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usi ng ' formdrold galsnguradhenshgdn®ol i shing techni ques or by hand
finishing. These techniques sinply follow the existing conponent
shape, essenti alffy 3 &fsvitFRincofgdne, each of the rotor blades and

10 stator vanes 1is of aerofoil cross-section shape and must
conform with its intended design, within certain
specification 1limits. For example, each aerofoil has a
leading edge designed with a complex geometry to deliver a
specific effect. Deviations from the optimum design may

15 result in undesirable reductions in performance, such as
aerodynamic stall, compressor surge or reduction in engine
efficiency. In some circumstances, relatively small
deviations may have significant effects on performance. A
similar but different complex geometry governs the

20 definition of the trailing edge of an aerofoil.

Currently, aerofoil and edge forming is either carried
out using ‘form following’ automated polishing techniques
or by hand finishing. These techniques simply follow the
existing component shape, essentially removing a constant

25 amount of material all over the surface, and thereby either
reduce the paxrt thickness, or form a radius or edge. The
measurement of the surfaces and dimensions produced by
these methods is carried out as a supplementary operation,
following the process. Any components that require

30 correction or alteration to fall within the specification
limits are then re-processed in an attempt to correct or
modify sizes. These existing processes are not capable of
determining the quality, wvariation or conformance of

incoming parts, and so these parameters cannot be taken
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variability of the components produced by the process, and
increases the number of components that will not fall
within the specification limits when measured. )

The combination of these uncertainties leads (in spite

15 of the specification limits) to variability and
unpredictability in the geometry of the components produced
by known methods, with a consequent reduction in their
aerodynamic performance.

It would therefore be desirable to devise a method of

20 forming such components which will deliver more consistent
components whose geometry is closer to the design intent.

According to the present invention, there is provided
a method for performing a machining operation on a part as
claimed in the independent claims.

25 An embodiment of the invention will now be described,
by way of example only, with reference to the accompanying
drawing:

Figure 1 is a schematic illustration of a machining
cell equipped to perform one embodiment of the claimed

30 method.

In Figure 1, a machining cell i1s shown generally at
12. The cell 12 includes a number of machines and devices,
whose purpose and operation will be explained below. These

machines and devices are linked to a computer (not shown)
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An optical reader 20 can detect the positions of the

blades 18 within the part holder 16, and can also read a
15 component identifier, such as a barcode ({(not shown) on each
blade 18.

Directed by a part or part holder detector, which may
be the optical reader 20,. a robot manipulator 22 takes one
blade 18 at a time from the part holder 16. An example of

20 such a manipulator is the Fanuc M16ib. The end 24 of the
manipulator arm 26 is equipped with a gripper of suitable
dimensions to hold the blades 18. A change area 28 permits
the storage of other grippers, suitable for.other parts of
different design or sizZe. Information in the component

25 identifier of the blade 18 can be used to direct the
manipulator to mount the correct gripper. The parts may be
new, in the process of first manufacture, or they may be
service-worn parts which are to be refurbished for further
service.

30 The relevant dimensions of the blade 18 are first
measured, and the measurements compared with design data
defining the required final shape of the blade following

the machining operation.
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required shape. The measured data and the comparison data
are stored in computer storage (for example, a database),
using the component identifier to link them to the biade.

20 If the cell contains a number of machines or tools,
the data may also be used to select a machine or tool to
perform the machining operation. The selection would be
based on such parameters as the part to be machined, the
amount of material to be removed and the surface finish

25 required. The machining operation may require only one
operation, or may require a sequence of operations using
one or more machines. For simplicity, a machining operation
will now be described in which only a single polishing
operation is performed.

30 A grinder 30 and a polishing machine 31 are provided
in the cell. The grinder 30 has a grinding wheel 32, and
the polishing machine 31 has a polishing wheel 33.

The blade 18 is delivered to the polishing machine 31
by the manipulator 22. The blade is held in the gripper of
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This process of measurement and adjustment may take

25 place part way through a machining operation.

Measuring devices incorpeorated into the machines
detect the temperature in the vicinity of the tool.
Optionally, further measuring devices in the cell and
within the machines detect the ambient pressure and

30 temperature. Changes in these parameters may affect the
machining operations, and so the data from the measurements
are fed back into the definition of the machining operation
to compensate for environmental conditions. Such

compensation will normally take place in the initial
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for the’fini shettbfaddht®o Betéshing vifet iverpilksepol tishedloldade 188 is

measured again by measuring equipment 36, and the
measurements are compared with the design data for the
finished blade to determine whether the polished blade 18
is acceptable. Because the definition of +he machining
25 operation takes account of the initial condition of the
blade 18, the likelihood is high that the blade 18 will be
acceptable. The results of the comparison are stored (once
again, linked to the part by the component identifier), so
that information on any deviations can be uséd in
30 determining the parameters for the machining of future
parts, to further improve the process control. The
information from all previous machining operations can be

used to generate statistical information about the process,
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10 processed or rejected. The part holder 16 is then
transferred to the adjacent conveyor 15, and is moved out
of the cell.

It will be appreciated that the embodiment described
represents only a single example of the application of the

15 claimed method, and that various modifications may be made
without departing from the scope of the invention.

The method is not limited to aerofoil components or
gas turbine components, but may be applied to substantially
any manufactured component.

20 The described embodiment performs only a polishing
operation. Even within the cell described, the method may
be applied to perform a grinding operation, or successively
to perform grinding and polishing operations.

The cell may contain more or different machines, and

25 may have a different layout. Some examples of the machines
that might be included are grinding, linishing or polishing
tools; polishing mops; electrochemical finishing machines:
apparatus for surface treatment; hydrostatic presses;
apparatus for edge deburring.

30 More than one example of a particular machine may be
included within a cell, thereby increasing the cell’s
capacity to perform that operation.

The parts may be delivered into the cell, and removed

from ijit, using any convenient means. Several such
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expected part has been selected, and to rejéct an incorrect
part. In the case of RFID, the part history and dimensions

15 when last measured may be retrieved from the RFID tag
instead of from computer storage. Likewise, details of work
done by the celi, and measurements made therein, may be
stored back on to the RFID tag instead of {or as well as)
into computer storage.

20 Contamination on parts may be detected at the part
selection stage, and a part may be rejected if too
contaminated. Some types of contamination are detrimental
to grinding and polishing wheels; or contamination may be
transferred to subsegquent parts.

25 In the embodiment described, the part is held by the
gripper of the manipulator throughout the machining
operation. In other embodiments, particularly where the
parts are large, heavy or complex, the part could be
secured in a separate fixture. The measurements of the

30 part, together with the known parameters of the fixture,
may be combined to determine the position of the blade 18
relative to the fixture datums. The manipulator may then
Stow the gripper and select a suitable machining tool to

machine the part. This machining tool, mounted on and
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di mensi ons 15 whgghdast Jpeasyiad Jmy be rieved fromthe RFID ta
i nstead of fronlponputeP storage. LI emfég% g%&éﬂ?% %Fcﬂ5§E§d5ﬁgibged
the cell, ahdackedrite chientpransds ceerteion lingyctepster ed back on to the
RFID tag-i nstea el intqg ,conputer storage. .

20Cont ant nat | ondrol(rPlé pglrgéggﬁla@gbéeggtéggt E89at° %@rﬁaﬁai’sg&écfﬂf‘@ﬂr%ﬁ‘g@@{
and a part bay dbve ejeoiaded f coodidentan hat ethe Se® syResn®t or to

contam nation are detrinental .to grindi_ng and polishing wheels; or
8 i 5 Ao bubTES

contam nati ﬁo‘ﬁla@e be 4¥%er réd s Parts. 25In the

enmbodi nent descrilpedprédies pardntirolNelng Borphe «8r mARet0fe e form of
mani pul at or_t hroughout the machji ni ng operation. In other enbodi nents,
particul arl¥ %@F%ﬁ%@%mr&a T LR Y Rsmams, 1 heh el t the
coul d beoseesrierbile:s sepathbeihiibgal ThacHBASY 8RRNUS n¥ed, NS r may
be one in which the machines are autonomous with only an
input trigger.
Where -‘the component identity is stored by RFID,
information can be stored in the part itself. For example,
15 information about the service and machining history of a
part could be stored, and would then be accessible during
subsequent machining or assembly operations.
It will be appreciated that different machines and
different tools will suffer different types of progressive
20 wear from that described in connection with grinding and
polishing wheels, but the same principle may be applied to
measure and compensate for that wear, and periodically to
re-profile or refurbish the tool or machine, where that is
appropriate. Information on the tool condition and history
25 may be stored and used to manage tool replacement. The
stored information can be wused to identify when a
particular tool has reached the end of its 1ife, or can no
longer be refurbished. The tool can be flagged for manual
replacement, or (in a suitably equipped. system) replaced
30 automatically. It is also possible to use this information
to manage tool selection, for example selecting a newer
tool for a more critical part or where surface finish is
particularly important, or selecting an older tool for a

less critical part or for a rough machining operation.



30 part, together with the known paraneters of the fixture, nay be
conbi ned t lne the position of the blade 18 relative to the
fixture da&&ﬁ@?’ﬁqﬂ%ﬂmni pul ator may then.stow the gri ppBFT/ERE 0LRI7E%
a suitable machining tool to machine thé part. This nachining tool

mount ed on and HEhﬁﬂ@Bi@éZﬂﬂ@Rﬁihﬁﬁﬂﬂﬂﬁkﬁﬂ%%%5j%sﬁubﬂe@hQYp%Q%gfhbut

mani pul at or, . coul d %Egnmgerforn1the machi ni ng_ operati on, er,
y

or additionatS%dSPa ERTDr U HhRILE e aERansee thé Spesesbeing

control I i nguseapuber predhetiPashbhingedeNEEeSTRNE $ERSPRSLIBY REv also
duplicated, to give greater confidence in the neasurenents or Yo

provi de reddRdHAES | AO8as&a@Pleai far @¥event higheppeoéessncpattsl Fiog
conput er sy e ' s L hu o] . tem _This ma
nmp 5 Meiﬁ& EEB@e§Q5@1Qﬁ g ﬂhﬁh?hg Rﬁgsg.gggggFfﬁgcﬁs dgtgrglngd

be one in which the 10 controllers of the I ndivi ine
| i nked, or HayPBe RO®E i9F WHiete t Hearmadhi Weseanénadt doorushii h DRkye

" or mat i orF o B Lrer oo e Bt SarEotisP Brakel eitys rather

i nf or mat i ontEdoutiske pseduitegawrdtnedhitolmrdncst gsariof. aswelt t meent fles

be stored, and wauld then b%nﬁﬁfes§gglelgggin%ritical parts, whose

10 specification lies within the determined capability of the

machine. This is advantageous where the cell operates
unattended, for instance through the weekend.

It is anticipated that a cell such as that described

would be integrated into a larger manufacturing facility,

15 so that completed parts would be transported directly for

the next processing step, for example module build. The

data stored with each part (and identified by the component

: identifier) can be passed on to the next process. This is

likely to include measured data cn the dimensions of the

20 part, but may also include relevant environmental data, for

example a temperature of the part at the end of the

machining operation. The provision of this information to

the next process reduces that need for that process to make

measurements, and also permits the control parameters for

25 that next process to incorporate appropriate compensations,

In this way the conformity of the parts to their design

intent is maintained at a high level, and variation between

the key parameters of parts is minimised. Cells may adjoin

one another without human or conveyor transport between, so

30 that, for example, a part finishing cell directly feeds an

assembly and welding cell, which in turn feeds a module

finishing and packing cell.



subsequent machi ning or assenbly operations. It wll be

appreci ate lhferent machines and different tool s w

di fferent %{)@@ﬂgg"‘%rogressi ve 20 wear \%omthat descri%egiabh%@%(fzgs
connection with grinding and polishing eels, but the sane principle
may be applied tBheeasure &hdscoppensatd for mbhAbawesdsr @Gforming a
peri odi cal | re-profile_or refurbish the tool or _pachine, where
that is app%ﬁg%fr?f'%?%g gﬁfe EFQE%{ Yo %Sﬁ tHhe $501 2 c Shart forPRhd IRPEPERpeDE
may be st or edeanknusedndttharanage t ool repl acenent. The stored
information can be used, to_identify whep a partjcular tool has

reached the end Of°i e84 ifE, WHChTH %0 FeRetchenef 8FBi shd:vethefron
tool cansbethéaggetlghofiniaayal(thep! e te riofitildh)a %ytﬁé)é%'ng back
equi pped systeﬁn)ﬁ?repl aced 30 automatically. It is al so possi et
use this intotet? ot ovfafagedt delomsetiret PEATE ST orftoranphe Solodot | mgd
a newer toohad@inds MOr8ngri tireal paid Oén%féﬁn&%{j ace fi rildosqqus the
particularly inportant, or selecting an older tool” for a |'ess
critical paferorok¥oms PatgReheehi dodg Uper aecbhning operations, the
W2008/ 012430PGT SR HL 2330, 1 i stLc y .be_col | ected
not just on the parts, bu%%gt)l S0 onptaﬁgsngg:iﬁ%néééaﬁ g%h%?rrlswtent’ and
per f or mahce’hedf s dPetsei ngsusetioser preditdtd velesaignt ehabeet . Thitseir
informatio AlsQbe; us xa t o prevent_.hi gh-precisian
parts fromrbS el ng preoclegs:%'eorfr?%g’r%acﬁé%w Qg‘se&gi')ﬁdﬁjiﬁ F‘E ows the
det er m ned narctseipgor parandiosss wear bes sertedi ned tepbenhigh. rdhesae
parts may b j.ected m,t he_i.ncom ng ,parts queue, rather than risk
produci ng o%fl{%t%togl%er%%@e SSar PEOIEER i RESCHES 2T 191 M5 8R€d thy
| ess criti calowsr oS, mahesealOwspeindi cation lies within the )
determ Q;d capa%i lity of C{.he machi ne, This is advantageous where the
cel | opétates umatt FFE i TRt andBIPRPBEYIP t héoReeldrd. machining

i s antici paipecraitiahsa cetitssicheas dhak dessrihed quwaul-dibg, i niggr ated
into a |arger manufacturing facility, 15 so that conpleted parts

woul d be t FARGESSt P HiT Mt P37 1 BF thEther Brsesd oy seepivios this
exanpl e modiae ikuibdl ThewdalRest ofets Wchbyweaghe Pkt (AN Ldend ] fii.ef
by the conponent identifier) can be passed on 1o the next process.
This is i &8y ParEnciiR! nedvin®ed docdion theidtermsionsmf thehdde
part, by mRYaksankaclude relevant environnental data, for exanple a
tenperature of the part at the end of the machining operation. The
provi sion of thP¥ iIEPoinat inAcrvathennerlepancess eedncparthasoneedt
for that prece t lEasur, ts, | so,_permts the cantrol
param&*terslfQorE%IS1 ?rﬁg? ext pr@ggggotos?{%ggsﬁé?gteo%%ﬁ Sten the
conpensat i gagufpAtuhisg wayorte, cortior munbaf tdfe pArdcrdte t RRlasuring
design int LS. pAaknt ai t .a high,leyel, and variation between
the key pa?gtr%%lg%gg%f Egaﬁ!?gug%dm ﬁlnﬁi Eéfdféa%&i“ﬁs%ﬁﬁy KDAWG; Frgrgmation

anot her2swi thoat ahupant ovhennyeyoing rensRaml RAIARARYsS @130 dohdbornli 0F
cell directly feeds an assenbly and wel di hg

exanple, a _part fi nishli%n 1

cel |, whi cﬁ%i %E?ufhnﬁ %‘g BRhpdut @ FRe Sfichg Thied Yssc eifn gredisenmental
information permits initial control parameters to be set
with more confidence. This reduces the total cycle time for

making a part and reduces the number of handling operations

30 performed.
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WD 2008/ 012490PCT/ GB2007/ 002335 11 There is thus provided a

met hod for performing a machining opefdtion that offers a significant
i nprovenent over known nethods. The initial machining instructions
are derived from5 the design intent (the shape definition). By :

f eedi ng back icfarMsati on measured fromthe parts, fromthe tools and
machi nes, and fromthe environnent, to nodify the controlling
paraneters for the nmachining operations, the clained nmethod produces
parts that are nore consistent, and 10 whose geonetry is closer to
the desigm | nf G@knod k! cBRLAE BNGEEJNSLES de LAPTONE,, This al so
al | ows machi ni ngzitﬁararret ers. 1o be varied an optimsed for ¢ &.tl ons
and to ni nTAESaThe br Gc LESPHYNE M land ldhoulite ofehrade r ingorppraing.
15By r ecor®fiaf§itIrRer rfwtnat | basdcorom| feadheti nphgrepenati easameters,
stati sti cathagat@exdand bin ghaeraieefletddedilin-ipEOCRSSs€HY O| can be
further inpreuethdy SORIKERY fifh Seshaki ésdp%ﬂé%é;glg%&dq 5) A1 S

know edge ,j s 2d..to control th rt fingl s , _tooling

mai nt enancfe' gﬁ%&nﬁgﬁi%rée%fgern%nﬁg eﬁ%ﬁé’%‘?t fla’.“menswss?%r“ihﬁgc‘?“?ﬂoéi?%?ti on
rel evant t0 eachpare, *88 MRaFuFyd cdirepsipas sedabrst lesigseqlagat

oper at i onsleifanihe whaufraqtuiddgeimilt eshadpde AHTHEe Ofo licREhEL €40
measuri ng RReRALI PRS 1 3.4 8duged, and by taking the known I nformati on
25 into account when setting coRtTd parSirEEefsy t He cAWieLNi theof the
fini Shed FAFMPISR: itepfbeerkauimedustepet environment al i nformation

permts ia@ltiak apatred 130Bt &1 k9 wi f.h more confidence.
Thi s reduc;s t he tot.al nr(I:ﬁ(?l&e_ time %ort%kﬁﬁéta IEphziartC?af'ﬁ‘flmfeé’&uct‘e§ t he
an

number of “RARYTY NGt UhEr atFBHL 18Rt IR f oFgfdning 2 top AlckBpdnent mes hod
for contréhéismreaeht nesldaesed for the machining of a conponent in a

machi ni nggcel; ), od j.ncor yor ati ng. cl.osed-1oop control
f lE (t%%ofcotrrr"ggrﬁ?&y ndlcﬁg?gr§?aEthad'Ferli‘"Eéﬁs%Wec hé? the

based on feed g} asured para
met hod co% ses t hESEFE ofharey. of aktiry aoopoapenent réfdkihgomia
conmponent “HRAWERT{ 16) ;

f. otherwise, using the results of the comparison to define
the material removal that is needed to bring the component
to the required shape;

g. performing the defined material removal:

h. returning the component to the component holder.

2. A method as claimed in claim 1, in which the machining
cell comprises more than one machine (30, 31) or tool (32,
33), and in which in steps f. and g. the material removal
utilises more than one machine or tool.

3. A method as claimed in claim 1 or claim 2, in which the
component is held in a manipulator (22) throughout the
method.

4. A method as in any preceding claim, in which the
measured parameters comprise one or more of: component
measurements, tool measurements, machine measurements,

environment measurements.



b. neasuring-predeterm ned rel evant dinensions of the conponent; c.
conparing the nmeasured di mensions agai'st design daia defining the
required final shape for the conponent, to define the materi al
renoval necessary to bring the conponent to the required shape; d.
if the conparison indicates that the conponent is already within
specification, returning the conponent to the conponent hol der; e.
if the conparison indicates that it is inpossible to make the
requi red shape 3of Bhenegbaporsent inr egract prepddiagcompomentin fwhich the
ot herw se, usi t IRAY 50N define the materi al
renmoval that |§Qﬁ%£g%%%t%?a%§?%%s t%% ggrrponef;t’clst9 {% rﬁaeurS%E:]ui red shape;
g. performng tthe Adarithed #at &Ri ahyrBreRREing lklaimt uimiwhidtheat least
conponent to themeorgoneRt hldlhred ZpaAnEeLPod A% chaided, ng%%\%
€ )

1, in which the machining. cell caonprises nore than one nachin

31) or tool {38ta8RyticidiPfrTHATERD APAUtte pESIPLQHRFSY. the nateri al
rfam)valjI util : ses nor e.etila@m @Re mc\tﬂ%aenﬁorsﬁt 00h . WﬁChAmEQE%@-ﬁ;tical
claimed in claim1 or..claim2, jn Lch t conmponent is he in a
mani pul at or (2?%?’?{?36:&330‘10? 'ﬁ]eed 8t AdHSt &S%P%%d as in any
preceding claim in which the neasured paraneters conprise one or
nore of: conponent mneasurenents, tool measurenents, machi ne

measur enents, environnment neasurenents. 13 5. A nethod as in any
preceding claim in which the neasured paraneters are stored for
future use. 6. A nmethod as in any preceding claim in which at

| east . sone of the measured paraneters are used to generate 5
statistical information about the process. 7. A nethod as in claim
6, in which the statistical information is used to"adjust the
process.



