- 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 | eading edge of a gas turhi.ne engi ne fan bl ade or
- conpressor blade. ™ =~ The | eading edges of fan blades and/or
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| eadi ng edges of the fan bl ades and/c6r the |eading edges of
conpr essor Ibtekasy the gasdsrhine espinecinpastingranicderadirg theutaadingredggsobthe

the fan and/or, ¢ ressor..of the gas turhine engine. There is need.
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Accordingly the present invention provides an apparatus for shaping

an edge of Riffilgdrigeding edae a@panflinficabigading ggge. Mremimymeagsedymamic
ge . 2 bei . e
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t he axis beianicles oarthedeadihg tetitfeisadfl thie Zan ptacds! ad/bptHdhealdiricsédgss of the
the brush, a support structl{{‘% ar;ia ged to hold the brush such that
the axis ir?PéTFl%régﬁ‘%f biades sfoasgrangtblubts e leagiposdags ofdhefan pladesang/or

to move,d henBidising 'éﬁggé hithd ?Bn'ﬁfréﬁbr%%%t ?hé@urﬁtiﬁgﬁ%f @%Llfgﬁﬂ@ﬁﬁédges

the edge, neans to produce relative novenent between t
t he aer of oidf thaifan blades tand/drrtbs heading sdbes gf thedcaraptessat blaglesred ficessthe

surface of the edge t he 30, aer of oj | shape the edge of the
oo oron O ertiefgRandlos B, ATl ahngdah aidlGe Foprassd ohthe gas
brush such tfipe ERginaxi s intersects the first surface at angle in the

range of 30 to 75.7 - 2 - The support structure may be arranged
to hol d the brudhesuishaniead fenan gppsratus endecmethabtof shape, ouré-sbapas the

angl e iﬂ) t Wgacfiﬁé]%ﬁggfofgsfgﬂ bYasde or compressor blade of a gas turbine engine.
Accordingly the present invention provides an apparatus for shaping an

edge of an aerofoil, the apparatus comprising a brush, the brush comprising a
plurality of bristles extending substantially parallel to each other, a device
arranged to rotate the brush about an axis, the axis being arranged substantially
25 parallel to the bristles of the brush, a support structure arranged to hold the
brush such that the axis intersects a first surface of an edge of an aerofoil,
means to move the brush such that the brush contacts the first surface of the
edge, means to produce relative movement between the brush and the aerofoil
such that the brush moves longitudinally along the first surface of the edge of the
30 aerofoil to shape the edge of the aerofoil.
The support structure may be arranged to hold the brush such that the
axis intersects the first surface at angle in the range of 30° to 75°.



The support structure may conprise an adjuster to vary the angle at
whi ch the axis of the brush intersects the first surface. 5The brush
may conprise alumna, or silicon carbide, bristles. The devi ce
may conprise a notor. The notor may conpki.se an electric notor, a
hydraulic notor or a pneumatic notor. The device may conpri se gears.
The notor may b L.V, [ h
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the aerofoil. The nethod nmay conprise f) arranging the axis to

i nt er sect alhaewier may becarafgadile diwgdheforusie viadhefgsiars. g) novi ng t he
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The method may comprise f) arranging the axis to intersect a second
surface of the edge of the aerofoil, g) moving the brush such that the brush
20 contacts the second surface of the edge, h) producing relative movement
between the brush and the aerofoil such that the brush moves longitudinally
along the second surface of the edge of the aerofoil to shape the edge of the
aerofoil.
The method may comprise arranging the axis to intersect the first surface
25 at angle in the range of 30° to 75°.
The method may comprise arranging the axis to intersect the first surface
at angle in the range of 55° to 75°.
The method may comprise varying the angle at which the axis intersects
the first surface.
30 The brush may comprise alumina, or silicon carbide, bristles.
The method may comprise shaping the edge of a gas turbine engine

aerofoil. The method may comprise shaping the edge of a fan blade or a



The nethod may conprise reshaping an edge of a worn aerofoil. The

met hod may conprise shaping the edge of the aerofoil while the
aerofoil is in the 5 gas turbine engine. The aerofoil my be an
aerofoil of integrally bladed disc or a-geparate aerofoil nounted in
“asltot7in the periphery of a disc or in astot in the periphery of a
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The present invention w e nore fully described by way of exanple

with 30 reftee edge, epprodeciagoelatinaynenerdeniweiyeenithe Wwhisthand the component
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Figure 2 is an enlarged cross-sectional view througfh a portion of a
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the bristles of the brush, a support structure arranged to hold the brush such that
the axis intersects a first surface of an edge of a component, means to move the
25 brush such that the brush contacts the first surface of the edge, means to
produce relative movement between the brush and the component such that the
brush moves longitudinally along the first surface of the edge of the component
to shape the edge of the component.
The present invention will be more fully described by way of example with
30 reference to the accompanying drawings, in which:-
Figure 1 is a cross-sectional view of 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 5 is an enlarged view of a brush. A turbofan gas turbine
engi ne 10, as shown in figure 1, conprises in flow 10 series an
I ntake 11, a fan 12, an internedi ate pressure conpressor 13, a high
pressure conpressor 14, a conmbustor 15,_g_high pressure turbine 16,

exhaust 19. The ) ressur [ L 'r:c.‘?rr Y-
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whi ch 1 ow ddy=p4@R forskhsing ¥R edg@eofirPlef@psur e turbine 16, the

i nternmedi ate pressure turbine 17 and the | ow pressure turbine 18. The

hot exhaust gasddguredyisngn enlargedwismesisabeishur bi ne 18 fl ow t hr ough

t he exhaust 19 t i d | sj ve ust. , A secand rtion of th
LT bypasses 25 4 KEDRAN Gad kReriGpg JokaS sroui BB Soffbrdhsif Gaw
12, as showeried dn gHake 4/, @OfPr 136an tbAnediate praasardrbbinpddssor 13, a high

conprising a fan rotor, a fan disc, 34 and a plurality o )
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pressure turbine 19 is arranged to drive the fan 12 via a third shaft 30. In
operation air flows into the intake 11 and is compressed by the fan 12. A first
portion of the air flows through, and is compressed by, the intermediate pressure
compressor 13 and the high pressure compressor 14 and is supplied to the

20 combustor 15. Fuel is injected into the combustor 15 and is burnt in the air to
produce hot exhaust gases which flow through, and drive, the high pressure
turbine 16, the intermediate pressure turbine 17 and the low pressure turbine 18.
The hot exhaust gases leaving the low pressure turbine 18 flow through the
exhaust 19 to provide propulsive thrust. A second portion of the air bypasses

25 the main engine to provide propulsive thrust.

The fan 12, as shown in figure 2, comprises a fan rotor assembly 32
comprising a fan rotor, a fan disc, 34 and a piurality 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

30 rim 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



i s correspondi ngly shaped to receive the root 42 of the corresponding
fan rotor blade 36. Alternatively the fan rotor bl ades 36 are
integral with the fan rotor, fan disc, 34 and the fan rotor bl ades 36
are friction welded, |aser welded, electgan beam wel ded or diffusion
“bonded to the periphery of the fan rotor, fan disc, 34. 5 Each fan
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motor 106 is arranged to rotate brush 102 about an_axis 20 10
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nunerically contro | ning centre, axls verti
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is a vertical XISO r ot, ort s ctuyre I .
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brush 102 such that the brush 102 noves verficall domnmards to

contact a first An apparatus 100 for shaping an edge 46 of an aerofoil 44, as shown in
figures 3 and 4, comprises a brush 102. The brush 102 comprises a plurality of
bristles 104. The bristles 104 extend substantially parallel to each other, as
shown in figure 5. A motor 106 is arranged to rotate brush 102 about an axis

20 108 and the axis 108 is arranged substantially parallel to the bristles 104 of the
brush 102. The apparatus 100 comprises a CNC, computer numerically
controlled, machining centre, e.g. a 4 axis vertical machining centre, in which the

axis 108 of rotation of the brush 102 is a vertical axis of rotation. A support
structure 110 is arranged to hold the brush 102 such that the axis 108 intersects

25 an edge 46 of an aerofoil 44. There are means 112 {o position, or move, the
brush 102 such that the brush 102 moves vertically downwards to contact a first
surface 54 of the edge 46 of the aerofoil 44 or the means 112 is arranged to
position, or move, the brush 102 such that the brush 102 moves vertically
downwards to contact a second surface 56 of the edge 46 of the aerofoil 44.

30 There are means 114 to produce relative movement between the brush 102 and
the aerofoil 44 such that the brush 102 moves longitudinailly along the first
surface 54 of the edge 46 of the aerofoil 44 to shape the edge 46 of the aerofoil

44 or the means 114 is arranged to produce relative movement between the



surface 54 of the edge 46 of the aerofoil 44 or the neans 112 is
arranged to position, or nove, the brush 102 such that the brush 102
noves vertically downwards to contact a second surface 56 of the edge
46 of the aerofoil 44. 30 There are neang-114 to produce relative

- nmovenent between the brush 102 and the aerofoil 44 such that the
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preferably in the range 0Of 5, nore preterably
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extendi ng from tThe uekVI&21emnprEsasdiplustind besties HB6 Hus othar suifablesabrasive
shown in Tiguhigs dnay be used. The brush 102 may comprise a XEBEC (RTM) brush

obtained from Xebec Technology Co, Japan, and especially a XEBEC (RTM)
A21 white brush, which comprises a sleeve 103 in which the bristles 104 are
20 held and the free length of the bristles 104 extending from the sleeve 103 is
adjustable using a screw 107 as shown in figure 5.
The motor 106 may comprise an electric motor, a hydraulic motor or a
pneumatic motor.
As seen in figures 3 and 4, the aerofoil 44 is held such that it extends
25 substantially horizontally from the 4 axis vertical machining centre and the edge
46 of the aerofoii 44 extends substantially horizontally. In operation, initially the
axis 108 is arranged to intersect the first surface 54 of the edge 46 of the aerofoil
44. Then the brush 102 is positioned, or moved, such that the brush 102
contacts the first surface 54 of the edge 46 of the aerofoil 44. Then the brush
30 102 is rotated about the axis 108 and relative movement is provided between the
brush 102 and the aerofoil 44 such that the brush 102 moves longitudinally along
the edge 46 of the aerofoil 14 to shape the edge 46 of the aerofoil 44 and in
particular shapes the first surface 54 of the edge 46 of the aerofoil 44. Then the



The notor 106 may conprise an electric notor, a hydraulic notor or a
pneumatic nmotor. As seen in figures 3 and 4, the aerofoil 44 is held
such that it extends 25 substantially horizontally fromthe 4 axis

vertical machining centre and the edge 48 -of the aerofoil 44 extends
‘substantially horizontally. 1n operation, initially the axis 108 is
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axis 108 of rotation of the brush 102. The aerofoil 44 is rotated about the
horizontal axis such that either the first surface 54 or the second surface 56 of
15 the edge 46 of the aerofoil 44 makes the appropriate angle with the axis 108 of

rotation of the brush 102.

The rotational speed of the brush 102 may be varied, the brush 102 may
be moved towards or away from the edge 46 of the aerofoil 44 to take into
account the thickness of the aerofoil 44 and the angle of the axis of rotation 108

20 of the brush 102 may be varied to allow different profiles, different ellipses, to be
produced at the edge 46 of the aerofoil 44. The angle of the brush with respect
to the aerofoil, the free length of the bristles, the overall depth of cut of the brush
against the aerofoil, the number of cuts of the brush along the edge of the
aerofoil at different positions relative to the aerofoil, the number of passes of the

25 brush along the edge of the aerofoil at the same position relative to the aerofoil,
the rotational speed of the brush and the feed rate, the speed, at which the brush
moves along the edge of the aerofoil may all be varied to vary the ellipse ratio for
the edge of the aerofoil.

In one example the brush was set at an angle of 45°, the feed rate was

30 200mm/min, the brush rotation speed was 5000rpm, number of passes per side
was 2, the depth of cut was 0.75mm and the brush was a XEBEC A21 brush.
The brush speed of rotation may be between 3000rpm and 5000rpm inclusive,

the feed rate may be between 200mm and 500mm inclusive, the depth of cut



10 the aerofoil 44 is held stationary to nove the brush 102

| ongi tudinally along the edge 46 of the aerofoil 44. The aerofoil 44
Is rotated around a horizontal axis such that the edge 46 of the
aerofoil 44 makes the appropriate angle-8i-th the axis 108 of rotation
“of the brush 102. The aerofoil 44 is rotated about the horizontal

axi s such tmay bel hétalech®6mnt ShdSULMAT hdddsias, thBRIiSAERIGT Sk bagth BBy be
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The angl e ] ; |

of the bri T 2R THeERota e APrsSsLaTEHELMS of 2 M laRE, o blvet
aerof oi | , tdgudewsner afcompressdr blaeeborish cahprgsddrevattge Ofie trhethod may

aerofoil at different .positiops relative to t aerofoil, the nunber
of passes c;pnerp{ésezghwﬁgrﬁ adﬂrbg Ergecefyan (ﬂer@%ﬁ, & & gw,qdeapr £h¥angnd he
position r i€ A i b t gt I Ohnt S
and the fe:éﬁfgpeT%?hg&ngﬁ%g gﬁ%@c%”ésﬁeébrpggﬂ cr)rlls)\%g{éﬂal %Hg&ﬁrﬂweédgfea
of the #er ditanitmalioyais!tithriurabidedonsisting 9f Gwtd alumréemy dwi% Vaadiume and

edge of the_aerofoil. In one ex |l e the brush S. set .an gngl e of
25 the 1 oS PalrtaaGro B AR BByt Apd Bt Rodiuels Aitevamble
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and the brush was a XEBEC A21 brush. The brush speed of rotation may
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method Ty fopThe s BaRhaS e BeBNA s RBBSWHHE RAODrESY!ISS a particylar
aerofoil. The nethod may conpri se shaping e edge of a fan blade, a
fan outl et lepngitldined pesitencatnipedeadingbddobe obtheaaemiqit. e $hisr progpdurelizethen
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pl us i nci demthpdingueompdse shapingribe edgeiafitbe sierofail mhileihe aefofail is in the
nickel all %%sitarbliﬁec HSilne.”ﬁn‘e 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
25 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
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 brush along the

30 edge of the aerofoil.

Alternatively the CNC, computer numerically controlled, machining centre
may comprise a 4 axis horizontal machining centre in which the axis of rotation

of the brush is arranged horizontally. The aerofoil extends vertically and the



In an alternative nmethod the brush may be noved around the | eading
edge of the aerofoil fromthe first surface to the second surface and
an 15 appropriate angle is nade between the axis of rotation of the
brush and the | eadi ng edge at each posi tBon around the | eadi ng edge

““as the brush is noved fromthe first surface to the second surface™

whil e the bedtphof shaitaebofpAris izgtdnged! nakteHdi sidstarally veRticllyt 4l then the
| eadi ng edge of the aerofoil. This procedure is then repeated at al

posi tions oRFTOfYl iscatatag @ngadﬁrﬁ(ﬁé axis e thatztbeneéigﬁeqfﬁba aesgfoil makes
conprise r &0 r e
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the gas t uribtated etgubéhe fibezatalodxis lsunhythblecitierdhs ditstidurfeice| of ey sétond
bl aded disc of a separate aerofoil nmpunted in a slot in the periphery

of a dis® o%urﬁaés qegePbifte Aplielemakesdng @prronriatnangkt WiRdhy afs Y of
a drum TheofRidn tﬁébr rise 25 renoving a casing fromgas turbine
engi ne and then s aplng e aerofoil while the aerofoil is on an

i ntegral ly bl adelhadipsgseant NWehkiDn he eqrailoapplicable totastofailsafes| other rgas

the periphery.of a disc or .wh he aerofo no nte naslot in
the Peri Phdibing elofiisSred tihoid, LiBaP e iy bR e as meﬁwes'aﬂd
E?HEL i Zfogu?%bgqlﬁme RHAWIR SHE, %oaﬁf ks thRE o8 H%‘r‘ﬁlon is

of the aerofoil ernatlve
conput ef0 nmliappwgﬂﬁfwrdh%g eeges, 6. @deaélngr&dgeayowapes gevanes
axi s horizontal machining centre in which the axis of rotation of the
brush is arranged horizontally. The aerofoil extends vertically and

the - 9 - edge of the aerofoil is arranged to extend substantially
vertically and then the aerofoil is rotated about a vertical axis
such that the edge of the aerofoil makes the appropriate angle with
the axis of rotation of the brush. The aerofoil is rotated about the

hori zontal axis such that either the first surface, or the second 5
surface, of the edge of the aerofoil nmakes the appropriate angle with
the axis of rotation of the brush. The present invention is
equal ly 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 nore shafts. The present invention is
equal |y applicable for shaping edges, e.g. |eading edges, of blades
or vanes. -10- CLAIMS 1. An apparatus for shaping an edge of an
aerofoil, the apparatus conprising a brush, the brush conprising a
plurality of bristles extending



5 substantially parallel to each other, a device arranged to rotate

t he brush about an axis, the axis being arranged substantially

parallel to the bristles of the brush, a support structure arranged

to hold the brush such that the axis intHlsects a first surface of an
“edge of an aerofoil, neans to nove the brush such that the brush - '
contacts t hBLAIMSt surface of the edge, neans to produce relative
novenent 10 between the brush and the aerofoil such that the brush
noves longitudinally along the first surface of the edge of the
aerofoil tojshapgyt t oLQi . aAN ¥ a

clained i n010'l ai Irgnﬁ?nl ; %?‘rgiﬂﬁs ?E(ra gﬁappg@értégt lregg?urog ?@ gréfbgﬁ%e toéﬁ%errgtus
t he brush sumhprigiag a heruski shenbrissecosprising iar uralityf af ebrigtleangkiending

in the range o 0,to 7 3. aratus as claimed ip.claim?2

wher et n' s neERiAY Sefdlal o eocB APRE EHAed Burieriia s ife Bolsh amput
the axis i deaRSCtHe &H0€ bbingarranidPsGoRantHIY! farkllelthhé BRASTLf B Brfish,
75. 4. An apparatus as clained in any of "clains 1 to 3 wherein the
support 20 &sWRRartisEucitrpairaegechip halidibe drustosveh thatike axiglintesseaimadhst
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claimed in any,of clains 1 to 5 wherein the device 25 conprises an

el ect ri &0 ndiedween thodvraighi andrditeaespiol] sHeduthati thenbrush. moyes Aongitustirally
of shapi ng il o] | SJ p i di

2 bruoh, Ao UAE 5 S5 Srhs: cdalf FNBP AR BRI ShaPe ThePhde Hrfhe
subst anti aldeyofpdiral | el to each other, b) rotating the brush about an
axis, the is being arranged sybstantially parallel to bristles of
The”br uoh, %) " afh AP AL S TS o CIAL A CBBRTe ftheS BT Siaichire is
an edge of { i t ]

cont gt s t ey EELROdId 1 bfTRh sLien et e Sk E I e 15t BAC at angle
nmovenents bén tiegerandecofid0idn 78%d t he aerof oil such that the brush noves
| ongi tudingl |y Ion% tgaz firstlsurEace %‘.Lmtae ﬁd e of the ae ofoil to
shape the &dge EHBAERYS11 (GBI AT SN0 a8 NETHN el PYPRY iStrusture is
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edge of the aerofoil, novi ng the brush such 5 that the brush
contact s t ethaenige @ dedd8f the edge, h) producing relative
novenment bet ween t n r i tot u noves
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claim7 or claim8 conprising arranging the axis 10 to intersect the
surface at RGeSt hefiet SWfRFe- of 30 to 75. 10. A nethod as cl ai ned

in claim9zconpri.si r Walo¥ XLSy,t O | S :
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clai ns 7 t cofifprisesptuminagristieyiongiliche cangle baistiedi ch the axi s

i ntersect the syrface.
t6. H\n apparatus as claimed in any of claims 1 to 5 wherein the device

25 comprises an electric motor, a hydraulic motor or a pneumatic motor.
7. A method of shaping an edge of an aerofoil, the method comprising a)
providing a brush, the brush comprising a plurality of bristles extending
substantially parallel to each other, b) rotating the brush about an axis, the axis
being arranged substantially parallel to bristles of the brush, ¢) arranging the axis
30 to intersect a first surface of an edge of an aerofoil, d} moving the brush such
that the brush contacts the first surface of the edge, e) producing relative

movement between the brush and the aerofoil such that the brush moves



15 12. A method as clainmed in any of clains 7 to 11 wherein the brush
conprises alumna bristles or silicon carbide bristles. 13. A nethod
as clainmed in any of clains 7 to 12 conprising shaping the edge of a
gas turbine engine aerofoil. 14. A Tethod as clainmed in claim13
‘conprising shaping the edge of a fan 20 bl ade or a conpressor bl ade.

15. A net hddngitudihallyn@idng nhafiystaslurfabeaiofithd etige bf tiepaprofsil fosispRpinededye

| eadi ng edge f an aerofoil. 16. A nethod as clained in any of

clains 7 t P88 @KYPlsi ng reshapi ng an edge of a worn aerofoil. 25
17. A nmet hodk as ¢ BBfdd BsC C | i hap f e
aerof oi | \M(ibl |l e tAFlghaergf %IS| Elg‘%(%%{]h@gngsﬁt ur | ne %ngl ne. @3@%8 ?%Q fo

as cl ai ned intersent so$ewdral swfate of the amei thet ferobcdl; af) ondving treenbrush such
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drum movement between the brush and the aerofoil such that the brush moves
longitudinally along the second surface of the edge of the aerofoil to shape the
edge of the aerofoil.
9. A method as claimed in claim 7 or claim 8 comprising arranging the axis
10 to intersect the surface at angle in the range of 30° to 75°.
10. A method as claimed in claim 9 comprising arranging the axis to intersect
the surface at angle in the range of 55° to 75°.
11. A method as claimed in any of claims 7 to 10 comprising varying the angle
at which the axis intersect the surface.
16 12. A method as claimed in any of claims 7 to 11 wherein the brush
comprises alumina bristles or silicon carbide bristles.
13. A method as claimed in any of claims 7 to 12 comprising shaping the
edge of a gas turbine engine aerofoil.
14. A method as claimed in claim 13 comprising shaping the edge of a fan
20 blade or a compressor blade.
15. A method as claimed in any of claims 7 to 14 comprising shaping a
leading edge of an aerofoil.
16. A method as claimed in any of claims 7 to 15 comprising reshaping an
edge of a worn aerofoil.
25 17. A method as claimed in claim 13 comprising shaping the edge of the
aerofoil while the aerofoil is in the gas turbine engine.
18. A method as claimed in any of claims 7 to 17 wherein the aerofoil is an
aerofoil of integrally bladed disc or a separate aerofoil mounted in a slot in the

periphery of a disc or in a slot in the periphery of a drum.



