1 Machining of an Article Technical Field of Invention [1] The
invention relates to machining of an article and particularly to
machi ni ng a 5l eadi ng edge on an aerofoil using a fluid jet.
Background of I|nvention [2] Aerofoils are used to turn flow of a
fluid and have a | eading edge, a trailing edge and suction and
pressure flanks that connect the | eading and trailing edges. The

| eadi ng edge is 10generally narrow and its profile can affect the

flutter margin of the aerofoil. [3] Leading edges generally
approximate a circle but nore recently in the field of gas turbines
the | eadi ng edge can have an ellipticadl profile. The aerofoil |eading

edges can becone worn or damaged in use and may require re-dressing
back to an aerodynani cal |y accdfrchiping oppofrticie. 15[ 004] Since every
aerofoil will wear at a different rate it is difficult to
automatical ly determ ne machi ne tool paths and the | eading edges are
therefore typically hand dressed. Hand dressing requires skilled

wor kers apgdnhas raid d iofranual handling or machining errors that
coul d cause the %F&gikFga%gairreparable. [005] In one application GB

2454187 there is described a machi ning apparatus that uses a 20water
jet to matlithe hginvertiandgates tpanachininephprsrticlaand rarfigulasly te Maghining a

axiostgti@aghégﬁﬁgggngggmhmgﬁ¥'ﬂ@@kg si nul taneous axial rotationa
and transverse mani pul ati on of the aerofoil within the fixed and

static water jet streamit is possible to machine the | eading edge to
a desired profile. The water jet is used to roughen out the shape the

prior to BitRgreffd sfamlenfitn Of a chip machining or grinding process.
25[006] It is an object of the present invention to seek to provide
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suction and pressure flanks that connect the leading and trailing edges. The leading edge is

10 generally narrow and its profile can affect the flutter margin of the aerofoil.
[003] Leading edges generally approximate a circle but more recently in the field of gas
turbines the leading edge can have an elliptical profile. The aerofoil leading edges can
become worn or damaged in use and may require re-dressing back to an aerodynamically
acceptable profile.

15 [004] Since every aerofoil will wear at a different rate it is difficult to automatically
determine machine tool paths and the leading edges are therefore typically hand dressed.
Hand dressing requires skilled workers and has a risk of manual handling or machining
errors that could cause the blade to be irreparable.
[005] In one application GB 2454187 there is described a machining apparatus that uses a

20 water jet to machine a leading edge. The water jet is fixed in an axiostatic direction and by
suitable simultaneous axial rotational and transverse manipulation of the aerofoil within the
fixed and static water jet stream it is possible to machine the leading edge to a desired
profile. The water jet is used to roughen out the shape the prior to the application of a chip
machining or grinding process.

25 [006] Itis an object of the present invention to seek to provide an improved method of
water jet machining a leading edge that does not require additional chip machining or

grinding.



2 Statements of Invention [7] According to a first aspect of the
invention there is provided a nethod of formng a curved profile of
an edge on an aerofoil, the curve having a profile axis, the nethod
conprising: providing an aerofoil having an edge extending along a
| ength; providing a 5 fluid jet that has a Gaussi an energy
distribution profile; traversing the fluid jet along a path that
substantially follows the length of the edge to machi ne an edge
having the curved profile, the nmaxi numenergy of the fluid jet being
directed to a location offset fromthe profile axis. [8] Preferably
t he Gaussi an energy distribution is a2Znormal energy distribution
profile. 10Advantageously, the shape of the |eading edge nay be
det er m nedtaRMankeof g%ﬁ‘i@ﬁ‘i"hn energy distribution of the fluid jet and
the energy distribution. The energy distribution may be selected to
provi de afoog] IAcprbridmalto#&:adaispg:tedlgemn'ertthanaharratsipamu‘edfahﬂetlﬁmi dIfordkig t O
the mnor axis ? 1 _or re. Pre the ratig of the najor axi s
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to the m nof'd% §r° ofjan eqgg of an agyp e having pgrofilqaxisoihe &8thodny be
const ant al ep@pfidie: E:«av%?w&@ia& h&fleSan®Qgd él@éndmg%sdngta |efng!hl Mdmg a

15l i near traverse. [0010] The | eading edge profile preferab
transi i ons fipigtes thatdaca Gasien enekeyalistr éorspr@éleafrwersmscsh@ﬂtmJ@t@mgea

surface at tpﬁfﬁ t?ﬁtr}ﬁﬁest elg fgg&vs Rd k@ o e Eldel (B TaEfthe GUL4 ggh%\{ir%qh? o the

maxi mum wi dth of t [ egel Irection perpendrc

axi s bei ng eguwed probletthe makimum aneres obthe flhid jexlbkinp dieectddre addch 8@t offset Ng
greater tha? or egug| to the mnor radius of the ellipse. The 20ratio
of the major™ PSPPI E ninor axis may be between 1:1 and 8:1. The

profile aE(lJS] Wehﬁlyttmm@ferﬁ@y&sﬁfbu{@ﬁs thﬂnm@neréﬂﬁslﬂt]utghﬁroff levii d
] et npri se abrasive particles, which may be in grit or bead

form é%d é‘éwaé@swswbﬁf*taﬁ@Obthwsdles)?&sﬁm,avﬁgdgﬂea@ged p Eussigh energy
al um ni Unblst‘?lbbt*cﬁ\%t@rflumﬁ%dt?ﬁesmrg(&%fsﬁmu i8n. She @neﬁéy?%ﬁéﬂﬁtﬁm%h‘ a?@%u ed.

Particle sizes in the range between 4 and 600 m crons
[ 0012] Pr eeflasteslsb yrqvhle aabfilatmalﬁeacpmreﬂg@weba eatie oatitdermhjarcaxm haethé Iriricd agiet
at a rateof%flbet

or fe t€ ra?o gtlt Majof ngl!; R efx5| ‘Ei}/ ? tween 15
and 35 g/ mn. Tﬁﬁlé? Llaﬁé( 5 13r %) 18 MRy a’h AV TR °uP'Ect ed
t owar ds a[oogingeabffah mahbe airisiapsﬂong'lfheleﬁg’tlbﬂtheﬁmi fiethd thé @t foRbwaxi s to
t he rr?é or Im%>a<} tsra\g];set he ellipse may be constant as the fluid jet

[0010] The leading edge profile preferably transitions into a suction flank at one side and
into a pressure surface at the other side and follows an elliptical curve, the maximum width
of the leading edge in a direction perpendicular to the axis being equal to the minor axis of
the ellipse, the offset being greater than or equal to the minor radius of the ellipse. The
20  ratio of the major axis to the minor axis may be between 1:1 and 8:1. The profile axis may
be the major axis of the ellipse.
[0011] The fluid jet may comprise abrasive particles, which may be in grit or bead form and
selected from the group comprising glass, garnet, or aluminium, silicon or boron based
ceramics or a mixture thereof. Particle sizes in the range between 4 and 600 microns may be
25  used.
[0012] Preferably the abrasive particles are added to the fluid jet at a rate of between 15
and 55 g/min, and more preferably between 15 and 35 g/min.
[0013] The fluid jet may have an axis that is directed towards a tangent of the ellipse. The

angle of the fluid jet axis to the major axis of the ellipse may be constant as the fluid jet

30 traverses along the path.



30traverses along the path. 3 [0014] The traverse of the fluid jet
may be foll owed by traverse of a second fluid jet at a higher or

| oner traverse speed and a | ower stand-off to the | eading edge. The
maxi num energy of the second fluid jet is preferably directed to a

| ocation that has a greater offset fromthe axis than the first fluid
jet. 5[0015] The fluid may be water. The edge may be a | eadi ng edge.
Brief Description of the Drawings [0016] Fig. 1 depicts a jet head
presented to a | eading edge of an aerofoil; [0017] Fig. 2 depicts an
exenpl ary energy distribution of the jet of Fig. 1; 10[0018] Fig. 3
shows a perspective ViEM/Of an aerofoid with an elliptical |eading
edge; [0019 L icts a jet head presented to a Ieadlng edge of
an aer of of9014t T%ﬁ'F"QYFF%@fthEﬂP'SJettl'?@‘/ﬁﬁjf%lf’w&‘i(%”i‘j‘?”?ﬁéa Beprdtuidigt at a
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| eadi ng edge; [0 6 depicts a machining arrangenent
t hat si nuknesgved biA sycmchsi Jpes srefeoabtlmrem@ppa)lsmgnmadbas adredtreofisetadi ng

edge; [Ooggktﬁhgmt '}@?$gtﬁﬁg§%]heed angl ed towards the tangent of

the |l eading e Fig 8 shows a jet head angl ed
relative tmls]me.elﬂeﬂgxﬁdv bafwatdieThe@dgh mgy edgeadidgaidaé.l ed Descri ption of

I nvention 20[0024] Figure 1 depicts a jet head 2 that is presented to
an aerofoil |eading edge 4. The jet head has a focussing tube nounted
to a clanp 6 that is capable of nobving along three axes x,y,z. The

f ocussi ngBtiefiPesdriptiomaithePraavitgsr d materi al, preferably tungsten

carbi de, which resists wear fromthe high pressure fluid the flows

through t E@lé]%@%é;ﬁ&s b jeh ReiNflesthica o 4 RaBE ddoBdr {T RGN aperture at
the end t hereof
[0017] Fig. 2 depicts an exemplary energy distribution of the jet of Fig. 1;

10  [0018] Fig. 3 shows a perspective view of an aerofoil with an elliptical leading edge;
[0019] Fig. 4 depicts a jet head presented to a leading edge of an aerofoil at an offset L to
the major axis of the elliptical leading edge;

[0020] Fig. 5 shows a two stage machining process for a leading edge;
[0021) Fig. 6 depicts a machining arrangement that simultaneously emits jets to the

15  opposing sides of the leading edge;

[0022] Fig. 7 shows a jet head angled towards the tangent of the leading edge profile;
[0023] Fig 8 shows a jet head angled relative to the length of the leading edge.

Detailed Description of Invention

20  [0024] Figure 1 depicts a jet head 2 that is presented to an aerofoil leading edge 4. The jet
head has a focussing tube mounted to a clamp 6 that is capable of moving along three axes
x,y,z. The focussing tube is made of a hard material, preferably tungsten carbide, which
resists wear from the high pressure fluid the flows through the focussing tube and which is
emitted from an aperture at the end thereof.

25  [0025] The fluid projected from the aperture is preferably water as the fluid is cheap and
readily available; but it will be appreciated that other fluids may also be used. For the rest of
the specification the term “water” will be used, but this term should be understood to
include any other suitable fluid. The water may, and preferably, include hard particles that

assist in the machining process.



25[ 0025] The fluid projected fromthe aperture is preferably water as
the fluid is cheap and readily available; but it wll be appreciated
that other fluids may al so be used. For the rest of the specification
the term"water” will be used, but this term should be understood to
i nclude any other suitable fluid. The water may, and preferably,

i nclude hard particles that assist in the machining process. 4
[0026] An orifice 5 of 0.004 inches (0.1016 mm is used to eject jet
froma water pressure of around 55, 000psi supplied froma pressurised
source 7. Using a . 0.004" (0.1016nmm orifice in the nozzle results in
a fine and narrow jet with a very concdentrated energy distribution

t owar ds tFe centrg_and which fo ws the Gaussi an normal distribution

. . l.0 . L an
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water jet and a flow that fo is preferred. A

orifice dfermera resyitséfzfingsng natsow it @ithe veiywetrestrited orBeurigtribugioves a
shar per CHaRs tﬁ@éénfrgfaﬁd Svnl*@ﬁ f0f|19 4 t%\é%aﬁﬂsn ln{)lr}r{eal éRHthlhoen 8%@% win Fleare 9Y
fall of can nake It harder to al'ign the |et to machine-a desiréd
profil g, Buthesiamofabdorifice isaelnitgihta @biide &l driefrs €all off thatigeianoéd hitke

di aneter, l10preferably_helow 0.1 inches .54m) , provi des an energy
i ot r1 but PBAMER: ERATRL de s ahanon i PP D10 E PRl eEh TBGU T o1 o
of a | eadbiifte aRGR] REfctaBly aBBY 011 iRBeDl0R54PMPEIVE ARarpkl dikSS MLdh @
suff|0|entlg high ratio. [0027] The focussing tube traditionally has
a ci r cul athatioliews he ling Yn Thnairer enerayifelrf can waks it hasdeike alighthe isetp” have

ot her shapgs;f: fdeskdd ;;rgitille,%k ca %%mieﬁeq ﬂié}%ﬁ%elli;ﬁ%rﬂ I'a?g%" 6%&& P@Lmeter,

rectangul ar, 15square, dlannng or triangular. The shape of the tube
al ong 1@ heprajeraphheejovad.d inches (8.84rowt, ecbvides vmenergyl disiputihe 8atbbshase have a

convergin di vergi onvergi.ng- di yergin or..venture profile, as
appropria g!lomﬁﬁga"gaéﬁatl‘ ]%sr éapnég’ésﬁ%sogﬁY&lagg'ﬂégée@rﬁﬁ%fH?'"bar‘\'n%téeltofb?e togivean

manuf act ueladsi Withy saffidietthehighastid.ed energy di stribution of the jet.

[ 0028] Due t? éh relatively high fall off in the energy of the jet
fromits B8at Eg’-tfﬁﬁtngtt% trgitionrlly-het 7 Citruet AtSeHionrBRis straightialosgithg

edge and L&kl h&R okiter StRlpeSd. 8 L1t Rcd)Se @ QLG S Mliptical, rectangular,

15 square, diamond or triangular. The shape of the tube along the axis may also be selected to
vary along the axis to have a converging, diverging, converging-diverging, or venture profile,
as appropriate. The actual shape chosen is dependent on cost, manufacturability and the
desired energy distribution of the jet.

[0028] Due to the relatively high fall off in the energy of the jet from its centre point the

20  stand-off distance between the leading edge and the orifice is selected to be around 20mm
though appropriate results were achieved with stand-offs of between S5mm and 40mm. The
stand-off to the test piece is a major influential factor and is tightly controlled by the
position of the clamp and thereby the jet head. At shorter distances it is possible to create a
sharper profile but the risk of impaired operation is increased due to an atomisation of the

25  jet that can cause abrasive particles in a particle hopper to agglomerate and block the
orifice.

[0029] For the material of the leading edge of an aerofoil, typically titanium or some other
metal, the presence of an abrasive is desirable to ensure that machining occurs at an
appropriate rate. Suitable materials for the abrasive, in grit or bead form, are glass, garnet,

30 oraluminium, silicon or boron based ceramics or a mixture thereof supplied from a hopper

9. Other hard particles may also be used. The particles must be suitable sized to pass



t hough appropriate results were achieved with stand-offs of between
5mm and 40mm The stand-off to the test piece is a mgjor influential
factor and is tightly controlled by the position of the clanp and
thereby the jet head. At shorter distances it is possible to create a
sharper profile but the risk of inpaired operation is increased due
to an atom sation of the 25jet that can cause abrasive particles in a
particle hopper to aggl onerate and bl ock the orifice. [0029] For the
material of the |eading edge of an aerofoil, typically titaniumor
sone other netal, the presence of an abrasive is desirable to ensure
t hat machi ni ng occurs at an appropriat®e rate. Suitable materials for
t he abrasiyve, grit or bead for are gl ass, garnet, 30or

al umi ni umhrg‘l‘ﬁh tE‘b?f'ft?F‘ ohBFHNB LS Wi %‘r‘téﬁ'ﬁ‘?g@g decosdingly artiele siaesrie Bte
suppli ed td@EL&WREPREId Gdo BRI arbBffrRAr ticles may al so be used. The
particles must be suitable sized to pass 5 through the orifice or
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the start of,_macgi m@cpgq The feedrate is _bSneasured in grans m nut e

and can bB'YEPHEEH sriesivih 8p elpiifelprofile anneieed F&Fro‘ctbﬁ@’eﬁﬁ 65?%4 on of
a_| eadi ngssdgem Wprefer@p. Slekd Ritd Stlved BEjrh afd h%fn%g@e arrﬁéu?pséJW.tPQﬁ ween

15 and 55g/mn is preferred. A feed rate between /mn and 35g/mn
gave an eldtiogYigsafietweasr:¥andi&l. di wasjeundge bowessible: tQpaJddceea tigh ratio elisse

found to Pee osshble ggtao,regaig%gf%rmﬁng%%o el lipse between 6:1 and

8:1 at a rate o around 31] A leading edge profile
of an1@er {031l A leadiniegiee pefilei of afraayufod islepitied irofkiguod BiThe ié}ofoﬁ 1@ls a
ne found in. a a,s tgrbl n ine. The

r ot at abl e tic v

specific bqq%g@egﬁg?/ﬂs?@cé{a'f jﬂ“rﬁil 28835 tHr '}'F B'Afy T8 SR5ETD P RioyR s 2
turbine. fRamnlaak attes faABagh 6f theBAGLBhel RinWkReDYaf K iRbSRe PRILSE SN as
dust, ice, birds etc. which can erode or danmage the |eadi ng edge 12.

The prof i PEESTsUEhEs Justaisprkirdeelgentieh Garsende aneansage the leashingiedzo i Thhe
f1ow overyihe o@ﬁ{e%gln% woﬂ%nt 2 A Bn RS ’thetﬁ?)u%tebmgepﬁgﬁ a%?ﬁeélﬁé,” ge

and flutter margins o e aerofoil and consequentl i nes
st abl &5 opmatti mgiewermlwf@fsunghemhfdmufrmarng[odﬁﬂm’ez-]eronanHemtiem@néwlge 12

of the ae ng Qi J cQppect s t he &uct#tﬁn su;face 14 to the pressure

surface 1 mﬁthefta Soﬁeratm Y T8 or el 1 ptical in formwth

the elli pmeaznavse Rgdiag sdiear oﬁ‘@hb%ep@rfo@l cdfibct the fiefiorddstSceBBo tndREseukhe
| eadi ng edgfe is circular the major and m nor axes 20 are in the
rati o 1: 15UaFeylp: F'é&'f‘"i‘ij"églqdﬁ'i)§é§°”|'ar'i of firticaliyoro withitle dlirse hyingraaajor

naj or : M ngks AXbsd 4 AtnoPSxitd-6. vilesé FraldRing LS |§Th|:1:9far ﬁ‘?é'n?‘ajcﬁ'agg'lnfﬂo?gx he
point of transition between the |eading edge and the Suction an

pressé? e F@ifthe atio 1:1. High ratio ellipses in the range 4:1 to 8:1 for the major:minor axis ratios
are desirable. The minor axis signifies the point of transition between the leading edge and
the suction and pressure surfaces.
[0033] Figure 4 depicts a first arrangement of a nozzle presented to a schematic of an
aerofoil leading edge. The nozzle directs the water towards the aerofoil such that it is

25 incident onto the leading edge and is then directed over the suction and pressure flanks. It is

desirable to protect the suction and pressure flanks with a shield that is sealed to or coated
to the flanks. The shield is particularly important as the jet is directed towards the leading
edge at a location that is offset from the major axis. The offset L may be less than the radius
of the minor axis but is more preferably equal to or greater than the radius of the minor

30 axis.



[0033] Figure 4 depicts a first arrangenent of a nozzle presented to
a schematic of an aerofoil |eading edge. The nozzle directs the water
towards the aerofoil such that it is 25incident onto the |eading edge
and is then directed over the suction and pressure flanks. It is
desirable to protect the suction and pressure flanks with a shield
that is sealed to or coated to the flanks. The shield is particularly
inportant as the jet is directed towards the | eading edge at a

| ocation that is offset fromthe najor axis. The offset L may be |ess
than the radius of the mnor axis but is nore preferably equal to or
greater than the radius of the minor ¥axis. 6 [0034]

Advantagefusly the off %%Ioms the natural Gaussian energ

di stri but Q9ﬁ4k’éﬂva?ta$eé>a§¥ “ﬂf‘a‘? setallpys tsRetus’ Gew'fé'aﬁﬁwmﬂ“%@aitw leagye
profile. ﬁﬁ}tlﬂfyfc%ﬁﬁrolQﬁe rﬁé’dﬁﬁlled iQdifg e@e%fﬁé Ah Bﬁ&t%h@qu‘éﬁgbpéeﬂgr {hBRthe
mnor axis is of particular inportance where a mninumof wear at the
| eadi ng eapglelssbihﬁtmmcy axig g af pasticulas [ropB B ceTwhere p minimem|of wdinsag thedepdinghe
aer of oi | g%hgﬂggrﬁ@ the nozzle and the water jet started. The jet
is then to bring it into contact with the aerofoil |eading edge
and thén tGOaﬁeTros‘enln the Idakiag dilgeabt aevofobfs atignedwo eabofepnt e waageh of

the leadin .. sone circunstances it esirable to repeat the
traverse f‘tﬁrtﬁéjgﬁ? o '55*&' MAYB IS HHHE gt '% ﬁheo?er?fﬂ'g'eﬁ%ﬁgz?dée P at i ve
to the | eafdhRgvaskdan aRYIBA VK hresly DEIWEEHR 1drieh FARSIBSiIledbfIGf ARE t he
10wi ndow of possible profiles that may be produced. The positional
vari at i onCiFed{psiapess ifdedesimbleole rerspkthe ftrayeiee is o amdtingssangioseta feepasitiop gk

of fset. [QR3Bl.E r'elH\Feetoﬁhéjlgﬁi iR ﬁﬁ@ﬂ?et@%é?ﬁﬁé askd13D kYR KEeS @
first fast roughi ng cut 5 By a slower finishing cut to produce
profi lle eyindowlobprssible prdiidss tl;mtodubedrqdncea Hienghidophssiatiat maynindudsonkess
cycle ting conp age process. The process enabl es
| eadi ng ié“%ﬁggﬁngﬁﬂgﬂgwgw %PF% #%' 4:1 or greater to be forned
usi ng a f[003é) AEABSS @dpidhs Stnaltthgd bfoceds saAnwelvala fFaTm: hrbMBeuLFdRwed

nom nal Ieadln dge and the jet nozzle and a fast traverse speed of
1000rmm1 hr P% 5'%?’2‘"'5%1' RBICYt EIRTer g Prafie cquiyaliriprthaipeqdyrrddn a sipgle Bss But

speed andinighifch %’3&\,@@ tinfe&o R gr%@%th@@m%l@@taﬁ@ﬁn@@éis ﬁﬁ@ﬁrocJ@@ndbﬂe@ re%@ﬁgd
of fset in the second pass ﬁe | ps to prevent the tip of the ellipse

t hat \l\hs tdge witigses gt taties dfidfloar gprates tdled fagnestwited fidypasagt 4 heﬂdstufbd;laqm:ent
pass. he t fage.a i
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margi nally increases the ratio. Increasing 25the head speed reduces

t he mB®hi Wesfgund thet Bywsingthedwe stagrappraast i wﬁap@sﬁlﬁwto gisatendisbastéo ¢llipse
abrasi ve &%%ﬂf AL Q8 RYn RhgdsfiticlsRgfhf5Elcnt Ne reduction in

mat eri al renov
[0037] The traverse speed along the leading edge is between 0.005” (0.127mm) per minute

to up to 10” (254mm) per minute. It has been found that the traverse speed has little effect

on the elliptical ratio, but a slower traverse speed marginally increases the ratio. Increasing
25  the head speed reduces the machining time but also removes less material an increase in

abrasive concentration may be used to offset the reduction in material removal.

[0038] Further machining time savings may be achieved by simultaneously machining both

sides of the leading edge as shown in Figure 6. A second water jet head is provided to create

the full leading edge profile in the single, or multi-pass approach described above. The

30  symmetry of the profile is sensitive to the offset value and therefore aligning the two water



[ 0038] Further machining tinme savings may be achieved by
si mul t aneously machi ni ng both sides of the | eading edge as shown in
Figure 6. A second water jet head is provided to create the ful
| eadi ng edge profile in the single, or multi-pass approach descri bed
above. The 30symetry of the profile is sensitive to the offset val ue
and therefore aligning the two water 7 jets relative to one anot her
in a sem permanent relationship can reduce the set up tine of the
apparatus. [0039] As discussed above a loss of naterial at the
| eadi ng edge point can be reduced by increasing the offset in the
x-direction which ensures that, due td the Gaussi an energy
Sdistribution of the jet, the jet has relatively | ow energy at the
poi nt of ?%@@f'vwot%e?ﬂ%h?ré%ﬂf%ﬁ PedRepidERtionspipea ed s the gt up time of
modi fi cat knppi@tdkhe machi ning process can be made by angling the jet
relative to the | eading edge. The an?Ie may be towards the tangent of
t he | eadi RY3&dtedissussed ahove s loshefwrptérial Ritheileadine erlge peihttan be reducechey
| engt h of . . i i | - i Q ar._bot h. Through
angli ng 1 e pSpEPLLA FRE  BRe B A: Bnd el % PG P raBher o
di st ri but Hiowiboficrt dfehq jet, thatjettHaerepoively loafenkengp atthe @hint iemp&adiththeedge
becones s|ightly more elliptical which has the benefit of making the
Gaussi an energy &§iP8Fi buti on nore Poissonian in nature and it is
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10 &, or both. Through angling the jet tangentially to the leading edge profile the energy

distribution of the jet at the point of impact on the leading edge becomes slightly more
elliptical which has the benefit of making the Gaussian energy distribution more Poissonian
in nature and it is therefore possible to make ellipses with slightly higher ratios.
[0041] By angling the jet relative to the leading edge it is possible to reduce the spray

15 caused by atomisation of the jet against the leading edge and this reduces the risk of

blocking caused by agglomeration of the particles.



1. Anethod of formng a curved profile of an edge on an aer of oi

(4), the curve having a profile axis, the nethod conprising:

S5provi ding an aerofoil having an edge extendi ng along a | ength;
providing a fluid jet that has a Gaussian energy distribution
profile; traversing the fluid jet along a path that substantially
follows the I ength of the edge to machi ne an edge having the curved
profile, the maxi mumenergy of the fluid jet being directed to a

| ocation offset fromthe profile axis. 102. A nethod according to
claim1l1, wherein the Gaussian energy distribution is a nornmal energy
distribution profile. 3. A nethod accdrding to claim1 or claim2,
wherein the offset is constant along the Iength of edge. 4. A nethod
according to any preceding claim wherein the edge profile
transitiopgimsit 0 15a suction flank at one side and into a pressure
surface at the other side and follows an elliptical curve, and

wher ei n t he lneixinathad of fdering @ curies rrefilel piray edelgyen ampesefdil ecthe oytve having

per pendi cul ar t TR 0 ' r.the ellipse being equal to the
| engt h of the anqq%@?%ggﬁse ré?tﬁ%(%%mgﬂ”f'f]%se, the offset being greater
than os equal drovidiearmdensfoil hizvthigds edde dxteadiag hlopseleng?®5. A net hod
according to claim4, wherein the | ength of the major _axis has a
ratio of bet v@éﬁv'@aa fitiegt t%asatﬁﬁ_éssragﬁafrﬁv @Ft_”gﬁté’“rﬂr?ﬂi‘?i axis. 6. A
net hod accor ditA@etsPg eHedtiuid jdt MngGl Rt A subRERINFONEE tRE Rhith@f B%ledgd S
the maj or axis of tﬁe ellipse. 7. A nethod according to claint,

wher ei n t he sHap@clpe amedeefgdng the gevestnipfiedhopatmemesagusithafividissr gy

di stribution qf;LhGedibdicd ib&tioABtel eQistribution is selected
to provide an gr%ipfécavgﬁead?ng gdggmﬁpﬁﬁgge9%§io of the mgjor axis

to t hédm nor. axmethod a@prdingrto neinel, wBere/ the Ghadiaaecogydiisighution &maynormal

precedi ng cl ai erein the . fluid jet conprises abrasive particles.
309. A nethod‘%%@ggﬁﬁﬁQRWU”8w5in18, wherein the abrasive particles

are added ta. tdaethblb&ording to claim 1 or claim 2, wherein the offset is constant along the
length of edge.
4. A method according to any preceding claim, wherein the edge profile transitions into
15 a suction flank at one side and into a pressure surface at the other side and follows
an elliptical curve, and wherein the maximum width of the leading edge in a
direction perpendicular to the major axis or the ellipse being equal to the length of
the minor axis of the ellipse, the offset being greater than or equai to the minor
radius of the ellipse.
20 5. A method according to claim 4, wherein the length of the major axis has a ratio of
between 1:1 and 8:1 of the length of the minor axis.
6. A method according to claim 4 or claim 5, wherein the profile axis is the major axis of
the ellipse.
7. A method according to claiml, wherein the shape of the edge is determined by the
25 Gaussian energy distribution of the fluid jet and the energy distribution is selected to
provide an elliptical leading edge with a ratio of the major axis to the minor axis of
3:1 or more.
8. A method according to any preceding claim, wherein the fluid jet comprises abrasive
particles,
30 9. A method according to claim 8, wherein the abrasive particles are added to the fluid

jet at a rate of between 15 and 55 g/min.



jet at a rate of between 15 and 55 g/mn. 9 10. A nethod according
to claim9, wherein the abrasive particles are added to the fluid jet
at a rate of between 15 and 35 g/mn. 11. A nethod according to claim
4, wherein the fluid jet has an axis that is directed towards a
tangent of the ellipse. 512. A nethod according to claim 11, wherein
the angle of the fluid jet axis to the major axis of the ellipse is
constant as the fluid jet traverses along the path. 13. A nethod
according to any preceding claim wherein the traverse of the fluid
jet is followed by traverse of a second fluid jet. 14. A met hod
according to claim 13, wherein the mexd mum energy of the second fluid
10jet is directed to a location that has a greater offset fromthe

axi s than t 8 AMededpecgrdingtgelaim g, Whﬂr%YhﬁGEraéltﬁecWEﬁ'ﬁ"fdr% ldghip the fluid
precedi ng cl ai g, Whae 8 Fethbéh £AGA 355/@nl eadi ng edge. 15

11. A method according to claim 4, wherein the fluid jet has an axis that is directed
towards a tangent of the ellipse.
5 12. A method according to claim 11, wherein the angle of the fluid jet axis to the major
axis of the ellipse is constant as the fluid jet traverses along the path.
13. A methed according to any preceding claim, wherein the traverse of the fluid jet is
followed by traverse of a second fluid jet.
14. A method according to claim 13, wherein the maximum energy of the second fluid
10 jetis directed to a location that has a greater offset from the axis than the first fluid
jet.

15. A method according to any preceding claim, wherein the edge is a leading edge.

15



