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CONTROL OF A MACHI NI NG OPERATI ON Thi's invention
relates to the nmachining and i nspection of conponents,
wa@r@sow4eo particularly to nethods for control | PEGBR@®7/002335
machi nes used to perform such operations. In a
particul ar exenpl ary enbodi nent of the invention, it
is applied t cONTRQYy ¢fE [P MAGHANIY OOEERARIGIN bl ade
aerofoil for a gas turbine engine. In a gas turbine
engi ne, each of the rotor blades and stator vanes is
of a@[iof of Av&h©8Sn SeEL L B8s shapenantaghshiggnferamiwiddection
its intended design, within certain specification
ofl i ngempoFeRt 8xanphe, e adToiFulRisly | Badi AGtéRgs for
desi gned. w a_connl tey t Lye SREd f41G
e by ae SR PRt e deey o hay Raatiions:
Tri Naupdesiiatilee redeplang enbpdimentarmde, tsachngention, it
aerodypam c stall, caonpressor, sur or reduction,in .
1mp %‘ﬁf?%iE]ﬁ@yPrP%EESn%OEWE@m%%aﬁCé:s??correlbajta}%eelai/erOfOll
fmlgggvg@f}j)g@é Ryihave significant effects on
performance. A simlar but different conplex geonetr
govekmsat hesdétimhiiticoreisfinge e3edh | PhgtBage s raplades and
aer of oi |_. rrently, i e fiarm j
STt Per gre%e{dgogtf u%?ﬁcg?{ﬂor m ?g’lsl %\%ﬁ%ﬁglghau%ng?r%%egnd mast
chotbshi ngyieehni fues orntyndwhd fdessimng. Whelsen  certain

technj ques sinp|ly, follow the existing copponent .shape
spagkhtrarionr M}Fﬁ' a l'lé\‘lb%steéﬁ"f‘lmp;r%unfeaggpnsf%ﬂﬁg aaI pas a
l? &ingheqser RGS.grRd el ebycehphex pedweeryhepatdliver a

I ckness, or forma radius or edge. The measurenent

spéct hitcs eftres. akevdiardesisonsrpRodued Af fhEs edesion may
met hods. is carri t UpRl ement.ak yeOpeLatd ONsych
r?%ﬁligwilﬁlg FﬁeeS%%gggg. I'fzxesnoi}?cctzln'ponents Prl require 'as
2696896500 Gfadllt,eradnpredsof abhre@t hicn teldeiction in engine
sgeci,fi cation_limts are then rg— rocessed 'g an_q small
chi{6HPRCYo cotPectSYe molitfy EzES “Citese & P& ngY
dRLOSESSRS AK NRLvEaRAke rakadet sty bhe ghiaidinance. A
variation or “conformance of
similar but different complex geometry  governs the

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
amount of material all over the surface, and thereby either
reduce the part 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
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, variation or conformance of

incoming parts, and so these parameters cannot be taken
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incomng parts, and so these paraneters cannot be

takeni nto account in defining the operation to be
w@eosoraed. The unknown condition of incom ng PCT/GB2007/002335

conponents has a |large effecy on the outgoing

conformance and on the profiles produced. Wen nmachine
idteolscarmusad dof foing conpoopatstbynr epobengerformed. The

material, typically there,is also progressive ar_to
SR GTOA A O L U P ERaHGBPHE P of P Pe Sof tifs =110t
ort Ae fRGEFENd tedSE PFesedYd ethd ot hth& gipenends dheduced.

consequence of this is unpredictability in the anount

of rite i albahdmsy eBOBY St el 0d1SehndOi nfPRB stffReents by

rofile and fj sh.jt.w p e;an_hhe i
LS PIRELE| e (bl PEche e e Sammamive e
tprogiceso byrabe, prbtessywiahdcheopeasbs e fidgberf dfhe tool

conmponents that will nqot fall within the specification
£33 €8 whor ToBSAF RAECHn& Oodrt NSt TORIBRT { hedE Conseduence

ofincaltai Ntd egnbeads cabigpitke oh tbhrRespgsdbhhtatdédN material
imts) to variability and unpredictability in the o
rejeoned ry ot hehé oednpaiisht ¥ pEleelueBaTBGek REWE 1rkdt (fis, finish
. W th, a conse t d i on..i |y asfpdynai o th
l%er"i”oflrra c%?&rfgm%fdutfc}%r en:f(%)n:a%érgg;d%esi rabl e to devise
var Db hoth ¢f of otciien g cupednecdrp amerd scevhi bl wihlel misldass, and

nore consi stent c onent s whose ome is closer to
inEeeyRRT gt %&%c&%i r‘fé’mp(?nF%gspr%g‘éﬁt Y’ﬁ\ie_nt?%%, fall
witgig t8ePLoNEdedc-ar MBhhodni 08 peEfHORELBGradmachi ni ng
operation on a part as clainmed in the independent

cl ai fee Aambhbadimenpiothere mEeRtdMtWGY YRAFDe(in spite
| bed, b . I Iy, i n
ogﬁzcg%ggnpgﬁ§FW%¥ggE1%§awD&ﬁﬁT%§6 ?MEJ1'*¥5¥£%E$1$Ey and

ng draw ng: gure'l is a schematic
whplygt easboniof anmatki njcogetelyl ofuitppetbripopertorproduced

one enbodi nent of the clained nethod., In Figure 1 ., a .
byacHI¢ifhg Meeodsy sH g%n&%?%ﬂ%ﬁnﬁz.reﬁ%%cleqq 15 their

abhghyfesia pupbsimghcgrchi nes and devi ces,

It would therefore be desirable to devise a method of
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.

An embodiment of the invention will now ke 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
method.

In Figure 1, a machining cell is 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)



10

15

20

25

30

whose purpose and operation will be expl ai ned bel ow.
These machi nes and devices are |inked to a conputer
w@ pws/oseomn) whi ch can store and process i nf or nBECT/6GB2007/002335
recei ved fromthe machi nes agd devices, or their
controllers, and issue instructions to them This cel
wHiscrequbppetdoire pard opmvaepsl iisifiongadpenat tereiored from the

rotor blade of a gas turbine engine. As w.ll becaone, .
maGheigies t | :ﬂ%%%t hotf | *?ﬁgﬁ i &é’d}ter%\%ole Y/ sicgt e-1SSue
iiﬁtfuggi5g§%@gagﬁﬂmﬁnufacturing operation. Incom ng

ades are brought into the cell on a conveyor 14. A

par tTHios deelll6i$ seanbapedcbat REKIERGMa anvdds g |oRfIation
18_on which the pgqki shi 0 - Lan Jd.s.at bey 11 b

O1hef f GEMEd. yapclg/‘ecaig}fy,%l i%sg,ﬁc:gaﬁgn‘gé%lo%'suc?ﬁ frays oone

cveut d brequeudthedn nidith@bnieyappivaiabileg tpr ogrgsisdggle- or
An optical reader ﬁ% can, detect the gositions of the

mip} S1BEIFE HIFHHHRC PR 1P RoPRRF2 45 and can al so read

a CoOfponeNMtgi dsnihdserarsuchrasgatbanaede met shawn) on a
on each blade 18. Directed by a part or part haol der

caleteroor 14 whik charhyhbédeke 16ptisc shovwdad&ord@ ind npsotnumber

i-pul ator .22 tak n a . : ts
oballstero 167 AMfEsires or oot n o SErbi o [0 vo b
péheoFasac MpibalThe end %k, ofa thembani pil suoh drmmy6 would

is equipped with a gripper of suitable dipensions to
bRTASERE BT aHES I8TVAYChaRYe: h1BE BEOREFRTES ( he

st or age .ok sebher-Hddpess, caui e ofhe ObBEL tRakES of the
of different design or size. Information in the

btadpendft Widenii ftee shrthddidrie 18 camdbecasegles read a

di rect 1he . mapipul ator unt f r | : h
cShES 3kt S REREL Eph R, TRV B B AR on cac
praagf agture, or they nmay be service-worn parts which

are to be refurbished for furthe rvice. The .
r el eDaRECHPfeRYi GnPITTt the Bﬁﬁae%fggﬁFeé%q%é%or' which may

bg:t%gﬂér %?Jti%q_ t.he JEasys eNent-speeNRRMS uMatb rdesl gfekes one
blade 18 at a time from the part holder 16. An example of
such a manipulator is the Fanuc Ml6ib. 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 siZe. Information in the component
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.

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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defining the required final shape of the bl ade

follow ng the nmachi ni ng operation. This conpari son nay
waledogom4me t hat the required shape cannot be nMBCEGB2007/002335

(because, for instance, theregis insufficient

material) . (This is nore likely in the case of

ser vildd-sworangrarson aay i detkendase tdfatnevhparséqulreéd shape

Cégk%tcas%ethe bl,ade 8emAII be fﬁ%fcted and the next _

108 18°8el BEEG fr AT TRESPart dert ATk ect éfpere  is

iblsaded ci@nar eapleaded )an (el £ oy aexdre 3t ko1 PeikepR¥ed se of

fromthe cell for assesspent el sewhere. Conversely, Xa

SERY HFeaHe T8 ReF tfetidtdh ntd Ebebeawet Iffh mpecvdieat) ofip this

n LS 1kequi redy, . The, bl kS pl aced
Cttaﬁg pﬂg%t mﬁ%lg%%r l%Gq'&éhnl the E%g%%%ﬁdéas?% Efelgec eé%. ??ade i8
seheclhleadef 4@n | shac gepttabheldthe ldanpRs i sonedebdaer st B8 are

asured data and the _design data is used to define
BRGS0t ol 1 g PAFARBL 6f's Worot nEePBIFanifign the cell for
aepekaican, cdekivhcrg .t he material renoval that is
needed to produce the required shape. The neasured
datacgﬁHeFﬁélgmnﬁ§H@ﬁ91Qiﬁ@?zﬁ%a%ﬁcﬁ%ﬁﬁ$mﬁ@@ﬁpUere within

: : e e, ~a base)._ i t.he .
S%%%%%%Sﬁgaggénti |ern?o“ﬁ?ﬁ€ ?%e#FF%H?ﬁggbfgle.b}Fthél8 1S
replbcednt annstltee npeber  Gfo lneahi nés andt adles, nidha datiade is
STRY gl 0 be used to select a machine or tool to

perF Pt he machi ni ng operation. The sel ection woul d

be basednhen msiuete Q&Kaﬂﬁtéﬁ%eﬁia%ﬁ%,p%ﬁkat&bﬁﬁérison ﬁetween
machi ned, the amount of material to be renoved and the

LRGr MgasUrERi SRtRegly dde TrsimMatiag vpeved ion dafine the
LeguLie ARl Y 0 r requkte,a _sequence_, .
“of oggséﬁgonggﬁg?%gggﬁ% o?mﬁgreqﬁééhiﬁégggﬁéPg operation,

defaplngi the amatechieii ngroperiatitet wid Inqwigdeto produce the

rgescri ed.,i_n whigh only a sin ol i shing operation

S Eb P Rora"A T niEroS0Sind et horianthy egmaie e data

afee spioewddeth | Bohpateel Ist oy dr (Ader «3AmPas, 85 database) ,
grindi ng wheel 32, and

usSing thé component identifier to link them to the blade.

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
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.

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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t he polishing machi ne 31 has a polishing wheel 33. The
bl ade 18 is delivered to the polishing nmachine 31 by

wao b@sioendpul at or 22. The blade is held in the BPCT/OB007/002335
of t he mani pul ator arm 26 throsighout the machi ni ng
operation. The neasurenents of the blade 18 nade
Cheeviagutyl atogeaior 2@ fth noveHonownt: par maeh ensnof opkeation.

LI RRES | pukatgr. ar are combi ned to determ ne
T?ﬁe po§?%|on o#étﬁt %ﬁgdelggeréﬁ%ﬁ?i etBr?ﬁéOBBﬁYshFﬁgether
wibhi tiee 3 kndatnunBa ramét eise, otthetipdl gshibha haed fdnipulator
rotates, and the nmanipulator arm 26 is noved to cause

Affle BT EMR I Dest Heine Hehe upeatelon ehethheblade 18
r33atihe RQ ikshi pg1uheeh 3RSt d %tlatogtg%nes% Known

speed and apply a knownforce to the 18, to
pol i B i usien adber dandéshing t waeedl cGBat edtamebi ni agd the

. le. i fferent materials require different
méggggﬁagﬁ&( p%%is%?e%? IRg= 11 SAPRY Egﬁi Biei 18 to bear
atypneal lthebewatfard @fertHy easase. 33 Musepol Nehing v_la_heel 33

‘ o%ishin% wheel 33 is subject to prgﬁge33|ve wear. To
niigdr 698 At ST Po O™ tIRESHI3xhi 3P hachi keown force to the

piRakUdEs, Megsyd S :hy j condi ti of,_the
poI[shingnﬁheg%ﬂg%ﬂggﬁebé%dé%€$ﬁ$%%%g?n%ggé,1%%% F?éculated
mpebiniog ajhestwele so(Phaferentontitends liso mx@iirea different
f.arc surface speed on .the bl ade 18., The .
*Br Gar eSLiy e DL e R ki {hetvpically
bpr ati lee nfwdheppedsshe Ny vheake, artheS Al sSHiHARNIRe1 33 is
oints in the machining cycle the wheel will be
SﬁQJﬁFBf iHePTeIFestbYe VRETcorFecedpress| shisd Hiahlsm, the

dhesAeASURI-RG shRANS, C d 1.ne _t rof.i| e .of
pthe?gql?shﬁhnghegﬁﬁ gﬁ?gﬁ%€%0§%§Eg¥Qﬁ%a@%ﬁ@ﬁe§pldﬁ%lCh the
cagflistpentofmayhe ape ljlshdagparhesny 38hrarghba macimiiiged in
eratjon., asuri devi ces incorporated into the,
u%%thﬁ%gg &giecPo?ﬁgg?%mﬁﬁiﬁiﬁ%giﬁ%r1 IFcidfi t OBt inmes to
exoot. aOinocomal forcd WidesuPEasHr spgedevnCesid it 18. The
cell and wthin the _machi nes detect the anbient

Phressirevanicténmpeddt rleo Gragetoi A chesgepdmanstersrofile
ofBYrRf F861i dMeng wheel, and so at suitable points in the

machining cycle the wheel will be re-profiled to restore
the correct profile and finish. The measuring means can
also determine the profile of the polishing wheel.

This process of measurement and adjustment may take
place part way through a machining operation.

Measuring devices incorporated 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
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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machi ni ng operations, and so the data fromthe

measurenents are fed back into the definition of the
wore@kiom4ny operati on to conpensate for envi r onPENGRR007/002335

condi tions. Such conpensatiomw |l normally take place

in,the initialdefinition of the machining operation,
dghinifign apfe BhangeashibMdi taRARA T omlet dotted idur englarge

hi ni_ng [ t c al so be -

B sured S 12 ents noytesthbae B iR & machining
opentktabhi, ng Yiar anetrgrendrot ensaye thab the finedmeastired or

[,S m%thin t he ac%eptﬂgfe grigg%%a . As_well as using
2PRRE RGP T onPPoMmallS eEP fdbGERTEBALEBY GaRameters to
eﬁéﬁf@nttﬂ%ch$%etfﬁidéﬁ(ﬁﬁgﬁﬂ(ﬂiés wiok £ S@héhaécceptance

over time, statistical information can be generated
ChbbAtifke environnmental conditions in which the

pr oCgSS .j.§ 10 i LS L r I be., used to

For i ae 11ed oPaL ae i THAE, SRR ARY R i 88¢ Eeaback
cpnedptt iofe teehnuguestt prreceass that Lalforhatiexany estored

i f the statistical,infornation_gernits a better

SOndétStdndi RGEDF  (HECef f ettt Git ttmhged "R RABLEAt can  be

géREPEEL AHUIB AL t BBe PEAGETHNRRMANMENCE1i t NS t BE which the
process control paraneters can be changed as soon as

PERABPEAL {enpepeXafingharlies dadiauneg ftdmat melye be used to
r@f?ggct§h@fg%&ﬁf%ﬁpcggaiﬂﬁkﬁPﬁﬁnalQm&ﬂHﬁ%gﬁgpéy'tgﬁedictive

specificati ter € polrshing is co
tétlhdeql8si s treaspredeagai ocohy roeasuridyy egubppesl 36.f  the

nd. t he nmeasurenments are conpared with the design data
S‘?%?}?Eécﬁ' nilsf}ﬁeéﬁamtﬁ%&él tBHBt BF nitheP Akt hetindggstanding of
tiRol i shedcbkadgr18changssepi /bl gmp BEGRUSEhDErature on  the

definition of the machi ni ng operation takes account o?

Pf%@efﬁHﬁQﬁfQﬁmﬁnQ¢ont@ﬁmfﬁﬁ@l&d@QEﬁsthenttb@iﬁmm@meters
oS T IR 0t B BT E TN changes,
ehsmkengt othdre paid prdhetonpanenhel dppbibker )wil$0 remain
wigﬁqnigégég?iéggigg.any devi ati ons can be used in

After the polishing is complete, the Dblade 18 1is
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 the machining
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 used in
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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determining the paranmeters for the machining of future
parts, to further inprove the process control. The

w0 ndosiomapé on from all previous machi ni ng oper aPCDGB2@AN02335
be used to generate statistical information about the
process, and about adjustnents and conpensati ons needed

2pg ARAMiEe 2EGHSTREBRE Al sSCHPANAEPRRAT INegdSsh. TP nproduce
cBH%i%%gnkcf%rgﬁ‘ézglgtﬁqg% s&a%%ifﬁigaéfﬁqqu al has been

renoved, 18 is'rejected, placed on conveyor
34 add removedl fkehyt deenkl Ehabneea eaddl adetdBiakehas been
t he acceptance _crit rned b

rja, it i.s ret t he
TRERTBG at OIe 25 1065 HE phPt TR e, BIRES e T aEeyor 34
ah8 e FReessed.cecand so on until all the bl ades
18 fromthe part holder 16 have been either processed

or répea édie eadsarkd Hegeley Qleei aceprhapeansteEpsdaroit is
' t n na, 4 of

wLRE | RN hal BB SRR Pl s 6. e

nedascriy bmede r épr dsentlseronpyoaessrdl, e saxanpd eoof urhell all the

ppl i cation of the .claine th and _t hat varijous .
bﬁﬁg’iefsi cati onst Way B meeir Hﬁh%ggéﬁepgﬁt i ﬁavrer os%efaﬂe either
p$eeR@ sfd t heri nyeRtikeBd. Thameet hegrié s Retidkim tiedl tOs  then
aerof oil conponents or gas turbine conponents, but may
tpanggginired tiee stibst adiealeny RN VRYRK aéPur é@d 1s moved out

0 nent... The descri bed enbodi nent perforns only a
O%o@%w?%glldper ation. Even within the cell described,

t he Tet hotl repebeampmdistdd peatorthea gnbodimgnt described

operati on, or. successi vyel to perform.grindi and

TEBFFSRTG Pt T onLho T he SR fay koonltal FORbf & bfon of the
clbfifRienictsd) Nesd aRdtNMBurhave andHiffeieod AYRM - be made
Sonme exanpl es of the machines that m ght be incl uded

wat& oy fERRgtinchifsiomgher sssibss g heodinrergolarshi ng

o0 i SRS S0l IUSILIG MBS QSR AR it ox
gher tedge rdebtompargents, but may be applied to substantially
any manufactured component.

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
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.

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 it, using any convenient means. Several such
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More than one exanple of a particular machi ne may be

included within a cell, thereby increasing the cell's
w@apaoiuyot o performthat operation. The part SPCEGBR®7/002335
delivered into the cell, and genoved fromit, using

any conveni ent neans. Several sucharrangenents are
PRARTEmSRIudi Aget héﬁﬁ%ﬁ‘fir holiderdgddexer i bed, wdirtat i tplders

d@@@ &m&ﬂss%ﬁkﬁ%giggn %BM%%S' %E%s€ﬁ%%%eyokgng%Xi§?s, etc.

d
used, as 'shown, or any other suitable transportin
Comamres/orAn mbyerbmt insedhandbsi nghoweans orayahe usdter suitable

instead ,af the robot rmniﬁggl ato readi ng of part

. Th
AR T BRSRTi bl DLESTRAFiBAed Bl i BgAAR ynay be

weeld s Rldhest t@ehnidliees rsythh asdmaneti ¢ characters,
magnetic strips, surface-nounted or enbedded RFID etc.

or aldénbineadiey oPfanpast t Hesatitar eranpbescaibed, uses

Y r in i enbed
betiget FAOmAD BAREOCT GBI MR el AR ETRELdRs fpon s
mplatettie ekpeetédrpar tmdnqusebeen stetged ed,sw@fdhdedmounted or
rej ect incorrect part. In_the case of RFID, the
© Ftddl’ﬁdgtn%#@gaﬁ di sT oFSTRAGR 2T Yeadli¥ e@inalyipee  (for
eketpiievedaf r omsihecRED tag i nst ead-Qfad r YO gAMRY €hith  an

storage. Likew se, details of work done by the cell,
caRGIness lfdient s made therein, may be stored back on

tot REl D 1 (MY .af  ( ' :
onpits SR AR, (oL 9% el LhBiom chae cne
edpbediced patrtt e sparders edelcdd¢oad Stage, tandedeplr inMiyicorrect
be reject if too ‘gont am nated. Sone types of

d
PE&htanithattonCare 9bt RFhent &% P3P Nt FigPahgend dimensions

whBehi Shhpg Wheelsie@r BNt @8 NRELORNYBRY berdfans{erigdp taqg
to subseq%gent parts. In the enbodi nent described, the
1pgiteaids delfdr By adme e ppErovdge hel ke pes at details of work

LU N IECT 9, 00EEPLATD o RO Ly, may o
sheaeyl dracdonpt eXxeo the P& coud dihetead of (or as well as)
into computer storage.

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 subsequent parts.

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 1n a separate fixture. The measurements of the
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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secured in a separate fixture. The neasurenents of the
part, together with the known paraneters of the

w0 20080121890 may be conbined to determ ne the posPeCT/GB27/002335
the blade 18 relative to the $ixture datunms . The

mani pul ator may then stow the ﬂéi per and sel ect a o
98GIERb Y rdhiNAHPHGoto% 0 FRieHe nehemerprfermThhe machining

og&g@&qb&g tool, nounted on andgui ded by the
ni pul ator, could then performthe machi ning

oper &tiher., CGbheraddirtiaddil, odaka detw ey becvededdethd fed

and f.ed back into the prqcess .controlling conputer

b?ﬁg( ﬁél?igu%?lﬁg PEEVISEEs (%ﬁ]gtrfgﬁsl&gs cﬁ’ﬁ&lwﬁ@q:dupl i cat ed,

to gime gieadeficpniiedenes idhd h§eﬁ§@§er&m§ﬁh U1Se OHubQicated,
e

provi de redundancy in case of failures.

thr 0GaYS- cHXERERIT noBSReNSE iy t ke t meabormments or to
disst b l; .S Thd be one in which

ptlﬁe ?gn#%gﬁpg%gkg?lﬁh§§%$§RQ£ gﬁgﬁﬂﬁﬁghines are |inked,

or maebe mee s s asitolo t hiengrachinpese ar eagutte@noiise form of

W t.h only an i nput trigger. Where the conponent, ,
2 et tsedstcocgb By %%f%?m'r nf%?ﬁaf“iaéfn%@aﬁrk?e LR o¥Bgch the
cbhttlbe 1pait di sehé. iherivaxapl enadifidabi-an 13RKdq t her may

servi ce and machining history of a part could be
bgt i, Land st d-hiheRapiiacession| @UubonrPRgUS uUbSdduennly an

. pRchi RiBG QL. assenmbly operations. It will be
lggprecfa%g%rthat di fferent machi nes and different

t ool ¥heirkl <hff ercadiddrerment tdgpesitof progressieye wegr RFID,
r.omthat described in connec %pn W th ﬁgi di ng_and

K
TBEPFERFAGAWITES £° bRECTRE S8t Rpr BTl pefor example,

iappkinedibe rEssw etand corpensakedf Qﬁaéﬂa{imfah,is%@y of a
periodically to re-profile or refurbish the tool or
PraEhigralldwes esthraedi s adshropil @t shenpnfosr ma¢oRs bale hduring

~HB3E ORI 3 ALy e Satadan uoee Lo,
usedIto wilkht idy wbemeaiparid cthat tdidfdami eaghednes and
d&?%e%ggtokggfél&ffﬁ g&f%gg ggfferent types of progressive
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
may be stored and used to manage tool replacement. The
stored information can Dbe used to identify when a
particular tool has reached the end of its 1life, or can no
longer be refurbished. The tool can be flagged for manual
replacement, or (in a suitably equipped system) replaced
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.



10

15

20

25

30

| onger be refurbished. The tool can be flagged for
manual replacenent, or (in a suitably equi pped systemn

WO epBacam automatically. It is also possible tBCUEB2007/002335
this informati on to nmanage tddl selection, for exanple

sel ecti a .newer tqol for.a nore critical part or
V\heréts?&%fsiéélsf MA% T CPateFicet £y %pbr P nthegparts, but
3PP "hamtweted 0ohaf Phe fr | 8886 hEHER] Eﬁ'i% Yata being

for a rough machining operation. Statistics may be
ue6d eredrnedichsveomatihgepance,. Bl sal sof @rmatheon may also

i nes ' erf.ornmance, .this data bei ng used
st E2F Ve P APEn G S (TRt T Ohe Ry Brage from
bled nigs gtk; o def seek aoip| @, maehpheveModyd ghod £eish ORsPAtS rmined

fraom bei ng processed on a machi ne whose condition is
et nPRBE ©OF PEYTOr Ve T wHos ftkaF i Redeter Reldigh. These

phethi afhy hese paddey yohernel ected; A50pLLRE LR NGsther
arts queue, rather than risk producing out of
thererahele pardycisdclputachf negleugnsei [dadies .usédchomachines
less | +{cal_ _par whose specificati.on | iLes wthin
e dgéitt'%Hri ncllejg ca%% i ?Ef(/)rof fie” magﬁil%éf.ca‘%hi P§Ets,  whose
sadveditiagedes hese thehtel khepelfaaieminral tensasi1{©§f of the
inﬁt,ance t hrough the weekend. It is anticipated that a
MEESuch T8 St hat® dESTAPBEdSRud dBETent E§fat 66 1ilnt epgrates
uh @k @eh JERNUIRG UnG fRCidHhgrS ¢ Hchdle LR et ed parts
woul d be transported directly for the next processing
st ep Itf ors exahpterabdd| ehladi la. cdhe dath storedati tlescribed
t.(and i tifi.ed by.the conmponent identifier) ..
wgg% %aéégﬁgg%} fgg HE et LoFSEes .anﬁﬁfasc'%rjrﬁlﬂelf?‘:lllty’
sbo tilec udempeasadegadatsa wsuldebdi reRSIsPITteid therectly for
g‘art, but may al so include rel evant environnental
thst ¥ br RECHRANE Y t ERPBr athie SFoFRdepapedalet Rl The
dfkat Be JrRehkAItHg LRET 3ld.on. (Fhe P&%Yﬁfff@%o}gyt gh% fFomponent

information to the next process reduces that” nee

- idkatipiecessan ekpaseadurenent sthandealtspmperadd s This is

18AS00N oL BRUAIPL R 00 BBl BETSERLLS e e he
paenf ot yagf 4l paidsudd tdedvaleSé@Pi ronmental 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
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
that, for example, a part finishing cell directly feeds an
assembly and welding cell, which in turn feeds a module

finishing and packing cell.



10

15

20

25

30

35

intent is maintained at a high |evel, and variation

bet ween the key paraneters of parts is mnimsed.
w@z008®123y adj oi n one anot her w t hout human orPCDGB200GN02335

transport between, so that, fldr exanple, a part

finishing cell directly feeds an assenbly and wel di ng

cel | :C‘Ihk\ﬂﬁ%chlisn id-biuﬁ. f8£8¥l§e§od’ﬁ| RS hi by ampriorming  a
nRREKIHIG L ebbe FAEL 6ni THAUSoPFOVE dgd @i@@lﬁ?@aﬁ@rimprovement
perform ng a nmachi ning operation that offers a

oSieghieEn S thedsrement over known nethods . The

initi AL AL g [ on I rived_fromthe

dosi oa nEent St e P e o e L ek £xom
tihef olemtgronimeasur edla oshape pactsiticam.t iy t eeb8ing back
.%gg na%Pines and frog%the nvironment, to nodify the
TOSRTFEIHRy PEFAHEEEr SSEBF £RE RRAFRI ndT6Per AhPorisools and

malt® i¢ledi, T2 d2 AR haG- Y 0dWRES R S-diidini@re BRre noq4:ir the
consi stent, and whose geonetry is closer to the de5|d%
Jomitaivtll iTigei P2 peiebRrRENCECY s thisereéohéninpr ovekathitss, the

I [ | [N rs.to be varied and
e o Bl MR AT Tnt nrfec Ehg otehe, and
whiosee s giepgettinye disd thesarunb oftheat eeisagnworikiteg:r .By Their
egprdin the information for all pachining

PEIGPAIPONE.  LF at 1Tt Cht Hat FEQTSEe. gaheParaks0 ad kates the

mRICOGE S $19C OBk F he €8Rs ba- § Upkhera i 1y oved by apRk ¥LY £
this stgfﬂgtical know edge. TTﬁs knomﬂedgepis useg ténf the

copRitdonsheapdr tte i melnighase, theol Pngcaashngnanoee arthd  the
a%%%gkn%fnﬁggg§ggﬁc%br§xn%toring i nformati on rel evant

to each part, so that it "Can be passed on to
subseguenteometatdg onshien tief smmalf oot urifeg route, wWhehining

nunber, of discrete nea;uring operations is reduced,
ORfTd by °LEki nGTERESkAGRA | ARDR metidn St dREGHRIMheRd  the

gekbisRy coirol papansd ersrthg-confrdidy B8 tdishy; ]
pfianhe;d garts S inproveqF Thg uségéf envi&oﬁﬂg%t%ﬁng- thls
sitatdsivachén yeawdedae ni Mhdls chnevbédpar dret essdt ddecontrol

tRE part final shape, tooling maintenance and machine
maintenance.

By storing information relevant to each part, so that
it can be passed on to subsequent operations in the
manufacturing route, the number of discrete measuring
operations is reduced, and by taking the known information
into account when setting control parameters the conformity
of the finished parts is improved. The use of environmental
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

performed.
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with nore confidence. This reduces the total cycle
time for making a part and reduces the nunber of
whaovdioingo oper ati ons perfornmed. CLAIMS 1 . A nepdiDGBR@17/002335

perform ng a machi ni ng operatd on on a part, the method
characterised in that it incorporates closedl oop

ol based on feedback of neasured paraneters . 2 .
A nmethod as in claiml , in which the feedback is used
to adjust the controlling paraneters for the machini

n

lopermetiopd Sor AerpRBdndsai RaChaRde GPSQHRA™® on ifhgpart'
which. th t.ers ri;se; 1 d-

o8 B30, TERSHA CE-PECRIT 81 e ROED 01808 po-OES Cliose

1@@@§¢6ﬁﬁmmﬁsbae@&ionnﬁeedbaehsufemeasgred4paﬁam@tﬁ@a-
as_in any

preceding ¢laim .in ich,the :
2 nah antlard %?elgtSaQ&ma&d &gnwggcghg?éhi%%%ﬁ%%ﬁgé%s used to
a@f@&@tiQ@% I ncbRersBNUhgct walragheteutse ofothe thar t . mdchining
A nmethod as in any preceding claim in which at |east
ogenetbfnt he neasured paraneters are used to generate
statistical _intor Iy a t.qt chi ni gk I @Basured
35 & i hfoatad™ Moar s A 8 S i e The St ot 6o o
péﬂﬁ@éﬂ@ibOﬁomﬁrmseddmezmﬁlmnraIuiuxpar&ﬂm¢a§prements, tool

paraneters for the c¢hining operation. .7 . A ne
neypYrgRerafty as &EggFFﬁ%d in qﬁ%?%ﬁﬁﬁﬁ?%bationég§gfﬁnment

nbEEELENER:E0 and as shown in the acconpanying draw ng.

4. A method as in any preceding claim, in which the
measured parameters are stored and can be shared with other
operations in the manufacturing route of the part.

5. A method as in any preceding claim, in which at least
some of the measured parameters are used to generate
statistical information about the machining operation.

6. A method as in claim 5, in which the statistical
information is used to adjust the controlling parameters
for the machining operation.

7. A method substantially as described in this
specification, with reference tc and as shown in the

accompanying drawing.



