.1 METHOD OF DETERM NI NG SHAPE DATA FIELD OF THE | NVENTION 5 The
“I'nvention relates to a method of deternining shape data, nore particularly

to a nethod for determining a surface of a workpi ece having a conpl ex
curve surface, for surface finishing, and to individual methods used in
getting to that. BACKGROUND 10 The procdss of finishing a surface of a
wor kpi ece, such as for am I bl ade, hi_gh pressure
conpressor turbine bladSﬁ Eﬁ%ﬁg P on techniques to
determ ne the desired contour of the surface of the workpiece. Such

wor kpi ece Dj synthetic or free formcurves. 15 In the case
of refurb?Eﬁ%ﬁéEq%h%ﬁluu“p.gﬁsor or high-pressure turbine bl ades or vanes,
used bl ades are typically already di storted and/ or deformed through use

due to.we tear, Additi if the tip or leading or trailing
edge ot ﬁée f'W?'B et ?&831@‘9‘%886"‘ ﬁ?ferrwawa@aepe t3te. MererPasticupiirdged porti on

is rerrovemeﬂ'rodcfuﬁdeﬁéﬁfnnﬂﬁg Ea&%rfbbéidi% ﬂdﬂk@mc@h@hh@a%@nﬂﬂx@uﬁ'@ sdrt%cé“@brded on
to the bl ad q%e é) $ qe n%) worn or danaged area. The
surface of! '%?8 PWQd ‘Eft@d” g el rasthe @Hl'%@e'if”&g telkaEt t he wel ded surface

flush with the turbine blade surface. Finishing the surface, in

parti cul apa {Eg : E of the blade, is traditionally carried out by hand.
O courses stency of the quality of the hand finishing depends
entirgly on the degr ee of skill of the manual operator. 25 Attenpts have

been made_.to repl ace t nu erator with an automated system
However, &8¢ 8@8% Su‘g{ga's P ﬂ@ﬁ%ﬁé’gé“@@mc@p?% JFiPgR@RidriPrePe® ough use,

-which is bidid fregmbséur@ammbfesedsn 19N bifde fankl thedfkedeHi@Ms IS SEN t Ur bi ne

bl ade as uf acture e required to predict and generate the
profiles %‘39‘? fa?&%"ﬂl“gﬁé QE?W%L@”E‘{%@“ ﬁ@rsuﬁﬁ%ﬁ‘r?ﬂt@e WORSPIESE e PUCIND .

6, 100, 893wcnk;§@ua)‘typsﬁai& iRtIgES byrdR&HE drareBSHn Qlrved. - describes a process to
reconstruct the profile of a workpiece by use of a conmput er for
constructing geonetric nodels of shapes. The representations of surfaces

and sol i d#a th@eaisreaﬁ’péfudjlsmg @sedl M pressol 8nhigh-petatareRBitiHeShlAd fhadiced by
use of | rrpl %Iadefs%rr]ec %yplcaﬁy already distorted and/or deformed through use due to wear
and tear. Additionally, if the tip or ieading 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 ini place of the removed worn or damaged area.
* The surface of the welded area requires finishing to make the welded surface flush with |
the turbihe 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
Attempts 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 generafe 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 requised in many applications such as
for exanpl e refurbi shment of turbine blades. US Patent No. 4,686, 796,

i ssued on dbfecAugusithd 98dinkiafdreb RMISsct @884t bBASRured, RHRFESRq Q?F‘gd in

apparatus for polishing turbine blades to provide a circle segnen

appr oach tB*H RRficBlp g%”b%ﬁﬁ?é§xam6‘ﬁé9fé‘fb'5h”ﬁ“rt§@e@rmm biades.ude a practi cal
i npl enentation of a pr of| I e or reconstruction machi ni ng process.
Therefore,q% ereis a a nmet hod of determ ning a surface of a

wor kpi ece s @chn@%erﬁ?ﬁ ‘E’tsh‘édﬁﬁﬂﬁlft@%’t1%5@9@@21’@8@8 desasbkpiece havi ng
synt hebi ¢ ®écdsk@fd Eﬁﬁ%%rfaﬁ%lzshtﬁgﬁﬂbﬁé bfléttes%sgﬁlct% ddpisubace of a used

tur bi ne bl ade. Anot need exists for a net to reconstruct t he
profile of2PRIESGP %R0 ea™ gPmRlsicikYsise tewavrihit deemnaldeaiidas biagical bl ade even i f

the surf agRpRnchbi@on S5 MRk BESdiBictH Shartisd EF&%% deformed with
reference to an unused workpi ece. There is ano need for a nethod of

determning a 15 surface of a workpi ece such that the profile of the

wor kpi ece ThalforbsingRNebaled (o mifods Btdrirkes REHlTFBRGa Al e

flnlshlng processes by_equi pment such as a conputer “"nunerl
(CNC) PracRFsrastract thsprefie ohsIsugRrn gl YPPridiang heyios smibetia drérde fren clves he

sane tinestbeadR) BRSAEEUS st RiqNEY “t&%h'tlntb?aoteh%noﬂ%?%né?gx@%rf&gﬁ cting

requi rements and naxi mum acceptable fault tol erance
the surfafiRd R ropPRBvEdee prodle G vKarploée avodgietatauchiana Lbleadﬁbtnbat may

nave beensuiideh Fhd 8lcS opiid ARAUMSEce USAALAR L Ok SHURRY, 25 Cne

aspect of the present invention provides a net erm n| ng shape
data for &TRBEFRPIGFRUNUSRE WRSKKBRR CENatD ifpriiaihaigead Tdt@asethad fof determiaingizon

and the shagpe é#%t\@orkﬁe&esﬂﬁttﬁé%gﬁgofﬁ@bgtﬂn tﬂ:ge g&ﬂgggﬁgt?am?l rt%et he

wor kpi ece, the nmethod conprisin rovi ata
portion ofSthis lappPrEEGEse Oi)th@\finmhmg %h@ﬁfﬁ@eﬁw aqumantfambtastaemntfatt@r

portion angdmarisfeoneh IENE! AlenRAr 1 P&%tué%oﬁgm@/q:rﬁifdﬁt@%gg% i o% AL fhe

first tenplate portion corresponding to
wor kpi ece SABAFTEHRS RN acsRbP a@fée‘{ﬁ)ﬁetsubﬁﬁf‘@bmﬁe@peBUICh@quememte amecond

portion Ofnatxm‘ﬁm\f"%@ﬁeeﬁau&@ﬁet%%gg ttsfm%ldﬁrhﬁg ﬁ'nQ\rstu' B‘P%/bvg&pﬁ‘ es]J?)gpe
related to the shape to be etermne or the seco nror -t
20 examp!n a used turbine blade that may have been subjected to dlstortlon and/or

deformation.
SUMMARY

25 One aspect of the present invention provides 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 comprising: providing shape data of the first portion of the workpiece;
providing shape data of a first template portion and a second template portion ‘i

20 of a reference template, the first template portion correspcjnding to the first
portion of the workpiece, and the second template portion corresponding io
the second portion of the workpiece, the second tempiate portion having a
shape related to the shape to be determined for the second portion of the
workpiece; and determining the shape data of the second portion of the
workpiece, based on the shape data of the first femplate portion and the
second template portion of the reference template and the shape data of the

first portion. of the workpiece, comprising the step of calculating a target set of
offsets.



wor kpi ece; and determ ning the shape data of the second portion of the
wor kpi ece, based on the shape data of the first tenplate portion and the
35 second tenplate portion of the reference tenplate and the shape data of
the first portion of the workpiece, 8onprising the step of calculating a
target set of offsets. 3 An alternate aspect of the present invention

Chape qard GiapE; SSenl o (B0 Plesth ThERASE Rol@essalir ERER YBECS, °a
first pordatermiagdshape datapﬁarommwrkplecadamdemmnsheaebiﬁ'tagaffa)wef@r@mm
portion %gﬁaewﬂ%\%ﬁ@?eceaeanbhgngrzﬁf;@%ﬁrs:ﬁrs&gméﬁ &n %Eéhéwla@af' rst

tenplate p I ONn corre gon In I rst 9] tron o e wor kpl ece and
a second tPehp| deterpiedi ﬁlr@omregpéﬁm% rastion Hef e svIkpiseei @rdotha he

wor kpi ecgefdtBflcd h@n@%@%rﬁm@taefmrtbh@mtaamman @r@%@bﬁdrngl g to the

h t de :
T at e HiEaIGr A5 WatkpieBS AR SEabTd irBP i, golinn ESehorgiiia {die 111 st
portion cthetsleeomdrdqummef tree wedquiece, et tHeoseomdefenipigtesparfion devingof  t he

ot anth BAERY S P® BRAd BBl finka £F S ScbaMP LBy BPthe,

processor t he 'secon
wor kpi eceWOHKES?@& the ah@a@mﬁa@omﬂamgf at first fripug fon r@nrplvmmsip@p& deta @hd t he

second t 4BIRECoHIBRI G woRBiek8! & SLh! iﬁB’QL%rere@@ﬁlr{gh&xéﬁE‘?ﬁtéjﬁFa of

the first ortlon of Re Wor |ece ereiLn rocessor IS urt

oper abl e F@ firsh1angl é?@o'é\d ttgf"&&@tes% winsopf §E‘?sre ﬁeﬂﬁ?tfﬁﬁp%’@peﬁz‘l & the

|0LesenéI Imu@éés;dpnfd@rayﬂeﬁaﬁn cm@pghgpepcﬁ@tgramthérgébmidfg@iﬁ:&etcﬁrmeﬂ ng
shape da

or. a |ec ba ed o reference t | at e,
S haP e or kelsBlect R B RIS Fér il Heaf SRR B, o' £
be det er raecedd liemp@téqmmons eédm:l repferenamnteoﬁplaieeambm@sba@e datedof thee

he 1irstBoppenf MR AakBRes WhoH \HBALE Rl PRIEr RTRBRT 10

secon
correspomlmfetmtwwsﬁ@é@ﬁsﬁﬁrt|on of the workpi ece, and t he second
tenpl ate portion having a-shape related to the shape to be determ ned for

t he second oftion of th vvork | ece the co pr ogr am product
conpri si iy E’@hrﬁﬁp@F t qfs uFﬂVﬁ*&W'ﬂgp ngi?{%ﬁ ér CP%&‘HE?{I 388y am code

enmbodi ed grb@uetifor determining shape data for a workpiece based on shape data of a
reference template, the workpiece comprising at least a first portion and the
shape data to be determined being for a second portion of the workpiece, and
‘the reference template comprising a first femplate 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 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 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 readabie program'
code for determining the shape data of the second portion of the 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 wherein the computer readable program code comprises the step
of calculating a target set of offsets.



‘the conputer readabl e program code conprising: conputer readable program
code for receiving shape data of the first portion of the workpiece;
conput er readabl e program code for receiving shape data of the first and
second tenplate portions of the reference tenplate; and conputer readable
program code for determ ning the shape data of the second portion of the
wor kpi ece, based on the shape data of the first tenplate portion and the
second te e gortl on of the reference tenpl ate and the shape data of
the first =55 ARSERIFTHEN Qe dklsi RAVINGSsi n t he conput er readabl e program
code conprises the step of calculating a target set of offsets. 4 BRIEF
DESCRI PTI %G:Q?HE DRAW NGS 20 These and ot her features, objects, and
advant ages SUsrETAtgresf ORiPrds i afdasivasRoRs b smbedibettser thendesrsiboad and

readi |y appapen uh@ereR8d ahd 9&slip apyaski Id orkcﬂoftJPS%n Ll iPfhe {}Erro || owi ng
description of a non-limting exanple, in conj unc on w he  dr Swi ngs,

in whi ch: OB®VIRg BSSCTPHOTOT yPen-fraitiap EsBMPES. Vi eamnstiors Wil drawinbe, in
r ef ur bi shnemith.of a workpiece in accordance with an enbodi ment of the
inventjon; FIG 2 shows a flow chart of a nmethod in accordance with an
enbodi‘ment of the 30 invention; FIG 3 shows profile data of a surface of

a wor kpi eced N1accaed .,cwnt\he@é"oﬁémé’gé @EHL reT&fbls%nwpen{ vaae\m&l gsebe g0 FIG 4

shows a flow chart of acoIIectln desir olnts In a sca ocess in
accor dancéSRPIRNSHWENHBB nthestmast D?W@ 'n\fﬁféﬁﬂl on; 5 FIG 5 shows a graph of
the 2"d derivative diagramof a surface proflle of a workpiece in
accordance an enbodi nment of the invention; 5 FIG 6 shows a graph of
the 1st def f\g\/gtsf@\esalﬂégr%ﬁﬁ@f aanpd @c%coarctﬂﬂpﬁentbfanthmmoem with

head a@ond tigidntip@i Nts and a neutral line determ ned in accordance with an
enbodi nent of the invention;, FIG 7 shows a graph of the conputation of
the neutral line in accordance with another

F1G. 3 shows profile data of a surface of a workpiece in accordance with an embodimant
of the invention;

35 FIG. 4 shows a flow chart of a coliecting desired points in a scanning procass in

-accorcance with an embodiment of the invention;



. 10 enbodi nent of the invention; FIGs 8A and 8B show | ayers and vectors
"associated with interpolation to determine the neutral line and the

wor kpi ece profile in accordance with an enbodi nent of the invention; 15
FIG 9 is a diagram showi ng the derivation and use of conpensate angles in
determning the neutral line of a new layer; FIG 10 shows a flow chart of
anot her nethod in accordance with an enbodi nent of the 20 invention; FIG
11 shows a graph of the contours of a surface of a workpiece cal cul at ed
fromthe Foetxeskawresdanertr np t he
invention; 25 FIG 1% ghov\rgsﬂeai Fﬁrxag‘ﬁﬁ?%@’éﬁg’cﬁ%wéég pﬁﬁli%@%ﬁﬁ%&e@éth an
embodi menfCHEIRNE W'V’rﬁfb‘ﬁf‘b%‘i‘ime%‘éﬁm BventPrshows apparatus in the formof a
conput er system according to an enbodi nent of the invention. 30 DETAI LED

DESCRI PTI In non-limti n% sypmary of an enbodi nrent of the invention, a
r ef er ehce t@foteMes 3 graprhisbliret’c drsvativediagram o egneres profierf die \aomawaged

wor kpi ecewith hehd aﬁd %l!tﬂéfr@é Afd Blradear lmg’@e’@?ﬁmre@ %@é&?@aﬁc@'ﬂ% e 1s a copy

of the WorkB rom before it was used he reference tenplate is
scanned i fiM 8@8‘@@"0 fithe INYaNHRMt he portion correspondl ng to that 6 which
has been damaged in the workpiece, as well as adjacent undamaged portions.

The adj acaz% undamaged portions of the workpiece are al so scanned as
| ayers. i §hows gt grapfe of thgspgpgtation ef Wefnsusadeete aptadancandhaooier ece

are gener ahbedimRassrdn®mvehiith; scans. Sets of offsets are then deternined
based on corresponding points within 5 adjacent scanned |ayers in the

undamaged portion of the workpiece and the corresponding portion of the

A ef er encerkeaphahe sBhod 18FerdiahBivBcibReaJ28kiLicA i f:nﬁehfolatikﬁftc%@t@ﬁﬁnéﬁ#gﬂ ate

‘corresponding. to the damaged portion of the workpiece new set

of fsets |%e%’%éwec%dct€i?éﬁ°é’&°'%“é%w§@ﬁ i AecorRNERAgEdENRabatimenfad thsor t i ons  of
the wor kipl@gien; based on these various sets of offsets, to predict a
neut r%I line of a layer of 10 the damaged portion. This predicted neutral
fine i*s then used to extrapolate to a surface

FIG. 9 is a diagram showing the derivation and use of compensate angies 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 fiow 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-iimiting 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 biade.
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



. profile of the damaged portion. Calcul ated sets of offsets can be used to
“Calculate further profiles until a conplete profile of the damaged
portion has been predicted. The determ nation of the conplex curve making
up the profile of a workpiece to be 15 determ ned, involves three main
steps: 1. scanning of (portions of) a refg@rence tenplate and generation of
neutral lines and profile data - this is to determ ne how the different
|l ayers of Whighfips beed qamnaged in the werkpices, srwellas asianent wnlapfaged gariaged

POTLI O Ofnd s Rl HRIASBBRRAE EPRLNALH AR, SEURALLAR. PL, 1f0sneutr &

line and profile data; 3.” calculation e pr ortion of the
wor kpi ece R8fiBe ot e davety efdbe trferspeptempiate sind wiorkrigce are geadreted| bawdemch

e 2 commengil. shid & BRekAPBU et bdsBl Ry BLAGHARLIdRH: Wik e

information held in nenory, such as in a library. imrs of a
surfac@ of2dpcRBtIgererdlayeigdn thesurdemagsdivpttion af fneopwekpiece diditle, hi gh

pressure GRFBESHIMG doidN &Qh@}@&@n%ﬁeﬁﬁgﬁ?%gﬁa%%&hinﬁge BYioR 4k praat ed

systenms such as a conputer nunerica chine or robotic
pol i shi ng/"8fErenee tRyMRIgist wife spondingliiortes damagsd partion eftheimgtgieceo Adedvesati ne

the desi I eflofgus QlifebaltilfeBUEhs Al uhinadf 1 Ef faoch BRIAQ 2"

determ ning the surface of a workpiece Is

i |1 ustrat iWREKRIRASpBaTRS! on these pidus getsor ofsetartoanerticlianeatrabifnetdia laetrlbbd i s
di scugged thdRadRSREGIN. tanid bt ; ' P | i LI be
appreci at ed tha?(j enbodni rrerllt.g oi‘o&{ e ngfjhr%ggmé&qﬁ%yé%égﬁp?%g%ﬁal%#%98

ot her wor BFificeidhe fpmaged portionr Galsulatagiessts olofisttswandk usewir kaceate, f or

exanpl e afinHePbrmil! Ales @&nﬁaﬁ%vmngﬁle%ﬁh%;&d teﬁg%rt%infhfagrbggltl o AgEs Of

‘refurbi shment according to an enbodi ment o I'nvent1on: "1A shows
a used turbine blade 1 that is damaged at the tip showm by 7 danmaged

section 471hAl4e i Z - t he non-
damaged secti o%rrgﬁ?rarlg?/w %ﬂﬁgf&gﬁg‘lre?ggweﬁ?lzr&gﬁpﬁ% d{ﬂe?f’%ﬁ;\ég{p 19{?§\r€$geor

def or fied, Ofi§FMinggdRyiivesdhtasgaeiagteds: conpressed, in conparison to a new
unused t urbi . i _ ' - he il 19 of
t he turbine éb%iggrgg?gg(r?gﬁl zfq r@gp ?:%ﬁ%gh%otighﬁ aéééh# ?%@%&cﬁq‘gﬁaﬁg%’a% ned t he
di st ances t PeHe dalgrt Hisnie & detarreing hew the differant byersicbn tehplatehrelamiok pi ece

al ong a pl angchhaieri Nntersects along a point on the vertical axis (Z). The
reference_point is chosen to be easily cross-referenced to both a new and
a used tar SCARNIRY abrndampgeriportiond eliihgarrrkpiesrtorhsf repairasansigganiraios lobwn i n

FIG 4A i s Medtri@¥e and profile data:
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 propelier 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. It 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



. up the upper slot that is used to nmount the turbine blade, since this is .
“what' 'defines the 10 length of the turbine blade in use. FIG 1 B shows the
wel ded turbine blade 2 during refurbishing, after the danaged or worn-out
section has been cut out and replaced with a weld area 5. FIG |1C shows a
refurbi shed used turbine blade 3 with a finished surface 6. 15 FIG 2 is
a flowhart showi ng an overview of the whole process S20 for determ ning

the out edapirged pectipprd. s, adwntdanrgedassationedis shows hiowwevien el?laﬁsthemorﬁ ayers

of an Undagmagel séAfRIahg Béaeﬁon@erfgfggat@ghgg@%% @2§r gaimeed |avers

of a used turbine blade are scanne respec Tvel y) .
The scann@ﬂamafyé*@gatedtm@omnqzﬁsa@ én siopardson th el nedeurtuised turbiay elasie. Also

cor r espondhéh nGibh eARemRYRAq 7Ry 1416 He Gilnl Bl AR, & RS- 20a4 pdRBOCd

| ayers i medi ately bel ow amage ar ea. i nes”are
for scann&amvdyel aregieterninadihpdistances kbihrdobrenda laeds thecrosedadtion ol ne

bl ade (st ﬁ%ﬁmﬁpue@é‘?lo%% plér%ftﬂﬁﬁ%t'e}’s% éé)alor“ié B%nf J)'Haﬁ v%ﬁlc%f‘” A {:Zﬁ ?’ﬁm ral

[ i nes, new neut r al I nes ayers 1 n amage
t ur bi ne braferénes eoigidnshasasdo (dstaasiysTeys-referencathivdgtida ae‘eandfa used used

turbine blaggs BBYe "M t&tfs %ﬁb@dﬂ‘néﬁt e rbferé]f?:%a&) %E\?IHWF@( 1A |(£im[2|$]£1%ylt sf ,[ gm

t he undanaged area, Isis avirtu el ng an ‘are
be rebui MR theiyppensist babisdisaein mourairth@wbna@iwe, gificd thisds whabdedeésti&d and

refer ﬁﬂce@néﬁadfﬂ%turﬂlrk@blagé Gegkd q_ﬁgr ?@%ﬁo@?'{h@t e?decﬂﬁﬁnef e 8'{"‘?, ’z@ondl ng

| ayers being the same distance In z direction above
r ef er encerghgPighing, afte ¢hasdamagss Q)Wtsfﬂ”h-loét gefctiph baglhesryed ousamt leomceﬁ withe used

‘turbine bhade érga%h%d%%ﬁms%fu%hgaiﬁéahﬁei D8l 3»P%b$ﬂrg§9ed YRR ng

‘extrapol ation (step S28) using data on & Uused” tirbine

FIG 3 shBws profile data 12 of a new unused turbine blade, which is to be
used as a 35 reference tenplate. Each |ayer 10 is defined as a horizontal
plane that intersects the blade at a point on the vertical axis (Z). Each
secti®th iBG dangiflpyelprbsfimdnsdan prrsvigw aféheowh@e proceha 820 fordieteemitimetitief r om a

ref erenc%&&*ﬂbﬂigf&@%défb@ Rppitdt, AL LhOHOR TG s BPGVEnriogd t urbi ne

bl ade, the reference point on € new unuse ondi ng
poi nt. THEMRIaE bﬁas@&prpmbly Engredhang undareay agriaisesi obd ashel fudbinpr bddeed wit h

vel I knowgkaaraRidHe érﬁcm G52 o SHAEH. t“l’ﬂg%garﬂ{edrf%ﬂ:-ré ?%ﬁ/%)té}ﬁoﬁﬁt%rsﬂn&gt

devi ces, for 5 exanple coordi'nate nedsuring nach
di gi ti zi iggledRRRPR FYRECIMIESPONdiRa/itEe da@ﬁg@éameaeié&%mdmla@ areithei ques nay

not  povi GRiaRREEY BlyBrOmnHtidef BelR Re damaged area. Neutral lines are calculated
for scanned layers of the template turbine biade and the used turbine blade (steps S6
and 524, respectively). Using these calculated neutral lines, new neutral lines, for
layers 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  cutfrom the undamaged area, but this is a virtual area, being an area that is to be

rebuilt. In this embodiment, correspondence of iayers 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

biade at a point on the vertical axis (Z). Each section is identified based on the value of



. sequences, further filtering and point selection may be required. One way
to i'mprove efficiency is to reduce the cycle tine, including reducing the
time 10 taken in the scanning process. In a time optimzed process, the
aimis to obtain the blade profile with m nimum nunbers of points. In a
scanni ng process used in an enbodiment @f the invention, the profile is
required to be defined by N points or fewer per layer, wth a preset
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portions based on sections of the surface of the workpiece. That is,
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required.

The scan data of each turbine blade layer profile is read {step $61) and processed, by
way of separation (step S62), filtering (step S63), 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 poinis 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 biade 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



. be lLocated at the nore rounded sections such as the head portion of the
“turbi'ne blade, and fewer points tend to be |ocated at the nore |inear
section of the tail section of the turbine blade. It nmay therefore be
useful to insert sonme points based on interpolation of the scanned
points. Points may be selected, in partiegular along the rounded secti ons,
to 10 formthe profile data 12 based on a m ni num di stance. However, that
may not aflyeven therramsegaintrmegnel tbay) orce. Sonalypatersolatiorempy bé ubed toetedveror e

poi nts toah@hgéﬁmr@%p 5ngqnt§ttﬁgbg%l SVari ous curve fitting nmethods may be

used. The preferred o e use enbodi ment  is the Catmull-Rom
interpolation nmentioned |ater. For exanple, this may increase the number
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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,
E i
25 Pity= > at 0=r=1
03,

where P(t} is a point on the curve, t is the parameter and g, 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, Ps,
and P;, and the value ¢, the location of the point can be calculated as {(assuming uniform

spacing of control points):



. through-all the control points, unlike Bezier or B-Spline that only passes
“fhrough the first and the last control points. First order of continuity

is ensured, neaning that there are 10 no discontinuities in the tangent
direction and magni tude. However, the second order of continuity is not
guaranteed, the second derivative is linegrly interpolated wth each
segnent. This causes the curvature to vary linearly over the |length of the
segnent. Sone points on thegsegrenyy mayl Fegput side of the domain of Pl
=>pP2. While a spline segnent_is defined|using four control points, a
spl i ne mayphave sany ppnfﬁﬂ tl 150 addi ti®nal “tontrol points. This results
in a continuous chain of segnent.g, @achidefpped by the two control points
that formthe endpoints of _pf sggne ts, ip ys|an additional control point
on either side of the endpoints.” Thu tb iven segnment with endpoints
P. and P"+9, the segnent would be calculated using [ PI, P,,, PI, P"+zl.
Since a segnent requires control points to the outside of the segnent
endpoi nt s Whichénayegjsroe exressad ashe extrene ends of the spline cannot be
calculated. For a spline with control points 1 through N, the m ni num
segnent that can be fornmulated is Pi<->P2, and the nmaxi mum segnment is
PNA<- >PN- B(t) TRws" [(375 14 af(iRfe PR) S e ¢ A 506 P 1S43P 2R tot (PO ATRI-EIRE—PBEG I r ed.
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segment requires control points to the outside of the segment endpoints, the segments

20 at the extreme ends of the spiine 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 Pps<->Py, Thus, to define S segments, S+3 control points are

reguired.

25 A set 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 profite 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 sach 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



. closest to it) until an acceptable nunber of points has been sel ected.
"Aftér the nunber of selected points is acceptable, the profile is
constructed (step S67) 10 based on the sel ected points. For each selected
poi nt the process determ nes an error and whether the error is acceptable
(step S68), within a preset value, such ag 30 mcroneters. The error for
a selected point is determined by finding its nearest point on the
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N is also controlied to ensure that it provides results that falf within an acceptable error
when the resulting selected points are used to predict a surface of the workpiece in a

25  manner as is described beiow. 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 resuits with the actual
profile.

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



. storage, for those |ayers which represent the maxi num extent of damage for

Which repairs would still be nmade, and two layers below. Once the profile
data 12 of a new turbine blade has been generated, a neutral line is
cal cul ated for each layer, the profile data and neutral line data are all

shape data. 10 Generating the Neutral Lipe The neutral line is a line
joining a set of points which are spaced at an equal distance fromthe
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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 Lev and Lee 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. Thié is continuously repeated to calculate the prefiminary
neutral line 54 untif it extends from the head 52 to the tail 42 (or it could be done the

35  otherway 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.



. enbodi nent, they are not equally spaced, but the distances between
“tcorresponding pairs of points on the two sides are the sane ratio of the
overall lengths of the sides. 5 Thus the ratio of the | ength between the
jth and j+1 th points on one side to the overall Ilength of that side, is
the same as the ratio of the length betwegn the jth and j+1 th points on
the other side to the overall length of that other side. An alternative
enbodi ment for cal culating the neutral line begins with the point of the
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poi nt vec’tfmucmlﬁhé eanofthe phint setectqm|Whenarthfsrmeosaemtheairoﬂlle isedetéingndchad thpoi nt
The end pg t t first t 0 oi nt.
first per péé)?\tt éagd F&Hé a@&%nqe\{(?ﬁ(% 8{0 tq%'??l hPEIJS '5' fg{?y 5%88 45 and
passi ng tilﬁlpmlgw deeSEflecrtsc& pmetspor ary poi nt at the end of the vector 45 is
cal cypted. This first perpendicular line cuts through 35 both sides of
the profile at two second sel ected points, one intersection point 41 along
t he concaVke frsuentintdmihegiettrabiing iatiet thé poinhd2r Thais id oavapes itis ddiaalktong t he
CONVEX " 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 angle from the 1% point to the 2™ paint, pius
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



4 (pressure) side. A mdpoint 48 between the two intersection points
41,43 is recorded as the second point of the neutral line. The third
neutral line point is obtained in a simlar nmanner, by a second poi nt
vector wwith 5 the sane preset magnitude, starting fromthe second point,
and a-direction which is the average of ;tthe direction of the profile at
the two previous, selected points, intersection points 41, 43. The

di rect i on(méssube sifeofA hﬁjp@tnt aB befWednIRS i@ Mtd?oddiibn pSintd 81 43 [<8eLdraBy be
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neutral |ine bec us t he points
“1i near, aor?(ﬁp?wecé'?aﬁ QHe SF?FBW PRINtYRFPT FHE pﬁé?' "Begn the seearcdiemperang onl y
near t he @t'ls cpmumeﬁ ha?hlstsbeoxﬁ.‘d‘lﬁér%ﬁcﬁémértiln‘é duts¥RIugh Yol siddeorltRd hroR@r tion
seen gpe cho Is therefore clearly varies according

to the si% %H%P"’zt glﬁgteapqrﬁ@t ﬁ?cf "é’E‘é’O‘IFﬁ% B?’é%’éfp%td?ﬁt‘@’%bthﬁéwﬁé‘t'@rm ned
t hr ough apurr&mﬂelsemmnmt@h)dncbefcbmdsmtﬁthbﬂ%bmf bithéfhéhtrélfﬂne abherdupth! i nk both
head and tall f th eut.r ven, t at t he positions of both are
enoan (ool of Becelfallient FengaRaiaetlgrRine Mom iR eriziore tes frairds
accuracy. poTi’ntrserséct&@ dolres, arba\cmeaﬁmah lsandsvéragé Bf«‘th@@ﬁe@tfon%@?%H%eULr al

iven the known

| i ne bein harfomt kno 0|ntpS|t|on
degr ee oIS g fdﬁ*?é‘id%g%qm."a’fﬁfseﬁh B?'%féeff he ﬁ%taﬁmmacp@'n’f%oﬂta@et and
the pr oceestraif!melet'@ﬂﬁnmam:g!aﬁétemrﬁimn@d mhhme. begi ns again. The 1.3 mm
vect gf magnitude in this particular case was obtai ned through experi nment,
The 30" points are chosen to find the second point in the neutratl fine beca.use the points
immediately proximate the tail are not linear, and in a biade 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 fink both head and tail of the neutrai-iine, 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 particuiar case was obtained thréugh experiment,
within two boundaries of 0.5 mm and 2 mm, but it may vary with the type of workpiece
35  and the workpiece profiie.



- Within two boundaries of 0.5 nmand 2 nm but it may vary with the type of
wor kpi ece 35 and the workpiece profile. 15 Oher nethods that can

establish the neutral line, whether nmathematically or through experinent
or through a m xture, can be used as well or instead within different
aspects of the invention. 5 The prelimnary neutral |line may be nodified.

For exanple, additional points may be inserted along the prelimnary
neutral | Difeer nikehodssthetganbestattisietHeatbutital ke whkthepiatieneficalitdr ahrgbgh | | nes

connecti ng,e I nt.of the prelimnary neutral Iine. Thus, .in this
embodi men fpe?ﬁ%ngggﬁ?%’hoaf MEHTR| AR E}/St‘%egﬂffr‘%ﬁt??d W@?'?dﬁfg[ﬁ’? 2PPaShe,
addi ti onabf theiimiestionmay be added to make 101 el enents of the uniform
interval /gap nodified neutral line. 10 The neutral line of a single |ayer
profile of the unused turbine blade is therefore obtained. After the
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unuse | e, heutral |ines e likew se calculated for the use
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appr eci at sichightdines benrshtmee ataitalemétadf thesplelinapcrsutaalire, TeYLihahis| | ne, and
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t enpl at e %@%%@%FPC@?WP%‘P%?C@Pﬁ%H “qﬁggh’eﬁﬁ?im"ﬁ%fymea 2 liPes NBICTRRANE. The
used t ur binag bbladded trayake 18t alemedtsta thounifamanteglaigdmyedified nauted iihe dat a,
or a n e f.lavers. In this diment, .at. |l east three |ayers are
recor ded unge Iﬁ%ué%tl i %fgﬁ' TSR e P Wg%q?%%ﬁ?g tﬁrhﬁ‘&}?#ﬁ'ﬁ %i‘e:{efﬁfﬁ danaged,
usi ng t heobigiasdir enent devi ce equi pnent such as the CVW as descri bed
above. The neutral line for each of the two |ayer profiles of the used

“turbine blade are preferably calculated in the sane manner as descri bed
for the Afmrskeeincutrdiiimes dobadeudadioptheftehelatbr iefdrendsabh®posdibly heuRapfi | e

Due to st e nd. strains _and wear and .tear, turbine. blades and other
bl ades ar;t({ﬂ%r\?\ex)@ﬁ%?’@@é&ab@g%ﬁﬁe Iﬂ‘iegv‘fs&‘fazwﬁi?tﬁg%géﬁ'e %ﬁdttf’ ‘ eal?at‘la‘i?ﬁ 9tthe hej r
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of layers. In this embodiment, at least three layers are recorded at the top portion of the

20 turbine 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 biade 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, furbine blades and other blades and
workpieces become distorted in use, particularly at their tips. The changed profite 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, 772 of a reference, template blade T, whilst FIG. 8B

35  shows the corresponding layers U8, U70, U72 of the used blade 1 (See FIG. 1A)

(based on the level above the reference position 8). In this embodiment the numbers



. 35 shows the corresponding |ayers U68, U70, U72 of the used blade 1 (See
FIG ‘1A) (based on the |level above the reference position 9). In this
enbodi ment the nunbers 16 66, 68, 70 etc., refer to the height of the

| ayer above the reference point, the scans being taken 2 mm apart.
However, that does vary fromcase to cas The two | ower |ayers U68, U70
of the used workpi ece are those that are scanned, whilst the top | ayer

U72 is exbB6ags|7aterd, defepm ml@eweugmﬁm\eeéyelr%ewth@@&erédzgpowItrﬁkgséd?@ data on
the three 5. I ers. T68, T7 T72 (%f the tenplate. FIG 10 is a short
f
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| i kewi se forma first portion T68, T70, and a second portion T72 (and

above), BMENOtiDawsbr ablcredt éﬂﬂs&lﬂuﬁg’ﬁ{esrn@fhobBﬁdétéfmhﬁb%é?ﬁﬂfaléé pRgIned.
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first portqun of thg rr\)toéate &between I%%:sars T68 and (step S100)
and a t hi 7 SRPNPOLIPPS 8t e emifateds RroviediSteRiSP4: h%hifﬁer%ﬁta Bf) £iSeFersf t he
wor kplisec epdriiet vitha ub&y Rb&kpides isathen Wékmirtliepassdda)the Emldéh lshbpe 8850Rd and
third set of offse% are used tc? determ ne the tar ourth set of

of fsets (tg?é'[ftﬁfﬁ'&’? of g workpygies and terprayided ?'?@FéjaF%Ofag%ﬁrSW@%SWé on the

first porgdrignsadf thdempsaas (o5 kpsece to extrapol ate shape data for the
second portion of the used workpiece (step 5106), leading to 30
determ nation of the surface shape data for the second portion of the used

wor kpi ecewitfiatsesp @@&)targbf sdtRebBsaAs & ddiemihel bhRE th BeedhapOtialah® thshd:
vor kphece, W95 ADaRgsets (o be

More particularly, a first set of offsets is determined between the first and second
portions of the template (between layers T70 and T72) (step $98), a second set of
offsets is determined within the first portion of the template (between jayers T68 and

25  T70) (step 8100) and a third set of offsets is determined within the first portion of the
workpiece (between layers UB8 and U70) (step S102). The first, second and third sets
of offsets are used to determine 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 $106), leading to

30  determination of the surface shape data for the second portion of the used workpiece
(step S108).

If there are then further layers of the used workpiece whose shape needs to be
determined, the layer whose shape has been 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.



- determ ned, the layer whose shape has been extrapol ated becones part of
the'first 35 portion of the used workpiece (and its corresponding layer in
the tenplate becones part of the first portion of the tenplate) and the
process goes on again fromthere. 17 For successive layers in the

tenpl ate, an offset or offset vector can19e cal cul ated which describes
the change fromone point in the layer to a correspondi ng point on the
next layer. In particular, each of the |ayers T68, T7g I?iogf t he .
tenpl ate ral line 5 NLT68, NLT70, NLT72, each o poi nts. For
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4
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second | a U70, a { et(fﬁfg ers bove hat are damaged 20 Because t he
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i nstance Vario8)pointd albSy fhetndleeEmea b¥twe@ndBé SsdBna@nkifrd/8edQIT78! 7 B4Ch.
| nst ead, ﬁ]ze%éifafets this enbodi nent uses are angles fromone point on a
I

neut r al %he correspondi ng point on the next neutral line. The
angl eidet ween correspondi ng points in successive neutral 25 lines is a
result of a Ilr]ear distortion te denc%réacross the |l ayers and a s ecific
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20
- 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 to the corresponding point
on the next neutral line. The angle between corresponding points in successive neutral
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 iine in a
new layer of the workpiece (L+2), the angle from the preceding layer (L+1) has two
components: (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



. 30 between the three successive does not allow for the specific distortion
in the angle between the two lower |ayers (relative to the next |ayer

bel ow t hose) does not, in fact, mnake any difference. Therefore, when
determ ning the points on the neutral line in a newlayer of the

wor kpi ece (L+2), the angle fromthe precgging layer (L+1) has two
conponents: (i) the angle between the |ayer (L) preceding the preceding
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QO NLT, L+Jiuje 4P is: 6( NLT, L,j, AO( NLT L+1,j, = e(NLT, L+1,j,y) -

6(NLT, L,j,y) Ae(NLT, L+1, ) NTL],Z), where t hese
é’iaﬁlgl es O(.... x), 6(. %e(ée'nﬁi@ )= ér(N;)T]L“ég %@é}?('- ‘he angl e between the
20 rel evant axis (Xx, y or z) and the vector taki ng a point j from one
neut r al ne to the nex t he angl e between the
correspon-h]en‘bo%nﬁ?te angh; Q‘?{&Z&ﬁéﬁ%&ﬁgﬁaﬁé"mﬁ@WfDaﬂ ¥ne L and the
correspondi ng point j on the next neutral line L+1 is "OQ(NLU,Lj)". The
tha 25 corr espondi ng PO T TURb-ALMT BT LbI5ARbLIRb 11 ne Liz 15
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where these angles 8(... x), 8(...,y) and &{(...,z), represent the angle between the

20 relevant axis (x, y or z) and the vector taking a point j from one neutral 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 “O(NLU,L )"
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 “O(NLU L+1,j)", where
B(NLU,L+1,j) = 8(NLU,L,j) + AB(NLT,L+1,)).
Therefore
B(NLU,L+1.j) = 8(NLU,L j) + 6(NLT,L+1,j) - 8(NLT,L.}).

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, B(NLU,L,j), O(NLT,L+1j) and 6(NLT L) can be determined
and 8(NLU |.+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+1 j) provides the position of the
corresponding point j in the next layer of the workpiece, the layer being rebuilt.



. 30 Since the neutral lines within the tenplate for L, L+1 and L+2 and

"W thin the workpiece for L and L+1 are known, 6(NLU,L,j), QUNLT, L+1,j)
and e(NLT,L,j) can be determined and 8(NLU,L+1 J) calculated. A line
starting at point j in the neutral line of layer L+1 in the workpiece,
extending to the 35 next layer (2 mmup 4gn this case) at the angle
e(NLU, L+1,j) provides the position of the corresponding point j in the
next Iayer of the workpiece, the layer being rebuilt. 19 1In an

alternati EIP ch to deber;p ning. the neutral |ine of the next |ayer of
the work %'& rf‘?l@’eﬁpf’g%\c QPeeURBNg 18e AR fige aEhe MFrtiaYarShter t he

ext r apol amd(plim!etmaloﬂ’eet@(ﬂre OécttraendPRE HeteayPatidA at thé ektholseAndrkpece 1s
based on t ew t hat st tc{ﬁ)‘@o%ecto 5 between two corresg{)ndl ng

poi nts on QfES&@Q? '%erlLyfe‘? PIEE? SPasif oidhe visw thaty wailst Hig vecisr

successi veetveehons cWrédﬁioﬁdlag %bﬁntspdsﬁ actcREave I%b&%'rﬁiayf BBt S tHPSIMdeal |y the
sane. Thu%VWO/ U68 for each x,vy,z nponent of each nenber of

each of t srét'%@ft?cc?ssé"e ‘?@tqﬁyémmﬂOHeQ/@WﬁQ@B@AeWﬁB‘rS'«@éf@ﬁt'@J!NhQ
conponent yame VTROGBNT68B = VU70BNU68B (for each x,y,z component), etc. In

fact, for the z conponent, it ne 1n every case, as the layers are
selected as being a certain dﬁ?é&%@g r OH ¢ME ?eference poi nt, which

di st ance fos ebttex $ar@nipohentcdcbes pRATHAG &aresfiherk sTe&e]Léeﬂﬂ ate ?nd used)
wor kpjeces. 15 G v nd first sets of offsets (vectors
VT68 t 68A, VT688%7IOM182\ V@%@A&V?B%(&OFG\?FVGB’ZcomF)O”eﬂaspect| vely, for
the tenplate are knmmsmssa&-HUVbBJ\dJ@g(f&feacﬁfxfy@ze&eSndeéﬂt | ower set of
vectors V 8 r the used workpi ece, |t is then

bossibie T6 EhEChI 2 crahpisituee Hos SOTe SRper Shes. ap g lavese a7 STRTEG ! <

VU70 (VW&Abezﬂ@a‘efe&QBdlstanc)e ffopf tHeltefarasd Yamitkwhiel Qistahidk $s thbQgRihSF W th
know edge of the, actual Ogﬁ}fms of the neutral |ine NLU70 of the second

| ayer of FHESHYEHUBYRSi tEMPEIP R UBeF WEHPIESGPEt e t he points for the
neutrdl |ine NLU72 of the third |ayer of the used workpiece. Once those
points ar 0SS I to extrapolate for the next Iayer up

th
P b e i ins e RS AL P o pisais AEHorS A HOE: (TG TG, tans
details oﬂxm(efmrem VayoB,i.Ng réépekvely, iér tBOtSBSBRNIE RBoWIEds id AYIRFd s of N the

tenpl ate. S, a roach her e rkpi ece to be reconstructed,
tarkrlpng | nCE gctp@ﬂﬁ er set o vectors?[L%Ba(vU%mﬁ SUV\QB p)forthe used workpiece, it is
then possible 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 actual paints
of the neutral line NLU70 of the second layer of the used workpiece allow one tol
calculate the points for the neutral line NLU72 of the third fayer 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 neuiral line

25 for the corresponding next fayer 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.



. both the distortion and the original shape of the workpiece. 30 Once the
heutral line for the third | ayer U772 of the used workpi ece has been
determned, it is possible to determne the neutral line for the next

| ayer U74 of the used workpiece, based on the scanned | ayers T70, T72 and
T74 of the tenplate and U770 of the used @orkplece and on the extrapol at ed
| ayer U72, and so on. 35 Once the neutral line is calculated, it is also
possible to determ ne the surface profile, again through extrapolatlon

20 Surfa%FE%O|nts are first determned for the two known | ayers of the

used wor kpHEE RIBHS S8 deipTHNShier Bisi fwodmnowt iaveseoifas Heed W@rﬁé'eﬁéluﬁﬁ on

each surf aae)wﬁ!ﬁ@’fer ;%rpﬁ%dﬁﬁéb bEIN@a6Me p@iﬁi @ﬁ@éﬁh Rifake Of:orFé%BBﬁ&h kd %‘ﬁc
points.. FLG a neutral line 8 th corresponding 5 sur ace

poi nts 84%YACH 83'68 Mﬁéﬁ'wwsarﬂG 61 ﬁP%W%B n@Htr@Imeeéam@a@@rrgasmdg@ On

any neut r @irfdck peints4 b He GRPBESHE RY dﬂd}%rd@% eh . heLyeshe khe first two
points 87, 838 of the neutral |ine first perpendicular line is

generated passing through the md- point of the first connecting line. The

per pendi cOhahy hdtealiing, &f HEChnEBgWPER D FRRIBERIdehne AQt ARDLJRE 87 88
i ntersecti gﬂ? HOItm]ﬁ%eE one on the convex and one on the concave side are

recor ded § gUifgl fiag Bhaf firgPemanAicyish fer fgearteteassioribrougnthegdisnd
connect i ngpimtidfehe fﬁ%ﬁ@hﬂée’tb@t[?ﬁ@eﬁhé herseeRfhr andintdid ek ﬂ@'mﬂ}rb?% e ;SrBﬁ"’fe,
e

neut :@ line 81. A second perpendicular |ine passing throu

i ntarlﬁjfth? H@e@%%tﬁ‘ﬁdm%%r?é‘@tqnﬁﬂelcPﬂ‘éﬁx Rt Fesuihg C??F@V%Mg@;ﬁf@ce profile

at the SG@@dﬁ’rde@aBEh&frs%ﬁ&%@ﬂ@ﬁbdﬁﬁhr@%&%@@inﬂlsntﬁsec-EHH%oﬁr%dtﬁ figpeat ed
for all points of the nodified neutral |ine. this enb owren% there are

1100 poi rﬁ’% begresdie saFond el third RainfRefitae aetﬂta' Hne 3t AL E®oBdr r espondi ng

surface p@irpdrdliculdt Isn@ﬁ%éﬁﬂig){hrél,@htthé n’ht‘.'l\%oﬁl'ﬂgf tH@'sBéo"hdt&nE@d?irn@%ﬁQt the
t ur bi ne cont ou% For each | a length is determ'ned f each of the

cal cul at eHCFEF éh%ii’"@[hpéﬁcemrﬂfé% at fh?@eﬁ?'aﬁm%efr@niea@orpﬂ@wﬁfapwpla?s | Tkvire

Crosges ii Eerfe@&l@l&@ﬁél%ﬁnﬁt@@ﬂ%tmwﬂéd AGutrdl IndVigtSis EhbodPRIP RRee Gt @pg | | ne
intersects. the \m)q_ EI ece profile. Each |layer has a set of these, LUG8

(LPUBSA, ACEBEA gHine; 5388, 1o epeiek el 198susmeronding sugiage PORES. IN_PU70A,

LSU70A,  ldauitioBio th8Wi0Bnd BIAOG reb@défGhe turbhef@htol;he used wor kpiece. In
this case, LP neans the length of the perpendicular line to the convex

(pressure) surface, while 25 LS neans the I ength of the perpendicular |Iine

to the coneasen @j@tcbli@'@;lh @lﬂe&med fonesc beahdemtiialed!peRRntliRliak ieest hird
| aye wor kpi ece is determ ned, the sets of known'lengths

for ??me i&"ﬁb\”}‘?fsﬁ? pergpndifdlag e cratas isdeerastive cugcing et icapmrathe

perpendicular iine intersects the workpiece profile. Each layer has a set of these, LUGS
(LPUBBA, LSUBBA, LPUBSB, L. SUG8B, LPUBSC, LSUBSC,...) and LU70 (LPUT0A,
LSUT70A, LPUTOB, LSU70B, LPUT0C, 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 iine to the concave (suction) surface.

Once the neutral line for the third layer U72 of the used workpiece is determined, the
sets of known tengths 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 tayer U72 of the used workpiece is based on the view that, whilst the
lengths from the neutral fine to the surface for two corresponding points on successive
layers may be altered through use, the ratio of successive lengths within a distorted

area should remain substantially the same.

35 Thus:
(LUT2 - LU70) / (LU70 — LUBB) = [distance (U72 - U70)} / [distance (U70 — UB8)],



. the surface points of the third |ayer U72. The determ natjon of the
extrapol ated surface 30 points of the upper layer U72 of the used

wor kpi ece is based on the view that, whilst the Ilengths fromthe neutral

line to the surface for two correspondi ng points on successive |ayers may
be altered through use, the ratio of sucegssive lengths within a distorted
area should remain substantially the sane. 35 Thus: (LU72 - LU70) / (LU70

- LU68) whelneStjafame((W2 U?W%badsthdd&t%@%e@&g&ﬁr thebﬁcﬁbel/ersz\ﬂ.«hicﬁ\/ﬁﬁﬂh%
"di st ance nce bet en the two | ayers, which

s GG e TUEGEER PP B Pl s b Somaean i e
sanme di st Badetcapart, this leads to (LU72 - LU?O) (LU70 - LUB8) 5 Since
LU68 and LU70 are known, 0S ne LU72. The profile is
then built up using the neu{'j“érIci Lflrllgd)f” @‘%Ug the set of lengths LU72.
Alterratively, this process can also use data fromthe profiles of the

tenpl ate ain IIows th rocess to take account of

gener al %gﬁgg@%gn&épﬁbgge e f '%PO%'SFPA%E% BEINREH/?-ay Bt Brofieds themi s

pur pose, built ipasingthabautad Bnafos O7dahe s sdf fpgtrsh@7ohree | ayers of the
tenplate T68, T70, T72. These are used to determ ne a set of

perpendi cul ar lines for each layer: 15 LT68 (LPT68A, LST68A, LPT68B,
LST68B, LﬂﬁﬁﬁﬁvelySfFﬁ‘sBﬁEDcess) canlalsudeld3ta 80m thSprdifss di e/ @RpidiSRyeB. LPT70C,
LST70 'ﬂﬁ) LPT72A, L%EZAE: Lﬂ‘g 72B, LST72B, LPT7ZC LST7ZC )
for the t& F’%?Ea draRRER O LRGSR PN plEhaledeRes Weltrs wemliRe t he
surface pdiantss bestwebelawew | ayer of 20 the workpiece, U72 is (LU72 - LU70)

I (LU70 - LU68) (LT72 - LT70) / (LT70 - LT68) for each conponent. i.e.

(LPU72A - LPU70A)/ (LPU70A - LPUS8A) _ (LPT72A - LPT70A)/(LPT70A - LPT68A),
(LSU72A -Fdr$ti ajpobe Suif@de pohnfL8A)so detdsmledfior the Hré8Ayetd STHOBMpIASTE8A) ,

25 (LPU7 B).. (LPU70B - . LPUGS PT728 - LPT70B)/ ( (LPT70B -
LPT68B), Z&L%U%;LF% 11%%?6@)’? Ei%t}?dg?ermiméﬁo Pperpeagisylar lines &ransh favesT70B -
LST68B), LREBALPTE8A, LSTE8A, LPT68B, LST68B, LPTE8C, LST68C,...), LT70 (LPT70A,

LST70A, LPT70B, LST70B, LPT70C, LST70C,...) and LT72 (LPT72A, LST72A,

LPT72B, LST72B, LPT72C, LST72C,...) for the template.

The relevant ratio that is then used to determine the surface points on the new layer of

20  the workpiece, U72 is
(LU72 — LU?O) J(LU70 —LUB8) = (LT72 - LT70) / (LT70 — LT68)

for each component. i.e.

(LPUT2A — LPU70A)/(LPU70A — LPUBBA) = (LPT72A — LPT70A)/(LPT70A — LPTS8A),

(LSUT2A — LSU70A)/(LSU70A — LSUBBA) = (LST72A — LST70A)/(LST70A — LSTS8A),
25 (LPU72B ~ LPU70B)/(LPU70B - LPUB8B) = (LPT72B — LPT70B)/(LPT70B — LPT68B),

(LSU72B - LSU70B)/(LSU70B - LSUB8B) = (LST72B ~ LST70B)/(LST70B - LST68B),

-efc.

Since all the terms except for those related to LU72 are known, it is possible to calculate
30 theline 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



Since all the terns 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 |engths LU72. Once the
neutral |line and surface points have been defined for one |ayer, they can
be determned for the next |ayer, untilzas many | ayers as are needed are
built up. Once 35 surface points have béén determ ned for as many | ayers

as are neeesgadce, fusthet beintdsef bdZnteiRlHd 6§ the Jurbtdest tRI W SkSiafeehd
i nterpol ated on the s rfaces of those workpieces and between adjacent

| ayers as CANFENAIREER E\éﬁ‘rﬁaslaﬁdtfh‘éc%ﬁé‘% descri bed embodi ment, a first set
of offsets is cal cuI at ed between the 5 shape data of the fi rst and second

portions ﬁthttr}f]g E m.téjpther two nore sets of offsets are

det er mi nedf! MG REOVR Cﬁ' ehEMPPREEnh Grtpiciet 8F offsels it saishiates hewesibeher

Wi t hi n5t hehadd etk POt @n@fset:m Mdﬁélcﬁ% teRidtoS Feﬁthérht%ovrﬁéﬂe%té%s &f fsets,
t oget her wgth shg(ga? data of the first portion of the workpiece Is used to

det er ni ne CSsEpEEHRe MY R YebBBe st P‘P'@H” obhederapiais K5l awher withindhan
al ternati fiet pariosl bn@B tworigdikboe. I8 fof ﬁt%tva'n%uggﬁﬁ%gtoééﬁ’?er%tth%‘ﬁtapé’eétw n the

first and, secon ortions of the tenplate. This could be added directly
to the shidrade oo e WoRkplegE isyesiedi B ek hape réataétféteta?caet BelpMe

shape dat af thé wioligisosecond portion of the workpiece. However, this would
not bf as accurate. 15 [In another alternative enbodi nent, the first set
of offSets is cal cul ated between the shape data of the first portion of

the tenpl At @.fe(fhdtlhé eﬁ%ﬁm&ﬂtcﬂﬂyﬂcﬁné breset IsTridedB thé gﬁséifbetv@e}éﬁ tH\Qﬁrlépér?cFe
(nore partlcularl en the layers U70 and T170). Then the shape data
Ot e actesmit BOrENS A e (emalaier T eadd hapodes Hek A Wedhass sigachin

di f f er ent firki ﬂScﬁ*ﬁon?& tE@Woﬂ{plélfeftﬁ%ﬁarrﬁiﬂI@ shBSe ahaRS tt@é&oﬁa p&ﬂttsn $efend portion
of the te | at e ain, however, this would | ess accurate.

A
A better ¥ “J‘B’Pﬁ%tt I"Q eVﬁfuthb")‘é@‘étfi obRe 253N RE ate a two sets of offsets
bet wepn t he shape data of the first portion of the tenplate and the shape

data of the first pora%l on t he 25 wor kpi ece (one set between
cor r espondf! AP ALFTEfYY R Bd'ﬁ*ﬂﬁ't drifreheet ob etirls sepicuptadpatwessiheand UBS) .

These V\DUél'tiapta htefa &T&h@ﬁl&dpérﬂoﬁ af ﬁ@'t@rhﬁ!a@ érjﬂ;i the sRbpsS&ita Qﬂh‘é@@ﬁ poftl¥® ggecond
portions % nmate an rkpi ece. m)re_/partlcu arly Iayers T72 and
e wo plece ore part:cular!y bet een the layers U70 and T70). Thén the shape
data of the second portion of the workpiece may be determined using this different first
20‘ eet 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
layers of the template. It only requires data from the Jayers 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



+ 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 fromthe |Iower |ayers of the tenplate. It
only requires data fromthe | ayers correeﬁondl ng to the damaged |ayers of
the used workpi ece and two | ayers below t On the other hand, whil st

t he abovebatpphrotzaipiste asemdatpseoen Fsauems;sie Véne ras(yauee dath dnSam§$'B®|T€FOt 0 use

one. d st 2 it T a5t Fef o ofers BB IR b eRmPoli i ane apart .

pr ef er abl gosabid Lngeatiffaréntisets dfeayeadmputfraguizd exbali!hertpbl%;tzblerml ate and

wor kpi ece. For exanple, one nay use data on |ayers T66, T70 and T72, but
shoul d al so use data on layers U66 and U70 to determne U72. T is _
possi @ e FIG. d2ehadivé fa@nrcmtss $it|8 ob&in bapedimentibf thewbﬁmu fextitdmhiRingrperiat i on.

5 FIG 12 s 110 f an odi nen ntion for
det er ni ni ig" ﬁltsffqa g ﬁfo R of %&'&ﬁ%@;@gbaﬁe%%f BIf Bt Fﬁ?Q '%’séi‘f? %589 used
wor kpi ece(steprit 12) 6binl tee davies slsorr?aﬁdmm s:hepnosifka)ac&dsramgwloﬁ n@@%dstﬁﬁj S:ttlﬁ‘:h as

d modi f ccordin necessar exa e additiona
S(\)/:\/lnt 2nar%xaﬁ%l (? pna By! ﬁtsgaggg’é gecétd%ga éa@gﬁ'p@rﬁcﬁ?ﬁsuﬁg%ﬁ@ convex
OF CONCavE@Nsechi amsad seduenWthemmmemeCetc Negtitr# lindd m&a&fu&é&ﬁdseeiﬂ at ed

t 10 from ect ed points. For ex odi nen

Ui ot ST ol SRAE SEHET EBP bR i S BRE e B TRIES Moy PRPEsHt ¢ e
curve at eiteheiaal“éﬁﬂ oamemmecmtoﬁbﬁessnt gh&\bwgé aﬁ&)éeiﬂﬂﬂ&h&&g?fﬁé!)eﬂ@% of |ess
th 25 cr.ons ut r al no e e )
e A oV RRy TR Bl L ot P B S5 ey e Sgu 2 IR BV EROdR unused
wor kpi ecestept3id Gyzaa:croecﬂpgmdﬂl’:ge fre mdudrablirescad calbabied f¢sthe ps&d 48 uhedt he
cont our i shed wor kpi ece.

2ors%0r StorklBesto e TR fing Pt e, 4G5 o ltreb BBl BedBour Bt heon of
t he dsed sm‘akqnoﬁbem@mercshﬁ tos esdlirblsbeld wetkpfeak. Sétks REsHts hlkecatdiefaedi ng

I ste 512 followed hy, calculating
the. pr edi Geee el PraleBRETTPENPrest (e lralions Snadciredbierd it ace
profile hiaes betha saed:e@dlr@tteydars are qui@dbted eebormhgly$stéﬂsn_en_2@paﬂb\bb@byo add t he
new mat er |

ot dded Rriey ¥l| nd finish the surface
accor di ng la%'ﬂ%thed?rs I Eesc‘.i' ?%Prolf' ts?k%tsg é 28f or instance, be done by
way of a polishing nachlne controlled according to the generated conpl ex
curv 2 |t @i i deal the reference t lLlafe .l s an used, copy of
t he gg rre%v\@relgng Hfce! R ge 'h¥$ keen calculateg, or pre(%gtgd, !E 5 tl!uen poss! ie 0 add tﬁg
new matena! (if it was not added previously) and finish the surface according to the
predicied profile. This can, for instance, be done by way of a polishing machine

controlied 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 extrapolation then may be more accurate.

30  The embodiment discussed herewith may generally be implemented in and/for 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



. 1s not essential. It could be a used copy, which has not been damaged. |f
it has been subjected to the sanme use as the danmaged wor kpi ece, then
there may even be advantages to it, as extrapolation then nay be nore
accurate. 30 The enbodi nent discussed herewith may general ly be

i npl enented in and/or on conputer archit %cture that is well known in the
art. The functionality of the enbodinentg of the invention described may

be i npl e”@ﬁh@&édﬂs %\*H&‘?ﬁorﬁﬁé ﬂh‘)ﬁﬂbﬁ oPbn %ﬂf:rteV@é&rﬁn’crbercD@su&OJstWASpléﬁ{bﬁﬁ

corrponenthS of the syst }%/ rocess, program or portlon
that usua P?C'B%WW?F?C* é"rsféfF{ %G Tmef%ﬁr@mtﬁrmerevs plaprpesgidiiins thabaxst, Elirrplthe

har dwar e #fssQRiE&d indh€ AR Be h@e%ﬁbﬁ]@&;b@%tth@%%%%l&o desi gned for
use with other conponents. For exanple, a conponent nay be | npl enmented

usi ng di sE?@?'Be%tF’éé'ﬁ@l@ﬁlbIWOH@BWGWéFﬁ 3nd spftwasy cempaRadithor ti on of an
entiresel ectronic circuit such as an Application Specific Integrated
Circuit (ASIC). There are nunerous other possibilities that exist, and
those ski PEEANRIFOMPatess or SRVATE apRexaiTRIes 6f eqsppuler atelitechies thae syst em may

al so be EmBb&ARALAHaPSe AnHaRbHBATA &%@fs&arceké\@nfer amﬂ.té&uﬂewﬁﬁpﬁ%mone”t S.

5 Personal conputers or Servers are exa uter architectures
that enbSATPREIFNE FRsYermeoduigs %{?ﬁr@ﬁé‘ﬁ”trﬁ‘ RPCIS[INI SNitH (Q%Hb‘uﬁ@r architectures

conpri se m¢dﬁ BERRLS raHHdh 04 units (CPU)
W th gmo}cessor ' rando%@gg?ee??@nemnﬁy?%g@am%enpcg?gﬁ?@ %rmry (ROM

f or ﬂpte aa%aemhé@ﬁpecw%é&rag@p nfogméwgén@maisnﬁmrmu on, and

Mass st or @gfce ﬂ%ﬁ'a@%aﬁdlﬁﬁbea&sh@tféj oidb'DVIQDWéﬁ:k@lEthﬁe Rl rand the like.
Such computer architectures further contain a bus to int rconnect t he

' conponent ¥CHIRFIHCE BRDEOFANGIN ai B de fieconnesh hecomaanretaEndim eatraliash t he
conponent gforfdbr ARNGdnhtunitSifin BReEn RBLonHdhaMk. A&Hlﬁna §r§ Eﬁut% gal l'y

provi ded, such as a keyboard, nmouse, m crophone and th e for user
i nput, anRHtAYtdNREICeSHE HEllY %%%&bﬁ@%ﬂ%laﬂ@ébqar%ém?@ﬁ @W@ﬂhﬂne@édéh%l ly,

each 150f [fKagos u@éﬁtdp@ybﬁgﬁisbmyeﬁrﬁrﬁgﬁ §péaﬁ<e?@§ﬁl?ﬁ1te€ﬁge [ otugtfﬁt RebiShel ity t Bsen

control |l er. and in&ﬁerrente Wth controller software. course; It wll

be appar eNtthe WRYYAHRUt ipGesds comiastaddathribus lethecestratsy ape lmﬁ’lme@ﬁ@dt ed in

such systwufrsconTﬁaﬂercS@maﬁeebf%mﬁsem v seve&sgfé@érwhat%ﬂ%mblege& U@gaged by
oper ati ng S§St em software resj dent on U. here are a er of

oper at i ng &MFEs iRy edatp‘e&?%“%whwﬁemﬂ 3‘5‘1‘ @@Mewstenk ﬁdmca”vhus
embodi mendontrofed 4RI MERERAY dPLEAINGRYsIERY sdifvdrO RASRITRPLE thd EPBNEHRS aRN5 such

corrpl.étoer . :
number of operating systems that are commonly available and well known. Thus, _
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 applicabie to bodies with aerofoil shaped sections, whether
as turbine blades for turbines (for instance in aerospace appilications) or compressors
35  (for instance in ship or aerospace appiications), or as other bodies. Although the

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



- architectures. FIG 13 shows apparatus in the formof a conputer system
“for carrying out aspects of 25 the above-described enbodi nents. A
conputer 200 is connected to a scanner 202 for scanning a tenplate and
the workpiece to be repaired. The conmputer includes a nenory and
processor (not shown) for receiving and §§gring scanned data (whet her
fromthe indicated scanner 202 or from so ot her source) and generating

the rel evasbmpleRinhveXssdeivailbsddies WitPah beiFd%HEBEN & iR Mie irfvelicPis not
connected to the co uter 200 for 30 polishin he wor kpi ece, once

g
r epai r ed, P dgq“?r@t‘? t '%? iSVpTioRsaRbeHISER &0 FroRBFIICE Elequatle ekothelshapes The
i nvent i OncurﬁedJWﬁdn%ﬂr‘é?é’d )éoﬁh@l@xldﬁﬁbh%omiebzomt@§oﬁ4béﬂbn@8fo%§¥,e|s iRRed
sections, her _ as turbine blades for turbines (for instance in
aer ospacea%?ﬁ REa{finsFeySBY conpressors 35 (for |nstance in ship or
aerospgace applications), or as other bodies. Al though the exenplified
enbodi ments _of the invention relate to a curved body, in particular one

with 25 Ertshpvhist theinventianbes beerasmbodiediindieing 3eddn repairhioG bodyhia serl
section, Bd@sdany@Bidnmel SstitiPe tolallitd 8BobIANBR WheBat HEBBIH0L HFaNokE, used
to reconstruc the profile of other shapes, curved or non-curved, conplex
or non- cdﬁﬁ? , W th conponent processes adjusted accordingly, |f
necessary. 5 Further, whilst the invention has been enbodied in being used
in re airing a bod it can, _be used to determne a shape to add to a

body, evhWilinerapprariated g while ol afpwsPewts gmbesimentscf thepinventignihavee
appr eci att%éntdé@&nbéﬂlrle@elﬁ’i’dr%hél pﬁ@éfsé@@ﬁlddﬁ%ﬂ&ﬂ%ﬂbtﬁ%aﬁg@é oft ABaHiEMBAL | on

have been described herein for the purposes of illustfation, various

‘ changes dP@hBRMEPE AttherIeRrgipofomiiyscaPe Rotie et i ng from the scope of
the invention. 26 Wat is clained is: 1 A nethod for determ ning shape
data for a workpiece, the workpiece conprising at least a first portion
and the shape data to be determ ned being for a 5 second portion of the
wor kpi ece, the nethod conprising: providing shape data of the first
portion of the workpiece; providing shape data of a first tenplate portion
and a second tenpl ate



portion of a reference tenplate, the first tenplate portion corresponding
to the first portion of the workpiece, and the second tenplate portion
corresponding to the 10 second portion of the workpiece, the second

tenpl ate portion having a shape related to the shape to be determ ned for
t he second portion of the workplace; and26determ ning the shape data of

t he second portion of the workpiece, based on the shape data of the first
t enpl at e YWHekis AiMedds't he second tenplate portion of the reference

tenpl ate and the shape data of the first portion of the workpiece, 15
conprising the step, of calculating a target set of offsets. 2. A nmethod as
claimed ak in cl ai M PeHog e er@ﬁ\%ﬁrﬁhsa%aat@é‘f{é’r‘%ﬁq“ﬂe@c‘:‘sﬁf’f”‘ﬁ’é@ ©%€hape data
for the secondcoprisingat BasttdTestwortopiaed thebxhageldaia td heedadetrénadibedg fatampe

data @f the second, porti of the r kpi 3. A nethod as clainmed in
cl ai m%l, wher e?eﬁo'&deﬁ%rp?ﬂ ‘%{ﬁﬁegw?r&\(g'e%% ﬁe’g%tﬁﬁtgc%%pqisﬁg' second portion of the
wor kpi ece further cwnydingesapgsiabeofitheefinstarogisn of the vafrkpigdeset s with the
shape daf[a of f[he fﬁr&ﬂ&inggﬁéde%té)gf tfh'&t&ﬂﬁigte'p%ﬁi%n aﬁéa% cd%d@@ﬁ[n% as
clained in claim3, erein usin tahe target set o of?set.s conpri ses
addi ng t he t arRpsiionsé@ referapee amnlate.dhe firet templste rpgion corresnaeding fsthe it ti on of
the workpi eCeporfon AAMHBIGIRGRES afd feBREbridtemplalePofion WhRERIoRdiIfRToak: at i Nng a
target set of offsets, 30 cor‘rgrl_ses cal cul tlng a first set S?.f ofﬁa(sseés,
bet wedn the sHEFENGRAPTLT e WOKPiECE tgRECOULERRES RUINRARING S NPRMES' AR t he
reference tenpbaieshadd to e demmiducdr tAs sedont pBdion Bf 10k lorkpece vdner ei n

calculating a target .set of, offset fyurther conprises: I
second set of off se‘%eg‘?"r\m'?%hﬁ S["?‘Pee (%%aa%tle{ﬁ%lg?cgn(gf’%?l%oﬁﬁ? ‘évg %E{ég‘%?’tg%&g of
t he reference thespmtdeia cliiitk frstthnpltesirtiafandftifissscond tamplrtepertien ofizgpe dat a

o e T rot  BRRST b (R dBbensi o ot bl BnaRERRRoand Lhi rd

sets of offsets, to > fIrst set o sets ahd t'he shape
dat a 18f the figostpripiog theoteref calvslaliRg & ffirest et ad otidter i ne t he shape data of
the second portion of the workpiece. 10 7. A nmethod as clained as in claim

6, wherein, in usi n/g the first, second, and o _
2. method as claimed as in claim 1, further comprising generating surface

shape data for the second portion of the workpiece based on the determined shape
data of the second portion of the workpiece.
20
3. A method as claimed in claim 1, 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.

25 4 A method as claimed in claim 3, wherein using the target set of offseis
comprises adding the target set of offsets to the shape data of the first portion of the
workpiece.

5. A method as claimed in claim 3, wherein calculating a target set of offsets
30 comprises calculating a first set of offsets, between the shape data of the first and

second template portions of the reference template.



third sets of offsets, the target, fourth set of offsets is generated
representing the offsets between the shape data of the first and second
portions of the workpiece. 15 8. A nmethod as clained in claim7, wherein
the first, second and third sets of offsets are sets of angles and the
fourth set of offsets is generated based26n the difference between
correspondi ng angles within the first and second sets of offsets being
added to the correspondi ng angles of the third set of offsets. 20 9. A
met hod asecl ai med i A n@dtiidasclainte halidmBhehéreiirdaltulattg ofarget bstaff sfidets
gener at ed basegI ﬁn the .rati o between corresponding offsets wthin the
first and sec ﬁterscé’fn?”%efs' of fsets being the sane as that between
correspondi ng cor r esgiataingg seodridsset sf difeetapethint the shapsrdate afrie firai podticsiet s of
of fsetg. 25 1Ooft$é 5008 @Rl P i <& Alofels, WHIR L &a%?ldg#éld?rtﬂer}gsta
target set of offsets corrprPseé calculating a first set of fsets,

bet ween t he shbgorefitae workpigee;@Ndst tenpl ate portion of the reference

tenplate and the fjdig] thDQEEdnBMNE thikiRts W bHRILE CjetRP At leSirdTisBl J18ide
shape data of the second portion of ¢ wor kpi ece further 30 %gen%)rl ses

he
usi ng the tar g8td theehape dets b firgiRerianet hisapskriesede getermie hiechiare ¢apl at e
portion of theoRd ¥4HoRE ortion BRthe€wbikprecd. he shape data of the second portion
of th,[s\0 wor kpi ece. 11. A nethod as clainmed as in claim®6, wherein the
shape'*data of the workpiece 35 and reference tenplate conprise shape data
on | ayers7.0f the woAkgtedasataimed ad mrciro €, Wearpinait @ising &he &, sehoneatbd as
clainmed as in I enei . - r kpi ece
and reference ?“er%%%t% éOfgs\rQ%’ %‘Et%?%@%uﬁ E?%Soéﬁﬁ%egsalgﬁle'lﬁ%&t%ﬁzeﬁﬁ%sreé' t\oqgti on of
5 t he wor kpi eceffsglsdbetwrentthe shapasidtasd twrftistor seennd poftiopg ef the verkewee
tenplate in layers. 13. A nethod as clained as in claim11l, wherein the
first, second and third sets of offsets each conprise sets of offsets
bet welth c®r r espondi Ageisdssiaipedinelaina’; wasreigthg tryte pecopsl gAY Hird Sets\Whr kpi ece

and tenpl ate. diselare SetBi Afbsamdtheiolmislsdtbf Sifsdts ™ dendhied 8hskdihane di ng
shape data of @Qe fII’Sth{, ortion of the workpiece ang of the first and
second porti ondYEGERE ofERPIgngRagles ngheéc&t apd pEeANdSFN ¢ AEES al

i nes of the fbaisg adiied isiheendegponting asgief ofttikethire betrof nifsets.

20 9 A method as claimed in claim 7, wherein the fourth set of offsets is
generated based on the ratic between corresponding offsets within the first and
second sets of offsets being the same as that between corresponding corresponding
offsets befween the fourth and third sets of offsets.

25 10, A method as claimed in claim 1, wherein
caleuiating a target set of offsets comprises calculating a first set of offsets,
between the shape data of the first template portion of the reference tempiate and
the first pertion 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

waorkpieca.

11. A method as claimed as in claim 6, wherein the shape data of the workpiece
35 and reference template comprise shape data on layers of the workpiece and

reference template.



tenplate and of the first portion of the workpiece based on their shape
data. 15 15. A nethod as clained as in claim14, wherein determning the
shape data of the second portion of the workpi ece conprises determ ning
the neutral line of the second portion of the workpiece, based on the
neutral lines of the first and second p28tions of the reference tenplate
and of the first portion of the workpiece. 20 16. A nethod as clained as
in claim15, wherein determ ning the shape data of the second portion of
t he wor kpi ece further conprises deternining the positions of points on

th f f th d t of the tral
| ﬁesgr[ ? gecong 8? ngrfpora"#%&e"a%rc n%l'n§10| r?tgggg%at ntlaaygur?qgngegaof
the first 25 wokpieonarefrefehencaterkpite e obléinedﬁthrmngheebrm&gdm@ilrmﬁm afn
claimglo, wher gL 0ofileet Mhi i dided Ot o8RBObr tgaseé(]gﬁceqanbrae iSHbRce of

t he second por piece 1s furt ol nts
surfaces of the first and second portions of the reference tenplate. 30

18. A metfnd as cl aA%d’ﬂ%s'd&rrﬁé@éﬁh%@rm%%&%r&nEﬂeﬁﬁrﬁ%é%ﬁd%thf?@séié'rface
of the second portion of the workpiece whose positions are deternined are

poi nts cor r esprAfFe SBE LBIRSEE 8¢S Bf)?ﬁ??? RGHVGERECOHBIROPAING PPINigV f” $eAe® second

portion of theofwyekpiigmetheaitkpize 29d tdnilateach sel ected point on the

neut r | ine of the second portion of the workpiece, the position of the
correspondi ng point on the surface of the second portion of the workpiece
i s deternisqed basedAortirtdsatairoéd idickrar ceberkinanovidieg stepe datk of Helfirsie and

the surface foﬁor&ﬂs{{%‘?&?&ﬁb%% Q@%r@hﬁ#m sBO4 :@gloﬂsgﬂﬁe{%n{ o Hofd:

portion of the workpiece as c as inc m 1, wherein
t he wor kpi ece ¢ompiises eairer%atmg ng@ral fogseof ﬂ@d"r%tsand |89¢0rtredPOﬁI§n$ of toe mference,

wherein the bl@fgissSary 5f"tﬂé3ﬁr§'tepomoﬁ%¢the viokkpidte BasEP6h Reir ShapeRth @s in claim

1, wherein the workpiece is a defornmed version of the reference tenpl ate.
15 2215 A nethod as claimed in claim1, wherein the workpiece has a surface

with a 15. A method as claimed as in claim 14, wherein determining the shape data of
the. seeond poriion of the workpiece comprises determining 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.

20
16. A method as claimed as in claim 15, wherein determining the shape data of

the second portion of the workpiece further comprises determining the positions of
points on the surface of the second portion of the workpiece, based on the neuiral
line of the second portion of the workpiece and points on the surfaces of the first

25 portion of the workpiece.

17. A method as claimed as in claim 16, wherein determining the positions of
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.

30
18. A method as claimed as in claim 16, wherein
the points on the surface of the second portion of the workpiece whose
positions are determined are points corresponding to selected points on the neutral
line of the second portion of the workpiece; and
35



conpl ex curve and the shape data on the second portion of the workpiece
conpri ses data on said conplex curve. 23. Apparatus for determ ning shape
data for a workpi ece based on shape data 20 of a reference tenplate, the
wor kpi ece conprising at least a first portion and the shape data to be
determined being for a second portion of28he workpi ece, and the reference
tenpl ate conprising a first tenplate portion corresponding to the first
portion of the workpiece and a second tenplate portion corresponding to
the second porti onfoeéanﬁwtm!emdlqoimoethearedtralmee sidbosetohe ppitiat ef herti on

having a shape rr?(P %&ee %‘) e;?osﬁﬁn opt%e%hﬁ%)s%ohangﬁplqeo%%&mge Lptf*\ EQ&nEECO”d

portion of the |nput fo
recei vi ng shapﬁortlkatra‘ﬂaﬁ workpiedd is sietepoined baﬁeefontrﬁ@swédlm@h@&?e‘r'om @e@ée&‘ﬂld

i nput for recejiing s anec&'ﬁ;fr or?éspbncﬁné hdutlar :ﬁ«]@%oaeqﬁmftrewe@b&wp@frtl ons

of the reference tenplate, a processor for determ ning the shape
data of the se®eN@|HACET on of the wor kpi ece, based on the shape data of
the first tenplate portion and the second tenplate portion of the

referenceterrplate and the shape data of the fijrst f
wor kpi ecelher ei n t hESHYES eq s \‘”Lﬁ'al"ﬁérwg‘ﬁ@'rn ‘ggrgB'e%ea‘P@&laﬁee a target

set of offsets. 35 24. Apparatus as clainmed as in claim 23, wherein the

proce or s furthe erabl e Lo r.at r..the
secon (L on of t'hg'%rdkaﬁ Céaéme a’sneC %rﬁtﬁﬁ]&%§& gerbjr%ﬂeggagﬂgﬁgfo%g?a of the
second port| on of the workpi ece 30 25. Apparatus as clained as in claim

23, wherejn, in det&H&ﬁud% Qémecaﬁ.ﬂha Rbreinfife @s&ﬁa&; Rerderme@f the

wor kpi ece, 't he processor er operabl e to use 5 target set of
of fsets with t%S'QmafﬁbetﬁQranQﬁte@"ﬁ@tql rst portion of the workpiece. 26.
Apparatus as clained as in claim25, wherein, in using the target set of

of fsets, the processor is further operable to add the target set of
of f sets t#-the shap® MeRdASSHE AR YR WBPEINdHE WPTkpiRes vﬁfrw%eewﬁﬁe 27

Apparatus as CéamhpiBdcunse arrd tﬁé ghdpedfata ovi@e @bdbnd iporiioAbmié aotpipca target set
of offsets, the F;)rocgsi LS f%r}eg%lrwoperabl e to calculate a first set of
of fsets, betweEHPNses oata on said comp

23. Apparatus for determining shape data for a workpiece based on shape data
20 of a reference template, the workpiece comprising at least a first portion and the
shape data to be determined being for a second portion of the workpiece, and the
reference template comprising a first templaté 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
25 the shape to be determined for the second 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
30 a processor for determining the shape data of the second portion of the
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 wherein the processor is further operabie to caiculate a targst set of
oftsets.
35
24 Apparatus as claimed as in claim 23, wherein the processor is further
operable to generate surface shape data for the second portion of the workpiece

based on the defermined shape data of the second poriion of the workpiece.



the shape data of the first and second tenplate portions of the reference
tenplate. 15 28. Apparatus as clained as in claim27, 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 tenplate, and Bthird set of offsets, within the
shape data of the first portion of the workpiece; and 20 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 determ ne the shape
data of e second r : d as
inclaim %% wher ei ﬁ'pp%rér%hﬁg? ﬁ!; "{eﬂ%s\fﬂ%lé?" é%ggrg%%gn ﬁ%&%@@‘i@ﬁp@%@gg Iggg

of fsets, the pefdeesarond pmlomp&th@wowp@p@tbmeeprp@esg@rn@wgr queeabiedlpgise thef our t h
set ofg of f set Stard’e??ét%?@f‘fﬁe’té’\gltﬁih@ s%ﬂe&%&asofbﬁ‘é H@gﬂl‘)rﬂoh%f fRaRfHaka of the
first and second portions of the workpiece. Appar atus as clained as
in claim?29, wherein the first, second and third sets 30 of offsets are

fsets ﬁf apg| fes and Aﬁ&gﬂﬁ@ﬁ@&ﬁlﬁfedla&éﬁ?élm wﬁ@t@rnahh%m@@hegﬁwgét?fthe
ourth set o efs based on the di ren or.r in
angl e wi t i n ST5es P SIORRcPr SR oRPbRys S P GTdSieE TgTeia Bt o
correspondi ng damgl tas fist pdriien ofithe dokpiecedf of fsets. 5 31 Appar at us as
~clai as in claim?28, wherein the shape data of the workpiece and

reference tenpl ate conprise shape data on |ayers of the workpiece and
r ef er ence2t.enpl at e. ARRratpppaciaimed agd Jairi Pedhersini in c@lcdiatingd tardal seltivér

conprising a sGRARCHe RS é&rﬁ%ﬁﬁér% ertaB% tb bélé}latQQrﬂFétQé‘t o%ﬁéé?se b@QJeEH' ece

and the first and second portions o reference tenplate in |layers to
obtain the shape Shﬁ%eeﬁaﬁotth%ﬁﬂﬁb?ﬂ&o‘ieée@ t&%‘a@%@%ﬁeétheﬁ@ﬁ‘&ﬂﬁ?@m%
Apparatus as clained as in claim 31 wherein the first, second and third
setsg15 of offsets, each conpris 'A%Of of fsets. betwe ondi ng

n corres
poi nt® wiBhin  adj LARTRAYSRFIEmed 25 Ry 27, HaSTRL SlB S Rre a1y
wherei n the premesgste prcs:efswrﬁdmﬂher@peﬁaablte for individual scanned | ayers

S anned Taoer"e e, ¢ AR AU RS, fiflinfP s RPR YRR F 408 o 0P

scanned | ayer into N 0 fl repea
the reference template, and a third set of offsets, within the shape data of the first

portion of the workpiece; and
20 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 werkpiece.

29, Apparaius as claimed as in claim 28, wherein, in using the first, second and
25 third sets of offsets, the processor is further operabie to generate the target, fourth
set of offsetls, representing the offsets between the shape data of the first and

second portions of the workpiece.

30. Apparatus as claimed as in claim 29, wherein the first, second and third sets
30 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



of the scanned |layer, and to insert data to formuniformscan data on the
scanned layer. 35. Apparatus as clained as in claim23, wherein the
processor is further 25 operable to calculate neutral lines of the first
and second portions of the reference tenplate and of the first portion of
t he wor kpi ece based on their shape data.3B6. Apparatus as clainmed as in
claim 35, wherein, in determning the shape data of the second portion of
t he workpi ece, t he processor is further operable to 30 determ ne the
neutral |ine oéngldrsammcmedraoamd $c2Bndfet bioffeets bping addedta satcamaspdmaingneut r al

lines of the fir ions of the reference tenplate and of
| s S RET R PrRe | |

the first por?q e. 37. Apparatus as clained as in claim
36, wherein, in deternlnlng the shape data 35 of the second portion of

the woy kpiece, the R%&?{iﬁé% cl!afne‘&% tu?&% oRe [ AbLR hOshAielBLIir e the

positions of points e sur Re™second portion of the 32

wor kpi ece, baswerkpiaca #ns iglerencaliemplafe cgmplt!-%aeshge%éﬁa opdayeisoi tf@qurlﬁéece

wor kpi ece and ROkRshBRehhgesur faces of the first portion of the

wor kpi ece. 5 38. Apparatus as clainmed as in claim37, wherein the points
on the surface of the second portion of the workpi ece whose positions are
det er m negb.are poi NhSp=R&i$ 8SHANRARE it Qaiffe3 1€ Rirtaer cmipm.ag erscérhner meut ral

l'i ne t he second rt |ece further
operabl e, for %ﬁBW"EB\J@%@BQBB|E$E&WF ﬁ@ﬁrpgwﬂﬁpiﬁgof p8 OWHgléecond
portion of therempeicpiterogatetivlagetds obtaie theehape datbicdineaforitpisze aodrefaspandi ng
poi nt on the sgﬁjeﬁe of the second portion of the workpiece based on
rati os of distances fromthe neutral line and the surface for
corresponding neutral |ine points in the first used portion of the

wor kpi eceéss 15 39. AyGopmd §§ ctﬁﬁfégra@rﬂ Béi%ctwvhér%rn tRERSS, %@n@%n@?ﬁ’g%a@at a

for a workpi ece based on shape data of a reference tenplate,

wor kptece conp?ficiefy eagh sopyiee gets of efsetsheiwess PoBpRPONHRY E?iatﬁé‘"tﬂ'&t ato be

det ermi ned bei gfjadeffiagersecond portion of the workpiece, and the reference
tenpl ate conprising a first tenplate portion corresponding to the first
portion of the workpiece and a second tenplate portion 20 correspondi ng
to the sesnnd portiAmpaﬁm§h@dmbmhmb@tﬂmnﬂﬁﬂwmQEmSBEpmdaﬁempMHmer portion

havi ng a s hapeopre?ab?et ?or ulio?wéua?scanﬁgg Iaglé)rs %Fthg%fgreme t%%pfa?e a&dh\ﬁorﬁﬁgc%ng

portion
20 separate data on the scanned layer into two portions of data, to filter out repeat data

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

layer.

35. Apparatus as claimed as in claim 23, wherein the processer is further
25 operable to calculate neutral lines of the first and second portions of the reference

template and of the first portion of the workpiece based on their shape data.

36. Apparatus as claimed as in claim 35, wherein, in determining the shape data
of the second portion of the workpiece, the processor is further operabie to
30 determine the neutral line of the second portion of the workpiece, based on the
neutral fines of the first and second portions of the reference template and of the first

portion of the workpiece.

37. Apparatus as claimed as in claim 36, wherein, in determining the shape data
35 of the second portion of the workpiece, the processor is further operable to

determine the pesitions of points on the surface of the second portion of the



of the workpiece, the conputer program product conprising a conputer

usabl e nedi um havi ng conput er readabl e program code enbodi ed therein, the
conput er readabl e program code conprising: 25 conputer readabl e program
code for receiving shape data of the first portion of the workpiece;
conput er readabl e program code for recei ¥ ng shape data of the first and
second tenplate portions of the reference tenplate; and conputer readable
program code for determ ning the shape data of the 30 second portion of

t he wor kpi ece, wbkpiece, baséden thb apgtrall iiccofdlfe $deend parsdn dfeinglvark@ecegard i on and

the second tenpl.ate portion of. .t refer | ate and the shape data
of the first %?'?SSH%%ST%%GSV\%FQ&E%[ §n@ﬂ§?§'§r¥&°t eecg'orrputer r eadabl e
program code conprises the step of calculating a target set of offsets.

35 33 5 A METHOD OF M AL NG eHABR, Qg,ﬁﬁaﬁ ag,lgﬁ\CT 5 Areference tenplate

is used to help in the reconstruction o maged wor kpi ece, such as a
turbi ne bl ade. The Weeintethe enfrcaréhesegondgsytionsof theavafiacsive®se f r om

before it waspsRfs a@&térﬁﬁr@a%@soiﬁ@e@rlr@srpsnéiia]ﬁcseréa@d pbiftts| AVRE Beutral

including the portion corresponding to that ich has been damaged in the
wor kpi ece, as Eﬂ.ﬂ‘?“'"é?sseﬁﬂ'?‘b%ﬁ‘&‘°ff‘ﬂﬁi§ e BBt ti ons. The adj acent undamaged
portions of the worpipesessor & faltisn opérablepidnesthasickry @bt oPhehielies liod t he

I f th t | d. kpi t ed, based
tho sans. - Set 87 SGPrE b EORP AN BRPRET of Br B S8 s B oM T espondi ng
poi nts within eujespaminggwn oe thel syfecesofitine $dvendipettioragféie wokpiecmbasedtohe
workpi ece and L, GAUGSRRORGNIGE RRMGI r?gp il B BARRoLRIFY ufaRnd al so

within the portion o e reference tenplate corresponding to t damaged
portion of t helinepojidy kpheiret usad perior etthevogpiesets i s then cal cul at ed
bet ween t he undanmaged and danaged portions of the workpiece, based on

these various sets of offsets, to predict a profile of a |layer of the
damagBy pettion. TH ©MPATEE Rrograsg Prodyct fgr dsteaibtng sharg fata fqn g avprRiececal cul at e

further profil gssetBhishage @049 Llerrégicefliéh@aef thk herigaragedpmiid dtesashas been
predicted. 20 first portion 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 tempiaie portion
20 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 portion
of the workpiece, the computer program product comprising a computer usable
medium having computer readabie program code embodied therein, the computer
readable program code comprising:
25 computer readable program code for receiving shape data of the first 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
30 second portion of the workpiece, based on the shape data of the first template
poriion and the second template portion of the reference tempiate and the shape
data of the first portion of the workpiece wherein the computer readable program

code comprises the step of calculating a target set of offsets.
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A METHOD OF DETERMINING SHAPE DATA

ABSTRACT

A reference template is used to help in the reconstruction of a damaged workpiece,
such as a turbine biade. The raference tempiate is a copy of the workpiace from bafore
it was used. The referencs template is scannad in laysrs, inctuding the portion
corresponding to that which has been damaged in the workpiece, as wall as adjacent
undamaged portions. The adjacent undamaged portions of the workpiece are also
scanned as layars. Profiles of the tayers of the refarence template and workpizsce ars
generated, based on the scans. Sets of offeais are then determinad basad on
corresponding points within adjacent scanned iayers in the undamagad portion of the
workpiece and the corresponding portion of the refarenca temptate and also within the
portion of the reference tempiate corresponding to the damaged portion of the
workpiece. A new set of offsets is than calculated betwsen the undamaged and
damaged portions of the workpiece, based on these various sets of offsets, to predict a
profile of a layer of the damaged portion. This calculated set of offsets is then used o
caicutate further profiles untii a compiete profile of the damagsd portion has bsen

predicied.

FIG. 12



