerdhe )@/M@Jitm@f brst drushes @ad thesplooridy bf ﬂgml‘;fhbl’uﬁbﬁpﬁir@ethe
| uri nebri A e . .
ory " conpr E5M4E PR MOt RRRI RO AR RIS png sre TRk ke A Kl

not or azud nfeves triididifeMi calongtheosaiye o the féreedir i siaperthededge of the
hydraulic notor or a pneumatic notor or the first device and the

second devia8é°fﬁﬁ*y conprise a single electric notor, a single

hydraul i ¢ not or i ngl (,C [ '
and the second J@?S&%ﬁéﬁﬁﬁgﬁg@@i %ggérﬁ%eé’. t?AI Oelq neg&ﬁvéf ;ﬁ% hfgéf and
first axissaodnd beushesonahakateatty filst axisr anmd)edch setovwd paksdhteesect@he first
pl anes. The f

ot or mmy EBRSFESRY SHiiBpes teTecu kel Aol arBerrRonat 80 BT
ovi co 1y conpr e lesre SUERUIETARIbE PG BHoN pRef LIRS frst onc
be a fl exi isbeonft btushsisafuch thiakbeddh fitst amisoandragich seaomdagisdntersect the first
and second surfaces respectively at angle of 55° to 75°.
The support structure may be arranged to hold each of the first and
second brushes such that each first axis and each second axis intersect the first
30 and second surfaces respectively at angle of 60°.
The support structure may comprise an adjuster to vary the angle at which
the first axis and the second axis of each of the first and each second brushes

intersect the first and second surfaces respectively.



15 drive the first brush via the gears and drive shaft or drive
shafts. The first notor nmay be arranged to drive the first brush
directly. The second device nmay conprise a second notor. The second
motor nmay conprise an electric notor, a-Bydraulic notor or a

~ pneunmati'c not'or. The second device may conprise gears. The second

devi ce may conprEseh first boushmay chrhpeses batinadndtiebordilicon cdibide Biistles.
may be a flexible drjve shaft. The second notor nay_be arranged to
drive the s@é%ae?ﬂ Brushanay, eogegse alifpinarhnlies pamsilicap carige beisties.s.
The second not or d ﬁ'ﬂagd i T .
The first devi ceTg%grSBﬁdeég%%on %%@Pg%é @yégﬁgﬁﬁ%@f %ﬁg&}rer@p%%%tby ora
arranged t opitrumatia ingotbr s they isecornh devite semordnpeisecan dibetrisi motar, a

not or na e arranged to drive the first brush and .25 t he second .
brush via thefruRDEEet S §anebmal malkiarihe dnet 994CS mafh ingseeond device
respective fajVéoripadd 5 siitfie péle(lstﬁat miofeY 1sphié! BRIBLRY &S SorTat Qﬁgle

of shaping an” edge of an aerofoil, the nethod Cconprising a) providi
a first bruyeuamlicame&ond brush, each brush conprising a plurality

of bristles ext i ubstantjally parallel to 30, each other, b
rotating the fi ?‘gl% H{Eﬁir?xésoo%nd 3_1"% ?g?oﬁi%x'_%nﬁ]ayopﬁt iaﬁr&ngﬁg Ebc%n%fane'
brush abputAlmrﬁeintWérﬁsst e ahtirthe RXoAdRBiIN A han@Rfhged in two parallel
substantially parallel to the bristles of the first brush and the

second i PB®Hg arranged substantially parallel to the bristles of

t he second brushg i AL Ste ax] 0 .0t C - 4 - a .
first surface o:‘qr haerclﬁrgggé\?igs?r@%é@ﬁgb%%fg%ﬂnyc&anféﬁ@%f %H%%@8¥§Oyﬁr?e
to intersean aestricondtayafimdeadic mberegdgepeéurbhtic agstof. OThe fildt dBWdd thay
the first brush,such th the first brush contacts the first surface

of the edgECMRIISFNRaTS: tIhe WaLIRECH MANCYIRRSY ARG Of MOTeHyRBh#Tissand the

rovenent bayheen Tl b 1eideld Brive REER, SANBIREL IS e tranged to
aer of oi 15 sulttvetthatfirstharuth v ther gedrsaard! dines sleafo od dhve shafteyv dhe first motor
| ongi tudi nally  along the edge of, th rofoi|. tg shape the edge of

t hegaer of oinl""?‘y be aff%”?ﬁa fﬁ’eﬁﬁ?ﬂ% tﬂﬁyﬁr@giﬁw@é:l'?%caﬁf ov 8 ﬁ%c%{'dpgﬁ?’ﬁfei May
of first bigpdieaideod HoH. [ ThOEe8GFPRbIG MeheomSRehaR Etlic motor, a

conprising a plurality of bristles o extending Substantially parallef
to each ot hedraulic metostor sgprewnatic matohr Tike sebond daviceapay comgrike rgears.

axis and r ti . rush about a respective second axis,
each first qlg% %é%&aé%?%ﬁ%gag@&&?ﬂq A Wrﬁéﬁ' (| g}a(ﬁsoargcﬁ@ﬂ%%pg?'sggﬁ
of the zespesy bee flexible Bfivs Bhafd TBRE BeGRiPAbIGKINBYIsE BEraAGEaNE effive the
substantially parallel to the bristles of the respéective second

brush, c) &eFangibrgshexienthe gearsaand diiye shaft or drive shafts. The second motor
may be arranged to drive the second brush directly. The first device and the

second device may share a single motor arranged to drive the first device and
the second device. The single motor may be arranged to drive the first brush and

25 the second brush via the respective gears and respective drive shaft or
respective drive shafts.

The present invention also provides a method of shaping an edge of an
aerofoil, the method comprising a) providing a first brush and a second brush,
each brush comprising a plurality of bristles extending substantially parallel to

30 each other, b) rotating the first brush about a first axis and rotating the second
brush about a second axis, the first axis being arranged substantially parallel to
the bristles of the first brush and the second axis being arranged substantially

parallel to the bristles of the second brush, ¢) arranging the first axis to intersect



is intersect a first surface of an edge of an aerofoil and arrangi ng
each second axis to intersect a second surface of the edge of the
aerofoil, d) noving the first brushes such that the first brushes
contact the first surface of the edge and-noving the second brushes
such that the second brushes contact the second surface of the edge

e) produci rg firsel atifaee nafvenmesdgeb eif vare raerdieil f amc tarkangiiie the osegathdt Bris to

second brushes and the aerofoil ch that the first brushes and_the
second brus'H%é'S V& SEENY] sudprRe @"%FQE% of e aggeiods d} meving Bieofinst pgush

shape the edg® Qfatithe fﬁﬁriﬂfughlcont%cts the firgﬁ&rﬁéer‘efitﬁﬁa)édgg@{ﬂgﬁfvlinrg&he '

arranging each first axis and each second axis to I nterséect t
and second swohdcdersishesymiscthiat dhg seicond dirash reantects ahg eseabndSsiBHet of the

) T h [ ' h first ' d h
fecond aki £9 Pheareuind cREte risvetnaRlHebbercliy hist Bl i Poepacond
at angl e i mriibe drngse @er@@ilt%cﬁthaThgenfﬁ%f‘%%éfﬁéneofﬁér 58&orfdf bﬁ.l”:‘gid%ve

each first axis and each second axis 30 to intersect the first an

second sur flasgitudirallyedlong éhe edge ahtjiecagrbia@nio Sglwertﬁe t&d@emjyheaam‘fbﬂie
[ th I ' i.r St IS ,an Sec Xi
Vataroact the tiine el IanEe bl mPipToRite RS 6O RE: Byshas and a

first brustpluelityc @fpsésendl Bratings, bebsh | BRisAr cSirlprieMy @RIPNIRAty of bristles
bristles. Each second brush may conprise alum na, bristles or "silicon

car bi del®br i@¢nding substantially pamhetiorRachcelhsr.idotatingrRpdigirhirushrahout a
o 1 L DR A P GURE gL B b 4TS B
pl anes. axis, Hazhnitsh aistbgingoapanged subpiangaliy @arsirditoghedgisties ¢fnthe
gg; 8; 8: : -Fggpeﬁ}vg()fgstng%sﬁoampdr (Ieasc geeésoma zlng b%inngegr%gné)éd gut\?sl?tggtially parallel
to the bristles of the respective second brush, ¢) arranging each first axis to
15 intersect a first surface of an edge of an aerofoil and arranging each second axis
to intersect a second surface of the edge of the aerofoil, d) moving the first
brushes such that the first brushes contact the first surface of the edge and
moving the second brushes such that the second brushes contact the second
surface of the edge e) producing relative movement between the first brushes
20 and the second brushes and the aérofoil such that the first brushes and the
second brushes move longitudinally along the edge of the aerofoil to shape the

edge of the aerofoil.

The method may comprise arranging each first axis and each second axis
to intersect the first and second surfaces respectively at angle in the range of

25 30°to 75°.

The method may comprise arranging each first axis and each second axis
to intersect the first and second surfaces respectively at angle in the range of
30° to 75°.

The method may comprise arranging each first axis and each second axis

30 to intersect the first and second surfaces respectively at angle of 60°.
The method may comprise varying the angle at which each first axis and

each second axis intersect the first and second surfaces respectively.



The nethod may conprise shaping the edge of a gas turbine engine
aerofoil. The nethod may conprise shaping the edge of a fan bl ade, a
fan outl et guide vane, a conpressor blade or a conpressor vane. The
met hod may conprise shaping the edge of ~&-bl ade on an integrally

~ bt'aded di sc, shaping the edge of a blade nounted in-astot inthe "~ =

peri phery of rotlachdfist bousts ey cumptise aeblgeinafbrstibs adsilitonrtabiderbristles.
lot in th i ph of a rotor drum The nethod 15 nmay canpris

Shapi ng ¢ nESTLRSGINT HESAZRSY BTMPHRF FLTRE LTEVGE oF STicoh CaToHE byates.
turbine engine. The methdd ﬁ{é'iﬁédlﬁﬁ}ié(e bhangRighPe 1By 258 B B s%{&%ﬂgr&is in

the edge of a steamturbine aerofoil, a water turbine aerofoil,
wi nd turbi rep@eeof oil etc. The present invention also provides an

apparatus for s i ng.a e of 20 a conponent, the appar.atus .
conprsing a 1 roreradily 168 TaSbeBomAyERERTSE s eL s Bt s Apcthe
plurality ofecbhdsdein il gadildiplandst antially parallel to each other,

a first device arranged to rotate the first brush about a first axis,

the first axis bdien@edhedmpydcenpgsashapingythpdeadingledge efan lserefoiledhe

br ush about 4 eUday BaTPERE G B SR A bR AR angea
substantial |y parta hedthod rhbﬁ dvrhpﬁéeeShebinghmeseaﬁ@ObfbaL@és tarbfriepeagine
structure arraPOIled to hold the first brush such that the first axi

|

"t er seld s 26pils The Mefed WAY SAMRIE BRPNG BiRriamef afn Bladgnadan outlet

hold the s rng,sfbf %Pﬁﬂw%o r Héﬁessp%n@oﬁ-iﬁrésé.d?t\%riegm'ﬁh@ rﬁgfﬁ%'admay

surface of e edge o nponent, neans t0 nove first brush
such that tdoengrisesshdping tha@dgerdfac biadehan ainrintegsallyf bladeodfdisd)shadygry the

and neans to, nov he, secon rush such that .t he second hrush ]
oo here®, B b FEed 'y BrsiBh fotienagrithtny of Tolor disc'3F shaping the

edge of a blade mounted in a slot in the periphery of a rotor drum. The method
15 may comprise shaping the edge of the aerofoil while the aerofoil is in the gas
turbine engine.
Alternatively the method may comprise shaping the edge of a steam
turbine aerofoil, a water turbine aerofoil, a wind turbine aerofoil etc.
The present invention also provides an apparatus for shaping an edge of
20 a component, the apparatus comprisingla first brush and a second brush, each
brush comprising a plurality of bristles extending substantially parallel to each
other, a first device arranged to rotate the first brush about a first axis, the first
axis being arranged substantially parallel to the bristles of the first brush, a
second device arranged to rotate the second brush about a second axis, the
25 second axis being arranged substantially parallel to the bristles of the second
brush, a support structure arranged to hold the first brush such that the first axis
intersects a first surface of an edge of a component and arranged to hold the
second brush such that the second axis intersects a second surface of the edge
of the component, means to move the first brush such that the first brush
30 contacts the first surface of the edge and means to move the second brush such
that the second brush contacts the second surface of the edge, means to
produce relative movement between the first brush and the second brush and

the component such that the first brush and the second brush move



produce rel ative novenent between the first brush and the second

brush and the conponent such that the first brush and the second

brush nove - 6 - longitudinally along the edge of the conponent to
shape the edge of the conponent. -®he present invention also
provides a met'hod of "shapi ng an edge of a conponent, the method

conpri si ng lahgipudinalti madpreg fthe sedde wfhthendommeenhdo Ssiipes Hhe eadde of the
brush conprising a ,plurality of bristles extending substantially

par al | el tchgﬂgﬂ“%Fher, b) rotating the first brush about a first

axis and rotatingd sfis8alida | %ﬁ‘g L
axi s being arrangedbgeusﬁf%rg?ﬁyﬂgaﬁgpl IeI sf%‘hﬁﬂo@ﬁfi&ﬂ é ofaht ﬁ@ege of a
first brusrcaammgpnand, she onethadi sompiisipgaa) angddingudsirahtbiragh yandarpaséaind

to the bristl f th d brush, . ing.the first axis .10,
Lo i ntersediihy freh SiuRRaBamprsty augluraity Aot GptRe XgnAnoaPBsg Rl
the second mirhfelt® caBhASSCH) PotaBRG ML Hrit bacsh %oﬁt@ﬁ@@gﬂigcandh Rftating the

conponent, d) noving the first brush such that the first brus

cont act s t ecpnddirushrahesé seeord edise thadirsbakisgaing areged Bubsihntially

ot oduci ng Ferarvg s atiSfke BEARE Rt Rl A0Y Y0P e R s Hiaf BB
brush and tsubstamitintypataliletiththehtaistieb@f the sécdidistushng) dfgnging el first axis

brush nmove | ongitudinally al ong, the edge of the conponent to shape
the edg oftoimereasigoiiehpurface of anaggefea sampeAsehand argngingbensscond

fully descrj V\ﬁnl Q%gr’_é@éz‘togsgegégg%hﬁa%td?tﬁgfeﬁégcr}ffﬁhé ohiSorfrE PRIV M he

drawi ngs, in I'S a Cross-Se ona I ew Of ‘an upper
hal f of a tfustbibfush gash thatthedirshprush stistactsgthe fiesh surfade ofhihehed@s amd

o saent. §niinharte" S0 BraeRen N YR BEickRbA coctdet fnbpoond
vi ew t hr ougliriacBdrth@Rdgt & Fraduéifl 61898 eHRlomeNVitheed thair ggﬂgh and

whi ch has a | eading edge which has™been 25 shaped using a mnet
accor di tig te tSI&eorr@(x%jl dsesn andvtbatéasnponent suchrthgtithe Brst Drasipandpibet $acend

i f f hapi d f foil '
Uhe. presentrial Ehpdanatudindl Aipdis e o i oiPHRagtsp e heedR of
apparat us fies c6fppheat.an edge of an aerofoil shown in figure 3.

30Figure 5 is a_viewin the direction of arrow Ain figure 3 show ng
a support The present invention will be more fully described by way of example with

reference to the accompanying drawings, in which:-

20 Figure 1 is a cross-sectional view df an upper half of a turbofan gas
turbine engine showing a fan blade which has a leading edge which has been
shaped using a method according to the present invention.

Figure 2 is an enlarged cross-sectional view through a portion of a fan
rotor assembly showing a fan blade which has a leading edge which has been

25 shaped using a method according to the present invention.

Figure 3 is a perspective view of an apparatus for shaping an edge of an
aerofoil according to the present invention.

Figure 4 is a plan view of the apparatus for shaping an edge of an aerofoil
shown in figure 3.

30 Figure 5 is a view in the direction of arrow A in figure 3 showing a support
structure of the apparatus for shaping an edge of an aerofoil.

Figure 6 is an enlarged perspective view of part of the apparatus shown in

figure 3 showing a brush, a motor and a clamp.



structure of the apparatus for shaping an edge of an aerofoil.

Figure 6 is an enl arged perspective view of part of the apparatus
shown in figure 3 showng a brush, a notor and a clanp. - 7 -

Figure 7 is a view of the apparatus for-£hapi ng an edge of an

aerofoil according to the present invention installed on a mll1ing
machi ne. Fi gure MAguse @nisemivievged the eapparatusbionshapivg anbedgenofas aerofoil
tur bi ne engin as, shown in figure 1,I cog'grises in flow 5 series

e 10, es
an i nt ake 1accogding fo ihe pegsenhirwention fista arellpgrmpaelisgr 13, a
hi gh pressure C@?ﬂ@@%aﬁénia@gé@%&kﬁéf’éb h.@ high pressure turbine
ia i 17, a

16, an interned e pressure turbine Oow pressure turbine 18

and an exhaust W iurbhtarngeshtpbivesenging dObaseshbén is fagurargednprisdsiin dlow
t he hi gh_pressure cqr’rk)rﬁ SQr ¢ 14 yia a first. ?haft 26. The i

i nt er med? at¥ " EPedL {FERe Jrlpianani b2, & PPURGUats BrepsiiR cepprersor 13, a high
i nt er medi atiRePEIASS UHMPPOISRr €P50E E4mblLdtct $§,C%n%qh$fréss’t§eaﬁﬁbih861bO\%ﬁn
pressure turbine 19 is arranged to drive the fan 12 via a third shaft

30. |n operiaieroediate pressvse itwbing hé, #ewkeressurartdriiise d8ndeas exxhayst 19.

the fan 12. j kS rti : i flows through, and is

conpr essed Tﬂ?‘, ngherg rlegg"ér%ﬁggtf 'ﬁ% 4%2‘553 @nes a9l W@s@’@?h'% PP Y R SO RJRSSor
pressure copviassist $haRI2g. i Bhe Wipdin @flateOpreRsurkSussInB UTtierarngetius! drive
is injected into the conbustor 15 and is burnt in the air, to produce

hot exh#ustthgdatesmgdiate aressyrencupressand 4dviava, saosadnshait 28eardirtbe low

turbi ne 18 PTHRRALRRRCHS3¢ RIERR & WHIC 08 DA, PETLA 2R sRBfir e g
f1 ow t hr ougiperdttoreaindlosts i the prtake dd and wbsmpesddedusy theAfaedNndA first
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one of the slots 40 in the rim38 of the fan rotor, fan disc 34. The

root 42 of Tégchok axhaugtogasssaleavag the fow tpressuhatvelineots dlowethriolugh the

o Fecei ve AN, % 570y broRENEBlvall o SeERND GREFBE ST e all BfFstses
Al t er nadol v ehey righe ehgimertotppovibe peesulSideanist.nt egral with the fan

rotor, fan disc,_ 34 and the fan rotor blades 36 are friction wel ded,
| aser wel ded, elT88tiE6nTBeam shavaRdn diou & croprisasnacdiant wtemassembly 32

periphery ebrdiidPs AR &or, & #h HC 34%hd apiffrality of circumferentially spaced

radially outwardly extending fan rotor blades 36. The fan rotor, fan disc, 34 has
a rim 38 and a plurality of circumferentially spaced slots 40 are provided in the
25 r1im 38 of the fan rotor, fan disc 34. Each fan rotor blade 36 has a root 42 and
the root 42 of each fan rotor blade 36 is arranged in a corresponding one of the
slots 40 in the rim 38 of the fan rotor, fan disc 34. The root 42 of each fan rotor
blade 36 is firtree shaped, or dovetail shaped, in cross-section and each slot 40
is correspondingly shaped to receive the root 42 of the corresponding fan rotor
30 blade 36. Alternatively the fan rotor blades 36 are integral with the fan rotor, fan
disc, 34 and the fan rotor blades 36 are friction welded, laser welded, electron

beam welded or diffusion bonded to the periphery of the fan rotor, fan disc, 34.



Each fan rotor blade 36 also has an aerofoil 44 and the aerofoil 44

of each fan rotor blade 36 has a | eading edge 46, a trailing edge 48,

a convex suction surface 50 extending fromthe | eading edge 46 to the
trailing edge 48 and a concave pressure-8urface 52 extending fromthe

“ l'eading edge 46 to"the tailing 5 edge 48. The 1eadi ng edge 46 of the -
aerof oi | 44 of daath famrotarthiaddBEddsBhas angenefodlddyarel thepdarofdil 44of each
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102 and a second ‘brush 104. Each brush 102 and 104 conprises a

plurality of briAs mantioped pregionsypbetleading. edgas #6 icdttheergfoiloeid abthe

a5 Shown | o0, 06" Rofteh i) Yo i Roefouds” of Bie dOfEin gas

first brushudfiRe ahgine O hhd e aé&o@yﬁé%i@@ﬂictéﬁﬁyféﬁdséur?é ingargilof $ie fan 12
arranged substantially parallel to the bristles 106 of the fjrst

brush 10®. ipredicsty hbusrit is1desirably o rrpdere: erleeding adgess¥t ehthenaersioils

104 about ] ' I's zo arranged
subst anti alaﬁf/@f)@reg?ﬁﬁ)t%{%%%ﬁgr%r%% @?ﬁggg’r%$ﬁéé§%cond brush 104. A
support struct urin agpaiatusai 0@rigeshaging @rdedde 46i afsdn bersbil 322as whwn in

that the first axis 112 intersects a first surface 54 of an edge 46
ot ey oiflPress B Ao maneem Bt Rphcidn ard piacona hrana d84: o Brush

the second ferusdy 104 coMtiselad plubflity of bristles 106, 108 respectively. The bristles
15 106, 108 in each brush 102, 104 extend substantially parallel to each other, as
shown in figure 8. A first motor 110 is arranged to rotate the first brush 102
about a first axis 112 and the first axis 112 is arranged substantially parallel to

the bristles 106 of the first brush 102. A second motor 114 is arranged to rotate

the second brush 104 about a second axis 116 and the second axis 116 is

20 arranged substantially parallel to the bristles 108 of the second brush 104. A
support structure 118 is arranged to hold the first brush 102 such that the first
axis 112 intersects a first surface 54 of an edge 46 of an aerofoil 44 and the
support structure 118 is arranged to hold the second brush 104 such that the
second axis 116 intersects a second surface 56 of the edge 46 of the aerofoil 44.

25 There are means 120 to position, or move, the first brush 102 such that the first
brush 102 contacts the first surface 54 of the edge 46 of the aerofoil 44 and
there are means 122 to position, or move, the second brush 104 such that the
second brush 104 contacts the second surface 56 of the edge 46 of the aerofoil

44. There are means 124 to produce relative movement the first brush 102 and

30 the second brush 104 and the aerofoil 44 such that the first brush 102 and the
second brush 104 move longitudinally along the edge 46 of the aerofoil 44 to
shape the edge 46 of the aerofoil 44. The first and second surfaces 54 and 56
meet at the leading edge 46 of the aerofoil 44. The support structure 118



second axis 116 intersects a second surface 56 of the edge 46 of the
aerofoil 44. 25 There are neans 120 to position, or nove, the first
brush 102 such that the first brush 102 contacts the first surface 54
of the edge 46 of the aerofoil 44 and th8re are neans 122 to

"~ posi tion, or nove, the second brush 104 such-that the second brush
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figures 3 and 6. A housing 150 of the second notor 114 is c

bet ween'® tRASEHNEQUG aReREES 160 andd162 f!@dh{eﬁh&daql@mﬁemﬂ@mber%mﬂdgare
iy ough aperPufes 3R neSiched IFeRlel GrosHiies ba, 21186 Ty e CRTRn
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ourth cla nmenber 154, as shown i pgure 3. T econd cl a

renber 136 TRSioPar pl Paralsheioto A ohand 1e) BKCHe opBhamproerner 16 has a
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174, as shown nore 'y in |gure ) ird palr fast®eners,
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rotation 112 of the first brush 102 relative to the |l eading e 46

dge
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second zpt wOmms and iteoNgo RindstB2L8ead ehrmigalthe datond pircofadraleltdists
second curved slot_ 130 to vary the angle of the axis of rotation 116

of the secddd LLF a0g tiuetighiibe Seeon euved dilotg! Hhgrechybiabthe sreond motor
aerof oi | 44.44They Lb&sHd BRidh P82 BAE AldvabiSPhs atE81dH ithe second curved slot

130 to vary the angle of the axis of rotation 116 of the second brush 102 relative
to the leading edge 46 of the aerofoil 44. The first pair of parallel slots 168 and
25 170 allow the first brush 102 and first motor 110 to be moved towards or away
from the leading edge 46 of the aerofoil 44 by un-tightening the third pair of
fasteners 176 and 178. The second pair of parallel slots 172 and 174 allow the
second brush 104 and second motor 114 to be moved towards or away from the
leading edge 46 of the aerofoil 44 by un-tightening the fourth pair of fasteners

30 180 and 182.
The support structure 118 is arranged to hold the first and second brushes
102 and 104 such that the first axis 112 and the second axis 116 intersect the
first and second surfaces 54 and 56 respectively at angle in the range of 30° to



25 170 allow the first brush 102 and first nmotor 110 to be noved
towards or away fromthe | eading edge 46 of the aerofoil 44 by
un-tightening the third pair of fasteners 176 and 178. The second

pair of parallel slots 172 and 174 all ow@he second brush 104 and

" second notor114-to be noved towards or away fromthe | eadi ng edge 46 -
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25 the first brush 102 and/or damage to the second brush 104 if there is a possibility
that the bristles of the first and second brushes 102 and 104 may contact each
other. The first brush 102 and the second brush 104 may be arranged to rotate
in the same direction if there is no possibility that the bristles of the first and
second brushes 102 and 104 may contact each other.

30 The apparatus 100 may be mounted on a milling machine and an aerofoil
44 may be held by the milling machine. As seen in figure 6, the aerofoil 44 is
held such that it extends substantially vertically from the milling machine and the

edge 46 extends substantially horizontally. In operation, initially the first axis 112



44 may be held by the mlling nmachine. As seen in figure 6, the
aerofoil 44 is held such that it extends substantially vertically
fromthe mlling nachine and the edge 46 extends substantially
horizontally. In operation, initially thel first axis 112 is arranged

“tointersect the first surface 54 of the edge 46 of the aerofoil 44 — - =~

and the sedsriramges thlifterseathafigstduriacerffeotitet eddwe46 ef ongl astufbiad and
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and second brushes 102 and 104 and support structure 118 are
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edge 46 of the aeroforl I the edg of the aeroforll
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fromthe edge 46 of the aerofoil 44 to take into account the
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t he edge 4teffetehwithenchathed4Thd fiestamgl ﬁec@hdtah@s 112 and 116 may arranged
at different angles to a vertical line V extending from the edge 46 of the aerofoil
25 44 if the edge 46 of the aerofoil 44 is asymmetric, due to the design of the
aerofoil 44 or by preferential erosion of one side of the edge 46 of the aerofoil
44,
The rotational speed of the first and second brushes 102 and 104 may be
varied, the first and second brushes 102 and 104 may be moved towards or
30 away from the edge 46 of the aerofoil 44 to take into account the thickness of the
aerofoil 44 and the angle of the axes of rotation 112 and 116 of the first and
second brushes 102 and 104 may be varied to allow different profiles, different

ellipses, to be produced at the edge 46 of the aerofoil 44. The angle of the



- 12 - brushes with respect to the aerofoil, the free length of the
bristles, the overall depth of cut of the brushes against the
aerofoil, the nunber of cuts of the brushes al ong the edge of the
aerofoil at different positions relativelde the aerofoil, the nunber

- of ‘passes of the brushes along the edge of ‘the aerofoil at' 5 the sane

posi tion rdbrashge vith rdepezttotion lacréfolt, thed fbbdenagthspet® bfistldie the overall
brushes and the feed rate, the speed, at which the brushes nopve al onﬁq
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4, nunber of stages was depth of cut was 0.53mm
dept h of cuaeroid may%hheamwdhte mrustl‘leselmsea ratieBEC thmecﬂ:gamhme aerofoil.

15The meth ris e af S urbln |ne
aerof oi | . #@ qgﬁrgg]gﬂg Fec8ﬂ‘ﬁ%? gg" §p| at ﬂ@“@ﬁ%@ %t%e%t Cfrh Bée rgtio.
fan outl et Chariny aRE arylE QMRRE LTOShE BHENGES T QIPSESERD A% phifcular
met hod may conprise shaping a | eading edge of an aerofoil, e.g. a

bl ade oioalWﬁésmﬁee@@glﬁ@fﬂwerﬁysWrweé theedipsarratie. oy, a ni ckel

consi sting of - onr e e the e et Ao 4Rl BN frdmte pes
pl us i nci deaOoatmimpyithé mssramtamm@peaddmés G080rpM, BXABBl 6f phsdes was 4,

nickel alloy is Inconel 718. The nethod nm rise reshapin
edge of a WP RPLEEOES Warke 4niie SgPHROf @Hﬁﬁ@sggﬁﬁm Abeethe 3@1@@ off cut

L aer of OlJadbioberiSnAahRLpldndssbfe KBBEROASEAN e engine. The

aer of oi | an aero I nt egr al I'SC or a separate
aer of 0i 15 nount ed’henrmatlsdnd)tma'ayl dolmep riser sba;mng e adge af @rgassepabmiceengine

corofoll, ot hetuslidy i hoele G B e SBraSRtG A e
mel aer ﬁfe Og_:}g;d(/)&? 'g}aﬁe;f fsaae ﬁgﬁ{]p?ééﬁqrnblﬁdénora% bﬁh%géﬁolryvatﬂ@d%éj'n%‘th% may
comprise shaping a leading edge of an aerofoil, e.g. a blade or a vane. The
aerofoil may comprise a titanium alloy, a nickel or steel. An example of a
20 titanium alloy is titanium 6-4 consisting of 6wt% aluminium, 4wt% vénadium and
the balance titanium plus incidental impurities and minor additions. An example
of a nickel alloy is Inconel 718.
The method may comprise reshaping an edge of a worn aerofoil. The
method may comprise shaping the edge of the aerofoil while the aerofoil is in the
25 gas turbine engine. The aerofoil may be an aerofoil of integrally bladed disc or a
separate aerofoil mounted in a slot in the periphery of a disc or separate aerofoil
mounted in a slot in the periphery of a drum. The method may comprise
removing a casing from gas turbine engine and then shaping the aerofoil while
the aerofoil is on an integrally bladed disc or while the aerofoil is mounted in a
30 slot in the periphery of a disc or while the aerofoil is mounted in a slot in the
periphery of a drum of the gas turbine engine. The method may comprise
mounting the apparatus on an aerofoil and then moving the brushes along the
edge of the aerofoil. The method may comprise passing the brushes through an



30 slot in the periphery of a disc or while the aerofoil is nounted

in aslot in the periphery of a drumof the gas turbine engine. The
met hod may conprise nounting the apparatus on an aerofoil and then

nmovi ng the brushes al ong the edge of thelderofoil. The nethod may
“conpri se ‘passing the brushes through an® - 13 - aperture in a‘casing
Wi th a bor cgmongedne cdwmy aghtdbordgepefandrstaming tHd cddié be ahhfrofoil while
aerofoil is in the gas turbine engine and in this case the brushes
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second devigifanged to drivdl tHaoRHENbE \ﬁé?@@% ahB\R8skeOnd ¥R videaa comprise
a 0

described with reference to the use o plate with curved slots

enabl e HYj Beeeand Botamarangeast taadidve Broaecarsl brugheda gears e Alternativalydthe

i tabl o dd0n RS W Hdedr AU ERHRY SRR TVE Gt Kireanaaso
first and spiversbtitiushies devivemidehe second délviceough the present
i nvention has been described with reference to a first brush arranged

such that the fApughitheinieesrddaventiors hasbesnrdaseabed with eigeense toothe
foil b : i
an aer of oi | ;angk 3 r@ﬁf;ea h &H@?d ﬁ@@ggg%%l&ﬁ%@%@r%?%fstﬁg%gt gﬁhssqcioyd

i ntersects a seco rface o ol Tt i's equa
possi bl & t @ngiesvottneafingt andlsecpndfbrished rdvpestiesy ar isaagedy ueRilldad use
the axis of ,each .of e first brushes int erﬁect first surface o

t f an
edge of an Oawo%tqb'eaﬁa\”&ea E9alfirstyans s¢ auBeqstrREksAlPAg ydCh dla Tirst

that the agny QcopdPiusied MByTeGRNd brushes intersect a 25 second
surface of the edge of the aérofoil. The axes of the first brushes

may be paral | el Adthdughdhexweseit inventen dvas beers iescripgd dthprafatdreke. to a
The present. i.nvention is equal,l I i.cable . to aerofoils for other
gas. tur bi ndr R anedd SHER gt fe rsraioh i e 4 b sCrart ofad Sdoe of
t ur bi nexeenginng@srofiidaiPl BRBNHWrsH eneRgelSushitRaPife sdo¥hdOsxiWittrsects a
shafts. The present invention is o
second surface of the edge of the aerofoil it is equally possible to provide a
plurality of first brushes arranged such that the axis of each of the first brushes
intersect a first surface of an edge of an aerofoil and a plurality of second
brushes arranged such that the axis of each of the second brushes intersect a
25 second surface of the edge of the aerofoil. The axes of the first brushes may be
parallel and the axes of the second brushes may be parallel.
The present invention is equally applicable to aerofoils for other gas
turbine engines, e.g. turbojet, turboprop and turboshaft gas turbine engines and
for gas turbine engine with one, two or more shafts. The present invention is

30 equally applicable for shaping edges, e.g. leading edges, of blades or vanes.



30 equally applicable for shaping edges, e.g. |eading edges, of

bl ades or vanes. - 14 - CLAIMS 1. An apparatus for shaping an edge

of an aerofoil, the apparatus conprising a first brush and a second
brush, each brush conprising a pluralityldf 5 bristles extending
substantially parallel to each other, afirst device arranged to
rotate the CLABMISbrush about a first axis, the first axis being
arranged substantially parallel to the bristles of the first brush, a
second device arranged to rotate the second brush about a second

axi s, the con X r Ligl el

bri stles ofSPt heolﬂ'g(i}-:lcéi dé}ﬁr ust]:&r a%s%%ﬁ%or%twﬁog%ctcﬁr éxararagcﬁblll tﬂf:')é)h%%r?ws
the first brausprisogh firskbrushentd a sécand brushi eaelebttasmcdmpﬁsingar;ﬂarzﬂity of

of an edge ,of anaro oi | rrange hol d t he second brush such
Chat  t hed sdUtHES £ %“4"&9 é@é@@a g?g'ﬁh?%ﬁﬁtﬂé@é hefs & Yt aetglée&rrqw@d to
aerofoi |, Bafs the flﬁt‘tﬁuéﬁ‘%bﬁhf étﬂrﬁréﬁé‘ tﬁécﬁ?stté}é?é bbh%%ﬂréﬁed’éb‘ﬁé’taatla[ly

contacts the first surface of the ed ge and neans e secon
brush such pdaraleltthdhe dyistigs lof diad ficsiriirash, sa tskeose dentel&rangddatreraiate the

t he ed t bet. the first b ;
e 02, ARGl SR BB BB TENE N B Beahas Bt
the second garad) t6aNe brignes bithd13bdonbRIS, b%p%@lestﬁ;ctaﬂéeaﬁgﬁgéd)td hold
to shape the edge of the aerofoil. 2. An apparatus as clai ned

clainms 10 cdh@rfif%tl bigsh sschribat the Brst miissinterseets e fic sawfaca qflam ad:lst}e wf an

of second S

ext endi ng gj@@ﬁf?%%'& Iq]? q'ﬁ{@)o’méa %Ogtcﬁé’f“&g Sﬁ'%p {h gtb% %cond axis
arranged t dnteedertt® aesdontli susfader afstheakiyéd oftheesaredil, Wedns ®f mave he first
each first axis bejing arre}nged substanti al |¥| par al | el to the bristles

of the respBsh $Ech ithalithgriishbrughcandards dasi Eféséﬂrﬁa&ﬁgféfd € #dget 2k means
each Secon%g@%@ tRBOM ol smﬁ%tt}t«gﬁﬁ&&@gs@gl i Oc%% %ggcmg &Xofd

bei ng arrang substantially para
r espectisve ssidaoadfbthes edgea, snggrer to produdeuraative zm@minem betwkdrhéhe first
plurality of first brushes such thaf each first rsects a
Fivst surt QeesthpndRecgrop Bysacatsr 81 sariohsrsRobat 5 fist rish and the
plurality %Ecéﬁ&%dst?rnh'@@%r}@ﬁﬁrfa’ﬂ tal&RG thé WerRdoPe abRif6 36 Ghe
second surface of the edge hle agrao(?@glgl %Q%nsot? m%ve L % p8 the
plurality edgeiafde pewfbibs such that the first br ushes cont act the
first surface of t%} gg’% and_neans to. m)ﬁ the | uralit

ct

brushes suéh th& SARICBITIEA LY ClRin 0'??1% ad Aol raliy fafirgt:g?udshes

the edgm mRdns pluraptyosiussconel @Msﬁés rr@a/mmsrb@@mgﬁamgt@ anrar@Icsftb/ns%s
first brushes and the plurality of second - - brushes and

aer of oi | s@¥ending Stlhétam@'bapﬁt%}'ebfo 1e|ar:btotbensanésstadﬁyutm@rrpngemtptrptate
of second %%Hﬁ t a‘BBgt L ugé%baé @ée a\"&gpgxfshee eH9R < 8{1 I%rt;ﬁﬁf %h%'nged

to shape t aero ppar us as
claim1l or sabatamallw\barradehtotﬂhle terigleerdf the respective first brush, a second device

arranged to rotate each second brush about a respective second axis, each

25 second axis being arranged substantially parallel to the bristles of the respective
second brush, a support structure arranged to hold the plurality of first brushes
such that each first axis intersects a first surface of an edge of an aerofoil and
arranged to hold the plurality of second brushes such that each second axis
intersects a second surface of the edge of the aerofoil, means to move the

30 plurality of first brushes such that the first brushes contact the first surface of the
edge and means to move the plurality of second brushes such that the second
brushes contact the second surface of the edge, means to produce relative
movement between the plurality of first brushes and the plurality of second



5 structure is arranged to hold each of the first and second brushes
such that each first axis and each second axis intersect the first
and second surfaces respectively at angle in the range of 30 to 75.
4. An apparatus as claimed in claim3 wiErein the support structure
Ts arranged-to hold each of the first and second brushes such that -

each first krushed @ndnide @andfoi eacinthaaxie piurdiiy o€ Gitst ir@sHds sid tedplurality of
second surfaces respectively at_angle of 55 to 75. _ 5. An apparatus

as cl ai med §asoRdhrashesmavs lﬁnsmdlgaﬁpa}omgsthﬁ&dgﬂ af the %‘Prﬁﬁﬁ egshape the

hol d each OédC#?@ftfnbra%tr %ﬂd second brushes such that each first axis
and each second axis Intersect the first and second surfaces
respectivel3 at Arb appgiratusf asclainted Am cpiparatorsclasm c2 avinerdin nhansupport

clalmslto erelnthe t structure conprises an adjuster to
oyt hed arsine e S arvanoen 46 PRRLbadh pHiHartirSt fid BeeamibARnes stchdeat doh
the first apg: epgh m%mré&eﬁa bRiseherdect hmef ittt Zpad s%@?ﬁ@?sa%lrrf]%ces

surfaces respectively. 20 7. An apparatus as clained in any o
1 to 6 wherrespedively eﬁhanglehntiwnra@ld/cﬁBOéa@ﬁ'S&econd brush conpri ses
alum na bristles, or. sili,con carhide bri ?tle S .as

clai med in %ny 81" @PRARRIUS 8% SRR &) r?q'We%f WP?fe’Bet\ﬂ gar ge StiEturgis

el ectric nefrfdnged foyRBlaWAch SRS firdt aﬂd@&@ﬁ&tb@sm QLcRiatt rshep Bdis
devi ce conpri ses an el ectric notor raulic notor or a pneumat | C

25 not ot0 orancheagh rsgcopdvaxie lﬁﬁﬁ%ﬁSQQﬁéhGeééh@ndewmdcauﬁweﬁe respsictiely at

electric hydraulic notor or a single pneumatic notor.
9. An appari@t ﬂggdﬁp?i%d in claiml wherein the first axis and the

second axi $.ar e A rappgestus e dMigee. in claiml@. whBréiPReabuspds sthuaturadis
in claiml1l wherein the flrst axi s and the second 30 axis are arranged

in two par Arfangeg) tgnaald eech of thet firstiapy serapd jusheeaged mataaach flrs axis
aerofoil, the EEEWQ%CSH %S lifSrsebk tﬂécﬁfgfrjgﬂﬂ ?eédfnrdsrsulk? r ten IK at

second brus each brus conpr|5|ng Ity O brls €es
subst antd alaing!epaf@m el to each other, - 16 - r ot at| ng the

first brusg aboyt a first axis, and rotatlng he S confd) blglush a]lq)out a
second axi & ny BpReralys aspelafged rip Ayt Slasah 0ap| yhergin the supgort

b sl oy o o Bt 1 e 9
second axis of each of the first and each second brushes intersect the first and
second surfaces respectively.

20 7. An apparatus as claimed in any of claims 1 to 6 wherein each first brush’
and/or each second brush comprises alumina bristles or silicon carbide bristles.
8. An apparatus as claimed in any of claims 1 to 7 wherein the first device
comprises an electric motor, a hydraulic motor or a pneumatic motor and the
second device comprises an electric motor, a hydraulic motor or a pneumatic
25 motor or the first device and the second device comprise a single electric motor,
a single hydraulic motor or a single pneumatic motor.
9. An apparatus as claimed in claim 1 wherein the first axis and the second
axis are arranged in a plane.
10.  An apparatus as claimed in claim 1 wherein the first axis and the second
30 axis are arranged in two parallel planes.
11. A method of shaping an edge of an aerofoil, the method comprising:-
a) providing a first brush and a second brush, each brush comprising a
plurality of bristles extending substantially parallel to each other,



5c) arranging the first axis to intersect a first surface of an edge
of an aerofoil and arranging the second axis to intersect a second
surface of the edge of the aerofoil, d) noving the first
brush such that the first brush contactsl@he first surface of the

“‘edgeand noving the second brush such-that-the second-brush-contacts = ="

10 the second SLU)fmmlr@ftHBhfﬂTSEUgﬁ,h about a fiest a;xrsomtd;irmtgtmglthe iseeond brush
novenent bet vve?n the first us and, t he second brush and th

aerof oi | s RIPY aSePRRA BXiSs(t ﬁrflt}%aé'ﬁcpﬁ'ﬂ% ARG %H'Q'féﬁntﬂﬁikyepara"el to the
| ongi tudi ”%rﬁs\ﬂeél ONehd r?'ﬁ'sle@)ﬁ.‘f's fath é%@@ R 2§ earF e‘ﬁ?gﬁg%fant[ally

t he aerof oi 12. A et hod ascalrre |nca|m11 co risi
provi di ng a)qrallslabitluqbdstlés okthelmagshddrastd a plurality of second

brushes, each bruysh co in | urali,t br.i ext ndi n

oubet S oty il srEioG Backtsf atis TS intersedt ot tayfface 6ERN P of an
brush abomaé‘ofoﬂ%éir&ﬁgﬁgrtﬁé s@ébﬁd %&Q; t'b%@réétﬂ ae§<§tfbn'iie§l§’rféteb6ﬂ1tﬁ€ edge
about a respective second axis, each first axis belng arranged 2

subst ant i aldfyhgaesfodl to the bristles of the respective first brush

bri st 1 es of tne Papundibe iBEr sy e ﬂ%t't?‘uﬁi‘%g'tlaﬁtsn%uerr‘gsiwCe
first axis dfaheridees@sd nfoving sie secdmt Brish Qicheniae tied sabore bafish boﬁtadts
arrangi ng each second axis to intersect a second surface of the 2

edge of 19 hdhaseepirg purface of theggdgfbvi ng the first brushes such that

the first brush

t he second brus%@sﬁggéﬁﬁb Fﬁ Eeﬁ@g%@% %ﬁ% ensiﬁgﬂﬁggﬁu%%nsﬁg%on%cond
surface of Hrbsh eagiethe aerofoil es)uchrmdheqlrsebaldWandDMenmorhbemﬂmove
the first brushes d the, sec rushes and the aerofail suc

Lhot ' the.  HoRaieARAORS 14 S0% ol herdptiiriohtpedne sgat s aprol

al ong the e micso kgt of the aerofoil.

-17-  13. z@gnet %{)d as ¢ glgme Fﬁﬁgﬁmpﬁ émpﬁgﬁgl m 12 conpri sing

arrangi g each fa) rr.nfowdmgsa aherabtyodf fret bnhagiand @ pluradtysefcseddnd friusbes,
and second su facea res ective r.ange
i (G

Ao cathiBGRR, CeRmsing oty S el GG B Sty o3t to

axi s and 5 Rplbteacond axis to intersect the first and second

surfaces respecti vel y at angle in the range of 55 to 75.
b) rotating each first brush about a respective first axis and rotating each

second brush about a respective second axis, each first axis being arranged

20 substantially parallel to the bristles of the respective first brush and each second
axis being arranged substantially parallel to the bristles of the respective second
brush,

c) arranging each first axis to intersect a first surface of an edge of an
aerofoil and arranging each second axis to intersect a second surface of the

25 edge of the aerofoil,

d) moving the first brushes such that the first brushes contact the first
surface of the edge and moving the second brushes such that the second
brushes contact the second surface of the edge,

e} producing relative movement between the first brushes and the second

30 brushes and the aerofoil such that the first brushes and the second brushes
move longitudinally along the edge of the aerofoil to shape the edge of the

aerofoil.



15. A method as clained in claim14 conprising arrangi ng each first
axis and each second axis to intersect the first and second surfaces
respectively at angle of 60. 10 16. A nethod as clained in any of

claims 11 to 15 conprising varying the 'anTe at which each first axis

andeach second axis i nt ersect’ t"h‘e fi'.r"st' and’ s_econd sur]‘ aces _
respectivel13. 17A metbodas eaineediimetaimnt hoy adimel Aicesnprising atrénging each

wherein ea i rst brush and/ or each second, brus onpri ses al um.na
b et os ot |9 AnEararncSAre: pRB”t ITREGet s Bt odhd ol Biraces
claim 11 coeBpeétivaly af aadl8iimthd Rigei dfgoagizseand the second axis in a

plane. 19. A nethod as clained in claim11l conprising arrangi n? t he
first axis Hhd thenaibed g damed i ¢law Adreampising arrasging eachplirst axis and

eadi ng Sagia SebrB PRy i ntctsah g st Fnd SoEOHPSlTadeh PRGN 4E aflie

clains 11 tjg tR® rawpsol 559 73shapi ng an edge of a worn aerofoil. 22.
A nethod as claimed in any of clains 11 to 21 conprising shaping the
edge of a ghs t Ut FiglBo@RgiGkimesk Brdaim 14sopprisingrarapaingseaghdirgeaxis@nd

clai m 22 coupy %d&%d%&ﬂﬁ\é@%&?ﬁ%ﬁ‘ir@{ afid 588 ggﬁac@sziﬁ%'ﬁgefri&eélﬁtga angle

gui de vane, a conpressor Oor 'a conpressor vane.

cl ai med i n aflé®°m 22 conprising shaping the edge of a blade on an
integrally aded di,sc, shaping. the ed f a de nounted in a slo
0 the for i Bhor yh GHETPGY o BIATDSR M B Oh SEHE THge 15 CAMBTSHe Yruioee
'n a slot idhddigt ARcALAMREYaRb i QUcH scliohllaxi@iterdelihBafstid second
claimed in clfaim 22, claim23 or claim24 conprising shaping the edge
of the aer sluwlacesmespediivelyaerofoil is in the gas turbine engine.

17. A method as claimed in any of claims 11 to 16 wherein each first brush
and/or each second brush comprises alumina bristles or silicon carbide bristles.
15 18. A method as claimed in claim 11 comprising arranging the first axis and
the second axis in a plane.
19. A method as claimed in claim 11 comprising arranging the first axis and
the second axis in two parallel planes.
20. A method as claimed in any of claims 11 to 19 comprising shaping the
20 leading edge of an aerofoil.
21. A method as claimed in any of claims 11 to 20 comprising reshaping an
edge of a worn aerofoil.
22. A method as claimed in any of claims 11 to 21 comprising shaping the
edge of a gas turbine engine aerofoil.
25 23. A method as claimed in claim 22 comprising shaping the edge of a fan
blade, a fan outlet guide vane, a compressor blade or a compressor vane.
24. A method as claimed in claim 22 comprising shaping the edge of a blade
on an integrally bladed disc, shaping the edge of a blade mounted in a slot in the
periphery of rotor disc or shaping the edge of a blade mounted in a slot in the
30 periphery of a rotor drum.
25. A method as claimed in claim 22, claim 23 or claim 24 comprising shaping
the edge of the aerofoil while the aerofoil is in the gas turbine engine.



