1 Machi ni ng Process and Apparatus for Mchining
Techni cal Field of Invention [1] The invention relates to the
manuf acture of conponents and particularly the manufacture of
aerofoils for gas turbine engi nes and even nore particularly the
S5manuf acture of fan bl ades. Background of Invention [2] Aerofoils
such as fan bl ades for a gas turbine engine are often manufactured as
what is commonly known in the art as "w de chord bl ades”. The bl ades,
typically formed of 10titanium have a | eading edge, a trailing edge
and pressure and suction flanks extendi ng between the | eadi ng and
trailing edges and are manufactured from a series of plates which are
| am nat ed together before a gas injected between the sheets causes
the blade to inflate. THrshiping@eocess asd pReatatepfarMachinideed and t he
external surfaces machined and polished to its finished form 15[003]
The f | anksechhiefidicRtpfandntisrai | i ng edges may need to be machined and it
is an object of the present invention to seek to provide an inproved
et hod of B fo@thé A RBHB oRES AR b $heOf
Inventionwgggggg%h%%g%?a?%gcﬁo a ?@f%t gs%&@% g%s?ﬁig%ﬁ@§ﬁ¥ﬁgn t here
i s provi dedneactet hbaerafildfet g irbinagngines ond eyeantord partiathly e a
conponent, the nethod rising the steps of: securing the conponent
to a f?xtﬂ?@ﬂﬁﬁWFﬁggabgggg poi nt alignment datum the conmponent and
the fixture having respective nobile reference points; aligning the
fixture nobile reference points to target reference points on the
machi ne t szcké)roa\l'd S8, digiti seq nmodel 25 of the conponent to the
conponent nobile reference points; determning the position of the
conponent on the fixture fromthe conponent nobile reference points
and the fli0Q%urieraiplsisved & &mdiadreier paasitPinegnainaianevsien Mgndagiyail Aavhatool
path for &P&nﬁﬁgfﬁ{)k i e o GMS@ﬂiorQBlaB&QﬁQ%\ahlﬁs‘?@ b ea@pFPONnent .
2 [5] Preferably the nethod further conprises the fteds o | 'ocati ng
t he fixt utiteniom, hdve aterding Rdeet Dukilingsidagatdweseranpeoiction Bdnkgextantingdat um
and machi QeltnrergenttﬂgIe%girr’l?gnndetpatilinlésé!ﬂgneg a%cﬁlaereafrg an%Et%gedtf%% a %?iteshéf plates which

are laminated together before a gas injected between the sheets causes the blade to inflate.

The blade is subsequently twisted and the external surfaces machined and polished to its

finished form.

15  [003] The flanks, leading and trailing edges may need to be machined and itis an object of
the present invention to seek to provide an improved method of completing an operation

on an aerofoil.

Statements of Invention

20 [004] According to a first aspect of the invention there is provided a method of
determining a tool path to machine a component, the method comprising the steps of:
securing the component to a fixture having a zero point alignment datum, the component
and the fixture having respective mobile reference points; aligning the fixture mobile
reference points to target reference points on the machine tool; aligning a digitised model

25  of the component to the component mobile reference points; determining the position of
the compeonent on the fixture from the component mobile reference points and the fixture
maobile reference points; and adjusting a neminal tool path for the machine tool dependent

on the position of the component.



[6] Preferably the nom nal tool path is adjusted before the fixture
is located on the 5machine tool. [7] The location of the nobile
reference points may be detected without contact of a detector. [8]
Preferably the nobile reference points emt or reflect radiation.

[9] The location of one or nore of the nobile reference points may be
determ ned by a 10t ouch probe. [0010] Preferably the conponent is an
aerofoil having a foot, a tip, a first flank and an opposi ng second
flank, wherein the fixture has a foot clanp for clanping the foot of
an aerofoil and a tip clanp for clanping the tip of the aerofoil, and
further having an array of supports bétween the foot clanp and the

tip clanmp, each suggort within the array being 15i ndependent]|
addr essabl085k Frefbethe methad fusther somprisasiae skersiof lorrsing dhedpdire op ghe
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surplus of material wt e tip clamp clanping the surplus materi al
[0012] Preadietedtog patich support is functionally connected to pneumatic
ave a
f

or hydraul | t or. [.0013 ch s r , | ocKki
Gevi ve whioRh FORELUONE et e PP HBRB Y aitpe BV 01
Pr ef er abl matHes thbixt ure conprises at |east three alignnment pillars

that are | gcated beyond the array of support pillars and which may be
det ect ed 197IndRe tsaionsy thegapple f ‘?f‘gr?BﬁrwtﬂﬁaweF"é?terdé’f'ﬁPéﬁ"ﬁf’étaﬁb?fﬁt s.
Descri pti gie@br. Dr awi ngs [ 0015] Figure 1 depicts a body of

material and the profile of a nom nal machi ned aerofoil;
[008] Preferably the mobile reference points emit or reflect radiation.

[009] The location of one or more of the mabile reference points may be determined by a
10 touch probe,
[0010] Preferably the component is an aerofoil having a foot, a tip, a first flank and an
opposing second flank, wherein the fixture has a foot clamp for clamping the foot of an
aerofoil and a tip clamp for clamping the tip of the aerofeil, and further having an array of
supports between the foot clamp and the tip clamp, each support within the array being
15 independently addressable to one of the aerofoil flanks when the aerofoil is secured to the
fixture.
[0011] The tip of the aerofoil may have a surplus of material with the tip clamp clamping
the surplus material.
[0012] Preferably each support is functionally connected to pneumatic or hydraulic
20  actuator.
[0013] Each support may have a locking device which locks the support against the aerofoil
flank.
[0014] Preferably the fixture comprises at least three alignment pillars that are located
beyond the array of support pillars and which may be detected by non contact means to

25  provide mobile reference points.

Description of Drawings
[0015] Figure 1 depicts a body of material and the profile of a nominal machined aerofoil;
30 [0016] Figure 2 depicts a datum feature

[0017] Figure 3 depicts a cross-section through the datum feature of Figure 2;



30[0016] Figure 2 depicts a datumfeature [0017] Figure 3 depicts a
cross-section through the datumfeature of Figure 2; 3 [0018] Figure
4 depicts an article mounted to a fixture through datum feature;
[0019] Figure 5 is a perspective view of a fixture in accordance with
an enbodi ment of the invention [0020] Figure 6 is an alternative
perspective view of the fixture of Figure 5. 5[0021] Figure 7 is a

fl ow sheet showi ng a nunber of steps in a machining process Detailed
Description of Invention [0022] Figure 1 depicts a finished fan bl ade
2 within a body of material 4. The body of 10material is indicative
of the stock material which is the coAdition of supply of the
conponent prior to the machining operation. Additional material is
provi ded EPHIHGBUITRISHISRY Tl RPYAted forpdixbie Hyropsh dalypr s o pe

machi ned {9919} iledd 4 89 pbRb&LANGEY BNLridtE fhhckS3HRE whth ah BRBSdiIRe TR IHEUM
materi al between the inner volume and the external surface. [0023]

The st ockinvgittierial 4 is provided as a | aminate of |layers and two test

pi eces 6 0Vl i t . | Of ock materi al
P om0 FhRd @4 oy bOEd AN Vﬁ@ggﬁt!‘%‘t% ROk Hete) i e
out si de t [ee21)ciguwres is t flewkhawt shvadhgd radeeasidtept & a rembing@ pdetetsng t he
machi ni ng of the stock material to the finished blade form [0024]
The stock naterial is also provided with a body, or |etterbox, of
material 8 beyond the tip of the blade which is nachined to assi st

wi th the support and alignnent of the stock 20material so that the

si des of ng be machi ned in separate operations. The

. il Qilnlﬁegeri L%i FT% Invention . . ..
Fi gure shows The T PErbEXT partially machined form Beneficially

the letterbox can Provide both an alignnment and clanpin% | ocation
[0022] Figure 1 depicts a finished fan blade 2 within a body of material 4. The body of

10  material is indicative of the stock material which is the condition of supply of the
component prior to the machining operation. Additional material is provided around the
hlade to permit the external surface to be machined to a desired tolerance and which leaves
at least a minimum material between the inner volume and the external surface.
f0023] The stock material 4 is provided as a laminate of layers and two test pieces 6 are

15  provided in the foot portion of the stock material and which are used to test the weld
integrity of the stock. These lie outside the form of the finished blade and are removed
during the machining of the stock material to the finished blade form.

[0024]) The stock material is also provided with a body, or letterbox, of material 8 beyond
the tip of the blade which is machined to assist with the support and alignment of the stock

20  material so that the sides of the blade 4 may be machined in separate operations. The
Figure shows the letterbox in partially machined form. Beneficially the letterbox can
provide both an alignment and clamping location
[0025] The letterbox 8 is shown in more detail in Figure 2 and is provided with a series of
datum features provided in a top surface 12 and the bottom surface 14. A first set of datum

25  features 18 are provided which are formed in the top surface and have a first portion 18a
which is a circular cut-out with a first diameter in the top surface and a second portion 18b
which is an aperture extending from the base of the circular cut-out to the bottom surface
14. The diameter of the second porticn is less than the diameter of the first portion.

[0026] A second set of datum features 16 are provided which are formed in the bottom

30  surface 14 and have a first portion 16a which is a circular cut-out with a first diameter in the



[ 0025] The letterbox 8 is shown in nore detail in Figure 2 and is
provided with a series of datumfeatures provided in a top surface 12
and the bottom surface 14. A first set of datum 25features 18 are
provi ded which are fornmed in the top surface and have a first portion
18a which is a circular cut-out with a first diameter in the top
surface and a second portion 18b which is an aperture extending from
the base of the circular cut-out to the bottom surface 14. The

di aneter of the second portion is |less than the dianeter of the first
portion. [0026] A second set of datum features 16 are provi ded which
are formed in the bottom 30surface 14%and have a first portion 16a
which is a circular cut-out with a first dianeter in the

surface alf@syfaceEphyssere RBHOMER Wiishdtan apedure gxepting @0@%‘%’??6‘? ﬁfgh% rom

the base aicurah&t%um%@tropemaceqt The dlaheter 8Ping ggctaﬁ&sorégn iSi@Q@thgh et er
of the second portion is less than the di aneter of first portion.

[ 0027] Thédiahptesef thetrsrasidend dat um sets are nanufactured sequentially
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are nachi e ‘datum eatures assl| s ture ‘ot
bl ade $ n sageumberprakssdit aticheachstf épsidansreieehihed. She s@timdbatd@t baist in

features 18 are, used.to ermne the | ocation of the second set of
Gt um § cal B REu S QST e £ AU P PLO Qe peBt b BRLREr AR et hod

the foot R6reds 18hR BtataickGmiRaR: BEMioh B BekécshdlieR oPhRNG fikdrBs 1d1e t est
pieces 6 and the first side of the letterbox 8. During this step the

10fi rst s@P2&8fn hafirsisee gt the gsemmary methed dbe fealcddh o e liaders pardingdprsh of
the firstgRRkbioREwhf el tmmetc&ea urﬂlﬁ@ﬁr&s}d%ofﬁ fen&he%x%f HLJ%tﬁQE{Eﬁmel ed

to provide an accurate datum T ocation o datum features i s

cont r & | efitstrset eftdatuen tegtUtEhé.Spmlmrumhméd wnethmmhmédweﬁmmport{oﬁoaei]roﬁf he
bl ade mnth th n ad ressed t r ure

o as. ehotte HEeclRs BnE Grd @R canPoled SRt ERREital debir. Hh Seion of e

f eat ur es daBurhfeaturas i epitdali&PleRtited thopdshioneathe mablandd fagke i n a desired

orientation on the fixture. The depths may provide two co-_pl anar
surfaces @R2UHIE Rladewithihgaachipgd foghs theggd ﬁss?‘ﬁ@ Fioshenfgturerfeasshowur e

can al so ReighfeQvishe theMatdh EREUrESROA quurn%%u@@mtmeQ@érﬁmel&fted%ll ch

can be adjusted to ensure that each pad rest on its co-pl anar
sur f at®e. pOOSUE biRde insedesingd! qj@ntaltlemorwb figfure. flee drathsmafyvesavidedwo t&

extends t;ngn(%ygnfatc&eonlv&tiéhetﬂp%de tip &n rest on the fixture. The fixture can also be

provided with corresponding pads 22 the height of which can be adjusted to ensure that
each pad rest on its co-planar surface.
[0030] The second portion 18b of the datum features 18 extends through the letterbox 8 to
20  provide an aperture which is aligned with an aperture 28 in the pad 22. A screw 26 is
inserted through the aperture 18a and tightened to the pad using a screw thread and a
corresponding screw thread on the internal surface of the aperture 28 in the pad. The screw
securely bonds the letterbox and hence the blade to fixture 24.
[0031} As the location of the datum features 18 relative to the foot is known the surface 4
25  of the blade to be machined is relatively accurately positioned ready for machining, but fine
alignment may be used to further improve the positional accuracy of the blade. The surface
is then machined. As part of the machining step the second set of datum features 16 are
formed in the letterbox 8. As the position of the first datum features 18 is known through
the positioning of the screw securing the letterbox to the fixture it is possible to accurately

30 align the secaond datum features to both the first datum feature and the foot 20.



20provi de an aperture which is aligned with an aperture 28 in the pad
22. A screw 26 is inserted through the aperture 18a and tightened to
the pad using a screw thread and a correspondi ng screw thread on the
internal surface of the aperture 28 in the pad. The screw securely
bonds the letterbox and hence the blade to fixture 24. [0031] As the
| ocation of the datumfeatures 18 relative to the foot is known the
surface 4 250of the blade to be machined is relatively accurately
positioned ready for machining, but fine alignment nay be used to
further inprove the positional accuracy of the blade. The surface is
t hen machi ned. As part of the machi ni g step t he second set of datum
features 16 are in the |etterbox the position of the
first dat¥R%3 éat'w'é%cwlqtvgn RhGRATst HF%{E‘@W"t"Fﬁéh%‘éi’% 30 e FRINYEC frRE tBer ew
securing fligrel @ieBH0Pank theh REubdPeEMR %snh% a s R AFRA Y £ d A6 Pgrr Ak RlsY
30align the second datumfeatures to both the first datumfeature and
t he foot e BE®fICIPMBQ$n0ﬁmll¢C@mm@‘ tb@more:tdamm tn‘atttrﬂelﬁfrelam tgthde

machi ni ng r.enpy |xtur ned over and
t hen SeCuIroEe: %gggﬁiﬁ%rs(f\aﬁumqeatures ar E]Be mltsd'ue SSEPD uS:le goetl;e NREN: s ¢ st

si de. Be n&iatlcel\ahdc;!ratdﬂ,&okéﬁln‘ﬂélallgﬁmaﬁtl tcme &ffthd dﬂechsreemdo thatkedondl aafadé BS 16
relative to the Iogatlon of the first datumfeatures and the foot
permits t HE SEEREAY AP FnacBineandiBHhhe iptiedtox(s rgpyrdde Rigv e Eeintsged
reduce al piggyrent tinme of the nmachine tool to the second surface 2.

The second surface is machined and then the letterbox is renoved to
provi de t[§833]iThe Bdgisusiagria, 4 proogajvelprikin gndiay ke subigetds Mackining ehatter or

rel at i vel sebioR A BFoREe SRl B3Fint Asd IRED D80 RANE S Bhhe el | O

caused by tool pressure 0O mnimse distortion a |rrpr cl anpi ng
t he f Xt uis protlded apslmwndeﬁguras vsth\cn/wturahtybf Qup@Espinswvhith ae plidreabble o of
support pjns vhlch are addressabl e to the surface opposite the

sur f ace btgfeﬁﬂ FREMRLhe PYsa e'ﬁ%i“f’ﬂweﬁ‘g secure clanpi ng of the bl ade

at the fopbsamdidvaid s@&b@maﬁ]bmg Bf the bREEatdhé F68NarkiRe thePbdxQHE find &1€ driven
under si de of the bl ade usi n% Ydr aulic actuation at |ow pressure, or
pr ef er abl YP 1BiRFERY Wdgesidg &f thefladppanadivdrmulic actyatipp aidaw peessuge, @sed wit h

the pressytRRaMHeDGNGARGS H}feffér%l@m prfe& f‘és%d Rfth ?ﬁ}g—@stsu :@'u%éu%e‘idg_rhe

of the blade even if pressure is applied oW ng t contact
pi ns &Fe mhéﬁmldnbtﬂl@dselmrrpwntqhstnrtmspﬁtyeahdab\teaﬁfrmdswe isclpalimuifoltpwiirar ce,

first contact. The pins are then locked in position using an alternative clamping force,
preferably hydraulic, in a direction orthogonal to that required to address the pin to the
surface. Beneficially a large clamping force can be applied in this second direction as there is
no risk of the force distorting the blade.

20  [0035] An array of pins 30 are used so as to provide a uniform area of support directly
opposite to the machining forces,
[0036] One of the benefits of the described clamping system is that the blade can be rigidly
secured fo the fixture independently of the tool which machines the surfaces. This permits
accurate alignment, or determination of the position of the surface to be machined, relative

25  toa datum on the fixture. This measurement can be time consuming which, if performed in
the machining tool, can slow production rates below the minimum acceptable.
[0037] The fixture is provided with a plurality of calibration features 40 which are visible to
the alignment device after the blade is secured to the fixture. The position of the blade on
the fixture is controlled to reasonable tolerance due to the datum features 18, 16 and 22

30 butexactalighmentis not required. The clamps being provided to grip the component

rather than accurately set its position.



preferably hydraulic, in a direction orthogonal to that required to
address the pin to the surface. Beneficially a |arge cl anping force
can be applied in this second direction as there is no risk of the
force distorting the blade. 20[0035] An array of pins 30 are used so
as to provide a uniformarea of support directly opposite to the
machi ning forces. [0036] One of the benefits of the described

cl anping systemis that the blade can be rigidly secured to the
fixture independently of the tool which machines the surfaces. This
permts accurate alignnment, or determ nation of the position of the
surface to be machined, relative 25to%a datumon the fixture. This

nmeasur enment _can pe tj consum n ich, if performed in the.

machi ni ngR’PB@#‘, SCE%{HE'@{‘T’EWEF?I‘??&?&E%B%QFE ’B%thﬁ‘égfcﬂﬁ/tet”ﬁé“”rﬁt% MafRnine

accept abl grocds9R3HdwnliA @ighiedt Wstep 152 NEIQY MEBE oPihk RoBpdert ifhidtbdmiRdd using
calibration features 45 which are visible to the alignnment device

af ter theamordige disglisisig ysrass using refeeente Rainfralignrmens tesbaipmes spovof intheerb| ade
on the fi ' | € e dat um
Foat ur es. 15 MEg! BredfgYy Gupffinddhel FESRIANCR dALRLADGR e Wiel 07, C

cl anpss berefeye e pvindgstetrahgircombinbeindividpo neaturerad¢rieinta hxinglcaoaudiagte| y

set its positiaon. 6 [0038] A schematic of the process steps for the
ot hod of SEPIH RS RAMhatH DR Gt B2 P8¢ BRERAE THOERRth e 7. I
Step 1 a igdtivabr aBigdedn borbbe FERIROMENEre bSplid@thETHRSbrdET A8 offfonally
optical digitising systemusing reference point alignnment techniques
known in_fiffsthatorthe fpfirerdersitionprrasnst the Fomrase st farpativelé therediidks! bl ade
i's attachgdydiRnidd® hiyteWefrmihel BPcdAtaef @Eﬁﬁ&i@f&cﬂgé AlinS AL RAERAL

conbi nes i ndividual measurenents into a single co-ordinate system

The r &% er eaite Mpobatesnoesyiirecurehtodbmecatonpdion ey bna pedviaoént &ragure e.g. a

fl uorescepot re%ftl__:grcc'gthé/rq%e%iﬁ%r]qu#eagulreon absorbent features that are
onponen n

appl i ed t & e %p?lohally directly to the fixture in

posi t i ons[0a3BBkotshee CREPOHEIDe anAinb@r dTaid co@lpygndriiend disitkdeiadta is
measurenents may be_determ ned by contact techni c]ues such as CVW The

! y .
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be a per npaesurkeatddiftifdithahe surface data and become an inherent element of the

15  resultant 3D model.
[0040] The fixture is provided with at least one machine target reference point, Step 2, but
preferably at least three are provided to enable accurate triangulation. In Step 3, the
component, or blade is loaded to the fixture using the method described above and
clamped. A photogrammetry system is used to monitor the distortion of the blade as it is

20 secured to the fixture. The distortion can be measured as a deformation vector and the
clamping adjusted dynamically to minimise the distortion to below defined limits, preferably
80 microns.
[0041] Output from the photogrammetry system can be used to determine the relationship
between the clamped blade and the fixture and identify any change or movement in the

25  pattern of reference points as the blade is clamped or following clamping.
[0042] Fixed photogrammetric reference points 40 which are mounted on pillars are pre-
measured using a touch probe on the machine tool. Their coordinates are known with
respect to the fixture zero point location system which permits the fixture to be repeatedly
loaded to the machine tool in a known position. The location system uses a zero point

30  datum as known in the technical field and which has accurately and repeatedly locate the

fixture in the machine tool to within 5 microns of its intended position.



corner, edge or other identifiable feature. [0039] Sensors are used
to digitise an image of the conponent and the surface data is aligned
to the reference points. Wiere reference points are applied to the
conponent they are captured and digitised with the surface data and
becone an inherent elenment of the 15resultant 3D nodel. [0040] The
fixture is provided wth at | east one machi ne target reference point,
Step 2, but preferably at |least three are provided to enabl e accurate
triangulation. In Step 3, the conponent, or blade is |oaded to the
fixture using the nmethod descri bed above and cl anped. A

phot ogrammet ry systen1is used to nonit’or the distortion of the bl ade
as it is 20secured to e fixture, The distortion can be nmeasured as
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m crons. [0041] Cut romthe phot ogr armet;é system can be used to
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pre- neas d usi ng a touc robe on the nmachine tool eir
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machi ne tool in a known position. The | ocation systemuses a zero
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within 5 mcrons of its int position Once t ade
has béen ﬂlglt:blylpmeam@dve tme:h@hn@ftfmgrtaoiwgtqrglthsylsmm msumtseuhetema measur e

t he asse
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transferred to the machi ne tool and the file descri bi 8?% 5t he machi ne
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fixture [0o46) Beneficially, this aligns the digitised image to the machine co-ordinates and

15  represents the true location of the blade with respect to the machine co-ordinates. Once
this is known an alignment may be calculated which adjusts the co-ordinates of the
toolpaths to the true position of the component on the machine tool, Step 7. The
component may then be machined using the adjusted tool paths, Step 8.
[0047] One of the many advantages is that the point to point alignment is more accurate

20  and robust than point-to-surface alignment. In addition there is significant time saving since
once the clamping has been completed and a measurement of the full set of assembled
reference points has been made, the alignment can be calculated and the tool paths
specified, adjusted and loaded into the machine tool before the fixture and the component
is loaded onto the machine tool. As a further advantage any discrepancies above a

25 predetermined threshold between alighed component and the expected location provides
an automatic check of the integrity of the fixture points by comparison. Where the
discrepancy is above the threshold touch or other contact probes may be used to further
check values. The approach also supports a more flexible approach to high volume
manufacture as no further probing may be needed and a shorter turnaround is possible.

30  Fully automatic machining of the surface may be possible and robot controlled.



| oaded to provide a nunber of target reference points. Each fixture
may be slightly different so it is beneficial to provide a specific
file for each fixture. Since the |location of the fixture to the
machi ne tool is accurately known because of the zero point |ocation
and the | ocation of the conponent to the fixture is accurately known
it is possible to determ ne the position of 10the conponent relative
to the machi ne tool before the fixture is nmounted thereto. [0045] The
nobil e reference points are aligned to the target reference points
whi ch are the true machi ne co-ordinates, Steps, and the digitised

i mage or nodel subsequently aligned t& the nobile reference points

using the reference oints that were captured with it, Step 6. F0046]
Benef i ci al4%§8! %'WP%E%EFF iHention davhegn dessERed wiHyEsRest tefre %mtﬁéqua'

co- or di naEﬁp‘ﬁcﬁJMo%ﬁ{e‘?Qér‘éﬁaﬂNp%s bR af &dﬁ&&@&%ﬁad@aar@fvaw%urmnaqedwam
respect to the machi ne co-ordi nates ce this is known an al i gnnment
may be caVvangh aarstfiwingshanddijaiaissornotier plotephaadarmgonsintst he t ool paths to
the true position of the conmponent on the machine tool, Step 7. The
conponent may then be machi ned using the adjusted tool paths, Step 8.
[0047]5One of the many advantages is that the point to point

alignnent is nore accurate 20and robust than point-to-surface
alignnment. In addition there is significant time saving since once

t he cl anpi ng has been conpl eted and a neasurenent of the full set of
assenbl ed reference points has been nmade, the alignnment can be
cal cul ated and the tool paths specified, adjusted and | oaded into the
machi ne tool before the fixture and the conponent is | oaded onto the
machi ne tool. As a further advantage any di screpanci es above a
25predet erm ned threshol d between aligned conponent and the expected
| ocati on provides an automatic check of the integrity of the fixture
poi nts by conparison. Were the discrepancy is above the threshold
touch or other contact probes nmay be used to further check val ues.
The approach al so supports a nore flexible approach to high vol une
manuf acture as no further probing my be needed and a shorter
turnaround is possible. 30Fully automatic machining of the surface
may be possible and robot controlled. 8 [0048] Although the

i nvention has been described with respect to fan blades it is equally
applicable to other aerofoil types such as conpressor blades and
vane, turbine blades and vanes, aircraft wings and ail erons, or other
pl at e shaped conponents. 9 CLAI M5



1. A nethod of determining a tool path to nachine a conponent, the
met hod 5conprising the steps of: securing the conponent (4) to a
fixture (24) having a zero point alignnent datum the conponent and
the fixture having respective nobile reference points; aligning the
fixture nobile reference points to target reference points on a
machi ne tool; aligning a digitised nodel of the conmponent to the
conponent nobile reference points; 10determ ning the position of the
conponent on the fixture fromthe conponent nobile reference points
and the fixture nobile reference points; and adjusting a nom nal tool
path for the machi ne tool dependent of the position of the component.
2. A nethod according to claim1l, further conprising the steps of

| ocating the fixture 150n the machi ne tool using the zero point

al i gnment datum and machi ni ng the conponent using the adjusted tool
path. 3. A nethod according to claim2, wherein the nom nal too
path is adjusted before the fixture is |ocated on the machi ne tool.
20 4. A gmiaed according to any preceding claim wherein the nobile
reference points may be detected w thout contact of a detector. 5. A
met hod ac&or difrgethed eff dgtermininggeplaiath tomachind? Fanpospely dacetipsi nts emi t

or reflec Lat.l . 10 7. A nethod according to any preceding
clainlémh%wﬁﬁﬁﬂgﬁgsk%ﬁggnent is an aerofoil having a foot, a tip, a

first fl asdcuamgthancroppest Aptosdixamel(2R) izavkg awdrepeinnaligheeiitidstum,ehehas a

foot ol anp Lot GLamig. e, faoL of 2n gerofoll and a tip clamp for

aligning the fixture mobile reference points to target reference points on a machine tool;
aligning a digitised model of the component to the component mobile reference points;

10  determining the position of the component on the fixture from the component mobile
reference points and the fixture mobile reference points; and adjusting a nominal tool path

for the machine tool dependent on the position of the component.

2. A method according to claim 1, further comprising the steps of locating the fixture
15 on the machine tool using the zero point alignment datum and machining the component

using the adjusted tool path.

3. A method according to claim 2, wherein the nominal tool path is adjusted before the
fixture is located on the machine tool.

20
4, A method according to any preceding claim, wherein the mobile reference points

may be detected without contact of a detector.

5. A method according to claim 4, wherein the mobile reference points emit or reflect

25 radiation.

6. A method according to any one of claims 1 to 3, wherein the location of one or more

of the mabile reference points is determined by a touch probe.



5and further having an array of supports between the foot clanp and
the tip clanp, each support within the array being i ndependently
addressable to one of the aerofoil flanks when the aerofoil is
secured to the fixture. 8. A nethod according to claim7, wherein
the tip of the aerofoil has a surplus of 10material with the tip
clanp clanmping the surplus material. 9. A nethod according to claim
7 or claim8, wherein each support is functionally connected to
pneumati c or hydraulic actuator. 1510A nethod according to claim?9,
wherein each support has a | ocking device which | ocks the support
agai nst the aerofoil flank. 11A nethoH)accordlng to any of claim7 to
cl aim 10, mhereln t he rj ses ast three

e Co
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reference points.

clamp for clamping the foot of an aerofoil and a tip clamp for clamping the tip of the

aerofoll,

5 and further having an array of supports between the foot clamp and the tip clamp, each
support within the array being independently addressable to one of the aerofoil flanks when

the aerofoil is secured to the fixture,

3. A method according to claim 7, wherein the tip of the aercfoil has a surplus of

10  material with the tip clamp clamping the surplus material.

9, A method according to claim 7 ar claim 8, wherein each support is functionally

connected to pneumatic or hydraulic actuator.

15 10 A method according to claim 9, wherein each support has a locking device which

locks the support against the aerofoil flank.

11 A method according to any of claim 7 to claim 10, wherein the fixture comprises at
least three alignment pillars that is located beyond the array of supportsand which may be

20  detected by non contact means to provide mobile reference points.



