1 METHOD OF DETERM NI NG SHAPE DATA FI ELD OF THE | NVENTI ON The invention
relates to a nethod of determ ning shape data, nore particularly to a

nmet hod for determ ning a surface of a workpi ece having a conpl ex curve
surface, for surface finishing, and to individual nmethods used in getting
to that. BACKGROUND 10 The process of finilshing a surface of a workpiece,
such as for exanple a propeller blade hi gh pressure _conpressor t ur bi ne

bl ade, and the |ike requiMESHRDE RMIMING SHARE DATAot er ni ne t he desired
contour of the surface of the morkplece Such morkpleces typically include
synthetic or_free formcurves. 15 In the case of refurbishing used

conpr essor FHELIWOEAHE NMENHON | bi ne bl ades or vanes, used bl ades are
typically already distorted and/ or deformed through use due to wear and
tear. Additionally if the tip or leading or trailing edge of the turbine
bl ade i% wohf yentinistiRsto a methed chdeierreiaing gear eatai BAre Ariedaslydd aor cut

out of the n@tf%@o?@ét@rmlﬁhﬁta's@rfa@e Hieé ﬁbik‘%lecé Pa¥iBl g%n@ibxtd?xr\;er%rll%é‘q‘& edge in

pl ace of the rem)ved The surface of the wel ded area
requires fPHITRS; W@h[rﬁ ﬁﬁ‘ﬂ(@ 'ﬂ@ié‘d%l%ﬂo%ﬁ}ﬁeéd@gﬁﬂhugwmﬁt t he turbine bl ade
surface. Finishing the surface, in particular the tips of the blade, is
traditionally carried out by hand. O course, the consistency of the
quality of Eﬂmg—Dfi ni shing depends entirely on the degree of skill of

t he manpgal operator. 25 Attenpts have been nade to replace the nanual

oper at or WI h an automated system @ However, as each used turbine bl ade
devel ops a'l ﬁpm?ssiﬁafcfm*%h@gtwwt?@ﬁ ofi g avorigig cen syah asior pxanenle afrenalieh e

ori gi nal pb@ﬂelmgw{)re@sm%hh@k&@drmmum&sdéla%d%@mmawés%reé@en met hods
are required to %(edl ct and generate the Ero iles of each used bl ade

surface. 3iFcRBAY termingsthp desirgd egptous of the gface piibaaveriieds. Aushst 2000

to Ensz et w@fkp{ecegﬁﬁﬁ)ﬁal[@ﬁﬁ%luae@Qﬁlﬁﬁt&,sortfféerfgﬁﬁ)aé"véémt the profile of a
wor kpi $§e by use of a conputer for constructing geonetric nodels of

shapes.” The representations of surfaces and solids corresponding to a
col | ecti onirpthe dasdioneiufbishig Bsdll stiEssoPYr HigR-pPéssuPind bIbEECEH VRRSs,

used blades are typically already distorted and/or deformed through use due to wear

and tear. Additionally, if the tip or leading or trailing edge of the turbine blade is worn or
damaged, the worn or damaged portion is removed or cut out of the blade edge. Exotic

20  material is welded on to the blade edge in place of the removed worn or damaged area.
The surface of the welded area requires finishing to make the welded surface flush with
the turbine blade surface. Finishing the surface, in particular the tips of the blade, is
traditionally carried out by hand. Of course, the consistency of the quality of the hand
finishing depends entirely on the degree of skill of the manual operator.

25
Atternpts have been made to replace the manual operator with an automated system.
However, as each used turbine blade develops a unique profile through use, which is
different from the original profile of a new unused turbine blade as manufactured,
methods are required to predict and generate the profiles of each used blade surface.
30

For example, US Patent No. 6,100,893, issued on 8 August 2000 to Ensz et al.,
describes a process to reconstruct the profile of a workpiece by use of a computer for
constructing geometric models of shapes. The representations of surfaces and solids
corresponding to a collection of data points are produced by use of implicit functions
35 based on a set of layer surface points of the object workpiece. The process of US
Patent No. 6,100,893 however is unable to perform the profile reconstruction of on



35 based on a set of |ayer surface points of the object workpiece. The
process of US Patent No. 6,100,893 however is unable to performthe
profile reconstruction of on 2 object where the original |ayer of the

obj ect cannot be neasured, which is required in many applications such as
for exanple refurbishnment of turbine bladés. US Patent No. 4, 686, 796,

i ssued on 18 Aﬂ@$5t 1987 to G ebmanns, describes a 5 process and apparatus

for pol i shPR§CHERLSE e picing Lyeboiihe obiget canpethe Beassipmb Mhichdp peasited in o f or m

conpl ex CUmRG applaBYR suchtasdoeskaile teRGbidAReAt At@binkGildes Pl ement ation of
a profile or reconstruction machining process. Therefore, there is a need

for a nethod of determning a surface of a workpiece to 10 reconstruct the

profile of Us patehtats 4(38637960f55ﬁé@&€1$‘ﬁﬁgw 1§&’T‘¥J'G|%bﬁmaﬁﬁs fd%@@nbfe%m cur ves,
such as_for exanple the surface of a used turbine bl ade. Another need

exi st's T or PPCERBEMbAPRARAHS 5 Retishing tuttire biades 'loé’r‘éi‘ﬁdfha sifle se@mett a wor kpi ece

such as a dpgdatiifoio® colbRERUREE Hdevth & ®dsdfRclie bLhfadisad workpi ece is
distorted and/or deformed with reference to an unused workpi ece. There is

anot her neBtP'PBENELCRPhbROYE M EONRTHAliAg mAChBing IPeRse. of a wor kpi ece such
that the profile of the workpiece that |s generated nay be used in the
performanci_Bof t he finishi n&fprocesses equi pnent  such as a conputer

nuneri cal CBHEFGE therrdy 2 Raehfne m%FhP%BB@?tEmB@}PQ 3suAarPlinuPkKBiess & em or t he
like. 78 thgonstaetHel prorilt BEa BBFRGLIREASIRNIES: RAMENPtHRE Yl frée Fﬁ%tcumﬁt the

strict requi rerrefréts and nmaxi qum accept abl e fault "tol erance, whil

predi ct i ngSYHEASQF PXARPIR ihesufisek pf %E%ed W-‘H?'“‘?Ua@‘?(aﬁmtbefd‘%g&}'sﬁjfpb?ne bl ade

that may hﬁtéﬂwd@l&@ﬁecﬁiﬁbﬂr@&&l@plbﬂe@fﬁtsgﬁééé)& aﬁ\n&kﬁ.@ce S8 PA RS RNyrbrtdVMARY 25
According to.a fi rﬁi ect {S‘Pt he i nvention ere i s provided a nethod

for deternPRARGVER 39%0 usedyprkpieseds disiogedani/r 6@@%%\;5% sing at

| east a fi reséreped tolém.lrﬂ@dd W@ﬂ(pléﬁa%eﬁéﬁ%%nbmeﬂ%é&%ﬁé et Ji%fwmfrﬁﬂ &
second ortl n _of the wor i nc]l udes provid Q}T? shape dat a
m

of theldir §‘f G PAYPrigrie eré"’ﬁé'?%ﬁhee@é’memf A ‘&I‘?’h@'e%ﬁﬁé'stﬁﬂﬁrat ay Pef er ence

tenpl ate an@ladiattm pérformanédef tﬁ@ﬁmgh.ﬁgchgésésw RPN BeEH é@é\c%p&@e 30
wor kpi ece. _The.s i s of first teg'g‘eate portion

and a secofym® ‘c"@lrﬁ&gfog?&%gﬂ mﬁﬁh'@ﬁ ajo %W%P%’EQ'BQISE%'I‘%FﬁtGWH ilket ALthepl at e
portion cosaresperdhémetidtiteds td adlieveaeéiRAINAIMmddt the/@fikPeQGRmeAladde

second tenplate porti onding.to the second portion of the
wor kpi ecenR‘?ﬁ Lg'gé%%@Pﬁbﬁv%Pg?‘igrﬁBﬁ "%‘HS"H%SW IGgaghe AufRee d paYaskpiges. for
20  example a used turbine blade that may have been subjected to distortion and/or
deformation.

SUMMARY

25  According to a first aspect of the invention, there is provided a method for determining
shape data for a workpiece, the workpiece comprising at least a first portion and the
shape data to be determined being for a second portion of the workpiece. The method
includes providing shape data of the first portion of the workpiece, providing shape data
of a reference template and determining the shape data of the second portion of the

30 workpiece. The shape data of the template is of a first template portion and a second
template portion of a reference template, the first template portion corresponding to the
first portion of the workpiece, and the second template portion corresponding to the
second portion of the workpiece, the second template portion having a shape related to
the shape to be determined for the second portion of the workpiece. Determining the

35  shape data of the second portion of the workpiece, is based on the shape data of the



the shape to be determ ned for the second portion of the workpiece.

Determ ning the 35 shape data of the second portion of the workpiece, is
based on the shape data of the 3 first tenplate portion and the second
tenpl ate portion of the reference tenplate and the shape data of the first
portion of the workpiece. According to a gecond aspect there is provided
apparatus for carrying out a nethod 5 simlar to that of the first aspect.
Accor di ng fitst emmiate poRiop@pd tharegoent demplatei Restiprof simislirrencepdeopraterand teuct
for carryi Qﬁapé)éﬁta%ffﬁﬁtfim%oﬁ?omolfﬁ{ev@&kﬁ@@é of the first aspect. 10
According to a fourth aspect, there i s provided a workpi ece repaired based
on the conplex curve determ ned according to the nethod of the first
aspect . ACRREMHIG 18 8 sBoddf dBE AERAE broviiBE Bl 3 RTGMA R oI IR
determ ni ng the head and poi nts of conpl ex curve e met hod

conpri ses G@F@Fhimﬁhﬁtﬁaﬁéb%ﬁﬁcher|vat|ve 15 curve for the conpl ex curve
and selecting the positions on the conplex curve corresponding to the two

| owest positions on the second derivative curve as the head and tai

poi nts of GRECTHHEP athiciaspect thereds Biovigled @ conputas pregspadroduchtar gairyngr ovi ded
a method obuClPhRiYiifhrdo (KL AL filsk BGoRP Wi thin a body, the body having
first and second sides and first and second ends, the first and second

si des extending from between the first and second ends of the body, the

neutrafgl i ﬂ@c&r@m@f& 8%r@ﬁés‘ﬁ@é’c”th%hﬁsfdré\ﬁded@ﬂoﬁ@%@@%p%l@&?ﬁ@é@orﬁ {f' Hem the

first end to the  second conprises providing a first series
of points, SPPBPK GHIYE dgtEf@g@ér?GC%rémé@thﬁmgfbpﬁpéthed”@t@ﬁmqm ng mi dpoi nts and
using the determ ned mdpoints to 25 derive the neutral line. The first

series of points, is provided on a first line, on the first side of the
body, fronfFHId ipg ta @ fgiher aepachdhare dopigvidnd a mathod phdstergining thedwedandi ng a

first nunmrpoﬂ'fts B4 Bdrfipled B@vE. e?ﬁé‘ﬁheﬁﬂfd‘ éﬁlEeQQétBFnﬁmin@ ﬂ&)ﬁh@@%’l\%ﬂv@

second | i ne, the second side fromthe first en
second1%ndcu'f’ﬁéo@%@?fap@éﬂ”é@ anééﬂ'@ﬁhnﬂth@ ppﬁéorfﬁ orsthe gamplex fvepoi nt s, vvher e

the ratio ebrrddpendihg the wd RIREPosHnE GRNhe 35PRIdRHSatvE cLRR a%etﬁé’ Hgaéer I es
to the Iength of the second |ine between the first and second ends is the

same as t h&n§ §ipgings ofthe cemelexsE™ehet ween correspondi ng adj acent points in
the first series to the length of the first line between the first and

second ends. The mdpoints are determ ned between correspondi ng Ip0| nts
wWithin th eif:q,qrglpg é‘?\ﬁn‘gﬁ%’cﬂ?ﬂeds@ﬁf’s’e@ provided a method of determmmg a neutral

20  within a body, the body having first and second sides and first and second ends, the first
and second sides extending from between the first and second ends of the body, the
neutrat line to extend between the first and second sides and from the first end to the
second end. The method comprises providing a first series of points, providing a
second series of points, determining midpoints and using the determined midpoints to

25  derive the neutral line. The first series of points, is provided on a first line, on the first
side of the body, from the first end to the second end, the first series containing a first
number of points. The second series of points is provided on a second line, on the
second side of the body, from the first end to the second end, the second series
containing the first number of points, where the ratio of the distance between adjacent

30  points in the second series to the length of the second line between the first and second
ends is the same as the ratio of the distance between corresponding adjacent points in
the first series to the length of the first line between the first and second ends. The
midpoints are determined between corresponding points within the first and second
series.

35



35 4 According to yet another aspect, there is provided a nethod of

determ ning individual points along a neutral line within a body, the body
having first and second sides and first and second ends, the first and
second sides extending from between the first and second ends of the body,
the neutral line to extend between the figst and second sides 5 and from
the first end to the second end. The nethod conprises: (a) determning a
first intéfedingigyétianethel Bypashiteraiinproyided airagavdhef dsterniringringividustent | y
det er m nedﬁblﬂﬁeaﬁ thflﬂral |uluen\§ hlﬁ%)bo‘aﬁ;[tﬁé Bhay Hglnr’i ﬁsﬂrﬂpﬁc%d EIQG%S Feadst'r t her
poi nt on the neutr ning

det er nmi ni ngndsewndends, ﬁh@f—l@é@md geronf ﬁ@esgn@ndmy fnogvlaetwewthedlrittaﬁd The
first integsembi dst and
second 10 |5nt e?se@g? Ft)ﬂri:'% HOB%%éﬁ%ﬁal §|H'§to‘;%>{t§—?d Qﬁﬂﬁgﬁﬁ&ggﬁtggg%@ Jd‘[jj term ned
i nt er se%t i AGd fromdhe grst ﬁlildjtovtb9 seeandeng. tTHve mgsked c@nmpsy(auéeterrmnme@ first

| nter sect | GiferBOUAl Fine: BPadEMRARG WBBOR of theémkt feBen iR R6!BEin

extending fromt e fur poi n e neutral lTi1ne’  1na drect 9 whi ch
i s an aver & (@fdefaieingng Wetmigpoipftobea furthentpaint@ndlee beldrat links &d Jedteterménings t

recent|y - ded bRt ef iSRRHnAR LUBI il Qbofglihe SnoRh SR EITRIE

di stance. The sec ntersecting |1ne |nter ect's th

si des at tHhhe arsaw@arwmng fing M@S%@%tﬁe(ﬂﬁs’f andisecend sides adicigodisaeandsect i ng

l'i ne pagsi ; j ] e first
vector B B Bl e e P B LS My R R hErecRlind S

obj ects, aRtf-Way hawege sheomostfserntiveietesmitediinterseatiasndins. iﬁm temppsary @ointr

under st OOdls%%é@rﬂﬂbf'ayv&Rf?%&@ﬂHm[h; @lequnﬁyr%bmgaa( miidutral Ihel P& @Fdctibh OM

t he follownﬂ description of e, In conjunction with
t he drawi n¥8ichii;an gygrage ofxge F'Ir@t@nPAﬂ@ ﬂiﬂeﬂfﬁ@tefr %lﬁ%at\ﬁh%msbﬂecgmtblges in

t he rerbeé@FfﬁHéd ﬁiftereecwaﬁ BOW g?{lﬂ.rsﬁﬁ@@étQMﬁ@d sthc@nTiribadhgent of the

i nvention; shows a art of I n accordance with an

embodi Hent '"&?fSQQ‘i'ég ling intsrgects therfirstand, segongheides @itlird ard fgutta indérsectionr f ace of
a wor kpi ecgoihfd, MeGRbSAFR ¥Ry ARt SARAR ARG 1R firkBmbBrMANbAIRN:

perpendicular to the first vector.

BRIEF DESCRIPTION OF THE DRAWINGS
20

These and other features, objects, and advantages of embodiments of the invention will

be better understood and readily apparent to one of ordinary skill in the art from the
following description of a non-limiting example, in conjunction with the drawings, in
which:

25
FIG.s 1A-C are perspective views of stages in the refurbishment of a workpiece in

accordance with an embodiment of the invention;

FIG. 2 shows a flow chart of a method in accordance with an embodiment of the

30 invention;

FIG. 3 shows profile data of a surface of a workpiece in accordance with an embodiment

of the invention;

35  FIG. 4 shows a flow chart of a collecting desired points in a scanning process in

accordance with an embodiment of the invention;



35 FIG 4 shows a flow chart of a collecting desired points in a scanning
process in accordance with an enbodi nent of the invention; 5 FIG 5 shows
a graph of the 2nd derivative diagramof a surface profile of a workpiece
in accordance with an enbodi nent of the invention; 5 FIG 6 shows a graph
of the 1 s° derivative diagramof a surfaee profile of the workpiece wth
head and tail points and a neutral line determ ned in accordance with an
enbodi ment of the invention; FIG 7 shows a graph of the conputation of the

neutral i pgsidsRmeo) Q%Bﬁ i Wetﬂﬂd AORLRRY dta%rgmeﬁtaoéun’g@é‘%o(ﬁ e Jf*é%rpeﬁs&‘& in%M:

FIG s 8A and 8B show ers and vectors ocl at ed Interpolation to
det er ni ne ﬁﬁ‘é)fdﬁ‘m?twlﬁlaﬂ emeodimentdighalbyapiosce profile in accordance with an
enbodi ment of the invention; 15 FIG 9 is a diagram showi ng the derivation
and use_of conpensate angles in determning the neutral [ine of a new

| ayer:; ¥ GFIG® oo araph eftherfarderivativg siadiam ofeskedecs profle obiheavarspiate h an
ermbodi ment waf hEQ@an@Pall'pﬂ) Qéh@angﬁtﬁhnéaﬁéﬁﬂﬁgﬁq UBRIANneE wﬁtH%PCO”t ours of a

surface of a workpiece ca cul ate rom -t termned neutral line in
accor dance ebeaiment eifhe divieslirn of the invention; 25 FIG 12 shows a flow
chart of a method in accordance with an enbodi nent of the invention; and
FIG 13 shows apparatus in the formof a conputer system according to an
enbodi ment FIGf7 shewsisgranh pbiie comppkatian pEbe DEStTAIPF itredordanea with nptheg

summar yg of camogiRAEbIBEinehtidie i nvention, a reference tenplate is wused to
hel p in the reconstruction of a damaged workpi ece, such as a turbine bl ade.

35 The reference tenplate is a copy of the workpiece frombefore it was

used. The i i on
cor T s pondl 1> EhIRRaE ST Bl e lahd SERBACA bl el AR LD fetbfing Bie. P

as adj acenfeyirl 4hagedithsovarkeiaee profile in accordance with an embodiment of the
invention;

15
FIG. 9 is a diagram showing the derivation and use of compensate angles in

determining the neutral line of a new layer;

FIG. 10 shows a flow chart of another method in accordance with an embodiment of the
20 invention;

FIG. 11 shows a graph of the contours of a surface of a workpiece calculated from the

determined neutral line in accordance with an embodiment of the invention;

25 FIG. 12 shows a flow chart of a method in accordance with an embodiment of the
invention; and

FIG. 13 shows apparatus in the form of a computer system according to an embodiment
of the invention.

30
DETAILED DESCRIPTION

In non-limiting summary of an embodiment of the invention, a reference template is
used to help in the reconstruction of a damaged workpiece, such as a turbine blade.
35  The reference template is a copy of the workpiece from before it was used. The

reference template is scanned in layers, including the portion corresponding to that



The adj acent undanmaged portions of the workpiece are al so scanned as

| ayers. Profiles of the layers of the reference tenplate and workpi ece are
generated, based on the scans. Sets of offsets are then determ ned based
on corresponding points within 5 adjacent scanned | ayers in the undamaged
portion of the workpiece and the correspanding portion of the reference
tenplate and also within the portion of the reference tenplate

cor r espondAghthgs bren damagediingoe wodiviese, ahwelloy aipeant undenzgedpsrtionsf

of fsets 1 SThOSHaEal SHLAh B EMERILIREAIREBARCIN L HABRIE LB ([ ons of

t he morkplece base ese varil ous se ets ct a
neutral | i Reofisgs of thedpyers of thegeferrncedemplete m\wrmecqaresgepeamcbtbeaedw@m ral

line is th é&%ﬁg é@ts%wf@e@@héttﬁeﬁ Qet@rrﬁzH%cﬁ BaSed &Jr&asﬁ rs%{. Q{aﬁn AR ed

portion. Calculated sets of fsets can be use urt

profil es updippeny S@Wé@&@rﬁ)mdhﬁf u@damageﬁiepczﬂ@cmg‘éhe yorikpiess andhebeen
predicted. ¢ #@speﬁ&;ﬁnggeﬁ loPtheqbf Péh%e‘%%rﬁ@es trﬁ}méfoewmmwpdmoﬁmh@rof' le of

a vvorkpl ece to be eterm ne I nv ree mai n st . scanni ng of

(portions tffgreace t@m@%@rr@w@pﬂ@g@ Wedlagmeed @orton Oéfhmwkplace | Anew sghd
profile dabﬁoﬁsekhb %hénscaidaaaﬁ@a Séﬁb@ﬁtﬁé%dtaﬂﬁ gl gﬁ@asm}a% &pénsocﬁf tRe t€npl at e

relate to each oth er; . Scanning O und a ? ort t he V\,Ol’k i ece
to be repaWPE!‘(E”e&ﬁdbif@ﬁ@ﬂéWW%'pus 2@8 oEoffsels, qpr@étc&a@eptraﬂm ef @ laver ofs

cal cul g i Omecﬁarﬁéb%d%ﬂfohl Q'h%fprgéﬁgteg%'éhirék'?lﬂgﬁs t]hgﬁ u¥ey t‘&@xﬁ'ﬁﬁoi&t‘é tQ% surface

reconstructed. Step 1 does not have ace each tine onponent is

to be repaPiadig of the damageagiqortion. fealcidated jsels, Of@ﬁﬁﬁﬁs £arebe HWS*WIC@II@tmeI din

menory, suamhaﬁpﬂoﬂle@uhmwﬁrymeta&};r&rteoffth@ 'd§ﬁ‘|'a§8d Bértidn As b&GEorelicfed\Or kpi ece,
such as for exanple a propeller bl ade, high ~pressure conpressor turbine

bl ade or vane and the |ike, by aut omat ed systens such as a corrputer

nunerical ¢RAHERIMINSHNR ofrfﬁ&%,ﬂ@g%memkkr@ ROk PO WHEbiage &Y

requires preC| si on techni ques determ ne the desired contour o
sur f ac® of ?tﬁﬁn'”%r'ﬂ\tﬂ"@ééhreﬁm@ﬁ R®8Sf or deternining the surface of a

wor kpi ece s é&bﬁrﬁih‘@%ﬁ@oh@h@bﬂa r@%ré;r% tér'nb!dﬁ—;té dééh%ré?iéﬁ%@ﬁ&:ﬁral fif& and
application of an enbodi nent the neth I scussed h respect to

hi gh- pr essur @Tefil¢ Brige thispsio %@tamge hpw tf\m qilffer@@t layRsF St 7 farerjaterglate to

enbodi ment s afachlgheret hod may be equally applied to other workpieces. FIGs
1A-C are perspectlve views of a workpiece, for exanple a turbine blade as
shown, 352dFCRRYNY H’(é“’lﬂameéﬁérﬁ’P”@f‘&@g@ed‘fO”FFé?‘i?rtB|b§Hﬁ%€|‘1Fteda?@€'cﬁeaP'i@@°@ 8f an
errbodlmant ofnelltgl linB\4patpréile dfthG 1A shows a used turbine blade 1 that is

damaged at _.the tip shown by
3. calculation of the profile of the portion of the workpiece to be reconstructed.

Step 1 does not have to take place each time a component is to be repaired. It can take
place earlier, with the information held in memory, such as in a library.

25  The finishing of a surface of a workpiece, such as for example a propeller blade, high
pressure compressor turbine blade or vane and the like, by automated systems such as
a computer numerical control (CNC) machine or robotic polishing/grinding systems,
requires precision techniques to determine the desired contour of the surface of the
workpiece. A method for determining the surface of a workpiece is discussed herein.

30  Forillustrative purposes, the application of an embodiment of the method is discussed
with respect to high-pressure turbine (HPT) blades. 1t will be appreciated that
embodiments of the method may be equally applied to other workpieces.

FIG.s 1A-C are perspective views of a workpiece, for example a turbine blade as shown,
35  during the different stages of refurbishment according to an embodiment of the
invention. FIG. 1A shows a used turbine blade 1 that is damaged at the tip shown by



7 damaged section 4. Al so, a non-danaged section 7 is shown, however, even
the non- danaged section 7 may be distorted, for exanple tw sted or bent,
or deforned, for exanple elongated or conpressed, in conparison to a new
unused turbine blade. Also shown in FIG 1A is the head 17 and tail 19 of
the turbine blade, and a reference point 5 fromwhich are determ ned the
di stances to the horizontal |ayers of a cross-section of the workpiece

al ong a pl daveagerhsedtian 4r dser 8 nahwiagagepsectiondris shewry dowierer evan the@h- The

ref erence i Hb?é ERGR L new and a
used tur b?ﬁgg%?dagee&t}ﬁ?%%% @ﬁ'ﬁ@g? r%%?& the@%é‘g?ence%r&% B&t%%asfﬁgm in
FIG 1A i sexargplagiengaigdionsompiseped ireorapriison & asew ungs furhinq blede. ungne

bl ade, si ngﬁowmﬁ%cuesmﬁwle L& ﬁ'?%n%l nelag?f'ugé]@gm.&éa&aaé‘eanh %r?o‘i’rﬂ

use. FIG 1 ed tur ng, after
t he danfgetoWrvhigh aredﬁer@e@eutb@dﬁ@cee@rthebpﬂzmtal Jﬂyarsm‘m ﬁ@%ﬁﬂS&MTIQIhOf a wel d

area 5. Fl{ge rﬁmé&?éﬂ@n&a pﬁ 'értl%;csim@geﬁﬁ glﬁﬁ)&ﬁ‘(eon%éqgm ?I"Mxﬁrtzah‘f'ﬁé“ shed

surface 6. 15 FIG an overview o
process S2Pfergnceipeiakigichoses te he easil asesspiefsrenaedite both eonewlend g uged r epal red.

As shown i ,fhEpiade. |I %rénﬁgdnﬁé‘ntut'ﬂ@%‘@%@ pEﬁFElsﬁE\ﬁnmﬂ@eﬂ\%ﬁéoew
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the used t4rhidsellsad8c( $t SRSwsR ref@ﬂ)‘ijs,hga‘ﬂ!secﬁ ﬁftﬁﬁ@ B{a\ﬁ@ h3%aith, é‘ﬁﬁlﬂ%dt ke

cal cul ated neutral lines, new neutral I1nes, ayers int amaged
area of thé used turbine blade are generated (step S26). The danmaged area
of the used turbine blade nmay not even exist as it has been broken off or
25 cut fromthe undanmaged area, but this is a virtual area, being an area

that i %t oFl5e 2 ip @ffiewehart showing 3n exenvigwias the waele peasesn8anias dstermiginar tbei s

def i ned aneutee{;ererfs,eyb@eeweé rephlf€d. 28¢ SIREvl iﬁfpﬁeem@yé?ebmn Shahazed on
correspondi ng being the sanme distance in di recti on above the

agreed r ef @niiate bissiedpreterabty anusad) aod updasraged l@ﬁrere ﬁfea u%@&me kiade pren of
the used tyeédinag (ehéaéﬂeﬂ gnd 523 reeﬁééf.\mmeerheeéa%'faqéyeb@ef the kérmala#éysh%md%

extrapol ation (step S28) using d on 't he used turbine Scanni ng
FIG 3 shoMUBe&QSPéaw aornezpemd'w tsbthﬁeﬁmeead pigaf the tnﬁeac;éadevaﬂddhe. s to be

used agp a undamaged layers immediately below the damaged area. Neutral lines are calculated

for scanned layers of the template turbine blade and the used turbine blade (steps S6
and S24, respectively). Using these calculated neutral lines, new neutral lines, for
tayers in the damaged area of the used turbine blade are generated (step $26). The
damaged area of the used turbine blade may not even exist as it has been broken off or

25  cut from the undamaged area, but this is a virtual area, being an area that is to be
rebuilt. In this embodiment, correspondence of layers is defined and referenced against
the agreed reference point 9, based on corresponding layers being the same distance in
the z direction above the agreed reference point 9. The surface profile of the damaged
section of the used turbine blade is then determined, as described below, by an

30 extrapolation (step $28) using data on the used turbine blade.

Scanning

FIG. 3 shows profile data 12 of a new unused turbine blade, which is to be used as a
35 reference template. Each layer 10 is defined as a horizontal plane that intersects the
blade at a point on the vertical axis (Z}. Each section is identified based on the value of



35 reference tenplate. Each layer 10 i-s defined as a horizontal plane that
I ntersects the blade at a point on the vertical axis (Z). Each section is
identified based on the value of 8 Z that is determ ned froma reference
point 9 shown in FIG 1A Although FIG 1A shows a used turbine blade, the
reference point on the new unused blade ig the corresponding point. The
digitized profile data 12 of an unused blade is produced with well known
scanni ng t%dh@ﬁl%qd@tgrr@n@%fra@ a referenasrpaird - showohn frisisidy. eNthotghiBiG.clés, for 5
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i ncludi ng reducing t e scanni ng proces
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i nventi on, ﬁlg pr(s)mél;{th%lsigrequr{lbrglgﬁT % #ﬁﬁéﬁ%ﬁ%ﬁ%ﬂrgﬁ@ér (]je?/tvger per
| ayer, wtﬁewqﬂp@%é’#ﬂheoﬁ@rm@@d PRt Agleetistn may beiresitiieshi ng pr ocess S60 for
one enbodinent is perfornmed in accordance wth the flow chart of an

enbodi nent of the invention as shown in FIG 4. For each |ayer, that is at
each of a RNy teimpeus effisiesciais dd tedune the eyxledingg, indusling redeciogtheinegle’ s

profileyi St%ﬁ"ﬁ‘lﬁg scamtnd MR&Ss. 9f a gﬂé"&ﬁm‘ﬁ%?%veﬁ%% iOf ddien flerde size

and the |[evel accuracy require For a or SO points per
| ayer may B@dgnferﬂiecw@hmlrmvumdrurrﬁnem @fd@lflﬁ Hr 8RB Preaessiosed/iBran 200 or

mor e poi nt §m98am4eat/§nh@rrﬁenﬂfnﬂme Hg?éb tom%e%gé@ggn%.r&é oG, t ur bi ne

bl ade | ayer profile is read (st processe way of separatlon
(step S62) Pe'T|ﬁYQfeW¢mgp(G§Pb‘i§”%E)e and the insertion of additional points 25
(step S64). In separation, points on the profile are separated into two
portlons based on sections of the surface of the workpiece. That is,

poi nt s13 yi g opHMizRd seaHngPrepessrEakfar ene enbedimgnids periermagripiaaeordanege ar e

separ at ed {tQRPRiwHar df'aﬂ%n%dfrﬁ&t%@ﬂféﬁﬁ(\?en%n ayeﬁémm b8 E6r Hcnt he

turbi ne bl ade. To determ ne the sections accor to one aspect of the
i nvent i on, 'ayfle thad licpt each At Pumberds pepitiontealpng iher?eam altbe biagelike bladeisi f i ed

by the twopgfel |§"é@aﬁ1tneaeﬁhé nﬁl%beﬁélf nt§ Q@an%@@ dgﬁéna‘éq}n' tH@ b8 eRBgWhye 30 of

t he scanned body, as shown in X-axis represents the
poi nt i ndek@ve'v%aewrﬁ%v Feqireg; n%zna lpy Ie\@ééﬁ %@p rppm@ﬁqpqrﬂ@/egmﬁf beguéficient n

sequeng®, fir aWsbiel dRrs AR M. HvelBr, kBb 8F for@PéintshRr layer are normally

required.

The scan data of each turbine blade layer profile is read (step $61) and processed, by
way of separation (step S62), filtering (step $63), and the insertion of additional points

25 (step S64). In separation, points on the profile are separated into two portions based on
sections of the surface of the workpiece. That is, points lying on the convex or pressure
side 14 of the turbine blade are separated from points lying on the concave or suction
side 16 of the turbine blade. To determine the sections according to one aspect of the
invention, the head 17 and tail 19 of the turbine blade may be identified by the two

30 lowest peaks 32, 34 of the 2" derivative diagram curve 30 of the scanned body, as
shown in FIG. 5. In FIG. 5 the X-axis represents the point index, which is the number of
each point on the same layer, in sequence, around the shape of the workpiece, and the
Y-axis represents the smoothness index, which is the second derivative value of each
point after curve smooth fitting. The head of the blade is identified by low peak 32 and

35 the tail of the blade is identified by low peak 34. Moreover, filtering involves removing all

repeated points from each portion. This is necessary since some scanning algorithms



Y-axis represents the snoothness index, which is the second derivative

val ue of each point after curve snooth fitting. The head of the blade is
identified by | ow peak 32 and 35 the tail of the blade is identified by |Iow
peak 34. Mreover, filtering involves renmoving all repeated points from
each portion. This is necessary since somg scanning algorithnms 9 nmay scan
the sanme point nore than once. Finally, interpolation my be used to derive
and i nser t MaYrSCARINGIIMR Bointeretthan edss Finally sotgrrdiatigntreashivs egesidosigtive as CVM
scanni ng, LagiRsatiter obis i8aR ides points 5 that may not be
distributed uniformy gnl Ie tuerzg?%é bl ade contour. Mrre points tend to be

| ocated at the nore rounded sections such as the head portion of the
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t hese added poin than others. I n order to obtain sensi distr ut ed and
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spline curve, and the |1k Rom spline curve is preterred as a

20 robust @Jh%@aim‘ﬂ'f'ﬁﬁ'@ intgrotation (apdionerhiates dwas éxampleotlignmay incrsfase e cont r ol
poi nt S Unhhl‘ﬁﬁeroéf%l’nts ﬁ&h'a’f‘&hrﬁi%d(ﬁ§ aro‘ﬂn@%@@%rﬁ&péﬁé%f?hétﬂlr{/@gﬂﬂa tirfdef | ned

as, 1P (1) where P(t) 1s a point on the curve, t
i's the1$ar me‘?tha%a@edaqo@t% H‘@”ﬁéﬂ%{ﬁom al coefficients. To calculate a
point on the curve, two points on either side of the desired point are

requi red. The gm nt i.s specified by a value t that signifies the portion of
t he In order to obtain sensibly distributed and positioned points, a number of techniques

may be employed, including Hermite Cubic spline curve, Bezier curve, B-spline curve,
Catmull-Rom spline curve, and the like. The Catmull-Rom spline curve is preferred as a

20  robust curve fitting spline curve that passes through all of the control points, unlike other
spline curves.

A parametric cubic spline is defined as,
3 i
25 Pt)=>ar 0<r<l
i=0 1

where P(f) is a point on the curve, t is the parameter and a; are the polynomial
coefficients. To calculate a point on the curve, two points on either side of the desired
point are required. The point is specified by a value t that signifies the portion of the

30 distance between the two nearest control points. Given the control points Py, Py, P,
and Ps and the value £, the location of the point can be calculated as (assuming uniform
spacing of control points):



30 di stance between the two nearest control points. Gven the control
points Po, Pl1, P2, and P3, and the value t, the |ocation of the point can
be cal cul ated as (assum ng uniform spacing of control points): 10 P(t) =
0.5* [1tt2t3] *0200 -2010 2-54-1 -13-31~P0 P1L P2 P3
which may al so be expressed as: 5 P(t) = @05 * [(2*P1) + (-PO+P2)*t +
(2*P0O-5*P1+4*P2-P3)*t 2 + (-PO+3*P1-3*P2-P3)*t 3] Several characteristics can
be obtained fromthe above flobnulZa. Cat rfull|l fROmM passes through all the
control points, unlike Bezigr_pr B-Splingithat|only passes through the
first and R(He= DAagt[1cotit *pk |poi nt's. First [vfdef of continuity is ensured,
meani ng that there are 10 nd 4istént fnuirtiiesP?h the tangent direction and
magni t ude. However, the secqgnd order_»f | ¢onpipuity is not guaranteed, the
second derivative is linearly interpolate ith each segnent. This causes
the curvature to vary linearly over the length of the seg\r/rw]enlt. SorrF poi nts
on the se ' | f the domain of Pl =>P2. ile a spline
segnent ig%&bi”ﬂ%ﬁalégﬁ%g%%%%%caohtroI points, a spline may have any number
of 15 additional control points. This results in a continuous chain of

segnment s, b jdef o nLrnl | 4 1 dppi nt's
of gt he %egﬁgﬁfgd?pq(%?q?iﬁ?ﬁ?g%? éﬁg%%Eérfﬁﬁgﬁsﬂﬁ%ﬁtt %ﬂbg{"fwﬁg} E@HEQ%E t he
endpoi nts. Thus for a given segnent with endpoints P, and P"'+,, the
segnent wo ' J [ P+ Pat2d.  Since a
segnent 1 eneyvatciERAHsRbE Cart it Bffamed 1b i€ Aheve e SHGRUNRO B RASET o,
t he segnentiworh altthe nentmtppietseuefh@@azfertohé-&ﬁhénmtoamrmssésahmbnﬁheaﬂreﬂ. Eor
a spline w r i : . LNl se nt,that can be
f or Prul at e‘é"bf@tl&ﬁ%@%ﬁrcﬂgﬁgﬁ% hFe]pBt E&%?#fﬁ%”?@%'h@%fe H%@e%h%aﬂ Eét.heﬁﬁnﬂg, to
defi nel® sagnisaeriinuies ircthatangenpdirettien ané mageituder dthwever, the second order of
continuity is not guaranteed, the second derivative is linearly interpolated with each

segment. This causes the curvature to vary linearly over the length of the segment.
Some points on the segment may lie outside of the domain of P1=>P2. While a spline
segment is defined using four control points, a spline may have any number of

15 additional control points. This results in a continuous chain of segments, each defined
by the two control points that form the endpoints of the segments, plus an additional
control point on either side of the endpoints. Thus for a given segment with endpoints
P and Pp.4, the segment would be calculated using [ Pp.1, Pn, Paet, Paes). Since a
segment requires control points to the outside of the segment endpoints, the segments

20  at the extreme ends of the spline cannot be calculated. For a spline with control points
1 through N, the minimum segment that can be formulated is Py<->P;, and the
maximum segment is Py.3<->Py.z. Thus, to define S segments, S+3 control points are
required.

25  Aset of points is then selected (step S65) from all the way around the profile, one set
being equally spaced around the concave surface and the other being equally spaced
around the convex surface. For each surface this is achieved by summing the distances
between the head of the blade profile and the tail of the blade profile and dividing each
total by a desired number of points N/2, for example 100, to produce an average point

30  spacing for that surface. On each surface a first point is selected, for one side this is the
head point and for the other it is the tail point); a second point is selected which is
closest to the average point spacing for that surface, away from the first point; a third
point is selected which is closest to the average point spacing for that surface, away



25 A set of points is then selected (step S65) fromall the way around the
profile, one set being equally spaced around the concave surface and the
ot her being equally spaced around the convex surface. For each surface
this is achieved by sunm ng the di stances between the head of the bl ade
profile and the tail of the blade profile1and dividing each total by a
desired nunber of points N2, for exanple 100, to produce an average point
30 spaci ngfrPaythe segongdintcand soore aibtl teeielectiondias igone frpmithe head todhetailed, f or
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surface of the workpiece in a

N is also controlled to ensure that it provides results that fall within an acceptable error
when the resuiting selected points are used to predict a surface of the workpiece in a

25  manner as is described below. Whether there is an acceptable error is determined by
predicting the shape of a portion of the workpiece that has not been damaged, and
therefore that can be scanned, and then comparing the predicted results with the actual
profile.

30  Various of the steps of the process may be rearranged, in particular the separation (step
S562), filtering (step S63), insertion (step $64) or the like, and the repeating of the
calculation for reselecting points or achieving acceptable error may also include any of
the separate, filter, insertion, or the like steps.

35  The number of points selected and used in the data profile is minimized. Even 50 input

points, selected in the above manner, can form an adequate turbine blade layer surface



25 manner as is described bel ow. Wether there i's an acceptable error is
determ ned by predicting the shape of a portion of the workpiece that has
not been danaged, and therefore that can be scanned, and then conparing
the predicted results with the actual profile. 30 Various of the steps of
the process may be rearranged, in particuhar the separation (step S62),
filtering (ste S63), insertion (step S64) or the |like, and the repeating
of the capfﬁjll%‘wﬂbﬁfa’dim@@@% within ra@pmlnnﬁtsiyéﬂ reiciometerag The st efshe newr or

may al so i QRld8u@ENe r t I ke
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12. The scgﬁ) |sfdrPféh&eS§t eﬁg\%@}r“egﬁ% éﬁlh%rrgé)?ﬁg@eec%ér]ﬁggg%ﬁ%ﬁ%r h@kdamaged

| ayers of é?nas'woyldaﬁa&bemﬁﬂ%aqu layass belowt dwnasrthe niofilecdatd 42 vbapkat e scans
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represent the maxi num exte amage for whic reparrs be
made, and £ andyerlaljiar gata am@&shme gatafile data 12 of a new turbine

bl ade f@s been generated, a neutral line is calculated for each layer, the
profile data and neutral line data are all shape data. 10 Generating the
Neutral Li fengiegingithetNeutralbine is a line joining a set of points which are

spaced at an equal distance fromthe generated data profiles of the points
on the convex and concave sides of the 15 profile, as shown in FIG 6 and
FIG 7. Théhepeytraljing iSr?e"ﬂesJOIGkéchﬁﬁeéP’é@mefér\NhﬁélcﬁieIsa%ad ajfan eqpe! qistamdd e dat a
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the turbine bla Prior to calculatin e neutra I ne
enbodi hent Pmﬁlﬁ A® showyin e f asdFted . ﬂfhememtré! lineds calaylatedderceachdaviseatl poi nt

and tail pgierofé dbt}éel ZCOIfHeQWutrQﬁﬁn@ &) bdork HéFlsQir a8 “HcR ﬁﬂth@lﬁg ur 20 A

nmet hod of obtaining the neutral |ine accor &to one e diment o

i nventi on Pkthe HERinadlacte; (Feigr t%ﬁ%'ﬁ*'@ﬁé’ﬁé’ﬁﬁ&éfeﬂ q:fPGh"S?l?mlb%@@ntoﬁOlatsﬁ%mned
profile ange lfieMbemestnaiscan data, and the head point and tail point of the contour need to

be found, as discussed above.

20
A method of obtaining the neutral line according to one embodiment of the invention is
now described, with reference to FIG. 7, based on a scanned profile and knowledge of
where the head and tail points are, for instance as determined according to the method
mentioned in connection with FIG. 5. The convex and concave sides 56, 58 are divided

25  into a number of equally spaced points, as may be derived from the above described
process with reference to FIG. 4. Those points 53A, 53B, ... on the convex side each
are each spaced a length Lcv, whilst those points 51A, 51B, ... on the concave side are
each spaced a length Lcc, where Lov and Lce are not equal to each other (for an
aerofoil shaped blade). Starting from the head, lines are drawn linking each pair of

30  opposing points, that is the first point 51A of the concave side with the first point 53A on
the convex side, and the second point 51B of the concave side with the second point
53B on the convex side. The midpoint 50A, 508, ... of each such line is recorded as an
element of the neutral line. This is continuously repeated to calculate the preliminary
neutral fine 54 until it extends from the head 52 to the tail 42 (or it could be done the

35  other way around). The neutral line therefore has the same number of points as there
are points per side between the two ends, plus the two ends.



where the head and tail points are, for instance as determ ned according to
the nethod nentioned in connection with FIG 5. The convex and concave
sides 56, 58 are divided 25 into a nunber of equally spaced points, as nay
be derived fromthe above described process with reference to FIG 4.
Those points 53A, 53B, ... on the convex 3gde each are each spaced a

| ength Lcv, whilst those points 51 A; 51 B, ... on the concave side are
each spaced a length Lcc, where Lcv and Lcc are not equal to each other
(for an a I dr awn
(1o a0 (20 L2 broBARSITEHAGR)on S daBA ke ait LimuDSpiked ITERRREE 0T |
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therefore ﬁﬁﬁ"ecﬂbefs%toﬁb%é&f%fenpﬁlthﬂsafé)ﬁletfh@lﬁe are points per side
between the two ends, plus the two ends. 13 In the above enbodi nent, the on
poi nts each side are equally spaced. In a further enbodinent, they are not

equal |y spabédiemptive @fﬁbod!m§ﬂfefﬁb@%0%tn@éb¢l newral Bagpbeainsyith theinoint of fhpda!ht s on
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Thus the ratio of the et ween nts on one side
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bet ween t hgjoh§ Bagiéidé '(t;uthr?feﬂ% ms‘bacfﬁﬁ btehlﬁee(ﬁtth@ §élg Pgtﬂﬁln&,\’:ﬁrtﬁé | length

of that other side. An alternative efrbodl nent or c I'ng the neutral
| i ne begi n8eWial fne e q%a!rr*ﬁd ¢Fing f seties of pomvaczorase%qmm samemresets as t he

first poi NnpagRifdiea@ahia Wsé A, 3%91' Qﬁ@eﬁrpéﬂt%] !ﬁd"f%mt&zes pre(i6us iRyper  of

poi nt sger surface between the tai e tl poi nts bel ng

equi - spacefeuts! b’?@'”@a@l’?c@%ﬁ‘a( isdbe averpgs firgption Oéﬁﬁlédflf‘ii’f@e pidnpeselectade t wo
si des). Thﬁmﬁ@'dﬁttﬁe 'prfﬂé’%ne BRYhER! AlihOR RREANEEINEhdIRIdM o and ﬁfrfnﬁ'ﬁmOf and

pOI nt vectors, each a sane pr eset magni tude in this case
each ext enHireHghthe ﬁﬂ@ erths PEFt yegomp divhereitiys cresasthedueiiais daterminad as the

direction h&atwé §e|b&ed PYRI2ERd ﬂierrﬁ:ﬁ& baﬁt & thk h@uﬁéu%b i€miwhy'BethBbeCt ed

points on the B” ,_ one on each line is determ ned perpendicular to
and runni nfosg %ﬂ%s?lﬁ@eﬁrﬁ’e'“& t he p0| nt vector. Wiere this crosses the
profilgis deternmined as the next two sel ected points, and the next point

on the neutral line is m d-waP/ bet ween those two new sel ected points.
The first point in the neutral line is the tail point 42. This is because it is easier to

identify more accurately than the head point, as is clear from the graph of FIG. 3. For
determining the second point in this embodiment, the first selected points are the 30™
point on both sides of the tail 42. The direction of the profile at these first selected

25  points, in this instance, is the average of the sum of the directions for each pair of points
up to the 30" point, that is the sum of: the angte from the 1% point to the 2™ point, plus
the angle from the 2" point to the 3™ point, ..., plus the angle from the 29" point to the
30™ point, divided by 29, on each side. Once the two averages, one on each side, are
determined, the two average directions are added together, to produce the direction of

30 the first point vector 45 from the first point on the neutral line, the tail point.

The end point of the first point vector 45 is a first temporary point. A first perpendicular

line perpendicular to the first point vector 45 and passing through the first temporary

point at the end of the vector 45 is calculated. This first perpendicular line cuts through
35  both sides of the profile at two second selected points, one intersection point 41 along

the concave (suction) side and another intersection point 43 along the convex



20-The first point in the neutral line is the tail point 42. This is
because it is easier to identify nore accurately than the head point, as
is clear fromthe graph of FIG 3. For determning the second point in
this enbodi ment, the first selected points are the 30th point on both
sides of the tail 42. The direction of thegprofile at these first selected
25 points, in this instance, is the average of the sumof the directions
for each pﬁ?fﬁs%lre)rﬁﬂent% mldpplrtt 48 tibvegotthe fyei interseactian poigtstdiet Sig neapided dre
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p0| nt on the PI’O ile precedi ng the intersection I'S nearer the
gt

tail) bhd PeiBlintesasien panisitheshbedemesties third p@ﬁé@%@amgtmlﬁhem mhefaedt i on 10
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a second tenporary point. W t first temporar e\,:B-OI nt, a second
per pendi cuP@P ’meﬁ%ec"'%ia%éﬁﬁd'i‘(ﬁﬁ"fﬁc“@rbwh'ﬁ@ 'szé@@fﬂiﬁras@loﬁth eetiansafthepassi ng

t hrough t hFroﬁ%Cé?!'ﬂﬂa fwRRied @él&:tec@ﬁblﬂf mte?séb%ﬁHblﬁ{se‘i'he-';gﬂnﬁlnﬁﬁ%}qs of the
per pendi cu | ine cuts through des of the profil at two new,

third sel cBSWH! fos #e th?ﬂ%ﬁ*%‘&@?@ﬁha E'mﬁﬁf @anm#e ni d- poi nt bet ween the two
third dp point intersection points then becomes the third point of the
neutral lipe. The fourth point of the neutral line is then calcul ated

starting f 3¢ heoipisiare chrsento Arditherrecenhpainip ghe neutral line because the points

immediately proximate the tail are not linear, and in a blade profile with 100 points per
surface, it is only near the 30" point that the characteristic linearity of the tail portion is
seen. The choice of initial points therefore clearly varies according to the size and

25  shape of the surface

The preset magnitude is determined through a recursive search to find the best fit that is
able to link both head and tail of the neutrai-line, given that the positions of both are
known (or at least that of the head point is known to some degree of accuracy. Thus if
30 the above process leads to the end of the neutral line being too far from the known head
point position, given the known degree of accuracy for that position, the preset
magnitude is reset, and the process of determining the neutral line begins again. The
1.3 mm vector magnitude in this particular case was obtained through experiment,
within two boundaries of 0.5 mm and 2 mm, but it may vary with the type of workpiece
35  and the workpiece profile.



point intersection points, in a direction which is the average of the
directions of the profile at the two third selected point intersection

poi nts. The remaining points of the neutral line are then calculated in a
simlar manner. 20 The 30th points are chosen to find the second point in
the neutral |ine because the points i medgatel y proxi mate the tail are not
linear, and in a blade profile with 100 points surface, it is only
near the 3@&thergertheds that canastabiish ﬁ@tl’&uﬂgﬁl"@ wh arrm@tylemratwa%or girpughor t i on

is seen. TRGerrhdi Q?trﬁéudh@ rtnix?dre PINYeSudeDSI SN nfslt@a%lr\h%lﬁ’ %ﬁéfeﬁt %@%B{Sd' ng

to the size and 25 shape of the surface The preset magni tude i's erm ned
through a PbbgriRveptorear ch to find the best fit that is able to link both
head and tail of the neutral-line, given that the positions of both are

known (or at |east that of the head point is known to sone degree of
accuracy. TRASSIMiInY peeral o Baybsceadiiiade £ips examplreaddiipnet painte meswer al | i ne
bei ng too fr%értédl 9%%%&emﬂmam%tranmentpoﬁ?ﬁ§h4ay%. ds%'rt‘é@%t fh*é%mhfb%w@ P'egfee
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magni t ude bﬁxbbblh‘%np%r{éx%mp?er of%séeM@ﬁts%bfh%'ﬂ?&%lﬁ%%@gf?ﬂ%ﬁﬁeﬂdd’fﬁﬂgl cﬁplﬁ%t hin

two boundaries of 0.5 but It may vary w

wor kpi ece My b&rﬁﬂjdﬁﬁé‘) W@k% 69%@@“’&"& ¢fitle unifprmaptae/pl/gan medified h@utraébne
est abl igh trhe nBewdilind of 4 Qiﬂgle%&@r Bﬁfﬁle”&tﬂl?@ﬂﬁﬁée@%ljb)he ac}ehﬁ@r\'ég%‘ oreSXper i ment
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or through a m xture, can be used as well or |nstea fferent
aspects of bigRedi nvention. 5 The prelim nary neutral |line may be nodified.
For exanple, additional points may be inserted along the prelimnary

neut r al Ilnggl Points may be inserted at the md-point of straight |ines

connect i ng/B&che Speirdlipeoarerqaiculated forhedemplaba e rafergnasdand pessibly wnuser)s

enbodi ment turbifé b%&énﬁétﬁrapﬁne@%r@hm Sal@flatbd for Bl id <l tDA%AE BISAE hdhe | 1 e,
addltlg:[; § oints be added to make 101 el enents of the uniform
lg

interv ?rBEﬂnPP'é%P %‘M’-‘r & covrse it with be grprseigtaddhat thﬁéhaﬁe dataithaflistheayer

profile of s&daﬁdamu&@dan%ba;ﬁtﬁp@h@%td @ftﬁ@%f&%ﬁé@tur&ﬁ)é BIaBE thayAel Réreli NE
neutral lines are calculated for the tenplate or reference (and possibly

unused) t BPHHRA 3 AtRIPIate feRetitively F%Q’@F%’t UpRIMrYRe blare (efutisntests. tThe used
t ur bi ne bl astey tlul“bnﬁeh@laé@m%@fbe Wtoa&na@%gle 15fer ©PHIORR data, Wr hhy Rémber
appreci at ed_t hat } ﬁ shatPe data, that is th
of layers. In this embodiment, at least three [ayers are recorded at the top portion of the
20  t{urbine blade that is not damaged, using the measurement device equipment such as
the CMM as described above. The neutral line for each of the two layer profiles of the
used turbine blade are preferably calculated in the same manner as described for the

unused turbine blade data profile.

25  Calculation of the Profile

Due to stresses and strains and wear and tear, turbine blades and other blades and
workpieces become distorted in use, particularly at their tips. The changed profile or
contour of the tip must also compensated for in the finishing of the surfaces of

30  refurbished workpieces.

The method of determining the surface profile of the damaged portion of the used
workpiece is discussed below with reference to FIG.s 8A and 8B and FIG. 10. FIG. 8A
shows three layers T68, T70, T72 of a reference, template blade T, whilst FIG. 8B

35  shows the corresponding layers U68, U70, U72 of the used blade 1 (See FIG. 1A)

{based on the level above the reference position 9). In this embodiment the numbers



scan data, neutral line, and profile data of the reference turbine bl ade
may be stored and used as a tenplate repetitively for different used

turbi ne bl ade refurbi shnents. The wused turbine blade nay be scanned to
forma single layer of profile data, or any nunmber of layers. In this
enbodi nent, at least three layers are recggded at the top portion of the 20
turbi ne blade that is not damaged, using the neasurenent device equi pnment
such as t A& @vVP®ic. defsritd thedemhb okihe Tayer abaverthé rdfenenced peinkthelscahst he two

| ayer prof bgm entd1B %%?td H e@bp%ﬁld@§§v§r&?mm&{)?t@%§’ SRl aGS | A the
sane nenner escri [)ne or unused turbine ade c? profile.
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wor kpi eces. The nethod of determ ning the surface profile of the damaged
portion of the used workpiece is discussed belowwith reference to FIG s
8A and 8B &Hd Misa short fipwcharBgxplaitingihetetbed bhyeterninieg theTsofacF pofite. a
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the Surfac%n@@é’édn’deportlo-ﬁg%f {h%ﬁgh?lafg Iﬁz) dé%qgteg@'éﬁg gﬁ@] Ff'ﬁ@ sggoﬁanned

U68, U70 forma first portion o wor Kpi ata on
first port pemonsf ﬁbﬁweé@@ﬂ(m@ps hep)determinedalased Qﬁrthqgrqvw@d $bere datelobi ece

that are da{EgsdhdionBrikd Ren ﬁﬂﬂ%terﬁEédJéﬂ Q:%h S6BA0 Akt atlf Secoh@nd

above), forma second portio at wor kpi ec e correspondi ng | ayers
of the teﬁﬁ'l’ffaf'%oﬁthﬁé%’@étef(étﬁmsﬁsi| rst portion T68, T70, and a second
portion T72 (and above), even though all of the layers of the tenplate can

be scanned, Shape data on the first and second portions of the tenplate is
provi ded (g\[l@ﬁl gggﬁ%shﬁlﬁet@gftq offpets firedeiemingd to add to the shape data of the first

20  portion of the workpiece.

More particularly, a first set of offsets is determined between the first and second
portions of the template (between layers T70 and T72) (step S98), a second set of
offsets is determined within the first portion of the template (between layers T68 and

25 T70) (step 5100) and a third set of offsets is determined within the first portion of the
workpiece (between layers U68 and U70) (step $102). The first, second and third sets
of offsets are used to det.ermine the target, fourth set of offsets (step S104). This fourth
set of offsets is used with data on the first portion of the used workpiece to extrapolate
shape data for the second portion of the used workpiece (step S106), leading to

30  determination of the surface shape data for the second portion of the used workpiece
(step S1086).

If there are then further layers of the used workpiece whose shape needs to be
determined, the layer whose shape has heen extrapolated becomes part of the first
35  portion of the used workpiece (and its corresponding layer in the template becomes part

of the first portion of the template) and the process goes on again from there.



15 portion of the used workpiece i's then determ ned, based on the provided
shape data of the first portion of the workpi ece and the provi ded shape
data of the first and second portions of the tenplate (step S96). Wthin
step S96, a target set of offsets is determned to add to the shape data of
the first 20 portion of the workpiece. Mpfe particularly, a first set of
offsets is determ ned between the first and second portions of the
tenpl ate (between layers T70 and T72) (step S98), a second set of offsets
'degté efl_;nogﬂ&?sdt@céé?s'ss\}é b s fri thétterﬁnéfe' Qﬁ'oﬁgetfohsﬁéewe&a#@arm@émeé @NRhS T68
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fromthere, successive layers in the tezra]o ate, an fset or Offset

vect or canih§desipldines petwegn thalowgb e lryrrs TEReT %fﬁb%tem%ﬁfﬁo?@ 9t in the
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the layers T68, T70, T72 of the ten‘gl ate has a neutral [1ne 8, NLT70,
3

NLT72,  eacke'ous patisalpng the negiraklinps bpiwespshe sqqead qad thirs layars 820.0F72:4f1 t he
scanned | apertempl@d. are used shoul d preferably have been obtained by the

same %proach and with the same nunber of points. The offset vectors can
be cal cul ated for each of the 100 points along the neutral lines. A first

vect or VT6@ @lﬁﬁﬁrrmbmertthﬁalss I@@@Qﬁe kelddmeR d 4tk v&%r@tVLﬁ#aC{WGbﬂe\ftD@aﬂ ral
| i nes betwe n the | onwer two ers T68, T70 of 10 the tenplate. A second
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l i nes bet V\BE@oi fhe ds@&\%rl{fp%d #MoueFer] i nok (tidlly pobbleeBbMeConctdtbye thedn.
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changes |ns‘?%5 I3Y&F ﬁ%@isasﬂﬁ? yersAhoNg thal@:€m#28d. | i nes bet ween t he second
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Because the layers are all the same distance apart in the z direction (in this instance 2
mmy), it is not necessary to determine the vector are such. Instead, the offsets this
embodiment uses are angles from one point on a neutral line o the corresponding point
on the next neutral line. The angle between corresponding points in successive neutrai
25  lines is a result of a linear distortion tendency across the layers and a specific distortion
between two layers. The changes in the angles between three successive neutral lines
within the template provides a compensate angle A8, which is representative of the
nature of specific distortion between two layers within the template and which should
also exist within the used blade when reconstructed. The fact the changes in the angles
30 between the three successive does not allow for the specific distortion in the angle
between the two lower layers (relative to the next layer below those) does not, in fact,
make any difference. Therefore, when determining the points on the neutral line in a
new layer of the workpiece (L+2), the angle from the preceding layer (L+1) has two
camponents: (i) the angle between the layer (L) preceding the preceding layer and the
35  preceding layer (L+1), which is a result of original linear distortion within the blade and

fsets Is determned wthin the



the tenplate: 15 In a simlar manner it is also possible to derive a set of
vectors VU68 (VUG8A, VU68B, ...) between points along the neutral I|ines
NLU68, NLU70 of the lower two |ayers U68, U70 of the used workpiece.
However, it is not initially possible to derive one above the second |ayer
U70, as the layers above that are damagedq4g20 Because the |ayers are all
the sane distance apart in the z direction (in this instance 2 m), it is
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enbodi ment ;SRS relgly 1 I
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is aresult of original |ig@R{TYLIYREBINDA W1 N | ade and 18 the new
| i near distortion due to ué% and ? ? a co gng(ate éa 1gl e 06, allow ng for

the inherent specific distortion betmeen | ayers L and L+2, which is found

i n the ! emphabmpd R ASMLT. BAG) Rodthals IndB BBbAGHs 25 shown in FIG 9,
which is a diagram 5 show ng the derivation and Uuse o? conpensat e angl es
in det®nining the neutral line of a newlayer On the tenplate, the angle

between any point j on ORgMNIEtitL i ﬁLJH_a y 4 rnrespondi ng point j on
the next neutral line L+1 s " ﬂi_x'?' o é'(ﬁf_?% ween the

& an
correspondi ng point j on QH\E—Tn'é%tJMieuﬁ(uaT Litit hig) 16 LEEMW he correspondi ng

point j on the next pl ugemqr LQEILJtz§ ale(NLﬁEJ,{_frz’t} |9§N|'_'~ﬁ(_NE%'I' L+1,j)". Thus the
conpensate angle (c)e for E om one neutra i ne L and the
cor r espondH§ e BesR angles ;- h@ (ext)’) BD‘# %n@) HERFEpE(t the angle between the

20  relevant axis (x, y or z) and the vector taking a point j from one neutrat line to the next.

On the workpiece, the angle between the corresponding point j on the corresponding
neutral line L and the corresponding point j on the next neutral line L+1 is “B(NLU,L,j)".
The angle between the corresponding point j on the next neutral line L+1 and the
25  corresponding point j on the next plus one neutral line L+2 is “8(NLU,L+1,j)", where
B(NLU,L+1,j) = 6(NLU,L,j) + AB(NLT,L+1,j).
Therefore
B(NLU,L+1,j) = 6(NLU,L,j) + B(NLT,L+1,j) - O(NLT,L.j).

30  Since the neutral lines within the template for L, L+1 and L+2 and within the workpiece
for L and L+1 are known, 8(NLU,Lj), 8(NLT,L+1,j) and ©(NLT,L,j) can be determined
and 8(NLU,L+1 )} calculated.

A line starting at point j in the neutral line of layer L+1 in the workpiece, extending to the
35 nextlayer (2 mm up in this case) at the angle 8(NLU,L+1j) provides the position of the

corresponding point j in the next layer of the workpiece, the layer being rebuilt.



line L+2 is: AB(NLT,L+1,j) = e(NLT,L+1,j) - 6(NLT,L,j). The conpensate
angle O6(NLT,L+1,j) itself has three conponents 15 Ae(NLT, L+1,j,x) =

e(NLT, L+1,j,x) - e(NLT,L,j,x) (c)6(NLT,L+1,j,y) = 6(NLT,L+1,j,y) -
e(NLT,L,j,y) Ae(NLT,L+1,j,2z) = e(NLT,L+1,j,2z) - e(NLT,L,j,z), where these
angles 9(...,x), 6(.... y) and 8(...,z), negpresent the angle between the 20
rel evant axis (x, y or z) and the vector taking a point j fromone neutral
line to the next. On the workpiece, the angle between the correspondi ng
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L and L+1 are known, e(NLU/L,j), e(NLT,L+1,)) and e can

det er mi nedSa@fd B("NLU L+1,j) cal cul at ed. Aline starti ng at point j in the
neutral line of layer L+1 in thegrwesBseoa)7@wlEsHdi ng to the 35 next |ayer
(2 Mmup in this case) at the angle e(NLU, L+1,]) provides the position of
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15
Given that the second and first sets of offsets (vectors) VT68 (VT68A, VT68B, ...) and
VT70 (VT70A, VT70B, ...), respectively, for the template are known, as is a third set of
offsets, the lower set of vectors VU88 (VUBBA, VUBSB, ...) for the used workpiece, it is
then possibie to calculate a fourth set of offsets, the upper set of vectors VU70 (VU70A,

20 VUT70B, ...) for the used workpiece. This, together with knowledge of the actuat points
of the neutral line NLU70 of the second layer of the used workpiece allow one to
calculate the points for the neutral line NLU72 of the third layer of the used workpiece.
Once those points are known, it is then possible to extrapolate for the next layer up in
the used workpiece, in a similar manner, additionally using the details of the neutral line

25  for the corresponding next layer up in the template.

This approach therefore allows a workpiece to be reconstructed, taking into account

both the distortion and the original shape of the workpiece.

30  Once the neutral line for the third layer U72 of the used workpiece has been
determined, it is possible to determine the neutral line for the next layer U74 of the used
workpiece, based on the scanned layers T70, T72 and T74 of the template and U70 of
the used workpiece and on the extrapolated layer U72, and so on.

35  Once the neutral line is calculated, it is also possible to determine the surface profile,
again through extrapolation.



for each x,y,z conponent of each nenber of each of those sets, i.e:
VT70ANT68A = VU70AI VU6BA (for each x,y,z conponent), VI70BNT68B =
VU70BNU68B (for each x,y,z conponent), etc. In fact, for the z conponent,
it is the same in every case, as the layers are selected as being a
certain distance fromthe reference point2owhich distance is the sane for
corresponding | ayers of the tenplate and used workpi eces. Gven that the
second and first sets of offsets (vectors) VI68 (VT68A, VI68B, ...) and

|
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neutral 51 i ferfaqe RIS 8 op ke ewwendide SPandPbinthss as dw wcﬁ\m %@QB&I | ow one to
calculate the points for the neutral |ine NLU72 of the third |ayer of the
used wor kpi ece. Once those points are known, it is then possible to
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correspondl ng next | aye e tenplate s a erefore all ows
a wor kpi eceoifpofije f'@émleﬁmﬁt ling; Tl@meﬁganrdwular hm:mﬂri@ecta)fdwqurkmeqn mofiet i on

and t heg or g ﬂ'%'lnférgé@ﬁn@ﬁm t@eo%%rhﬂb% vexz%d%eo {6 c@ﬁ’éétv%@delérge for the

third layer Ur2 of use pl ece een eterm ne I'S possible
to det er mi FREotdes 3{$éb? ff@t pair ﬁfecqrr@rsp@nc@ﬂmdace agiets. Ursecond chenastiaglline

vor kpi ece, ehBRg et e eRBiEad MHA ity Ghind e il frd 1 @{%h& tenpl ate and

U70 of the used workpiece and on extrapol ated | ayer and so on. 35
Once the newpﬁaqifcmlard@eu@saagé*upm*btﬂle mig-poigt af the spernsi dsnaeatingdiseer mi ne t he

surface pr ﬁlftérgé‘cts tffé%rl@pté&g BrogR ¥d &%@h bélPQf d&l%séﬂ{ Ilrgggﬁjr%gg'ﬂt)ﬁﬁﬁrﬁlg I rst

determ ned fo he two known | ayers e use

one pat? ofs r§9¢ﬁt%8’f|§ﬁpﬁm§ ‘{féhi%mﬁéif'ﬁ@ ﬂ@lﬁfﬁiélﬁfh E‘dh'ﬁ@@f@dlw rtherigcanel 16 to
each adj ap&hs d?ﬂhé n@fitrd) Bk rs@éduhg 2, 321 Bf $o8 ch,le@poﬂd%n%me ol al 1ine

81 with correspon mg@S surface points 84 on the convex si and points
86 on the 88HbAVE tae B el painisdmienesent te tuibine, coatourr st connecting line is
formed between the first two points 87, 88 of the neutral line 81. A first

per pendi cuI ar line is %enerated passing through the md- point of the first
connect i ngFPi 9REh 1ayee HEppibrigifeigmaiped f%@apfh%th@@@&Cgiateﬁi@e\mﬁﬂdmut&fén% ofile,

20 from where the perpendicular line crosses its respective connecting line, to where the
perpendicular line intersects the workpiece profile. Each layer has a set of these, LUG8
(LPUBBA, LSUBBA, LPUB8B, LSUB8B, LPUBSC, LSUB8C,...) and LU70 (LPU70A,
LSU70A, LPU70B, LSU70B, LPU70C, LSU70C,...) for the used workpiece. In this case,
LP means the length of the perpendicular line to the convex (pressure) surface, while

25 LS means the length of the perpendicular line to the concave (suction) surface.

Once the neutral line for the third layer U72 of the used workpiece is determined, the
sets of known lengths for the other layers of the used workpiece are used to extrapolate
the surface points of the third layer U72. The determination of the extrapolated surface
30  points of the upper layer U72 of the used workpiece is based on the view that, whilst the
lengths from the neutral line to the surface for two corresponding points on successive
layers may be altered through use, the ratio of successive lengths within a distorted

area shouid remain substantially the same.

35 Thus:
(LU72 - LU70) / (LU70 — LUBB) = [distance (U72 - U70)]/ [distance (U70 — U68)],



10 and the intersecting points, one on the convex and one on the concave
side are recorded as the first pair of corresponding surface points. A
second connecting line extends between the second and third points of the
neutral line 81. A second perpendicular |line passing through the m d-point
of the second connecting line intersects2{he workpiece profile at the
second pair of corresponding surface points. This 15 is repeated for al

poi nts of wherendigtaricedUn2ubly @Y, réans.the distamce betvsedithetvio laydrerwhich i thiB0

poi nts on I n f i surface
Boi nt 5. 1 noReday et diffence 2B Ghe e T &k o) ind g SREEP SPGB
contour. Flmadedxrh |ayer, a length is determn ned for each of the cal cul ated
per pendi cular lines, 20 fro re P n ar line crosses its
respective connecting |ine, Pgﬂﬁﬁergyﬂﬁe %%?geﬂ'lchlar line intersects the
wor kpi eze profile. Each |layer has a set of these LU68 (LPUGSA, LSUGSA,

LPUG8B, LS ): L PLI B,
LSU70B, LP%@LUS@H%EUTB%@E&WQ " 'Sﬁé% e(& eceé) ﬁ%gcéiggg% P nmeans
t he | engt hbuit wmlméh?)eﬁldrawmeaiofU7a@r1d(ﬂw$ﬁOt@ngélﬁ LMir?-essur e) surface,
while 25 LS nmeans the |l ength of the perpendicular Iine to the concave

(suction) surface. Once the neutral line for the third layer U72 of the
used wor kpAleaativehid thie precessican Hieo ussedata bmikhe wrofilesrg thestefrplate lagetst her

| ayer sq@f trFlE §@%mgrﬁw [g'sges%rtgték%ea%c&g}t%}(gér?e%’llcﬁgﬁ d e, siud fpﬁ%ﬁ@o' nts of

the third eterm nation ext T apol ated sur e 30

poi nts of ph@g@pp@meamerwz of the used workpiece is based on the view
that, whilst the lengths fromthe neutral line to the surface for two
correspondlng points on successive |ayers may be altered through use, the

ratio of sheclsdiuoseesiytass paintshane alsodiserotinesdfor thedarestizygrsioftbertdrmplate
substanti ah’f&’ 'ltﬂeT?ﬁn?hes%%rg Iﬁgéd to( r?mne éggtq;f Ip/er;fehmglar Iir{eg@@ezach[l t ance

(urz2 - di st ance I stance

neans 1he HI&§ J@%et%’?\ LHEBWWLS @ﬁBr bPTWG HSTBACE hl, érTT@éid%T?Oé t he

hei ght dif r a Stepse apart, this
Ieags to (&%?gc%q_ﬁ? Lé’ﬁ?chEPﬁ"?d@ L%Sﬁlbe ?1(%2& E&%&ﬁggb 0 aré known, it

i s possi bl EPT&2BidSdr n'éj{m LSTH%C,pr)(prhéte@p@%n built up using the
neutral line for U72 and the set of |engths LU72.

The relevant ratio that is then used to determine the surface points on the new layer of
20  the workpiece, U72is
(LU72 — LU70) / (LU70 — LUB8) = (LT72 ~ LT70) / (LT70 — LTB8)
for each component. i.e.
(LPU72A — LPU70A)/(LPU70A — LPUB8A) = (LPT72A — LPT70A)/(LPT70A — LPTB8A),
(LSU72A —~ LSU70A)/(LSU70A — LSUGB8BA) = (LST72A —~ LST70A)/(LST70A — LSTE8A),
25 (LPU72B - LPU70B)/(LPU70B - LPU68B) = (LPT72B — LPT70B)/(LPT70B — LPTE8B}),
(LSU72B - LSU70B)/(LSU70B — LSUG8B) = (LST72B — LST70B)/(LST70B — LST68BY},
etc.

Since all the terms except for those related to LU72 are known, it is possible to calculate
30 the line set LU72. The profile is then built up using the neutral line for U72 and the set
of lengths LU72.

Once the neutral line and surface points have been defined for one layer, they can be
determined for the next layer, until as many layers as are needed are built up. Once
35  surface points have been determined for as many layers as are necessary for the used



Alternatively, this process can also use data fromthe profiles of the
tenplate layers. 10 This again allows the process to take account of
general changes as well as specific changes between |ayers. For this
purpose, surface points are also determined for the three layers of the
tenplate T68, T70, T72. These are used tgzdeterm ne a set of perpendicul ar
lines for each layer: 15 LT68 (LPT68A, LST68A, LPT68B, LST68B, LPT68C,
LST68C, . . . yorkpiere, futharmigts caThe mterppiatzgmn tb@fﬂmeslppﬂ‘lmewo;j@TeZﬁﬁ;and. ) and
LT72 (LPT7 ; i PT72C, LST72C,...) for the
tenplgte. % ee%ﬁ%éé@%?j%E%¥%g?wgfﬁ%éﬁ?ﬁﬁh used to determ ne the surface
points on the new |l ayer of 20 the workpiece, U72 is (LU72 - LU70)1(LU70 -

_ ] . L TE8) . o€ { LPU72A -
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neutral |i@kthaM@rinigdeace points have been defined for one |ayer, they can
be dejgrmned for the next layer, until as many |ayers as are needed are
buil't up. Once 35 surface points have been determined for as many layers as
are necessHYan aligrnatiye eghedinent, anbt /s @ftset isfngeded thepeffast betwaan He first and
I nt er pol at R%&5 thps o) _ nt
| ayers as g%c?ﬁ |efp5 ﬁ@gigfsar y. P%{et he al O%ﬁ%ggﬁ@;%ﬂgmﬁggg%ﬁ%%‘qﬁgbﬁﬁgst set
of  of f set sfiiskpertion of the sgripincrde deterping sbRpgpdata af thegfecomdpdértiers of thad second
portions ofyolkbfckeMRhal& W& %ot b poyeisets of offsets are o
det erm ned, O%(Eecvm thin thehll:ﬁélét Borét/\?son gfathe tenpl ate and another within
t he fﬁst_ portion of the workpiece. Ratios of the various offsets,
t oget her wjh BnéthéPSteAtide 8mboliffent itk firsPS: ok %%is%%u%ﬂhﬁ@& fha used to
f th of t | ece.

det erm ne shape data of e second portion e wor | ‘
shape data of the first portion of the template and the shape data of the first portion of

the workpiece (more particularly between the layers U70 and T70). Then the shape

data of the second portion of the workpiece may be determined using this different first
20  set of offsets and the shape data of the second portion of the template (layer T72).

Again, however, this would be less accurate.

A better alternative would again be to calculate a two sets of offsets between the shape
data of the first portion of the template and the shape data of the first portion of the

25  workpiece (one set between corresponding layers T70 and U70 and the second set
between T68 and U68). These would then be used to calculate a third offset between
the second portions of the template and workpiece (more particularly layers T72 and
U72) on the basis of a relevant ratio, for instance that the ratio of the third offset to the
second offset is the same as the ratio of the second offset to the first offset.]

30
it should be noted that neither of the above approaches requires data from the lower
tayers of the template. It only requires data from the layers corresponding to the
damaged layers of the used workpiece and two layers below that. On the other hand,
whilst the above approaches use data on successive layers, it is possible to use data on

35  layers which are 2 or more layers apart, or some data on layers one distance apart and
other data on layers a different distance apart, preferably as long as it is the same for



10 In an alternative enbodi nent, only one offset is needed, the offset
between the first and second portions of the tenplate. This could be added
directly to the shape data of the first portion of the workpiece to
determ ne shape data of the second portion of the workpiece. However, this
woul d not be as accurate. 15 [In another giternative enbodi nent, the first
set of offsets is cal culated between the shape data of the flrst portion
of the tenppittee taneplataand mopienst £ ooExamplef ¢nesmay use data coflayerh &6 I7Rpi ece

(more par t LARIres| ot S5 PERo LBE o 5@0%%&39;6@ fla Do dgiéﬁﬂmmﬁ hpge data of

t he second portion o%mﬁe wor | ece termned usin |s di fferent
first 20 séPS&ﬁletﬁfﬂﬁiﬁe‘ﬂlﬁefanfcﬁeﬁw@c I@M@butdaqwaﬁeﬂramtsl@otanm portion of the
tenplate (layer T72). Again, however, this would be | ess accurate. A
better alternative would again be to cal culate a two sets of offsets
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t he above approaches use data on successive |ayers, It 0 use
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to use difrerent sets of |ayers requires extra inte ation. FIG 12
shows a pr bRes<d theysusceedinglayers aae Aelpwlated a@ﬁ@dlnﬁlydﬁﬁeptﬁ"ﬁ?bim”@héfﬁélbm n| ng

profile p@éiéﬁlénﬁ‘g%e PAIRAIEs Hack pRIfRitiff(step¥aba) of the used workpiece. The
profile data is read
20 Once the surface profile has been calculated, or predicted, it is then possible {o add the
new material (if it was not added previously) and finish the surface according to the
predicted profile. This can, for instance, be done by way of a polishing machine
controlled according to the generated complex curve.

25  Although, ideally, the reference template is an unused copy of the same workpiece, that
is not essential. It could be a used copy, which has not been damaged. If it has been
subjected to the same use as the damaged workpiece, then there may even be

advantages to it, as exirapolation then may be more accurate.

30  The embodiment discussed herewith may generally be implemented in and/or on
computer architecture that is well known in the art. The functionality of the embodiments
of the invention described may be implemented in either hardware or software. In the
software sense components, of the system may be a process, program or portion
thereof, that usually performs a particular function or related functions. In the hardware

35 sense, a component is a functional hardware unit designed for use with other

components. For example, a component may be implemented using discrete electrical



(step S112) fromthe device such as CMM and nodified accordingly, if
necessary. For exanple additional points are inserted, data is separated
into sections such as the convex or concave sections of the workpiece etc.
Neutral lines are calculated (step 10 S114) from sel ected points. For
exanple in an enbodi ment, 44 points may beg4selected at the tail end of the
wor kpi ece to represent the curve at |evel T68 as shown in FIG 8, which
may produc&CRoRats or glayiferssa phdian 26ameotire glectrihie cireuittsush ak iandppilisatioe

modi fi ed égéﬁf?c Iﬁier]?@te @ﬁ‘e{ug }'Th%ﬁre%ﬁe’?&}étcﬁﬁéd' do‘s&ﬁlﬁtlé’%rtﬁatcé’}&s(f Wt ed
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of the ref 'rrﬁﬁ%t ted (step 5120)
to reflect H‘?;ﬂéﬁgﬁgg\ggtlon 0 Ioﬁ?ﬁ%@&ag; |%F§c%&ﬁhgpr edi cted neutral

lines 0% the succeeding |ayers are cal cul ated accordingly (step S122),

foll owed bpgrca I%hﬂfu'té?? fg@n@r@%g%&ia‘?ﬁplééj&éc%ﬁg)élpér%fréﬂltsctgfé%é (St ep 5124).

20 Once the surface pro en cal cul at or predict e is then
possi bl e t 8maadments marhe erlempalied (n er o Skak coputgtiarstitastures mm/s)e and

finish thecsHpbads Qt’t‘tﬁ&frﬂbcglg%st%ofw@%cerrQ?ﬂ&%e%QmBhﬂfté{rOL[l)-mfS can, for

I nstance, be done by wa i shin con | ed accordlng to
t he gener aiéICRIOAPISOK F%@WEGC%S mensy (RAM), dead oy memery (R@vEfoce tenpl ate

is an Wusﬁéﬂnﬁwa‘ﬁﬁﬁﬁaﬂﬁaﬁme% CIiF% ra%é‘@#mfohﬁatwﬂéargcgﬁﬁgé L el t could

be a used co whi ¢ as not lg Ject ed to
the sane ugew%%sqqheasdmgw wiskeits. of €D RAbhandibe dkerdpchgempiler advant ages

toit, as seaqrt@&mieermr%rt:&ﬁam%shs .Wcsnﬁéc@wegaoﬁwoﬁ&g}faﬁd%fmﬂf#aré%m

di scussed herew th may generally b nP enent e or on conputer
ar chi t ect uinéorpggien pad GRMMURiGatig beﬁwetma hgroomppRents.Adsitionally, iuser ioputand

enbodi ment §utp9f1nfeﬁ§céé“é(r€rﬁfsbé’ll} pieRgdd Bech 58y kQ?odaFﬁf’ln?cm%Btl‘ﬁQFdﬂP\oﬁé LG the

hardware or software. In the 'software sense corrponen S he system may

be a ptocels fopusrjinaut.cindstispiave Arintehspeaifers andhihe ilse far loytoyt (Generally zeach
particul ar oftHQ‘fﬁdu@ButBDt ih@tatads RS thé Bug Bﬁtha%ﬁie@re? and P [MIeREnted

conponent is a functional hardware unit designe use wt
conponent sWitkgpnteglighpafavarg chﬁwfﬁeeﬁwlh%g/am@rwmaéﬁémwabﬁ‘sqfwgn@rpgf@ubt e

el ectri cal d@\ﬂcesC@QSP@é‘ﬁﬁBlémeﬁ’céd "Fﬁé(uci"los’y@?eﬁ'lsp‘?ﬁé ESHp@REr te‘?ﬁ‘fs'tf;ﬁcﬁl ectronic
circuit such as an Application Specific Integrated rcurt” (ASIC). There

are nuner oE%”tES’ﬂ'ﬁ‘éP”‘ﬂ)B’?é‘?ﬁﬁq b PReyalingatysteR) sqftwase eesidanbar thekGRY stherearsr ar t

woul d 2@ ablifbérof BPEFBRY 3YRerhs Bat BRECEHBEAAUENMLR! 12 VRS knbiWR! PARNted as a
conmbi nati on of hardware and software conponents.
embodiments of the present invention may be implemented in and/or on such computer

architectures.

FIG. 13 shows apparatus in the form of a computer system for carrying out aspects of

25 the above-described embodiments. A computer 200 is connected to a scanner 202 for
scanning a template and the workpiece to be repaired. The computer includes a
memory and processor (not shown) for receiving and storing scanned data (whether
from the indicated scanner 202 or from some other source) and generating the relevant
complex curve data. A polishing machine 204 is also connected to the computer 200 for

30 polishing the workpiece, once repaired, to give it a surface with the generated complex
curve.

The invention is particularly applicable to bodies with aerofoil shaped sections, whether
as turbine blades for furbines (for instance in aerospace applications) or compressors
35  (for instance in ship or aerospace applications), or as other bodies. Although the

exemplified embodiments of the invention relate to a curved body, in particular one with



5 Personal conputers or servers are exanples of conputer architectures that
enbodi nents may be inplenented in or on. Such conputer architectures
conprise conponents and/ or nodul es such as central processing units (CPU)
with mcroprocessor, random access nenory (RAM, read only nmenory (ROM
for 10 tenporary and permanent, respectiveby, storage of information, and
mass storage device such as hard drive, diskette, or CD ROM and the |ike.
Such conmpufePMPAXHe: epenifically bediefewitlc ameearnofrilsheped sestipnitthe dtyaniartis nhk
component s e froRAB! 1AL IrdentidrYaAERIsEa % ARSNSAIIHRI £a6 BoRE! YRBE, { Ne
conponents. Additionally, user Input an out put Interraces are usually
provi ded, SU¥AA §5NeN-REYED SempPlarmHeN-camplesphith eorapehenhprocsssesiagiusted user

i nput, andag&§&h§¥;HQ&&£§§§J speakers and the like for output. Generally,
each of the inpuf/output interfaces is connected to the bus by the
controlPer and inplemented with controller software. Of course, it will be
apparent t NYhi iof ; e il t in
such systeﬁgﬁhﬁf?h@%Egﬁ?gﬁmgg2?%Eé?gé@§%$%gﬁw¥ﬁ%£%%%¥%Pﬁ?ﬁm§ﬁ§§§§hgggg by
oper ati ng 89 seediosdtenmnes seaneteadddp atrdy.Gren whees habshapg negemuayieushof
operating gysfe@s that are commonly avail able and wel | known. Thus,

enbodi nents of the present invention nmay be inplenented in and/or on such
conputer architectures. FIG 13 shows apparatus in the formof a conputer
system§ or 11Gal by bpsreBibledARASHIS offy 2 RY %@%g@%@aﬂ%ﬁ&r SrRddingahRiingat s. - A
conputer 200 is connected to a scanner_ 202 tor scanning a tenplate and the
wor kpi ece PgebeescaEped hergin fenibe pyrsses pf illvidiation yagoyrehangesinumpdificalionsr  ( not
shown) for nz§¢RIMAROwBRlt 8EUHIRPIGR MEDpd 3t Me(Mptibier from the indicated
scanner 202 or from sonme other 'source) and generating the relevant conpl ex
curve data. A polishing machine 204 is also connected to the conputer 200
for 30 polishing the workpiece, once repaired, to give it a surface with
the generated conplex curve. The invention is particularly applicable to
bodies with aerofoil shaped sections, whether as turbine blades for
turbines (for instance in aerospace applications) or conpressors 35 (for
instance in ship or aerospace applications), or as other bodies. Al though
the exenplified enbodiments of the invention relate to a curved body, in
particular one with 25 a conplex curve, specifically bodies with an

aerof oil shaped section, the invention is not



limted thereto. The invention.can be used to reconstruct the profile of

ot her shapes, curved or non-curved, conplex or non-conplex, wth conponent
processes adjusted accordingly, if necessary. 5 Further, whilst the

i nvention has been enbodied in being used in repairing a body, it can be
used to determ ne a shape to add to a bodyg even where that shape never

previously existed. 10 It will be appreciated that while only a few
speci fi c edyhaflismiaimedi® the i nventi on have been described herein for the
purposes of illustration, various changes or nodifications nay be nade

W t hout departing fromthe scope of the invention. 26 What is clained is:

1. A method. for det eArhethedjfos Wetlssmitingeshiape dataior & poepiecet the weotrigrieece
conprising at | : g i,.Qn. t i ned
being for 5 a scanpirsatisast B3 BRiof AR e SRR AR ddterneiibaidleh

provi difg shapeasgaeendofortigreofithe workpmcei tba methacheomwiskygi ece; provi di ng shape

data of a first te”pk)%gﬁilirﬁosrhtabg'aaén&tﬁe ﬁr@ﬁ?&ﬁoﬁ@frmé %ﬂ(ghe%?”i on of a

ref erence tenpl ate, _Trrst tenplate portion corresp hg to the first
portion of the wor kppwyiingahape detasd adinet terwniatepatipoand @seeodtespletedi ng t o

10 the second pgy kil rkpl - It havi ng
a shape relat eg_&%lgﬁ)ta L%Feg‘%%ﬁg@‘%gﬁ%ﬁée@@g?gﬁsﬁﬁmﬁg :)bgrttoﬁe% Lrggoﬁg%ﬁélr)@% on of
t he wor kpi ece; Histperderprithe wegkridne, andibe seaend iempidie pedicordreapondiog tof t he

wor kpi gge, basgf QrohdEofisi ng\bﬁep?%cet e delcbrid ﬁehﬁa’ﬂa}?% Eéﬁgﬁ@é&ih@% esﬁaa the

second tenplate 15 portion o rence tenplate a of
the first porti talated ta the shaps logiecdatierminegiontheraegord potion aktbe awrkpiecs! ai m 1,
further conprisiphg generating surface shape data for the second portion of
t he wor kpi ece based on the determ ned 20 shape data of the second portion
of the workpiece. 3. dgerainingdheishapegdateef the secandmortiong sheewerkdietar mi ni ng

the shape data B&sedté?ﬁhé%ﬁ?’&gﬁﬁ%?{h%'ﬁr;t%ﬁﬁl'%\te‘r”g{ '%hQQQPJHdﬁslﬁﬁﬁl

. te .
calculating a target set o sets. 2 od as claine acel‘ aim 3,
wher ei ¥ det er ni B? gn ehibe sefgppace fanaplate and the shape data of the first portion of the

workpiece.

2. A method as claimed as in claim 1, further comprising generating surface
shape data for the second portion of the workpiece based on the determined
20 shape data of the second portion of the workpiece.

3. A method as claimed in claim 1, wherein determining the shape data of
the second portion of the workpiece comprises calculating a target set of offsets.

25 4 A method as claimed in ¢laim 3, wherein determining the shape data of
the second portion of the workpiece further comprises using the target set of
offsets with the shape data of the first portion of the workpiece.

5. A method as claimed in claim 4, wherein using the target set of offsets
30 comprises adding the target set of offsets to the shape data of the first portion of

the workpiece.

6. A method as claimed in claim 4, wherein calculating a target set of offsets
comprises calculating a first set of offsets, between the shape data of the first
35 and second template portions of the reference template.



t he second portion of the workpiece further conprises using the target set
of offsets with the shape data of the first portion of the workpiece. 5. A
nmethod as clainmed in claim4, wherein using the target set of offsets 30
conprises adding the target set of offsets to the shape data of the first
portion of the workpiece. 6. A nethod as2glainmed in claim4, wherein
calculating a target set of offsets conprises calculating a first set of

of fsets, between the shape data of the first 35 and second tenpl ate

portions of the refepangfiod B8 Blamk&y an%?arrﬁe ﬁh%ﬁmﬁcﬁﬁlnﬁlaﬁh@gsétrbf%r %“
wher ei n cal cul at%qhgga target set of offsets further conprises atlng

a second set off %‘irﬁpr'sﬁﬁt hin the shape data of the first 5 portion of

the reference tenpl atfculaiiny @sé&@:‘nﬂ‘éeﬁ&toﬂ%ts%ﬁrﬁmr?esh‘élb&lab{é Gflﬁ?efﬁ'gﬁpe dat a
of the first portion of the workpiece; and usrs'egE he second and third sets
8

of of fs®ts, togBPMen ohihereierrace tergplatgeanda thirgk offsgiee withie tashapediatay of

the first porti @ﬂh@ff|rg‘.tbgrﬂ5ﬁlbkmeWKI§|Qcéjgh@rm ne the shape data of the
second portion of the workpiece, as claimed as in claim7,

wherein, in using theSiPg Fl'gsecg@ql;alpfathgﬁ@etstqi,oﬁaetgépgetqur vithrtbediest setf t ar get ,

fourth set of Opfisces &nd theGRBPE aétadafr&mra%waﬁdnr&tﬁé\ﬁorkafetcéfﬁ éetéﬁﬁm@% the
shape data of the first and second portions of the workpiece. )

met hod as cl ai netpRefats gf H?SECWWQH@WPWE’@CG%COM and th| rd sets of
of fsetgpare sets of angles and the fourth set of offsets is generated based

on the di %fer ence between, correspondi nf%ggngl es within the first and second
sets of fsets bei fidneiertas tlaimesdkasdB claire doWbeisy. dningsthefirstsecend pad set

of offsets. 20 fHfitd shtaBtiolosts Afie CdrgétMRMrth BeCiaHBR8 is YAIRIREA rddhEsdnfilg i set
of offsets is 8{? at ed bﬁ@ed on the ratio between correspondin of f sets

within the firs betwgen Hip deps date fthelpkansesasgnd Rertisnsef the woRgiecset ween

corresponding correspondlng of fsets between the fourth and third sets of
clajmed in. c m 3, wherein calculating a

of f set
targetf%et of offseté %Hﬁ?%@@'"@l'ﬁ&laﬁ|8n\ﬂh%reﬂtf‘§tf'r%e‘5tec%ﬂd ang thydests
bet ween the shapfoffiatsaareketsitf ahgles bnd SRIFbEHILsARK bifstls RigehbRitd L Aame

the difference between corresponding angles within the first and second sets of
offsets being added to the corresponding angles of the third set of offsets.

20 10, A method as claimed in claim 8, wherein the fourth set of offsets is
generated based on the ratio between corresponding offsets within the first and
second sets of offsets being the same as that between corresponding
corresponding offsets between the fourth and third sets of offsets.

25 11 A method as claimed in claim 3, wherein
calculating a target set of offsets comprises calculating a first set of
offsets, between the shape data of the first template portion of the reference
template and the first portion of the workpiece; and
determining the shape data of the second portion of the workpiece further
30 comprises using the target set of offsets and the shape data of the second
template portion of the workpiece to determine the shape data of the second
portion of the workpiece.

12. A method as claimed as in claim 7, wherein the shape data of the
35 workpiece and reference template comprise shape data on layers of the

workpiece and reference template.



tenplate and the first portion of the workpiece; and determ ning the shape
data of the second portion of the workpiece further 30 conprises using the
target set of offsets and the shape data of the second tenplate portion of
the workpiece to determ ne the shape data of the second portion of the

wor kpi ece. 12. A nethod as clained as in e@gaim7, wherein the shape data of
the 35 workpiece and reference tenplate conprise shape data on | ayers of
the workpiece and reference tenplate. 28 13. A nethod as clainmed as in

claim 12, wherein tha H&ASEasalaindiad AR 19fwhéﬂaﬁatwsmee&§tat%ﬁqeiay\?g§ ence

tenpl ate are obtai ned through scanning the first ortion of wor Kpi ece
and the first aH® W&kejfer pet SfIRRCHiEMPlte per @itainedthsouabfsraniag the firstyer s.

14. A method aspétigh BBfedorkgledd HHdthé Arst Whe 58ddhdtddiohk bBihe @@F&ﬁg and third
sets of offsets each conprise sets of offsets between correspondi ng points
within Series ofeMRi3teislaypishi n t he wor kpi ece and tenplate. 10 15. A met hod
as clainmed in claim1l, wherein providing shape data of the first portion
of the workpiece and of the first and second portions of the tenplate
further coﬁgri ses cafdi#thed A% claERY 3] Inidaiiad 2owhensin the fiest, Séﬁ@“%@fgigtﬁdd

portions of thesectsf 6F A EadrEB 6 sat@cbfeif%étéiemeeﬁtcoﬁggﬁohﬁmg%snwe _

wor kpi ece based on their shape 15 data. 16. met hod as clained as in
clai m 15, wher eMihiaseEesoiinyRys vitaindhmparkgieca andterpplatesecond portion of the
wor kpi gge conprises determning the neutral |line of the second portion of
t he wor kpi sge, based on the neutral lines of the first and 20 second
portions of>the refefdneiBod anprinied 5 s, Wherein previding sharmdaip of He first

wor kpi ece. 17. AofiBh BPfedorikdicdd @ diShd firsCarRi $8cbRd pYBREbMhE RIngsigkeni Ng the
shape data of ¥ugt§| second portion of the workpiece further conprises

det erni ni ng t he"PEeHeTRISER &Gk PrurabinasiRl tha fArstang sseopdieoriersorfdhdor ti on
of the workpi ecgferease@mphile bRE ofB s lpottioR®f Be WhlRpisEEBRLIRPIthEiPShAe t he
V\Drkplgie and pgétgts on the surfaces of the first portion of the

e .

wor kpi

16. A method as claimed as in claim 15, wherein determining the shape data
of the second portion of the workpiece comprises determining the neutral line of
the second portion of the workpiece, based on the neutral lines of the first and

20 second portions of the reference template and of the first portion of the
workpiece.

17. A method as claimed as in claim 16, wherein determining the shape data
of the second portion of the workpiece further comprises determining the
25 positions of points on the surface of the second portion of the workpiece, based
on the neutral line of the second portion of the workpiece and points on the
surfaces of the first portion of the workpiece.

18. A method as claimed as in claim 17, wherein determining the positions of
30 points on the surface of the second portion of the workpiece is further based on
points on the surfaces of the first and second portions of the reference template.

18. A method as claimed as in claim 17, wherein
the points on the surface of the second portion of the workpiece whose
35 positions are determined are points corresponding to selected points on the

neutral line of the second portion of the workpiece; and



18. A method as clained as in claim17, wherein determ ning the positions
of 30 points on the surface of the second portion of the workpiece is
further based on points on the surfaces of the first and second portions of
the reference tenplate. 19. A nethod as clainmed as in claim17, wherein the
points on the surface of the second portiaéa of the workpi ece whose 35
positions are determ ned are points corresponding to selected points on the

neutral line of the &é’@@ﬁ'&isﬂﬁ?t?ij BAINEPN EW@%?‘HWP@@@"E wsangportion pf thach
sel ected point QRrkpRe®Etdoskioh bﬂtﬂe%f)rré%naﬁﬁ%ﬁmt BRYHd §U?fa@é oF e s‘é@érﬁp' ece,

the position of the correspondi ng point on the surface of the secon
portion of the RBTIRPCEEE WKRiRGeF Hﬂ%’ﬂ‘”ﬁﬁ?@ﬁe%ﬁ” Fadips ekdigtenerssemE®s from

the neutral Ilﬂ@utadmné BRd ﬁié@bﬁﬁ@efo@&or?@épbﬁ&ﬁgﬂgbt% I|H@H5lﬁéllnltﬂenf?r?tnﬁeﬂts in
the first used portion of the workpiece A method as clalinmed as

inclaiti, mheP%ﬂ‘H”Pﬁ@eW'kFﬂ?‘“é‘ce is a blade. 21. A nethod as claimed as in
cl ai m 20, V\/nerel n the blade is a turbine blade. 22. A nmethod as clained as
inclaiml, wherein the workpiece is a deforned version of the reference
tenpl ate. 3% A met hBd"e{8od A3 FlaRed 38 iBickaith 11 Wheliedt B WarkpiesRds Riladee has a
surface 15 with a conplex curve and the shape data on the second portion of
t he workpi §$ conprises data on sai d conplex curve. Appar atus for

det er mi ni ng''shape dafd"$ted as fiaimast e CE‘HE&Q whersindpe bla&aﬂ%a girbige bleder ence

tenpl ai®@, the workpiece conprising at least a first portion 20 and the
shape data_to be det be| for a second portion of the workpiece,
and the reférence te%ﬂp %‘?8 %%”&'WW whergipihg merkpigas ip g deformed

correspondi ng t gersiaa offtrres.-bfdm{d‘eltgﬂp@fethe wor kpi ece and a second tenpl ate
portion corresponding to the second portion of the workpiece, and the

second tenplate portion having a shape related to the shape to be

det erm ned28or the saamstHod®ls PaMiddiA c&imt1hﬂhwéﬁ1ktﬁé%ﬂ(plédé€ha§%0ﬁfrﬁbé's
recei v ata of the first portion of

conpr i a first input for
threTp vvoﬁ(pl ece; Wb ?@86{2??? X GHpig andghe %@%‘1"%8“%?%%‘&?8”'8\" OfWSquF@?Ceand
second tenpl at ecorppridels@ata 6 sdifleomplereanee tenpl ate; and

24, Apparatus for determining shape data for a workpiece based on shape
data of a reference template, the workpiece comprising at least a first portion
20 and the shape data to be determined being for a second portion of the
workpiece, and the reference template comprising a first template portion
corresponding to the first portion of the workpiece and a second template portion
corresponding to the second portion of the workpiece, and the second template
portion having a shape related to the shape to be determined for the second
25 portion of the workpiece, the apparatus comprising:
a first input for receiving shape data of the first portion of the workpiece;
a second input for receiving shape data of the first and second template
portions of the reference template; and
a processor for determining the shape data of the second portion of the
30 workpiece, based on the shape data of the first template portion and the second
template portion of the reference template and the shape data of the first portion
of the workpiece.

25, Apparatus as claimed as in ¢laim 24, wherein the processor is further
35 operable to generate surface shape data for the second portion of the workpiece
based on the determined shape data of the second portion of the workpiece.



a processor for determning the shape data of the second portion of the 30
wor kpi ece, based on the shape data of the first tenplate portion and the
second tenplate portion of the reference tenplate and the shape data of
the first portion of the workpiece. 25. Apparatus as claimed as in claim
24, wherein the processor is further 35 opf@rable to generate surface shape
data for the second portion of the workpiece based on the determ ned shape
data of the second portion of the workpiece. 30 26. Apparatus as clained as

in clai m246. wher ei nApbaratlgtrdiaimed Gs imelaip24 Svhefidih an AbtehMRirkARe BRaRROr ti on
of the workpi ece tatf??hem ocessor. i s {E.lurther, operable to  calculate a target
set of offsets. 98@P thesatapd ppition of teyyqrkeiecss thepreressr isdurths epeiahle tpn

det er mi ni ng t he calbalp® a gejed sef oftoffestsecond portion of the workpi ece, the
processgr is further operable to wuse the target set of offsets with the
shape data of the first portion of the workpiece. 10 28. Apparatus as

claimed as2fn cl ai m 2pparehgraeidaimed ad s Egint 28 k&Rt g8fer@iningthé 8RAse t he
arget set o fsets to the

processor is further operable to a t he t, f of

shape data of tﬂ@taquttréetpseﬁBW PB&JOBPP%ﬁé”W'W1 Keprogessons futies paeigbleds
clainmed as in cusé meﬁir,gevmroebﬁfsetéWitl‘i&ie@ﬂa?éidaﬁi ot thefirgBiorfi® of taé  of f set's,
the processor is further operable to calculate a first set of offsets,

bet ween the shaP8 P of the first and second tenplate portions of the
referemze tenplate. 20 30. Apparatus as clainmed as in claim?29, wherein, in

cal cul ating,a target ,set  of offsets, . the cessqr .is further operable to:
cal cul ate &°second sBPPYPNUSAES '@?d\ﬂﬂrh‘it]ﬂ'"%ﬁ V&’i’éed‘é I 45159 dre taraet petal;

portion of theoffsdtgtienpectsyoplsditheraperabld i ddd thetargdt sef drotsts tyiHehi n t he
shape data of the fc%rst or.tion of \E\fh%ﬁ'\’m@”%gl ece; and 25 use the second

and third sets SPaRSt aé%f’fstBeFE%BP’ﬁ@PO 9 rst set of offsets and the

shape data of the first portion of the workpiece to determ ne the shape
data 015 t hﬁg.second pRE)E)eilr(a){Ls%fs cliar[]r%eg\gg ii<FP ci:igﬁ'teﬂ, wherein, in calculating a target set

of offsets, the processor is further operable to calculate a first set of offsets,

between the shape data of the first and second template portions of the

reference template.

20 30. Apparatus as claimed as in claim 29, wherein, in calculating a target set

of offsets, the processor is further operable to:
calculate a second set of offsets, within the shape data of the first portion

of the reference template, and a third set of offsets, within the shape data of the
first portion of the workpiece; and

25 use the second and third sets of offsets, together with the first set of
offsets and the shape data of the first portion of the workpiece to determine the
shape data of the second portion of the workpiece.

31. Apparatus as claimed as in claim 30, wherein, in using the first, second
30 and third sets of offsets, the processor is further operable to generate the target,
fourth set of offsets, representing the offsets between the shape data of the first
and second portions of the workpiece.

32. Apparatus as claimed as in claim 31, wherein the first, second and third
35 sets of offsets are sets of angles and the processor is further operable to
generate the fourth set of offsets based on the difference between corresponding



31. Apparatus as clainmed as in claim30, wherein, in using the first,
second 30 and third sets of offsets, the processor is further operable to
generate the target, fourth set of offsets, representing the offsets
bet ween the shape data of the first and second portions of the workpiece.
32. Apparatus as clainmed as in claim31, @herein the first, second and
third 35 sets of offsets are sets of angles and the processor is further
operabl e to gendP@lEeWthiB thefiret andseacopd seifof effsetpheipg added tladheli f f er ence
bet ween corr espehddpandihg aAgIes eptheithiki sbtbhsrdeid st and second sets of
of fsets being added to t% correspondi ng angles of the third set of
of fsets. 33. Apparatus as clained as in claim30, wherein the shape data of
the 5 workpiece andApphRiRHEIAIRERA3HECISHTBY, WHardh R ?E@af&rbfltﬁé’ers of
the wor kpi ece and reference tenplate. 34. Apparatus as claimed as in claim
furt her conpPrkpiass adsefgranse terpplatecompisa ghanedata priaygerafitem of t he
vvorkpl ece and t Reripidcatananefefe@Mémpaict i ons of 10 the reference tenplate in
| ayers to obtain the shape data of the workpiece and reference tenplate.
35. Apparatus as clained as in claim33, wherein the first, second and
third setgqof offsepppfagfy ﬁ%ﬁ%bggs%ﬁé@lr@% %ﬁl%?b§m9ﬁ§lﬁ§§@c§rﬁ{e’i?§fpond' ng
points 15 within adlacent Iayers paratus as clainmed as I n claim 34,
wherei n the proSeEig the firsh pprian OfQB‘Eé’Y%'Eﬂ'%Ce gnskthe fiest andisegond efieas of ayer s

of theqg ef er encenelrefgpdrteReMpRtdRI%RY E0btaik Pn é@fa% SAwoRkplcRE apganned

| ayer into two paortions of data, to filter ou repeat data of the
scanned | ayer, Hi#ePeR SRR data to form uni form scan data on the scanned
| ayer. 37. Apparatus as clainmed as in claim24, wherein the processor is
further grabl e to,calculate neutral lines of the first and second

portions of°the 25 r&PRVEHEESIAHPHPA AR MFlaiNL33. pherain therfirgloseqond ape thirse

wor kpi ece basedsag of bffdetts éé@%mﬂi@é%ets%ﬁoﬁéﬁ!@ﬁé@e@ﬁ cBResoRHIME hofds | N Claim
37, wherein, geterm ni e shape data of the second portion of the
the

wor kpi ete, B'B@Q?G?”tnquf%rther operabl e to 30 deternine the neutral
i ne of the second portion of the workpiece, based on the

36. Apparatus as claimed as in claim 34, wherein the processor is further
operable, for individual scanned layers of the reference template and workpiece,
to separate data on the scanned layer into two portions of data, to filter out

20 repeat data of the scanned layer, and to insert data to form uniform scan data on
the scanned layer.

37. Apparatus as claimed as in claim 24, wherein the processor is further
operable to calculate neutral lines of the first and second portions of the
25 reference template and of the first portion of the workpiece based on their shape
data.

38. Apparatus as claimed as in claim 37, wherein, in determining the shape
data of the second portion of the workpiece, the processor is further operable to
30 determine the neutral line of the second portion of the workpiece, based on the
neutral lines of the first and second portions of the reference template and of the
first portion of the workpiece.

39. Apparatus as claimed as in claim 38, wherein, in determining the shape
35 data of the second portion of the workpiece, the processor is further operable to
determine the positions of points on the surface of the second portion of the



neutral lines of the first and second portions of the reference tenplate
and of the first portion of the workpiece. 39. Apparatus as clained as in
claim 38, wherein, in determning the shape 35 data of the second portion
of the workpiece, the processor is further operable to determ ne the
positions of points on the surface of the3%econd portion of the 32

wor kpi ece, based on the neutral line of the second portion of the workpiece
and points on WREPEGE{Rased oprthe Reutral firg offbe seeandarortionef is wpkpiees aud.

Appar atus as cl ablngd)rﬁﬁebﬂrf&dealomr%%.rst%ﬁro%m% Wh&ples Nts on the surface of
t he second portion of the workpi ece whose p05|t|ons are determ ned are

points corresponding to selected points on the neutral line of the second
portion of 49 he wor kppgsfatadnd ddifePhd FESSRT 3, vhkkdid her operabl e, for each
sel ected point on the neutral line of the second portion of the workpiece,

to det € mne the posiheirRgintyen theesutiger ot the sperd RAGTIGLNRe warkpiese siosace of
the second port béﬁitld?lfs é@@eﬂéﬂﬁlh@d 8REHIHAS Rbrre kiR 't@§e|9<§te8'b§|h%r6?ﬂﬁef romthe

neutral line and the surface for corresponding neutral line points in the
first used port P%‘HF%F”Q Wéh%?q&ﬁ‘ﬂé’(?@'onﬁ thewerkaige®:éndpr ogr am product f or

det er mi ni ng shape dafha grédes8o®filihicPESeradia, BASSHh Qbo‘?é‘t?ﬂﬁnt%tﬁe Abutfal

reference tenpl ate, the workpiece conprising at |east first portion and

the shape data ¥ ?Iéh%%fépmpﬁét@n@éﬂwgwrbp'e% é‘éé@tﬁﬂ'ﬂ'ﬁ@mq Rasition of thee

wor kpi fEe, and bdreeshBh@he péift érefmels@rcfgcec@frfﬁé bééd?ﬁ p%rtfdnro?fthet WORbRES AR | ON
corresponding to the first portion of the wor%ﬁl ece and a second tenpl ate

portion corresPoRIPAGT distapsrs ferp Siingytiat insranskthe serfags fRbsastaspordieD t he

second tenpl at enéiﬂrdpm‘éb&ﬁlshﬁtﬁbﬁi@st%sé@?@ﬁoﬁ of MbSfbrkfedde shape to be
determ ned for the second portion of the workpiece, the conputer program

product conprising a conputer wusable nedium having conputer readable

program cogle enbodi @dcdrﬁtﬁﬁé?@ﬂogrbﬂ%ro&%ﬂ#b@ferﬁﬁﬁ%aﬁeBé%ﬁ%ﬂéﬂ)‘i’e
conpri ram code for receiving shape data of t he

first &IQS porC? | t"“g][o“tsi‘gp%ﬂ?’i@ ad er‘%,rl‘}?rﬁ‘%ﬁ‘%lﬁter theduprkeies eRjrRIfpingoRtdedsér
recei ving shapea dat portibn bh@tl’fel dhabe ABE to %@Qﬁf&'mﬁr@am oPREbddMaSoRfontdie
reference tenpl ﬁ work qgcecg t teer[aferrgn%%%grlne!ape co arlmslnC a frs{tgﬁn (Ija?é ecrnrrt]port:]I ng the
shape data of t¥&Workp P prising plate p
corresponding to the first portion of the workpiece and a second template portion
corresponding to the second portion of the workpiece, and the second template
20 portion having a shape related to the shape to be determined for the second
portion of the workpiece, the computer program product comprising a computer
usable medium having computer readable program code embodied therein, the
computer readable program code comprising:
computer readable program code for receiving shape data of the first
25 portion of the workpiece;
computer readable program code for receiving shape data of the first and
second template portions of the reference template; and
computer readable program code for determining the shape data of the
second portion of the workpiece, based on the shape data of the first template
30 portion and the second template portion of the reference template and the shape
data of the first portion of the workpiece.

42. A method of determining the head and tail points of a complex curve,
comprising determining a second derivative curve for the complex curve and
35 selecting the positions on the complex curve corresponding to the two lowest



second portion of the workpiece, based on the shape data of the first
tenplate 30 portion and the second tenplate portion of the reference
tenpl ate and the shape data of the first portion of the workpiece. 42. A
nmet hod of determning the head and tail points of a conplex curve,
conprising determ ning a second derivative@3curve for the conplex curve and
35 selecting the positions on the conplex curve corresponding to the two

| owest 33 posiPPgﬂ@Sow R SeCUEHRIVBIE Gaks Aadhe hipad and @lpsinteaidhand t ai |
poi nts of the @@ﬁpbgkuﬁ@rve. 43. A nethod as clained in claim42, wherein
the conplex curve 1s an 5 aerofoil shape. 44. A nmethod of determning a
neutral line within a body, the body having first and second sides and

first and ggcond endp,méthed bé ERma i cfrf@20whbdfsthe 8XhBRYINA NS 9 bet ween
the fi rgt and seconch%nds of the body, the neutral line to 10 extend

bet ween® t he fir 8eroil$"@B%ond sides and fromthe first end to the second

end, the nethod conprising: providing a first series of points, on a first

line, on tgg first side of t fromthe first end to the second end,
T

he body, | ! €Cco
the first i es confdNFiNAYOLdstermining anesisal lige Wibinm Rodyy therhogyinaving figst

second series Obn@&édtng sided aidFifs ARE sbédil ends, thi BrsS 8ROBSLAHERIesOf the Dbody,
fromthe first eg%ﬂ%g@ he second end, the second series containin t he

first nunber of®© ro eqmhibe fistt apd gecardends of @ﬁé@dbéhﬁééwraig]’%lt%nt

poi nts16 n the segend bsicba shd frst 411 derBBd Bidef abd'RoResOMd: id'® thetygpg t he
first and second ends is the sane as the ratio of the di stance between

correspondi ng 28P4df&REMCdSEMPIENGL the first series to the |ength of the

first line between tbmfdirrgséfirsesuiies@@ﬁaﬂtfs,em?;ﬁrgagﬁé%rdmitﬁé f;hgt ahélepihetsd _
e rirs an second series;, and using

bet ween corresppndin ints within t I i
t he deternined ﬁ?‘g’pggwﬁgeﬁ@?ﬁ%ﬁ’ %‘\/t\getsﬁ%oﬂﬁ’eed'tdr He firstperiepeomtajning afissthod as
claimed in clai nudBer offpeingi;n the neutral line is determned as passing

t hrou t he determ ned m dpoi nts. ) .
91‘5 prowdlngpa second series of points, on a second line, on the second side

of the body, from the first end to the second end, the second series containing
the first number of points, where the ratio of the distance between adjacent
points in the second series to the length of the second line between the first and
second ends is the same as the ratio of the distance between corresponding
20 adjacent points in the first series to the length of the first line between the first
and second ends;
determining midpoints between corresponding points within the first and
second series; and
using the determined midpoints to derive the neutral line.
25
45. A method as claimed in claim 44, wherein the neutral line is determined
as passing through the determined midpoints.

48. A method as claimed in claim 44, wherein the body has an aerofoil
30 shape.

47. A method of determining individual points along a neutral line within a
body, the body having first and second surface sides and first and second ends,
the first and second sides extending from between the first and second ends of

35 the body, the neutral line to extend between the first and second sides and from
the first end to the second end, the method comprising:



46. A nethod as clainmed in claim44, wherein the ‘body has an aerofoil 30
shape. 47. A method of determ ning individual points along a neutral line
within a body, the body having first and second surface sides and first
and second ends, the first and second sides extending from between the
first and second ends of 35 the body, the3#eutral line to exteng beémeeﬂ
the first and second,sides and from the first end to the second en t he
met hod conpri si ng: 5¢ a}@e&imw%a dist wtersenting line F‘F‘-‘r’%ﬁc"'ﬂﬂtt'@rfgé*(ﬂqdrﬁ?CPn%e

i ntersecting theidks asfirsead sﬁe%@ﬁmhté‘rsébﬁ&n@hnfé rst and second intersection

oints b) determ ni oi nt of the nost recently determ ned
Pnt er SeC'EI Z\g line béqr}%@%ﬁmﬂ‘f% Fugroint okthe ngosh escenty ﬁ%tafm'ﬁ%mé%’é@qhaa

poi nts; (céI det @igThetivean tHé&nﬂSt(ﬂ@@nﬂff dét?rrﬁiﬂe?ﬁtéf&é%li%h fpl@i?ité‘t ?n thet negtral
Iine;() etermnin int a e end of a vector exenlng
from the further ?‘H% E?H'r”T héﬂ{)‘?%ﬂmtlt‘? hgafw#\eé PainE ge theore Uil 180 i s an
average of the di re@)lcﬁtbrmfnfﬁd@té‘n’npfo‘ﬁéry®6ﬁ|t éﬁﬁ@@ﬁd%\‘ 898ctat eXtERAIMPHEm
recently deter I nt ersection r%i)lnts a first predetermned

di stance; (e) d gqutpq{,qq@tgn R HY Wteef’b%@'f‘?qt?@”whﬁ@ I$ ﬁf'éV%réE?PW@et he first
and second si dasearontohth@durara@idfs@wrtdmést@&ﬁ@@bstqecmyr&efermtr{éa second

I ntersecting lin SSIn first tenporary point perpendicul ar
to the first vegf‘?f?fg)c Qﬂ(ﬁ’ ? ragfggrﬁr? e"f‘B"‘%dcélﬁta(“BE) 15 48. A nethod as
claimetbin claim 47, e‘)uiretéﬂmrmr@ér@édoﬁd nﬂers@étﬁplﬂbnﬁe@eéﬂrrg&he sethe$ of

si de fromthe first end

points, on a first n | rst

to the second ef onpﬁgeepl ?ﬂ'ﬂrdsaé‘fj %%fﬁt'aﬁ%ﬁCH%gmatSf hPs';FCO’?ﬂJ'H{S‘?é?GCB'FQW nts;
and providing apsmmdrwghni%ﬂr@ﬁ‘teﬁ@bmpmﬁfp@ﬁmtd) tHeSirstacloRengiecond
side 20 of the body, fromthe first end to the second end, the second

series containing tHREFPHEINHFBEY: of points; wherein the ratio of the
di stance between adJ acent points in the second series to the length of the

second,lé ' N§s. bet ween }\ tLocg gé clglrl]ne in cgum 49n€mher comhpnsmg
providing a first series of points, on a first line, on the first side of the
body, from the first end to the second end, the first series containing a first
number of points; and
providing a second series of points, on a second line, on the second side
20 of the body, from the first end to the second end, the second series containing
the first number of points;
wherein the ratio of the distance between adjacent points in the second
series to the length of the second line between the first and second ends is the
same as the ratio of the distance between corresponding adjacent points in the
25 first series to the length of the first line between the first and second ends.

49, A method according to claim 48, wherein determining a first intersecting
line comprises:
determining a first vector, extending from the first end of the body through
30 a first predetermined distance in a first direction.

50. A method according to claim 49, wherein the first direction is the average
of all the vectors connecting adjacent points in the first series of points, on the
first side, from the first end to a first predetermined point, and all the vectors

35 connecting adjacent points in the second series of points, on the second side,
from the first end to a second predetermined point, the first and second



same as the ratio of the dirstance between correspondi ng adjacent points in
the 25 first series to the length of the first |line between the first and
second ends. 49. A nethod according to claim48, wherein determning a
first intersecting line conprises: determning a first vector, extending
fromthe first end of the body through 385a first predeterm ned di stance
ina first direction. 50. A nethod according to claim49, wherein the first
direction is theresgamaged nointabeing the spae Binmber & peibts alendtbip Stk @0d poi nt's i n
the first seriege@ndReitd 8f pdifts!pedildigt side, fromthe first end to a
first predeterm ned point, and all the vectors 35 connecting adj acent
points in the second series of points, on the second side, fromthe first
end to a segond predatBsRb8eRGhGto cléihw,Ifwe.-%agpﬁﬁﬁ&a@p&ﬁ R GEELKr M ned
poi nts being the same nunber of points along the first” and %econ series
of poin®s, resp¥heningpmpgrary AO’ﬁg'ﬁﬁ’@tf”atf@éﬂ@lfﬁH@ntQS outsidentha purfacerafies

conpri sing stopphflg the process 5 when the tenporary point is determ ned
to fall on or outside the surface of the body.



