SYSTEM METHOD, AND APPARATUS FOR REPAI RI NG OBJECTS

CROSS REFERENCE The present application clains the
whemefio22nf United States Patent Provisional PCT/US2009/001044

Application No. 61/066, 286, filed February 19, 2008,

which is incorporated herein by reference. BACKGROUND

Three di nensi onal objects are generally difficult to

in environments where_machine tools are needed
+ SV Beas MERHOBLAND ActeR ST FOK sEHARINESGRIELSS:
blades and bl aded di sks ("blisks") also require
preci sion repair w CRABSRIEFERENSicti on of

istortions and stress i,nto oh)j j -
%Pe%fsﬁ?ntaw'IC@ e i Rahadhoesh 8EURRE Stateli kafBgh Bfovisional
ne e e conmponents utilization in other

Applicaian Ko RHGIBBG5G.J1 R eerHAn(15 2ABB MR I ineaTpoed derein by
manuf act urer specifications for three-di nensional

referenasbj ects may be insufficiently detailed, or sinply
unavail abl e, for precision repair to be perforned from
drawi ngs. A three-di nensional object nmay not be in
conpl ete conformance with a manufacturer specification

or drawing after a pegartkGRM®END ce due to changes in
t he part shape during use, even though t he part shape,

1?‘%*?5 g@%aﬁ%ﬁ@%@%& EneraHE1a RS BB P T BVl gnts where

f act t
maching fagl$ pre BEedsd ettach! sgrreﬁéﬁsr?m% bigcts, Sihas camergssor

blades and bladed disks (“blisks”) also require precision repair without the introduction

of distortions and stresses into the object. While the present application was developed
for use with gas turbine engine components utilization in other areas of technology is
contemplated herein.

In many cases manufacturer specifications for three-dimensional objects may be
insufficiently detailed, or simply unavailable, for precision repair to be performed from
drawings. A three-dimensional object may not be in complete conformance with a
manufacturer specification or drawing after a period in-service due to changes in the
part shape during use, even though the part shape, other than specific local damage,
may be acceptable for use. Thus, a computer-controlled tool path based on an original
manufacturer three-dimensional specification may not be appropriate for an efficient
repair of a worn, non-conforming or damaged part. The development of a system,

method, and apparatus for repairing three-dimensional objects is therefore desirable.
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repair of a worn, non-conform ng or damaged part. The
devel opnent of a system nethod, and apparatus for
w0 2paitei2ey t hr ee- di mensi onal obj ects i s theref BEBEUS2009/001044

desirabl e. SUMVARY I n one aspect the present

application contenplates a systemincluding a

t hr eedi nensi onal obj ect having a non-conform ng

region, and a photogrammetry device adapted to scan

the three-di nensional oBM&VARMe system further

i ncludes optical reference targets and a controller

Irs bne@speetithegpresehbapplicationiconteroplatasaisystegn incduding a three-

t hr eedi mensi onal object. The controll er commands the
dimensiohait slge ity adfdH-Eenfomigaregidie dndr # photograsinestsy device

obj ect, and cal cul ates a nom nal surface |ocation and

adapte&%@&%ﬁpfe%re@ﬁ“ﬁéﬁs‘?&iﬂidnﬁgéé@i e ?%?érﬁ%rthérhﬁmcluddes_ optical

controller further comma the p ogrammetry devi ce

to_scan . the non- conf ' r.eqi f .
eterencelaRgA8 bt BRAUSRAIIBORS ¥Rt b ptepaip the thre-
i renmoval taqol path conprisin at h adapted to renpve
dimensiggalohiagt f?faﬁw?wéol@ajc&mmﬁa@%ﬂeégpa%ww%m?gwngwﬁgﬁo scan the

surface | ocation and contour. The controller generates
three-dimegsianal abjest, aifd caleulatamaaomiegli wifase lopatighpedicontour for the
based on the nom nal surface |ocation and contour, and
three-ditenpicnas objectit Fhealontrdiet fusthet commparids thecphetoggarmetry device
the solid nodel. BRI EF DESCRI PTI ON OF THE FlI GURES Fi g.

to scan thd BoRcORHIAG FedibR OF tisk AIEATAIMBNSiIoRAFbBECE, @nd calculates a
repairing a three-di mensional object. Fig. 2 is a

materia STy A TR S pA8bE0 Bt rom e

object Iotcgﬁgf Bgyllgr?& ﬂ\leoﬁgrlninoa Js%%tabe location and contour. The controller

generates a solid model of the damaged region of the object based on the nominal
surface location and contour, and computes a material addition tool path according to

the solid model.
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Fig. 3is an illustration of a danmaged bl aded di sk.
Fig. 4Ais an illustration of a nom nal surface
wo omativael and contour for an object. Fig. 4B i BCHIS2009/001044

illustration of a manufacturer specified surface

| ocati on and contour for an object. Fig. 5is a

schematic flow chart diagramillustrating a procedure

for repairing a_three-dinensional_aobject, DETAl LED

DESCRI PTI ON FoBRIEE QRS ERIZTIQN Qff dkitk FIgURE

under st andi ng of the principles of the invention,

Fig:f eisem sehethatic hinckixtiagrame of 8 systere fidogipairingsa three-dimensional

illustrated in the drawi ngs and specific |anguage w ||
object. be used to describe the sane. It will neverthel ess be

understood that no Iimtation of the scope of the

F? .‘Qeﬁté Q&wét[ﬁ?fi@ﬁfq@kydié@rta?ﬁ‘GPQgcoﬁ%helaiﬁa??lﬁdt%%ll?@ﬁecutes
rthe |

r no ications Tn the illustrated enbodi ments,

operatioggq?hgfi‘éir3%&%%@%&%9%245#%@i ons of the principles

'nve as i ed therein as would

oryal |y occur to_one skil|ed | e art to which the
oS Gl f 8 enaaaciBrsl difkng prorected Fig.

1 is a schematic bl ock diagramof a system 100 for ,
Fig st isi anyillstratior of ﬁmﬁnloagwmael@pamga angirondeyrder an object.
may be fornmed of a variety of materials including but
Figpt4B isnan dldstratioebéblmanufacturer specified surfacel laoatiamand contour
In one formthe material is a netallic material. In

for an ogjeet.her formthe material is a netallic material
suited for utilization in a gas turbine engine. The

FRPIsRla SBYeRSt@AYWEhaft GaGRim il StSRiRg! £5rdddusife for repairing a

three-dimensional object.
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di mensi onal object. As used herein, a conplex three
di mensi onal object includes objects which are not
we@a®ohgs2gepeci fied by sinple geonetric shapes. PCTURPIEN01044
t hree di nensi onal object may be consi dered conpl ex due
to shaping, inclusion of physical features,
di mensi oning, or other indicia of conplexity generally
under stood to one_of ordinarg skill in the art. For
exanpl e, a three BETMEEPNAESSRIBIION th one or nore
curvilinear surfaces that vary in three di nensi ona
space is conplex. In another exanple, an object having
preci se di mensional tolerances nay be consi dered

Fepthy Empo"ébg of pROTIoEAG POMdErSIRINGINEPbEthedirthaiple s e,

and obj ectshaving other features that nakes

inventioNEYeferaRke Will BowSEE Yhddd ' Pl érﬁﬁ@@iihé?fts"ilf&%tr% L £ the drawings

nonsinple I's contenplated in the present application

| ex..qbj ot aj di t
and spefifi Jaio RIS A B8&d 10 BSOS, B, G gyciess be
concavities, for exanple a _bl ade having a fjrst
understeashthal neyinitatignot the saorgofihe inveon 1S thesrhy dutsedsr guch
toward the blade tip. The application will utilize the
alteratione amddbltber madifigations in thieillvsbalediembodiments camd that such
contenplates froma sinple object to a conplex three

further apiptieatiorenef thelprinciiples loé e ipventiote ds tilustiated therear s would
The object 102 may include any object having a

normallyl HEQR 18 IoFerskiliehin thBaReto WRichaht ahverigrOdidtesiave coRfemplated
object 102 is a gas turbine engi ne conponent such as a

d disk ("blisk"™), such as a conpressor rotor,
and pro@b?eo%?ne, or simlar object. However, the present

FERY o e EnaiG PIREE Gt Beneiens oD dof BPAIRES prlaree
dimensigr?asl otbljjerck%i 1%62. e'lr']rgcie rc])%jse'ct maey gg %rﬁwrgdlgfo a ivgﬁ!at%/dgfsmgterials including
but not limited to metallic, inter-metallic, and ceramic. In one form the material is a
metallic material. In another form the material is a metallic material suited for utilization
in a gas turbine engine. The object may be any of a simple to complex three
dimensional object. As used herein, a complex three dimensional object includes
objects which are not easily specified by simple geometric shapes.

A complex three dimensional object may be considered complex due to shaping,
inclusion of physical features, dimensioning, or other indicia of complexity generally
understood to one of ordinary skill in the art. For example, a three dimensional object
with one or more curvilinear surfaces that vary in three dimensional space is complex.

In another example, an object having precise dimensional tolerances may be

considered complex. The examples regarding complex are exemplary, and objects
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phot ogrammetry devi ce 104 adapted to scan the
t hr ee-di nensi onal object 102. The photogrametry
wa@le0vaes2204 may i ncl ude one or nore digital car@r/ES2009/001044
configured to be controllably noved in relation to the
obj ect 102. The photogrammetry device 104 has
sufficient resolution to resolve details of interest
- on the object 102, including detail conprising )
having gtagt paduresthatymakes ssanufactugng. srviaing ebrRaisPhiie object non-
damage that is to be evaluated or an areal/region that
simple is$ sodtemplatéd io the présemgepplicatian hera camplexsabjdtte 1p\certain
100 further includes optical reference targets 106.

embodimBAtsOEié 6Bject RIcRIRICS stifagehavihgt plurality tidfeoncavities, for
phot ogrammetry device 104 to navigate the object 102

cxamm 88 g 151 £y ot R 8 cong ety

v B LB SR i, 3o BN 3 Ggrsoos

. the controller 108 commpds. the phot ogra trydevi ce .

this term gantgmplatesdTara saiRe PPisH tha W'@é?&fﬁ%mﬁv’ﬁ&n"i gbject
104. The controller 108 further comruni cates with one

unless psovideddo tize eontsaryt enoval tools 110 and/or one or nore
material addition tools 112. The controller 108 nmay be
Taewbjectt 12 magdesiade anybbjectindving adhdahdienevesionathshape. In
i ncluding menory storage, and the controller 108 may

certain &ABBAINTEHtEUNEI dHjEctdRY BaSgsé tlrbiHe@ndiAE @dmifonent such as a
software, logic, and/or datalink conmuni cations to

bladed di§k F’g?l%ilzﬂ;gjéhué‘sc Lid ?ﬁqr&gsémt&om@ﬁlélgré s%ﬂﬁ?roétﬂgct. However,

cer odi nent’s e contro

the resghE pablHRpt e Bidiet Bt Ut ot SimRimBATRF a8 Tl engines
mat erial renoval tool 110 and/or a naterial addition
and for ether figlgs ofusedhapiaas WEpiag enginesnsThepystem 4P includes a

enbodi nents of the
photogrammetry device 104 adapted to scan the three-dimensional object 102. The

photogrammetry device 104 may include one or more digital cameras configured to be
controllably moved in relation to the object 102. The photogrammetry device 104 has
sufficient resolution to resolve details of interest on the object 102, including detail
comprising features of the object 102 and detail comprising damage that is to be
evaluated or an area/region that is desired to be changed for other reasons.

The system 100 further includes optical reference targets 106. The optical
reference targets 106 allow the photogrammetry device 104 to navigate the object 102
and define a coordinate space for describing the object 102 and object damage digitally.
The system 100 further includes a controller 108 in communication with various aspects

of the system 100. For example, the controller 108 commands the photogrammetry
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controller 108 are described in the section
referencing Fig. 2. Fig. 2 is a schematic bl ock
walr@gnesrenf a controller 108 that functional | yPERES2DEE01044
operations to repair a three-di nensi onal object 102.
The controller 108 conmands the photogrammetry device
104 to scan the three-di nensional object 102. For
exanpl e, the controller 108 includes a photogra
device t%/aracé recaiveofiaiadaemehe photegrammetiy deyisei 104. The he controller 108
reference target data 204, and provides photogrannetry
further abevinoeicateswith 06 moresrrm’oemaieemnjvettooi@ﬂ OBingl/or one or more
controller 108 perforns a contour mapping of the

materialddditidn fddds 112, aRiet eoritrciesP adBmMmay bely compatdrasroogssor and
nom nal surface |ocation and contour 210 for the

computé}ﬁdgﬁﬁég%gt%ggm érgdf@&fﬁéﬁeﬁwe?y be?%%?" and th@ﬁ)ﬂﬁiﬂer 108 may

ation no e 208 at accepts

om.t.he 202
comor TS A MIAIEN=L PR 08,
commur(l:iggttiq(}ngZlo'anhhﬁ]ﬁc cﬁg;\%ggﬁg nc?q{g)]l @gt tla%g?tb rhgmbodlments
nom nal shape being a shape that all owst he object 102
the contrallgsdi0Bperfarnivppenabtans to reraivthjecehjecio02 by eomimanding the
whil e changing as little of the basic structure of the

photograinnestty dédcas 0doand blyecorhmandingea amgtedal reineova tealt11002nd/or a
is a centrifugal conpressor wheel, where sone bl ades

materlaljéd“dltﬁ&?ﬁ)o'f 192, :!\)Io@‘ défafed %B'Bféiﬁ)?@rfowﬁéﬁémf@%soﬂm&ﬁs of the
via "creep”) during service use of

e T L e
Fm?% '8per Lo pﬁC%@f%ecﬁ%f {qﬁ%%f‘cﬁé&ro%@? @%&%&@nﬁi@aﬁly executes

~nom nal _sha e of,the, i
operations to repair a three-dimensional object 102. The controller 108 commands the

photogrammetry device 104 to scan the three-dimensional object 102. For example,
the controller 108 includes a photogrammetry device control module 202 that inputs
optical reference target data 204, and provides photogrammetry device commands 206
to scan the object 102.

The controller 108 performs a contour mapping of the object 102, in certain
embodiments by calculating a nominal surface location and contour 210 for the object
102. For example, the controller 108 may include a surface calculation module 208 that
accepts data from the photogrammetry device control module 202 and calculates the
nominal surface location and contour 210. The contour mapping 210 for the object 102

defines a nominal shape of the object 102, the nominal shape being a shape that allows
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object 102 to include the current shape of the bl ades
114 allowi ng repair to specific damaged sections 116
wowrdkae22changi ng t he bul k bl ades 114 and t her BE&E/US2009/001044
i ntroduci ng unnecessary stresses into the object 102
or excessive repair expense. The contour mapping 210
for t he object 102 nay conpri se determning a shape of
e object 102 through _non-danaged regi ons, and

the obJeékW%&paffpﬂg aamcman .omr@ poiest 104 acaRPiabl. adHieehanging as

shape through any damaged regions 116. In certain
little of therbadionstnicturet dfthemtjectr1 0Zeasppagsibied i ncl udes
curve-fitting, polynomal fitting, utilization of

Irs Bhé R&amMpK, thierdbdjést ThSierd eénteifugadtotripressyranhed!D&here some
where the material of the object 102 is irregular or

blades ﬂt4h§@@' Iﬁﬁe@'fg 66theUorf r@s@é%ﬁ@eﬁh&?@hﬁﬂe@r( IR hcreep ) during

ont our ppi ng 210 may conprlse surfac

oC on )
snvce ST SRt BB el ETLEN o
r el evant ti ft bj 02. Th II
acceptah{gy ¢ T8 GOPBHST WhERIIo Jae PErIRIABRe SPEOTCaORS albine
I Th I 08
examplelcgmgggpﬁngmnggg’%a@ﬁ%gggﬁgm\;I.O@gdeift%gs{tgesne;{m"lwaI shape of the

nonconform ng region 116 (i.e. a damaged, worn,

object 10216 gttade thes curmentf steper @‘dhedﬁadgﬂ wadbwivirtgatéptair to specific
change after manufacturing, or otherw se

damage@%c@i@ﬂwﬁ@\ﬁi%dﬁgih%ﬂg irfef theRIk bRRted ﬂ’ﬁf‘éh@'ﬁﬁére‘bwﬁﬁéducmg
The controll 8 generates a digital

onnecedlgh B i helniie 028 QLI RpdPgigendac o

AL B3Pl p PRI B 057 BoREReTASEH Py shae
of the otgjggt: i’éjzr thr;gg_g;\ r;\%nzc}aomaggcri] régljlglné | anrgd S%t?gé’élgﬁné %%Li%jr interpolating
the non-damaged shape through any damaged regions 116. In certain embodiments,
the contour mapping 210 includes curve-fitting, polynomial fitting, utilization of splines,
or similar descriptions of the object 102 where the material of the object 102 is irregular
or otherwise does not conform to a design or smooth shape. The contour mapping 210
may comprise surface locations and contours for the object 102. The contour mapping
210 may include the entire object 102 and/or a relevant portion of the object 102. The
controller 108 may store contour mapping information 210, for example in a computer
memory location.

The controller 108 commands the photogrammetry device 104 to scan a non-

conforming region 116 (i.e. a damaged, worn, corroded, mis-manufactured, design

specification change after manufacturing, or otherwise non-conforming region) of the
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def ormati on, nicks, or corrosion causing a portion of
the object 102 to project beyond the contour map 210.
wabh@oagenerol | er 108 may generate the digital PCT/US2009/001044
description 212 of the non-conform ng region 116 of
t he object 102 during the contour mapping operations
or as a separate process after the contour napping
operations., The controller 108 cal cul ates a mater
three-dimensianal obisct 82n Theacontralier 108 geq@aawsmdngdaédewlpélon 212 of
material renoval tool 110 that renoves sel ected
the nonronéorvahg regiontHé ofitheabjd€i2,02nhEne didital desenptmin 242 may
| ocat ed outside the nom nal surface |ocation and

include e60idikte N@ds FE8"BhE dedciidscasdpdcts Bftherhor-@bhfa?ming region 116
nodul e 216 interprets the contour napplng 210 and t.he

that lie @grgri'é:l%ac}f tﬁ@%ﬁhi 'rﬁ%&&ﬁ@%@”ﬂoﬁth ve n Jﬁ@sc olFE?lfdé Bbrrs,

too ath orm ng

actormB RS Bl SEb P AT i vron

control | abI 3{_ oper abl e tooI for renopving mater
the contoyrpans? iy tThe mtr@&l?r 1688 mangeneiate gie esgaﬁb@'%sw&n 212 of the

mlling tool, drill, grinding, EDM or other tool
non-corderaping degion ‘r‘@mﬁ/ﬁhﬂgobjacte‘roza uringh Eheraoriolr Manpping aperations or
tool 110 may conprise a plurality of machine tools

as a sepjdrate prdcess tafteelthye pentoar mappiey operatomgyal al ong t he
material renoval tool path 214. The controller 108, in

T‘Fr%récﬁ‘itl‘bllél""?gg'c%ﬁi”dlétesraeﬁ\%'térﬁaltr@ﬁ*‘no@@l t%‘b‘ 8&9122’94/ which i jsa path

command |ng the materi al rermva t ool accordi ng t

followed %‘é 83}? l'taial erflﬁ\';rag%l i %Pmo%%é se|%i§c? ! nc{eﬁal from the object

escrlp I on

desj eC|f| at for,the obje \

102, whizts ki ¢ ai%ﬁ%a%%%m#*m st gb%?quam geptour.
renmove portl ons of the object 102 that proll]ect beyond

For exampie, cpemagerlaéj Feovate@ntspl module 216 interprets the contour mapping 210

and the digital description 212, and determines the material removal tool path 214 that
will remove non-conforming portions of the object 102 that project beyond the contour
map 210. The material removal tool 110 is a controllably operable tool for removing
material comprising the object 102, and may for example be a milling tool, drill, grinding,
EDM or other tool adapted for removing material. The material removal tool 110 may
comprise a plurality of machine tools that collectively perform material removal along
the material removal tool path 214. The controller 108, in certain embodiments, repairs
the object 102 by commanding the material removal tool 110 according to the material
removal tool path 214.

In certain embodiments, the digital description 212 includes a design

specification for the object 102, and the material removal tool path 214 includes a tool
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For exanple, the object 102 may be a blade for a
turbine rotor, where the design of the blade is
web@aget2eft er manufacture. The bl ade of the oP{EUS2000@1044

may conformto the contour mapping 210, but portions
of the bl ade may project beyond the design
specification and the controller 108 is structured to
renove portions of the blade projecting beyond

path to r@sevgpertiensiaf iae pbiect 1A8 tb%tmfptﬁqt beyend the ﬁ@ﬁ@@e%oe&lf ication.
solid nodel 218 of the non-conformng region 116. The

For exaswple, theobggct 202 by beea btadedfonfdurkineg rotegi whereltherdgsign of the
be determ ned according to the contour mapping 210 and

blade |sfth‘éhgéﬂ afler marlifablirel ThicPad@bpthieabbjédB102 etay coform to the
For exanple, a material addition control

Wﬂw 1,0 58 1 065 RO 80
s 4l e i 5 ST BEFRR 5 0 e

| ocati on and contour 210. In certain enbodinents, the
projecting,beypnebthe design specificatien-accor di ng to a design
speci fication. For exanple, the object 102 nay be a
Thiezctatrioer 408 gemerates gt solid mhdek2 1 ef thesnemrconfarming region
bl ade is changed after manufacture. The bl ade of the

116. Thebjatidtmdaal 268 of thy nomAcbafdriving cedionr 16anay ibe dtérmined
the bl ade may not have material in portions of the

accordiﬁfﬁi B RREUF Mabiry21®8h8% prdtddafen iy r‘h@shr‘i% mSrials118

ructured to add material to portions of th | ade to

(refer toq*ﬂ;@ %rf]%&dhh%d r{wg g?agglﬁbﬂrﬁoﬁ?%%ﬁidg)gémggg égtle?%rgts the

ontrol
contour %waop;pngg a%eandythe digital description 212, and determines a solid model! 218

which, if the object 102 conformed to, the object 102 would substantially meet the
nominal surface location and contour 210. In certain embodiments, the solid model is
determined according to a design specification. For example, the object 102 may be a
blade for a turbine rotor, where the design of the blade is changed after manufacture.
The blade of the object 102 may conform to the contour mapping 210, but the blade
may not have material in portions of the design specification region, and the controller
108 is structured to add material to portions of the blade to build up the blade to the
design specification.

In certain embodiments, the controller 108 commands the photogrammetry
device 104 to re-scan the damaged region 116 and determines the solid model 218 of
the non- conforming region 116 according to the contour mapping 210 and a prior scan

noting missing material. The solid mode!l 218 may include the object 102, portions of
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device 104 to re-scan the damaged region 116 and
determ nes the solid nodel 218 of the non- conformng
WO e@poe522116 according to the contour mappi ng 2ROT/EHRZHOH001044
prior scan noting mssing material. The solid node
218 may include the object 102, portions ofthe object
102 and/or just the nmaterial additions that, if
vided, restore the object 102 to the nom
the Oble%i1 @%c@d/@bmst the maters rﬁdéidfonsl thab éfr l?ré’ivfdeé’n’rﬁ%ﬂpfféﬂt%omed 102
the controller 108 generates the solid nodel 218 from
to the nominalisyifaeé latationi ard cont2ue bt certasn reonbedinfentsyithg controller 108
region 116 of the object 102 generated for determning

generaté$ ehaT8HIRT mdldel 28 YIRIm tiobigital Begdriptioh2 1206t themon-conforming
enbodi nents, the controller 108 refreshes the digital

region 1q35t9’rth@to'bjgl‘1t% rgév aﬁrQ@dﬁPdEf@?ﬁﬁﬁl r’tﬁern%t'eﬂﬁl %ﬁo@lttéél path

he mat er tool 110 operates according t

oo A UK e e s 0 e 21 o

te | addit t ool t d to the
the nong:gﬂ?q;mm@gﬂgqg |6|o qygﬁg %eg gfgi?éol{]ﬂ}sogerates according to
control ler 108 regalrs the object 102 by operating a
the material semaivabingl patn214 by reszasong thempn-confeeming eadien 116.
addition tool path 222. The material addition tool 112

Thenqonitotier 408 donputes achatediaphdditipn tdelmetht222aagdordingrto the
attach material to the object 102. In certain

solid mcﬁi@PQdBm?ﬁ”cértatrhém%Hﬁﬁélﬁls He&dedrtrslier 08 Bphits A2 object 102 by
i ncludes nultiple passes of the material addition tool

operatlné(]]gmaf Qﬁaled@ﬁp d‘?tootl hq *ﬁé tG U Fri8 nél%dlﬂtﬂr?td@ﬁath 222.

sSpeci anDun kKness o nater
The mageaeilﬁ$$§opn‘te9'o£f#a§mbﬂaés B0y KaeWioel StaaShiBeRpent. Sbply, or
addition tool 112 may be a | aser powder depasition

attach majgriaktadhe AigGtedZa lma'msmlmsn%m Diatadd agditionstool

object, which is then nelted and re
path 222 includes multiple passes of the material addition tool 112. For example, the

material addition tool 112 may add a speciﬁed amount or thickness of material with
each pass to ensure that added material conforms to a specific microstructure. For
example, the material addition tool 112 may be a laser powder deposition tool that
applies a metal powder to the surface of the object; which is then melted and re-
solidified by a laser to apply successive layers of material to the object. However, the
present application is not limited to a laser powder deposition tool. In certain
embodiments, the controller 108 includes a tool control module 224 that provides
material addition tool commands 226 and material removal tool commands 228
according to the material addition tool path 222 and the material removal tool path 214.

In certain embodiments, the material removal tool path 214 and/or the material addition
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solidified by a laser to apply successive |ayers of
material to the object. However, the present
wappbiereion is not limted to a | aser powder PCT/US2009/001044

deposition tool. In certain enbodi nents, the
controller 108 includes a tool control nodule 224 that
provi des material addition tool commands 226 and
mat eri al renoval tool conmmands 228 according to the

tool pathg2dmay caagrisechsingls Pass or mpltipiepasses ﬁfafth@rmale”m removal
removal tool path 214. In certain enbodinents, the

tool 110ratdéor e matariedladdidmn toat 1214 and/ or the materi al
addi ti ontool path 222 may conprise a single pass or

FngI:; isrdreillnagaten of alda@nagdEbladedrdisioyed. el didhA02 includes a
and/ or the materi al addltlon tool 112. Fig. 3 is an

non- coni%ﬂg#lﬁ%rr?@gﬂm 14, v&’mgl"i“iE?l ﬁ;@'ﬁ%g%ﬁlﬁ t%%%x\laqmﬁe%fﬁ% 3. The

es a non-con orm lon 116 ich

“°“'°°“ﬁ%'ﬁ*"ﬁ§ﬁ?%‘$ﬁ1 £fb reylss S4B Bifledidmaleyid iy et prgips

ot il e BRpuBh oSl iR i AS8e sos
304. The non-conform ng region 116 further includes a

The non-egformina negiarns § i 6 funtkeranclades @gegigrewith imisgimgdnaterial 306,

materi al can restore the danmaged di sk bl ade 304 to the

whereinrattdedahnataridl gan resiond tlendamagedrdiskibladeB oA td the nbrainal surface
bl ade 304. The added material may bring the di sk bl ade

|ocat|on%‘?ﬁi dshtbhe2 10 BF fi diSKbiade 309 C TheUt FPmatstidl whay bAng the disk
In certaln enbodi nents, the added material creates a

blade 301 M tﬂH{a‘?EPﬁQcé gt?éatlbﬂear@ t%jrﬂoﬂpimoi BaM&in ed'nbodlments the

previ OU y con exanp ere a

ent, occurs before the blade ete ere

added nigeflel FEGH<Ca PenPofaete it ife 5%%8 aa?&fsvlous|v
changes the specification, the nom nal surf :

conformeguith.o ForAxaBEIR Where adiamage auent-oaes gefore the blade is

completed, where the blade is mis-manufactured, or where the manufacturer changes
the specification, the nominal surface location and contour 210 includes a set of
conditions the disk blade 304 never previously included.

Fig. 4A is an illustration of a nominal surface location and contour 210 (or,
contour map 210) for an object 102. The contour map 210 comprises a set of three-
dimensional points (e.g. 402) describing the nominal shape of the object 102, or the
shape that is desired after repair. The contour map 210 has features that, if
implemented, bring the object 102 into compliance with a performance specification for
the object 102, but may not be identical or equal to an original manufacturer
specification. With reference to Fig. 4B, there is depicted an example of a manufacturer

specification contour 404 illustrating a contour 406 of the object 102 at a time of
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conditions the disk blade 304 never previously

included. Fig. 4Ais an illustration of a nom na
waenbaee2i ocati on and contour 2 10 (or, cont ouPCTER2009/001044

210) for an object 102. The contour map 210 conpri ses

a set of threedi nensional points (e.g. 402) describing

the nom nal shape of the object 102, or the shape t hat

is desired after_repair. The contour

manufagigse.uTBe qamieur 496 frap) m%naeufacmrehgntth% eessm@ “Teyeals that

into conpliance with a perfornmance specification for
some crelep (elg.ecompars 4881 FigagA)andtl O (gt 4Bhat the kigdaltip) bas
an original manufacturer specification. Wth reference

changed ehé-hemidd}. shidper¢f the othigut a0dbannetterbegde indicating excessive
manuf act urer specifi catl on contour 404 illustrating a

wear orf}ﬂé‘tt tﬂlérwéﬁ)@otﬂ%%tt ??zo Cdf &ﬂﬁ%@hcé with'8 p@ﬁ@l’i‘\%ééts‘:b%%lf cation.

e contour acturer, in the exarrpl e,

QméuF E\%& fﬂgﬁmagbeﬁe gté)qgcl'i %é%rnﬁgf@?%lg%#gﬁ Q)Fﬁtgn{oﬁ‘@atlon ina
table 41{522?[ %ta@%ﬁﬁid@&ra%s RBkristralia mehotiRs it et Bata

_is out of conpliance with a Ferformance speci fication.
describimgdhe objenir 02npnd the talle ¥d 25lusteates enerdataiseh thatoanasiore the
point information in a table 412. The table 412

digital dektristiora2 3 t® aalesiredspegificity amdtreedlutibns tFariexanijlgj a al
data describing the object 102, and the table 412

compre‘séér%ﬁéé!tﬂﬁz ﬁzh'%g Ve 3 BladeB2an@ artabled £2 Wity iAcRidead5 surfaces

description to a deS|red specificity and

(e.g.2 %g%@hpéé%rblg f , PR sk eﬁ%@r ﬁ@}ﬁ%nﬂd’r‘ﬁ&?teégglri@%cludmg
specited ] 2553 2 ades Eq{mcﬁa%fﬁ%“%% & Bofthcin i dobfufied Syampte.
each sqﬁ@ﬁemgg gpégggé(rg&fsg fé%rlveenagnm%gyg%gbﬁ%r cc)aldnrgomtsrl)ased on the
required resolution to describe the object surface and the damage. In the example, the
photogrammetry device 104 provides photographic information to specify the values for
the table 412 to the desired degree required based on the complexity of the object 102
and the type of damage in the non-conforming region 116 being detected.

The illustration of Fig. 5 and the related descriptions that follow are exemplary
and numerous other variations are contemplated. For example, operations may be
modified, combined, or subdivided, and different variables, states, events, conditionals,
tests, logics, systems, flow charts and/or algorithms are contemplated. Furthermore,
portions and/or combinations of the illustrated and described charts and algorithms

and/or variations thereof may be present in various embodiments, although no portion,

whole, or combination need necessarily be present. Also, the operations may reside in
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each surface may correspond to a given nunber of
enuner at ed points based on the required resolution to
waele®enofel t he obj ect surface and the damage. |PCT/082009/001044

exanpl e, the photogramretry device 104 provides

phot ographic information to specify the values for the

table 412 to the desired degree required based on the

conpl exity of the object 102 and the type of damage in
hardwaren soRware Jimuyaren paiker epmbinatieas @y Pesiiens tgreafand may be run,

illustration of Fig. 5 and the rel ated descriptions
processelaexéaltedwoaded andiq storedhindvincierar ast, an beon different

vari ations are contenpl ated. For exanple, operations

compon@hls, kievitedi b eddes wEpargtdly, @imeakdisioustie donaartently, and/or in a
different vari abl es, states, events, conditionals,

time or fesdlrce %rgérﬁ)rsz%:% gif{ﬁf?@n of bg%@%%jrﬁiﬂngﬁg?gb@f IO durBtions may

are con urt her nor e, portions an

v A AE 3B b AL B MR et

. present in various enbodi nents, although no portion,
mediumyhol e, or combi nation need necessarily be present.
Al so, the operations may reside inhardware, software,
Fig.rovisea echemgtic flow charhiiagramribussratingra peasedure 588ffor repairing
and may be run, processed, executed, |oaded and/or

a three-g8imgesional oldjedte1 02. Phe prodedune 500 inclutes antoperation 502 to
conponents, devices, or codes, separately,

provide & pROtOGRAANEtTY dVRIEC 404 BdHd dn oPBFHtRIN 504 B BpPR dPtical reference

resource sharlng conflguratlon or various conbi nations

targets 106 tS e otgfggt @@283@;;@%5%%@%%%668@%%{ ﬂ?cl@d&’gﬁ l‘bg%"ration 506 to

progr am pro nputer read

medi ym Fi IS schematic flpow chart, di agram

contour a8 abiefy 192 g Rt regig ety dEdice: 1i-a7he Procedure 500
three-di nensi onal__object 102. The procedure 500

further ingludasi@e qperatien 0B da gsperats a digital description 212 of a non-

conforming region 116 of the object 102 with the photogrammetry device 104. The
procedure 500 further includes, in certain embodiments, an operation 510 to determine
whether the non-conforming region 116 of the object 102 requires material removal.

If the object 102 requires material removal, the procedure 500 includes an
operation 512 to calculate a material removal tool path and an operation 514 to
command a material removal tool 110 according to the material removal tool path 214.
In certain embodiments, the procedure 500 further includes an operation 516 to refresh
the digital description 212, and an operation 518 to generate a solid model 218.

If the object 102 does not require material removal, in Cenain embodiments the

procedure 500 continues with the operation 518 to generate a solid model 218.
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provi de a photogrametry device 104, and an operati on

504 to apply optical reference targets 106 to the
woR)0eaes2202. The procedure 500 further incl udeBCHES2009/001044

operation 506 to contour nap the object 102 with the

phot ogrammetry devi ce 104. The procedure 500 further

i ncl udes an operation 508 to generate a digital

description 212 of a nonconformn on 116 of th
Baspdan tmzdwtamsfv@paﬁat%gr(ﬁrﬁmnd?o sBedhand fhe solid model

procedure 500 further includes, in certain
218, thegmiiocadoeendB0 irmtudgsea ax:hdi’nioﬁaboperadenémﬁ toechaoktiieetheh the
non-conform ng region 116 of the object 102 requires

object 10Rtreqlinés heit@Nal addifiort. NE tiedpbjict 102 doegurdtasqOiré ehatalial
renoval , the procedure 500 includes an operation 512

additiont 91&64&%9&@290 TR 1fdh rd’d}@c‘,’tai 02 %‘auu%@rﬂa 2 gPdI{Ifg, the

opera I on to commn mat er | rem)va

proceduié &pgqh&gﬂég a:ﬁ enghgtﬁ ﬁgb 615 %ggca@étgtagrgﬁt?rﬁé t f'o‘n fo%l path 222

i ncl udes _an eration 516 tq refresh ital )
and an %@ppamﬁoz%znmaﬁa aaﬁ'aéﬁfé? é@ﬂ&f?"s‘?@‘ {‘gz @&%@Fﬁft‘%t%he material

solid nodel 218. If the object 102 does not require
additionteolpathi222enoval , in certai n enbodi nents the procedure

500 continues with the operation 518 to generate a

Asds ieViderd dlon? i figered am telkbprisginted adese,ra pariety ¢f12
(first and/or refreshed) and the solid nodel 218, the

embodlrﬁéﬁfs%’é{'!o?d ingdQoitRE IpresentanFeitidnt drenntPplared O rI‘n 2éRairn0

check whether the object 102 requires materi al

embodurﬁggfs a%r}:stétrh ﬁé\rﬁggggﬁéﬁ{ té@%r@ﬂgﬁy%i&/ ({eﬁ%uﬂh -Hﬁh%géhal object

d I
having 2,04g39 §trg§f9%%§2dta§p®5¢'sm BroblicaItE RSt ?%rasf)su ByeeTEn

ath 222 and an operation 524 to command a nateri al
embod"aeatSt thmsygem inchidescyeentrellar shateommaadsdhe photogrammetry

device to scan the object and generate surface location and contour information of the
object, including a nominal surface description of the object at the damaged region. In
certain embodiments, the controller commands the photogrammetry device to scan the
damaged region and develop a digital description of the damaged region. In certain
further embodiments, the controller calculates a material removal tool path based on the
nominal surface description and the digital description, and commands a material
removal tool according to the material removal tool path. In certain further
embodiments, the controller commands the photogrammetry device to scan the
damaged region and refresh the digital description of the damaged region. In certain
embodiments, the controller computes a solid model of the object, at least over the

damaged region, calculates a material addition tool path based on the solid model and
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addition tool path 222. As is evident fromthe figures
and text presented above, a variety of enbodi nents
w@ewonei2ag to the present invention are cont enpCHUS2009/001044
In certain enbodi nents, a systemincludes a
phot ogrammetry devi ce, a three-di nensi onal object
havi ng a damaged region, and a plurality of optical
_.reference targets. In certain enmbodi nents, the system .
the digitah@etaTiption. apdCoRIMands AdnategakadaLiop Heolpaﬁﬁ%@na&ﬁéhﬁ% ynaterial
device to scan the object and generate surface
addition|tookpatbn and contour information of the object,
i ncluding a nom nal surface description of the object
Imtetthin elabadiptkentsgihenthréardimeensionalestject isarladed lisk. In certain
controll er commands the photogramretry device to scan

embodirg\?ﬁ%sﬂﬁﬁ@%iﬁﬁ%&ﬁc@%s‘éﬁﬁﬁbﬁﬁ’s Aotidehticdl VM a

amaged region. In certain further enbodi nents,

cont kol - er. r .
manufagifer S St Gosdindor HeCddiyt | GE¥Rin bfBodikhts, the
di gital description, .and conmands a material renoval
damage@d%@%%‘fﬁ“ﬁ?ﬁéatQJaaﬁé'pmateriaI removal tool path. In
certain further enbodi ments, the controller commands _
In gertaincRrogedimentsya methed indudesAraviding aphelggrargmatry device
and refresh the digital description of the damaged
and appiying opticaltargets & anatjecti Mive sbjechmaydre a cbhgplex three-
conmputes a solid nodel of the object, at |east over

dimensibh8l sEjeRaH der@irPBmbRiibehi! g% matRé@inoidexfigénierating a contour
tool path based on the solid nodel andthe digital

d

map of AESA8 A g 1B QeTBHALIY 208120 it of e
object. ﬁ'}eé%rz%iﬂoq?gnaggi['r}r{eergt%f’tpgitrﬁgthtogriﬁglhgiag%ﬂ%icﬁﬂslwl%’eg{iwsp {hei Sbj%ct
requires material removal, and calculating a material removal tool path if the object
requires material removal. In certain embodiments, the method further includes
commanding a material removal tool according to the material removal tool path, and
refreshing the digital description of the damaged region of the object. In certain further
embodiments, the method includes generating a solid model based on the contour map
of the object and the digital description of the damaged region of the object, and |
checking whether the object requires material addition. In certain embodiments, if the
object requires material addition, the method includes calculating a material addition
tool path, and commanding a material addition tool according to the material addition
tool path.

While the invention has been illustrated and described in detail in the drawings

and foregoing description, the same is to be considered as illustrative and not restrictive
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enbodi nents, the nom nal surface description is not
i dentical or equivalent to a manufacturer specified
wagepaee2descri ption for the object. In cert ai PCT/US2009/001044

enbodi nents, the damaged region occurs at a bl ade tip.
In certain enbodi nents, a nethod includes providing a
phot ogrammetry devi ce and applying optical targets to
an obj ect. The object ma?/ be a conpl ex

in charactareit detrgnundgratoashihat on ylthecmetearad embodimentsd)aveneeen shown
nmet hod i ncl udes generating a contour map of the

and deschiped tandahdt gléokargesignad nibdificationddbat cgrneawithih the spirit of the
damaged regi on of the object. In certain enbodi nents,

inventioh§ @réaksipsd td‘BbLﬁStécfétPCK'shguW‘l% bRdetsiGod iftathile the use of

requires material renoval and calculating a materi al

words s?@?%ﬁrefe?%lg@ {é?en‘df eirg fé?ie%chér%?p’rbfeerh&gf‘ ?f(éﬁ\hlary utilized in

|rrent’s

i ncl udes rial renoval , tool, accordj
the desqrptioHeRyEdRPRPLY DT THONE pRrReciims Py o et detiable o
di %I tal description of the damaged regi on of the
ischongthelasstman nob Pemacessdy ANk odtrnenmsl@ﬁ'@ag the same
includes generating a solid nodel based on the contour
may be septeniplates abjwithin thedsaape afithe irvendionc thepstape beingrdefined by
damaged region of the object, and checki ng whet her the

the claim®jiesttfol@uin esading e @Iaw&ddlt i9 iptendedl @t Whiem words such as “a,”
enbodi nents, if the object requires material addition,

“an,” “atllB&stBiid o8k "dﬂ@éé’sq%?lecﬁér%haéﬂen@séb ﬂ%tn@ id Ab |ﬁ{@ﬂhbh %‘ limit the

tool path, and commanding a material addition t

s 03P RS RSO 10 S i v o

| h
Ianguag‘é::‘lle‘tafBl Ieas{ 2 ptort(?or%]l’raa V&/org a portion” is used the item can include a portion

charact

and/or the entire item unless specifically stated to the contrary.
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and foregoing description, the same is to be
considered as illustrative and not restrictivein
w@hb@paeer, it being understood that only the peEUS2I0EW1044
enbodi nents have been shown and described and that al
changes and nodifications that come within the spirit
of the inventions are desired to be protected. It
shoul d be understood that while the use of words such
as preferable, preferabl ELAMS erred, nore preferred
or exenplary utilized in the description above
Whedlt isadl@intedhis: t he feature so descri bed may be nore
desirabl e or characteristic, nonetheless nay not be
necessary and enbodi nents | acking the sane may be
contenplated as within the scope of the invention, the

15%%@85”80&?@%@@@ by the clainms that follow In

reading the c it is intended that when words

h v ean " eas, . Or "at |east one
azng):fwr?@ﬁphg@ereﬁ%gac? ﬁ%@glsl é‘fb&gﬁtcénti onto limt the
claimto only one.itemunl ﬁss sgecifi cal I,ﬁ stated to
COREOW SHERRING the oDIRCt WiIth APhAiHamRetNLAgYESe "at | east
a portion" and/or "a portion" is used the item can, )
demerating a digital deacriptiyroef a hen«enferaning sagionl @fdbe object with the
specifically stated to the contrary. CLAIMS What is

photograhmeteyldesiceland net hod, conprising: applying optical
reference targets to an object; contour mapping the

répaififg the bbjett BASEA YramBRIigival dR¥ScAptiorener ating a
digital description of a non-conform ng region of the
object with the photogrammetry device; and repairing

the object based on the digital description.
2. The method of claim 1, wherein the digital description includes a material

removal tool path, and wherein repairing the object comprises operating a removal tool

according to the material removal tool path.

3. The method of claim 2, wherein said repairing includes computing a material
addition tool path and operating a material addition tool according to the material

addition tool path.

4. The method of claim 1, further comprising generating a solid model of the
damaged region of the object based on the digital description, and wherein repairing the
object further includes computing a material addition tool path according to the solid

model and operating a material addition tool according to the material addition tool path.
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2. The method of claim1l1l, wherein the digital

description includes a material renoval tool path, and
wab@paii2r epai ri ng the obj ect conprises oper at PEIUS2009/001044

renmoval tool according to the material renoval tool

path. 3. The nmethod of claim2, wherein said repairing

i ncl udes conputing a nmaterial addition tool path and

operating a material addition tool according to the

Smathe mathediaf elaém 4 derthergampusingigeneeatingia solid meds! of the

further conprising generating a solid nodel of the

damagedianegiprdof thei abjectfbases arecdigitakdesaniptioheand gitteakin repairing the
description, and wherein repairing the object further

object furfidruf€iade9 eBHiputigan MRiterial Additith toodpatratcarding to the solid
according to the solid nodel and operating a materi al

model 2REic g, 8 Tha B e BdoREn 1ol JRRARG I e AERCHACIIAIR tool path
generating a solid nodel of the damaged region of the
obj ect based on the digital description, and wherein
repairing the object further includes conputin o
Grathe methegiaf P'iab’h % St ey-RAMRILLBY aﬁfﬁ@sh'eg the dﬁﬁ?&escnpt'on
nodel and operating a material addition tool according

before gemeratingrthessalid maddl of the damaagerhragion of theobjectiod of
claimb5, further conprising refreshing the digital
description before generating the solid nodel of the
damaged region of the object. 7. The nmethod of claim
7L THEORI®h Y b 8lafHA T, WHErINthBhdrEh B rrARIEPIdgi&S cainprises at least

| east one non-conformance sel ected fromthé group

one norc@8hibithaRge gélg%gaeﬁbmdﬁ@?‘éup g:gbgﬁipgg?%gh&md%%aege, pbiect

corrosi on; eCt destgn chang

wear, o%ggﬁpﬁ%é?ﬂq%ﬁh@hg éﬁgﬁﬂ%&%hfﬁcgﬁgn %Réﬁ&é conprises a

8. The method of claim 1, wherein the object comprises a complex three-

diménsional geometry.

9. The method of claim 1, wherein the object comprises a surface having a

plurality of concavities.
10. The method of claim 1, wherein the object comprises a bladed disk.

11. The method of claim 10, wherein the non-conforming region is at a blade tip

of the bladed disk.
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geonetry. 9. The nmethod of claim 1, wherein the object

conprises a surface having a plurality of concavities.
wageoyTee2net hod of claim 1, wherein the obj ectPCT/US2009/001044

conprises a bl aded disk. 11. The method of claim 10,

wherein the non-conformng region is at a blade tip of

the bl aded di sk.12. The nethod of claim1, wherein

cont our pcf)l ng the object conprises generating a
1Ronthramethed gt elain dawhsieiamentewh mappngr thetabjeel) camprises

13. The nmethod of claim 12, wherein the digital

generattﬂlrgwnbpﬁrhairsuirﬁacblldeaiimamdeorhtabrfcmtbeadbjemiol pat h, and

wherein the material renoval tool path conprises a

path adapted to renove material fromthe object that

is | ocated outside the nom nal surface |ocation and

180 RUetHdY of Elgn ?E%egélpqgé'o‘%ﬂ%de EfibHSH include es a material

conpri sing genera e danage
removalttﬁg| Rt Of t gixt&rpg ed ggrntgg% tog?p?(ﬁecogﬁﬁ‘j’ri%q' Rgﬂ‘l adapted

conforr_mnce with the nom naI surface |ocation and .
to remove matanakipmithe Obllﬁfééh??t iaiRralpd putside thnemipalisygface location

object further includes conmputing a naterial addition

and contawl path according to the solid nodel and operating a
material addition tool according to the materi al
addition tool path. 15. The method of claim 1, wherein
the object is a gas turbine engine conponent.

14. The method of claim 12, further comprising generating a solid model of the
damaged region of the object based on the digital description, the solid model
comprising a model of the object in conformance with the nominal surface location and
contour for the object, and wherein repairing the object further includes computing a
material addition tool path according to the solid model and operating a material

addition tool according to the material addition tool path.

15. The method of claim 1, wherein the object is a gas turbine engine

component.

16. The method of claim 1, wherein said repairing includes changing a portion

of the object absent a defect.

17. A system, comprising:

a three-dimensional object having a non-conforming region;
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16. The nmethod of claim 1, wherein said repairing

i ncl udes changing a portion of the object absent a
waledoenos221l7. A system conprising: a three-di nRCHUSV89/001044
obj ect having a non-conform ng region;a photogrametry
devi ce adapted to scan the three-di nensi onal object; a
plurality of optical reference targets; a processing
system structured to: command the photo ramTetr)(
agthategrammetry device adaried dp seaR thtrestdimensional ehiest:e

a nom nal surface |ocation and contour for the
atpluraditydofrapticiab refererigectargetsonrmand t he phot ogrametry
device to scan the non-conform ng region of the
atd‘rw@ssi'rhgﬂﬁylﬁleﬁﬂﬁiru&bréwto calculate a material renoval
tool path conpri SI ng a path adapted to renove nateri al

f r omebRftn &Y ?rﬁ% grérﬁn{é?@a&é‘\ﬁc@% §bé1'?tﬁé“ﬁ1ré‘@iauﬂéh3|onal
surface | ocati o and contour; generate a solid

of the non-conform ng region of the object based on

the nom nal surface |ocati on and contour for the

t hr ee-di nS| onal ect te a

dd ErGHIE® S NI SLEBF IGO0 AKLPHETghe fhrepeimensional
The systemof claim17, furt her conprising a materi al
objestival tool structured

object;

command the photogrammetry device to scan the non-conforming region
of the three-dimensional object;

calculate a material removal tool path comprising a path adapted to
remove material from the object that is located outside the nominal surface
location and contour;

generate a solid model of the non-conforming region of the object based
on the nominal surface location and contour for the three-dimensional object; and

compute a material addition tool path according to the solid model.

18. The system of claim 17, further comprising a material removal tool structured
to remove material from the three-dimensional object according to the material removal
tool path, and a material addition tool structured to add material to the three-

dimensional object according to the material addition tool path.
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to renove material fromthe three-di nensi onal object
according to the material renoval tool path, and a
woradoendre1 addi tion tool structured to add nat ePCEIUS1009/001044
t he threedi nensi onal object according to the materi al
addition tool path.19. The system of claim 18, wherein
the controller is further structured to command the
phot ogrammetry device to re-scan the non-conform ng
1Begh s Teryel diAV dBvherain i coptplastis fulaprstructured to
generating the solid nodel. 20. The system of claim
command$thepkotegramiretpyr dexdes tote-sgan the henfconfarering region of the
structured to command the material renoval tool to
three-difremgithallebpict Befdre generatirigiheesalidaodelonal  obj ect. 2
1. The system of claim 18, wherein the processing
systemis further structured to command the materi al
addition tool to add material to the three di nensiona

2851 SRR A 5B e AL sk B
structurﬁggclétpglng{r]natguﬁt Do ?Qr%nﬁgrﬁ\%@gﬁ?nt éélgg\ﬁ? i gqlélotfﬁqrggﬁe three

wherein the processing systemis further structured to

dimensigoainehject he material addition tool to add material to
the three dinensional object. 24. The systemof claim
17, wherein the nom nal surface |ocation and contour
for the three-di nensional object is not equal to a

2anufyet ééfs‘?émsd?ﬂi‘ﬂélfﬁ ¢8 WHEER® Qhé%?@ééﬁh@@?stem is further
contour.25. The systemof claim wherein the

structured {¢ o MmEHER tHE @latdt i Salitioh BoPlPSEd material to the three

dimensional object according to the material addition tool path.

22. The system of claim 21, wherein the material addition tool path comprises

multiple passes of the material addition tool.

23. The system of claim 22, wherein the processing system is further
structured to command the material addition tool to add material to the three

dimensional object.

24. The system of claim 17, wherein the nominal surface location and contour
for the three-dimensional object is not equal to a manufacturer specified surface

location and contour.
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di sk that has been in service.
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25. The system of claim 17, wherein the three-dimensional object is a bladed

disk that has been in service.
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