MEASUREMENT OF AERCOFO L BLADES This invention relates to the

measur enent of the surface profiles of conponents. Mire particularly,
it relates to 5 the neasurenent of aerofoil blades of a gas turbine
engine. In a gas turbine engine, each of the rotor blades and stator
vanes is of aerofoil cross-section shape and nust conformwith its

i ntended design, withi m@ggyﬁm%ﬁﬁi bﬁdﬁRgﬁ@Eﬁm@@gl ity. For
i ng edge i

exanpl e, each aerofoil has a |l ea esigned wth a conpl ex
geonetry to deliver a specific effect. Deviations fromthe optinum
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of aerofoil edges is conventionally done by conparing a set of

measured data 20 points to the nomi nal design profile requirenents.
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must lie in order for the blade to be deemed acceptabl e.
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i mport ant suhenfibenedgéfpeds i dre pescinamcdesi gned to be circular, for

exanple when it is elliptical. The | east-squares nethod is al so
limted when the blade is neasured part way through manufacture, and

has mater rak wWhigdedsnatt t6f becbamByadiyor osherfetdmibl adggghape s
wil | chan%e due to the manufacturing process. Additionally, 10
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ti”E-QQnSBBHﬂﬂs to the nominal design profile requirements. The
design profile has a tolerance band within which the data
points must lie in order -for the blade to be deemed
acceptable. The tolerance band can take a number of forms -
unilateral, bilateral, constant width, variable width, etc.

25 The assessment of form is independeht of the assessment of
edge position, so it is normal practice to do some form of
best fitting of the measured data to the nominal data
before making the assessment. The standard method of best
fitting is the least-squares error method, and following

30 the best fit all the points ofAthe measured contour must
lie within the tolerance band in order for the blade to be
acceptable. European patent application EP1615153A2

describes one such assessment method.



Conformty may alternatively be assessed using nechani cal neasuring
devi ces such as go/ no-go gauges, but these can 15 damage the surfaces
they are designed to neasure. It is an object of this invention to
provi de a nethod and system for neasurpng a conponent that
substantially overconmes the di sadvantages of known met hods. Accordi ng
to the invints arethdeeral issgasewedsddacrenhbdtakd fusyssemwft of the

measuri ng rof i 0 n I regi.on of _an _edge of the
Comonent Tt daRe e The FhlepaRten OBl s S EABSaaIE of
t he i nventiilen addd Inowdepadeson bedthby regjyoné Exatipde,awdth This is

reference to .t.he . acconpanyi ng draw ngs in.which; 30Fi e 1is a plan
view of pdttt Of éé‘ti oﬂ&/qcf’ﬁgc&?&h &P5Padé M s h&ilasy tﬁfglﬁlgfdi My edgﬁé:,
Figure 2 idesAgiad tar 4 aniagudwre, sliew Bgafhipledahan pot nis @l Biptical.
selected; _.3 Figure 3 is a simlar plan view, ,show ng haow the | eading
edge poi ntTl}es_ Hrmeses merph@i%gd'rse El:‘ii'_sios ST aY‘fhgeﬂ aleyidhgde is
showi ng posidduansl f paroeasy enRRbugh thintlcaessrand Hoi f sek; withrial
Figure 5is a simlar plan view, showing alternative ways to define

the bl ade "HHiTknessYeFhECT RfertPoictse8Ta YhEvE Hhst IR ebsr Midilng
the 10 | eathigeedaRePOitBl ©het headl @08 u alhonibRgckhe . Meass €thparity of
t he ed?e, and then assessing the edge thi ckness and of fset at a
nunber I9f FFRAIERE Rfory FRELbiUde PRI a HEttE drheaselofance bands
represent atd Qplagdeegnlre lines 15 are shown as straight lines in
the drawings. In a real, curved aerofoil blade, the blade centre |ine
will be curved. Also, the two sides of the blade are shown as

symret ri calomrddtlity SndiPt a4 8HRhLY1$41, CAS€ assessed using mechanical

measuring devices such as go/no-go gauges, but these can

15 damage the surfaces they are designed to measure.

It is an object of this invention to provide a method and
system for measuring a component that substantially
overcomes the disadvantages of known methods.

20
According to the invention, there is provided a method and
a system of measuring the profile of a component in the
region of an edge of the component in accordance with the
independent claims.

25
Embodiments of the invention will now be described, by way
of example, with reference to the accompanying drawings in

which:

30 Figure 1 is a plan view of part of a section
through a blade, shéwing the leading edge;
Figure 2 is a similar plan view, showing how data

points are selected;



20 Referring first to Figure 1, the | eading edge 12 of a gas turbine
I nternmedi ate pressure conpressor blade is digitised by neasuring a
series of points 14 fromone side of the blade to the other, ensuring
that the end points 16 are sufficiently well clear of the area of

i nterest, say 6-7mm 25 back fromthe edge (dinension 18). The spacing
bet ween poi nt sFhgeds Bo ibe sappmopriratrd ano ilee' ;| edalwicgr yatwrtheof t he
bl ade, with a snaller spacing. araound %pe edgg_(ZO) than on the

flatter parts ﬁ?gﬁ%? Patk ? : ﬁﬁTqﬁﬂggméQanﬁle, for a physically
smal | bl ade, tReéghirest 42mMmiseaneskiinh2ad0 beadi ngiedge (dHwring

"measurenent zone:),is neasured using a Q.004 acing, and the rest
of the fornl(tHSSlﬁéﬂ??e %%ﬁé CT&?QR%%HﬁWgzodﬁg?]%@lﬁéﬁgﬁ?edQEQ ng a
0. 030nm spaci ngrrAaY; camyeni ent net hod of measurenent nay be used,

contact or 4 non-contact,, such as co-ordinate nmeasuring nmachi ne
(CW), |aser tfiang8I ati onS in?pr 5&B&%3pr oBéanet ¥iew, showing

alternative ways to define the blade thickness.

The i1nvention uses a novel method of determining the
10 leading edge point of the blade, aligning the measured part
of the edge, and then assessing the edge thickness and

offset at a number of positions along the blade.

Note that for ease of representation, blade centre lines
15 are shown as straight lines in the drawings. In a real,
curved aerofoil blade, the blade centre line will be
curved. Also, the two sides of the blade are shown as

symmetrical - thils is not usually the case.

20 Referring first to Figure 1, the leading edge 12 of a gas
turbine intermediate pressure compressor blade is digitised
by measuring a series of points 14 from one side of the
blade to the other, ensuring that the end points 16 are
sufficiently well clear of the area of interest, say 6-7mm

25 back from the edge (dimension 18). The spacing between
points needs to be appropriate to the local curvature of
the blade, with a smallexr spacing around the edge (20) than
on the flatter parts further back (22). In this example,
for a physically small blade, the first 2mm nearest the

30 leading edge (the “measurement zone”) is measured using a
0.004mm spacing, and the rxest of the form (the “centre line
correction zone”) 1is measured using a 0.030mm spacing. Any

convenient method of measurement may be used, contact or



Referring now to Figure 2, the first step in the data 5 analysis is
to establish the effective tip location. The effective tip |ocation
is avirtual position - it may or may not be one of the neasured

poi nts depending on the stage of manufacture, and it may fall within
or outside the material of the blade. Starting with an approxi nate
edge 10 cemnedntzet24,sudie afigecppoflihetes mgievudédyi maghtine paIMM),, a
concave 2 art _(these corresponding to the concave
and convegj§%% §€§§9§§§?ﬁ§°§faa%)ﬁr%s%ﬁ%§g¥§§$ F%g'neasured dat a
points in each part is then defined. First, the extrene neasured

point 30 is didentified The 15 first, po nt in _each part 26, 28 at
| east a cgﬁfﬁ%l&gst%%‘ﬁe% b%%'ﬁuﬁ o%\’t hjég‘%xt‘ﬁg@ﬁ& p%%‘ﬁ’ 3% j Ehendrta
i denti fi edinaltydse ipoiid SeSPabBésiar ehé hafFeesivpotihbs 1bBacash. subsgt .

A second distance Y fromthe extreme point 30 is defined, and the
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i nt er sect BEnépaicte fisbadéheonkbuemai pbihit N8 bl pespentirculfAred o these

bl ade centr i_n These li e set at. positions that ar

det er m ne%og?h:ghgziogge ) igggi %ﬁ%??alﬁ%]en%¥ Jtrheead%' tsé'lb&ett'hz‘ 5P6PPFe.

For exanplkésthecki esfnud | tihe ekosemct pgéhhesoneiy &dLidded, Spaeadieng

apart as the_lines nove away fr mt'rj?] tip. In this exanple,
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1. 580w f peinthenblkadd tupsetd In this example, X is 0.lmm and Y is
0.8mm. There are now defined two subsets of measured points
40, 42, respectively associated with the concave 26 and

convex 28 parts.

25 Referring now to Figure 3, a least-squares best-fit circle
44 is fitted to subset 40 and a least-squares best-fit
circle 46 (which may have & different radius from circle
44) is fitted to subset 42. The intersection point 48 of
the two circles 44, 46 is taken as the true blade tip or

30 leading edge point.

Having found the blade tip it is then possible to determine
the true blade centre line. The midpoint 50 of the blade at

a reasonable distance back from the tip, say 6mm, can be



In addition, the distances 56, 58 fromthe bl ade centre |ine
respectively to the concave 26 and convex 28 sides may be neasured,
thus giving a neasure of the blade symmetry and edge offset. In this
exanpl e, these distances are 20 conputgd at 0.180mm 0. 380mm and
0.580mm fromthe blade tip. Although in this sinplified exanple the
di st ances deerf8nade sahdt diftaral theequahtreén dmeal tier nagfimed by a
enbodi nent_, where .t he, profil es. 28 .are_di.fferent (wherge there j,s an
of f set, oﬁtga&ﬁrtuéﬁug%n%?ejﬁﬁﬁg?gtﬁg“ai?%gﬂgégtSéP §%>M§F? §§ad1ng
| i kew se lelgdi flanents. Al ternative nethods of cal cul ating the

t hi ckness are shown in Figure 5. The first step is to determ ne the
| argest circle 60 that will fit inside the edge profile 26, 28 at a
30 gi ven pash ive oslide £Lende] |dTend2itdheehtib€kness s2an° then ore
defined either as the circle digneter,GZ or as the distance 64

bet ween t F8ICKBFEnGaRt LRBRNPS BBLeEBINeG Ty

t hi cknessescdndedd Sehs whibh wyhei klest g fIg0epi saét cbstBAsShAS,
to determne the acceptability of the edge form and what processing,
if any, idiREEded t BOFPBULEENAT atlepthnl BLBfadEenErpt 14N . be These
appreci at ednbhat stbe Jurof hte g el fLapentaal dikbenentahelghts .
along the bl ade. Additionally, the ellipse ratio may be cal culated
for eath I@léfivee HBPOBFRIIOL O6mM B¢ f dads ThE diNg ppeofalee  For
descri bes e a f syl fac n b o] r an .
adapti ve g&%ﬁ?&% ?gf? %%Hgio &gg gxgi%%Fggrsﬁﬁ%%?qﬁkef%gﬁieeé?I?bggs
on t he twspsertlavgs atigfifteras ather thislescemve bvae tfoomheHs adépi s In

det er m ne d o ! Lor ' ' re
ool cul it | oRaR QAR CREEKEL g a28 cahlEa i AR, ST e orm
be nade t 6 .bR6mmet hol88mh wud 14D &0mins fdeadrihet bdagdeotip.

15

In addition, the distances 56, 58 from the blade centre
line respectively to the concave 26 and convex 28 sides may
be measured, thus giving a measure of the blade symmetry
and edge offset. In this example, these distances are
20 computed at 0.180mm, O0.38B0mm and 0.580mm from the blade
tip. Although in this simplified example the distances 56,
58 are substantially equal, in an alternative embodiment
where the profiles 26, 28 are different (where there is an
offset, or a wvirtual centre line) the distances 56, 58 will

25 likewise be different.

-Alternative methods of calculating the thickness are shown
in Figure 5. The first step is to determine the largest
circle 60 that will fit inside the edge profile 26, 28 at a
30 given position on the centre line 52. The thickness can
then be defined either as the circle diameter 62, or as the

distance 64 between the two tangent points 66, 68.



alternatives enployed, w thout departing fromthe spirit 20 and scope
of the invention. The nethod could equally well be used to neasure
the profile of a trailing edge of a blade or vane, or could be used
to neasure any simlarly-shaped profile in any 25 aerofoil or
hydrofoil or simlarly-shaped conmponent. Some particul ar exanpl es of

such conpdhentdmeaelngr the Brapersdrhigmainssorancmt Hopulsitie the
static vangss; dpgﬁﬁff@ﬁe%{tsbl ages. 3 30 ;%M@irbﬁ'é)nstdwléee@mne “the

according to the parficular profile of the conponent, and according
to its si AcceRiraleddiny of tthe ¢idgendren 28dnaabeprocasmind orifl amger

gas turbing, bhlades; @ ﬂ@g&@gpQHSQégggg%%B%irn Jde propel ler blades.

7 The el lipses on the two surfaces ma ar to each other, or
may be #ifferent. Alternative nmethods of finding the tip point could

i ncl ude: it i i pecl t inst of
finding th%eJJ b“sels]tl- 19? % %%%ﬁrcgi%;t%gur%\%gf ?f‘ Ei ﬁgggf(l:??@%e %fgs Jgglfceer?rfton%t
the edge (difEFfemntrieightsoréchgxele polads. from the edge); fitting a
shape that is nore closely nmatched to the design shape, for exanple
an ellipse; using a curve fit with 10 increasingly fine point

sel ecti on mRlittiedaIiv,s @ppradchee. daftichendyt aste &Eﬁl&:xﬂmﬁﬁdeﬁord each
curvature or. exanple, if it is a_swept blade).then the fitted curve
iy noth 1 i€ it SPR 119 VRS tHe R 5RE SBon S e P b P e L Spei 9 e
enmbodi nenttHenghdpei Idfustiat edricace handr avdngbhs) uddd 0BY cextend igdh

three dinensions: In this case, .the curve would be a great circle
path on El%ﬂﬁﬂg%yqnmqﬂhqnﬁg6p&; to produce a similar shape. Where the

ellipses on the two surfaces differ, a virtual centre line
to the blade is determined and wused to ‘correct’ or

15 ‘toffset’ the measurement calculations.

A skilled person will appreciate that modifications may be
made to the method set out in this description, or
alternatives employed, without departing from the spirit

20 and scope of the invention.

The method could equally well be used to measure the
profile of a trailing edge of a blade or wvane, or could be
used to measure any similarly-shaped profile in any
25 aerofoil or hydrofoil or similarly-shaped component. Some
particular exanples of such components are marine
propellers, propulsors and propulsive static wvanes; and

helicopter blades.

30 Dimensions will vary according to the particular profile of
the component, and according to its size. For example, the
dimension 18 may be 12-15mm for larger gas turbine blades,

and perhaps 30-40mm for marine propeller blades.



Al ternative nmethods of setting the blade centre |ine could 20
include: joining the md points at two positions along the bl ade, one
close to the edge and one further back; creating a curved centre |ine
instead of straight, by calculating the mean |ine between the convex
and concave sides of the blade (this could be useful when the bl ade
has si gni ffhgarRl P sQs vak utdeatt wheSeekasjes ABRYh&S niinigdlapose t ReRDof

the bl ade 4§00l ¥raRa§stlnal £reAedr e accurate centre line could be
found by iterafing the process until no change is found in

consecutive alignnments. 30 The process can be repeated, as required,

at severa [ .+ glo | eRQ § H%%g. L fiiql .
ellipse rg%?§25%g§9%aﬁgtgpg%gg?h%fwgﬁaiE§§$ t exgpgﬁée&R%dTﬁg%Egye'
advant a@ge fofttthgsfirnednradhus scihatesd h agsestientinsfteadbbdd€Eieddeg
can be tunp uit., th i,fic_geo f _the design.. A secand
advantagetﬁg %%33 F%E §§§§§§%énfﬁég§ %gkéé?gi8dC§SF%§DréSEﬁF§§I%rPWan
a full prahel edgeagsessnant daecausacak tfieedegudhiten fivomt haenadber ; of

tual t . nal [ ded. T t i .
S o 1 caltPy HAt BoCALEy M [ opBPear bAEFanY. FH EREYSHPT SE8 £67EGar
at the exshapety Hirt keaegde, smhetdidripsbeseuat®gi i r odueed fit t heth

nmeasur enent system . or whether they 10 .are due to the, bl ade bei.n
bar o1 ltnt SRERESTHBYHE: S R He TRAEHIATY S BBE! b g DCRSEoAghed.
provide a definition of the blade profile (based upon an assessnent
of a "virtual” blade within a CAD tool) which can be used 15 in
stress or ‘6t hBF PAPERI ARPORSTPIER cEN W Wsed ThF iS¥G™PHE - mduftBct&r Ang

process, LQRefRapited HoRln hRirpdet i dquofdd s anth dehbne; pLoGesRiATthe
requi rements or acceptability. Because the profile definition is

based on FEPatdiERFiras masihderefoiim sthe pregf tkeprandinent edapd
cal cul at e 14 a8 20t 8 def NitHONBasedyoN, A% RabE BBStha The SafRec

met hod can al so be used to assess service run bl ades to neasure both
t hei r cur dépenpiensi elanthéal easent ehithetiste sighflidcicene waeeki gircle

mar gi n exi r e q%@- 2t her repair (possibly including
mat eri al g%é?t%gng ?%ﬁ?%%u?€e d&%ﬁ%ﬁfo 25 reshapi ng.

Alternative methods of setting the blade centre line could
20 include: Jjoining the mid points at two positions along the
blade, one close to the edge and one further back; creating
a curved centre line Instead of straiéht, by calculating
the mean line between the convex and concave sides of the
blade (this could be useful when the blade has significant

25 curvature at the edge).

As the initial position of the blade is only an estimate, a

more accurate centre line could be found by iterating the

process until no change is found in consecutive alignments.
30

The process can be repeated, as required, at several points

along the length of the blade. The profile and ellipse

ratics may vary along the length of the blade.



Because a consistent nmethod is used in the design, manufacture and
rewor k phases, and because the nethod may be used both in CAD 'and in
CAM systens, a closer 30 correlation is possible between the design
intent and what is actually manufacturéd. 9 CLAIMS 1. A nethod for
measuring the profile of a co ent.,in the region of an edge of the
conponent ,h?%e%ﬁ%t ASERORPT i g?ﬁgg%st ABYPOT O ﬁ@ g?%’bsthea?ssessment
det er mi ni ngf t Aebpadét @ge Otaanbedganpai 86 ghit heneospeneric gbdmetry
defining a ce %reéine for_the conponent in the region of the edge;
and 10c) n® sg Png it Ieast BRECTFNEAYRBHESF thRe CEiFpoHimt agpepsment

reference &t ha ceplirradd neut2. mAraEtﬁm:z@%r | Rr@hai @ 1eyh V\Qiﬁﬁiié‘
step b) the centre line is defined wth an offset. 3. A nethod as
in clai m 129FeTHTh Peqarsmich dieepedpctsoronpr Fiesnunkeet obf oadigal

steps: aa)to Maskidld tdBuRE i RRES Y nekdkhe C@H@Oﬂ%@éewfﬁéﬁ? rEgi AN, Of
the edge; ab) producing two co-ordi nate datasets fromthe
measur emen¥ SN ighcaddtlas eta Hea Gipdr dubuc esmd lom pewt 20rddsurseneint s the

falling to,one & d@dfoulN& 2492 WM renity of the edge, whether these

are introduced by the measurement system, or whether theyA

10 are due to the blade being part-finished.

The method can be used in the design process, to provide a
definition of the blade profile (based upon an assessment
of a “wirtual” blade within a CAD tool) which can be used
15 in stress or other calculations. It can be used during the
manufacturing process, to measure a real blade’s profile
and define processing requirements or acceptability.
Because the profile definition is based on relatively few
measured points it 1s quicker and easier to calculate than
20 a definition based on, say, a FE mesh. The same method can
also be used to assess service run blades to measure both
their current profile and calculate whether sufficient
material margin exists to dress the edge or whether repair
(possibly including material addition) is required prior to

25 reshaping.

Because a consistent method is wused in the design,
manufacture and rework phases, and because the method may
be wused both din CAD 'and in CAM systems, a closer
30 correlation is possible between the design intent and what

is actually manufactured.



the other data being produced fromthe neasurenents falling to the

ot her side of the edge; ac) fitting a best-fit curve to each
co-ordi nate 25dataset; ad) determning the intersection point of the
two curves; ae) defining this intersecyion point to be the edge

point. 10 4. A nmethod as in claim3, in which the spacing of
successi ve nmeasurenents depends on thalldcal curvature of the
peri phery of the conponent. 5. Anethod as in claim4, in which

the spacing is smaller 5 where the curvature is greater. 6. A nethod
as in anyiofachathsd3feo meadurivy clthestapfahl bfichudespbhent uthhehe
steps of: \ a) defining | ower and upper. lim¢tjng val ues;

b) excl udFRFEPR ofift RS d"éj(gfse‘?g FH%SEO‘BB‘?W%QQOB%? spaéh?ﬁecf’f“ﬂﬁ-?h@g
val uess #heAcdEiHRthAStidbsany preceding claim in which step b)

conprises the follow ng steps: ba) determning the md-point of the
conponent at @ pra’f&BEHmningd thies PafdElanagt fAbiddfe Rdge; ofhb)
defining a st r@{@rgon{ﬂdﬁ%rjtq! ning the edge point and the m d-point;
bc) defining the straight line to be the centre line of the
conponent . b) defining a centre line for the component in
the region of the edge; and
10 c) measuringhat least one dimension of the
component with reference to the centre line.
2. A method as in claim 1, in which in step b) the
centre line is defined with an offset.
3. A method as in claim 1 or claim 2, in which step a)
15 comprises the following steps:
aa) measuring the periphery of the component in
the region of the edge;
ab) producing two co-ordinate datasets from the
measurements, one dataset being produced from the
20 measurements falling to one side of the edge and
the other data being produced from the
measurements falling to the other side of the
edge;
ac) fitting a best-fit curve to each co-ordinate
25 dataset;
ad) determining the intersection point of the two
curves;
ae) defining this intersection point to be the

edge point.



8. A nethod as in any preceding claim in which in step c) 20 the

t hi ckness of the conponent is neasured along a |ine perpendicular to
the centre line. 9. A nethod as in any preceding claim in which in
step c) the distances fromthe centre line to the respective two
surfaces of the conponent, along a li A& per pendi cular to 25 the

centre 'i@?1A@h&tﬁ%@s%%GQnaQﬁaﬁﬁnﬁﬁr%91 Qc@f%ﬁ%dé gpijpdication of
the symmetry of the conmponent. 10. A netho accorglng 0 any
pr ecedi ngo€l amceasd vieu midrsureoepltissidapearhis faol | v njosadp.curvature

d) conparing.the_neasured dinension or dinensions 30w th design
val ues to° eF%?nP%ﬁW#%’f%ecr’% {%‘?‘ee SrOFPEMEet spr edet er mi nedcri t eri aof
accept abi si.t &. methodAaretinodtladeordi i whiahy tpecepdicnggchiai mmaandr

further. coppri sj the followng step: 11 e) in a service-worn
conmponént ¥ ﬁ?e{:ﬂgn‘fﬁﬁv%@f%e’rs‘ %ﬁt&rent material remains to re-work
the conmpomenk aréholdf aROtin GalyewW@tdnitdes regu redn peritholtapdan)

| evel of paterial 5deposition or repair. 12. A method according to
any precedRfguerai Hre i frgHieh 4@ sc@fponent is an aerofoil or

hydrofoil. 133 aethothAocard B 4ppRY REREEGLNG Laldn in which
the conponent is a conpressor blade Por a gas turbine engine 10 and
the profile istkepel r efrem t heer egdirasetst hthbeadi mpiedge of

the bligde. 14. A nmt q_sf'{éo_rl Hrﬁ%iﬂn% ggxugg_ecedi ng claim in which

t he conponent is an object within a“conputer-inplenented design

program 15 BS. meXhwet had substrant paédediasy desegimpedni witikits step b)

ZP:\(/:\/: Légaéérggrig\éé htlgeef&rﬁnoqﬂelggos régsz:as shown i n the acconpanyi ng
ba) determining the mid-point of the component at

a predetermined distance away from the edge;
15 bb) defining a straight line joining the edge
point and the mid-point;
bc) defining the straight line to be the centre
line of the component.
8. A method as in any preceding claim, in which in step c)
20 the thickness of the component is measured along a line
perpendicular to the centre line.
.9. A method as in any preceding claim, in which in step ¢)
the distances from the centre line to the respective two
surfaces of the component, along a line perpendicular to
25 the centre line, are measured and compared, to provide -an
indication of the symmetry of the component. |
10. A method according to any preceding claim, and further
comprising the following step:

d) comparing the measured dimension or dimensions

30 with design wvalues to determine whether the
profile meets predetermined criteria of
acceptability.

11. A method according to any preceding claim, and

further comprising the following step:



16. A systemfor measuring the profile of a conponent in the region
of an edge of the conmponent conprising: 20means for determ ning the
position of an edge point of the conponent; neans for defining a
centre line for the conmponent in the rggi on of the edge; and

means for measuring at |east one dinmension of the 25conponent with
reference to tkeé cemrealipervige—woudy st @PRRENSHE ¢l allPFABLIINGMNI ch

the means for %&%ﬁgkni&gfﬁigtﬁe%siﬁge@rg{l%g&pegf%ggﬁpowt A

conponent conpri se: neans neasur i ng ery of the

30conponent i nthke regponeot thededgéf nmemis f oralpndducingg thiee

co-ordi nate datasets f,rom.the neasureq;nts%‘ggg dat aset ein%l
to e :

pr oduced fron1Fﬁguﬁﬁggureﬁgﬁfgl?%JIi%% i de”of e edde and

t he ot hker dat adbpbsagtpoadocecedaizm the 12 neasurenents falling to

t he other _side of the edge; peans for fitting a best-fit curve. t
each coor&?naﬁemﬁ§%8§eFF%8ﬁﬁéﬂ§ FRraet RYFRFH MY tHé it ers & an%he

poi nt of thepbWeneUL¥esh aerofoil or hydrofoil. _
13. A method according to any preceding claim, in which the
component is a compresscr blade for a gas turbine engine

10 and the profile is to be measured in the region of the
leading edge of the blade.

14. A method according to any preceding claim, in which the
component is an object within a computer-implemented design
program.

15 15. A method substantially as described in this
specification, with reference to and as shown in the
accompanying drawings.-

16. A system for measuring the profile cf a component in
the region of an edge of the component comprising:

20 means for determining the position of an edge

point of the component;

means for defining a centre line for the
component in the region of the edge; and

means for measuring at least one dimension of the

25 component with reference to the centre line.

17. a system as in claim 16, in which the‘ means for
determining the position of an edge point of the component
comprise:

means for measuring the periphery of the

30 component in the region of the edge:

means for producing two co-ordinate datasets from

the measurements, one dataset being produced from

the measurements falling to one side of the edge

and the other data being produced from the



means for defining this intersection point to be the edge point.

18. A systemas in claim117, in which each curve is 10 selected from
the list consisting of: circle, ellipse, great circle path on sphere,
great circle path on ellipsoid. 19. Ailgystemas in claim1l7 or claim
18, in which the nmeans for producing two co-ordi nate datasets

i ncl ude: 15nmealSaseremRiSikrd LidRetCakBeuppber| FH9e i 9 §8 ues; neans
for excl uding é&gg}the dat asets those points outside the limting

val ues. 20. A'systemas in any of clainms 16 to 19, in which the 20
means for defiméagsafeentitdinme bestt-fétconpvmere ¢arch o egi on of

t he edge corrpr&;gi gn&agaosr tdet erm ning the md-point of the
conponent at a predeterm iKed di stance away fromthe edge; 25neans for

definiig a stracght fonelgmmmmimgnghéheddetposadctamd gdientmcd- poi nt ;
means for defi&ilngtthe straight Iine to be the centre line of the
conponent . %1°¥A EYst%h according to any of claims 16 to 20, and
30 further compeass fhr RFinihar teeBpant8gsébeideasstrad tdi mensi on or
di mrensions with design values to determ ne whether the profile neets
pr edet er mi ned E‘F?t%‘?qgea R ™cceptability. 13

18. A system as in claim 17, in which each curve is
10 selected from the list consisting of: circle, ellipse,
great circle path on sphere, great circle path on
ellipsoid.
19. A system as in claim 17 or claim 18, in which the means
for producing two co-ordinate datasets include:
15 means for defining lower and wupper limiting
values; |
means for excluding from the datasets those
points outside the limiting wvalues.
20. A system as in any of claims 16 to 19, in which the
20 means for defining a centre line for the component in the
region of the edge comprise: ’
means for determining the mid-point of the
component at a predetermined distance away from
the edge;
25 means for defining a straight line Jjoining the
edge point and the mid-point;
means for defining the straight line to be the
centre line of the component.
21. A system according to any of claims 16 to 20, and
30 further comprising:
means for comparing the measured dimension or
dimensions with design values to determine
whether the profile meets predetermined criteria

of acceptability.



22. A system according to any of clains 16 to 21, and further
conprising: neans for determning,in a service-worn

conponent, whether. sufficient material remains to 5re-work the
conponent and,if not, for deternining Uhe required position and | evel

of materi al dep03|t|on or repair. A system substantially_ as
descri bed2fn #hisysFetidg 186, R taﬁlyré?fer‘-"ér@é@std%rt@ &8 stdth in

the 10 aceoupaRy REnELWsAYS.
means for determining, in a service-worn
component, whether sufficient material remains to
5 re-work the component and, it not, for
determining the required position and level of
material deposition or repair.
23. a system  substantially as described in this
specification, with reference to and as shown in the

10 accompanying drawings.



