, GHe3eEhBLb| 6Th. 10 ? M-~ 2002 O1-234 AUTOVATED SYSTEM FOR REPAI ﬁt?l\lgé
COVPONENTS BACKGROUND OF THE | NVENTI ON The present invention rebdt sbht 0Zn
aut omat ed system and a process for repairing conponents such as turbine
vanes. Conponents in gas turbine engines are exposed to high tenp%}éﬁiﬁes

and pressures for ext ri f ot i application is high
pressure turbine vanégﬂgﬁgggst%ggﬁgﬁﬁgﬁagg?é%%?%gﬁgﬁ@%. Sént can rise to
wel | over 2000F. Under these conditions, the conponent is expected to
retain its strength and shagg Iggg ﬁn%gga Eo ﬁgayigg econom cal operation
of the engine w thout undul acenment requirenents.
Af ter extendedTserprtantSAABeadIPONSS Il cisNE€br afagBgendie tsyseensahnd and
fatigue-induced cracking. Eventually, these conponents need to be repaired
o over haliFEHSS Bt ng BVAFRIEI COTROT GfaBBEEaRS Lo AP y A Bast y br are
repai r materi atomveterithe iai ghei tusiifaceygiand the okpdidar e afighhe

component to fill any cracks and all of the cqoling hol es that be
oresent | FEPREXROHINANC PFREFUAFT eroF (HE BORPORERIOTS B 408 i nha f ur nace

to co_rrp: eltt@]?nhel b&;ﬁgﬂimt?par aki ?mmws@allrleytuth%@ t&@(miieVEhé_Epai L
material left on the surfaces of the conpgnent, ch repair terjal] has
[0 be 1 emboBISARHTT Taritis Fo DY RIod 40 TLaEuFR VRLL COoRs0 By CIBSs as
possi bl e t@ekbScondiindls,shapeconpendiitazisngxpateedats tesedn Atkhi s process
have a hi%h hardness(i i.e. ﬁc 50 or greater, ﬁad ver% Iomeachinability.
Consequentity SNHRREIY BIPERE AGRE aREVH ITEn§TOVHES t DY Btle CPeEAT AR age of
60 to 75 @ifnyheSef@ina/aneholl ¥ndery Sdddulead epevatorsr aaspldeekbat manual

bl endi ng consi,stently as the conplex airfoil shape is blended back blindly
as many s&Fﬂé&égm%ﬁ%gfovered with the repair material. Further, the shape
obt ai ned i s nohrastus:aiendeacadsei©d, tdumd iclinpsnoht s hendmnurinagpedati o6 .

n' ~wo~ao i noneen -234 The hallquf her e iﬁ t hat gpli&gﬁnornal part
maki ng whér€Sthe &Y CgeBHBETY TLKMOAn aRdShERRE Y ¢OSfant bl end
pat h can kemgenernas etsechatebkheepeppdid cxomperaatlgeéonmetry changes from

conponent to c pnent. This is,because the conponent has heen _in service
on an engi ne fﬁgPhn? o%vger}‘iar’f\i’i At al hi T SSE R er gf)u?gp hvi rfo ?Fé’n?o?aﬁﬁe to the
severe opeakephipgneosdidli @ver the sonpsoiiertus feorsngnd othoverdidvlrmer of epair
are normal ly distorted. Thi,s.nmeans that existing eonet.r ata_cannot
be used t&h8r88?8°%F§5éﬁﬂgﬁglbﬁgﬁdcﬁagﬁ;FSdbﬁgidogf££$Hﬁﬂgﬁﬁ%bnggFg. The
addi ti onalthahamhbhenge persenits ihhahe t demmiitesitde Zheteaftgeonetia yohasnént be
bl ended consiztenﬁ thg1§:Qe insgde Qolﬂ(ﬁg geangtry. 1o rm%ggg?&; a designed
amount of 'WePaf thi thriess'HEETUs® Bt Tiie i s deand the outside profiles
are di st ortypdcbhylppetlatiend scendes s Ons. redad rr epakrédl chaftedbrswhieace of fers
few original .virgin.surfaces tor.referen .t j UMVARY THE
INVENTION%R&ESF%ln%fy%h?tcﬁggoggngbj%%<§b%%?%érpgggéﬁga%ﬁbentFbﬁgfo provi de
a syst em arthozepr agessr fremuedpai pleagdebriporenusn thei sompdnanthers gbpeet of
the present_ inveniion t r Q. S em and _a e Lch
reduces pFGb SSS%%%%-%% tﬁh%%Fgggg%.yﬁ%p%é 2??|P959$§§?Refﬂ%%ﬁébfg% t he
present invenhienptocesoVviade a bysgh emaainess,prioeesBcasl abovi asttiech pndduces
a repa're%e%3”98we££cﬁ“%J%fﬁQQS?CeQOHE déﬁ%lﬁltmﬁﬁugftbfeé&gé (¥ék%QJgCt.Of
the present "Fnvention 10 provi'de a system and a process as ove 1 n which
t he ai rf oillongr ofiink et of cdnipd ecenpoarnavésagsd @fe60t got he meguigedefrovane.

Only very skilled operators can do the manual blending

consistently as the complex airfoil shape is blended back
blindly as many surfaces are covered with the repair material.
Further, the shape obtained is not accurate because of the

limits of the manual operation.
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The foregoing objects are attained by the systemand the process of the
present invention. In accordance with the present invention, a systemfor

" repairing a conponent is provided. The system broadly conprises neans for
generating instructions for performng an operation to 2  01-2340Fehve
any excess repair material fromeach surface of a conponent being repaired
and to bl end t A&erepal S ieraces, thald witideanetnakars it gi2kjesf sherng t he
bl endi ng opgr Lk@BnLA: AGEHARTCE sWehi bl N D8RREAL £dobNstdMCtieng- pdhie
system further includes” means for generating an image of each con%onent
surface ha&Améer gparrared.eriegle ther eewrithicompeaguf r esomenoy ahaaads or

bl endi ng.  FHyt RekLbAe ACGY %%gngh&h 18 PLESEREL LY S Wy BnRRPCESS Tor
repairing a conpohent Is provided. The process broadly COprIpI ses the steps
of gener athaRy Anseenet¢ormn faor epeihorfing dongpeiati oh & Gigdnove excess
repal r matEhidl ot LoD SaC RihAce ghe LI GRMIANEPL feldig fgpal red and to

bl end the repaired surfaces and performng the endi ng operation in

accor dancecanidifyirhe, gelrercamegniens s r egtirshsorOoherhatet add srepleirhersyst em and
the process, qf1theqPLESAUy | NYELI | lex2s | n

advant ages at taengant tﬁereto, ar% Ig%tm gcrht in tﬁglwg%[g%eﬁgltegé?a??%%
descri pti oreraed bhreuaeddipargiatg dravinpsd Wiendi path Keo fdfeedenté numrer al s
depi ct 11 ke elpmpals. AR ERJAESCRLPTLON O [HEDRAV NGS. FL G, buks; &
schematic representation of a systemfor réjpal ring conmponents i n accordance
with the prigdedtl paoeetivmasand Fe@lenddd wonsaseenta witwndiheg ipsddeam for a
vane to beg 48R3 Q?:] - | PT T PREFERRED MENTS)  As
di scussed a o@De, ngﬁ%oneﬁ%ﬁ%éggg efr%e%g%g |?1§I§Ehave aagr/gggtor rsgpair
mat eri al dHslaved bothhem iTisdder aze whe enitaslidespappl et asrredévepraedrack i s
found and whergver it & ary r pQr f 4 f

conponent % B ypirctl:a%l y&%}hetg%%rééze%’%t%eﬁf%%:dsg%ﬁ mﬂ%foac%hgfg%??oﬁw
surface 3 origin234vponein cvrfacke Fendigherendet pai Foabirnalges, and the

pl atform portions of each conponent 16. After the braze material has been
applied, the conponent 16 is placed into a brazing furnace to conplete the

brazi ng operation. Follow ng $8#RYgOF| FHEcEMFN I¥¥cessary to renove any

excess braze matepialn gnd e hlend bhfede RhAYLPLEAZE: BLRMHLnl pLo the
conponent so that the refurbished conponent is as close as possible to its
ori gi nal §Héﬁ@@e a system and a process for repairing components.

It is a further object of the present invention to provide
a system and a process as above which reduces process time and
labor cost.

It is still a further object of the present invention to
provide a system and a process as above which produces a
repaired component with enhanced quality.

It is yet a further object of the present invention to
provide a system and a process as above in which the airfoil
profile of the component is closer to the required form.

The foregoing objects are attained by the system and the
process of the present invention.

In accordance with the present invention, a system for
repairing a component is provided. The system broadly comprises

means for generating instructions for performing an operation to
2



Referring now to the drawi ngs, a system 10 for overhauling, refurbishing,
_or repairing conponents 16, such as first stage vanes on a gas turbine
engine, is illustrated in FIG 1. The system 10 i s designed to autonate
that portion of the repair operation requiring blending and/ or refbvalé of
braze or repair material deposited on the conponent 16. The system 10 first
obt ai ns aFeMREf§eadY ¥eCorsOALAt MABNiah fued BraRi gt fatedfalk on it. To
this end,c%ﬁ%oﬁ¥§£eﬂéﬂéb'ﬂ@3ag9$§ §n§C@H”Bﬂ&%dd%ﬁbc§eﬁ§E§éH LQRteaiaLkNg, Ay
digital image of each surface of the conmponent 16 on which the braze
mat eri al Basopakad deprisd tfed. PFRECTREYER the tedleading eprrafdaimiing devi ce 12
frO”‘”Ult'd@b%ré@ﬂégswﬁ%hf%%et@e98¥§£eéfE%JéPuct%BBEaceTﬁ%‘%yé% nt Berepgponent
16. The scanning device 12 may conprise a |laser 13 for illumnating each
conponent iggifded meaihd Br 32Pﬁ§aﬁh@<br€ﬂallrﬁaﬁ€r eéneaghecorranent3 surfags nat es
each 1espechhye SUbiACG A2 Phufald Lhidh LoAGs 0L SidReS ankh8 Scanning
device 12 furt'er as at | east one canera 14, for capturing an inmage of
each respéd?hdengurface with the nultlple strlpes t her eon. To enabl e t he
scanning devi cg, 12,00 GARIIUEALABOSS: G Akl okskhe shifd
conponent 16, t he conﬁbnentolg ?g mount e 3 asprogranna e rob ?8i§?Ssuch
as a pr ogrfazmmbpelsine axicompghent Thecrobotedi8 Fheuserecess rwadile
conponent 16,,$9sthatnd he $eaRRi 0gndev G&; ARRINE § BEs des en
t he scannan oera?%onhféﬁko é e qggscanﬁlng deilce f% prOV|§gs !
t hr ee- di mewpsiraraPn poe nvtemﬂveuexaﬁgstmpamgesrremaloir%@qﬁh sagifacenpdnent
surface {Qng CERLOALPIRGESSLA0AUPLE A0 4 stk v, rLles SeARDIAg devi ce
12 provides information about the current form of the conponent 16 as point
cl ouds. TlRadppegfannith ddist PAEnPibg et TR} ipmi tn2ecret@ines witd dhgit al
i mage dat egggg¥ggel§ggygygygngeV|ce 12. The central processing unit 20 is
preferably programred to check the integrity of the received digital inage
data and to dePeher adgtaidifecésshryspoian alcotds. PSPFE$s faf tther preRentent r al
processing yaht 80, | 5 RINQT AABENLD SN EUIALGS! Bevdhaldal Jimgaadata from
the various views of each conponent surface so as to conbine the data in
t he right tdegaenceaxd Bt dioFthuln t?ﬁeﬁ?kﬁQﬁaﬂ§léﬁéﬁlh¢@|4Qﬂcnﬁﬂﬁaoﬁfaﬂ%e
whol e conpeRent sHhiAchg Ia}amhaswhem% CENEr 3k £RFOCES SIE it 20
creates a three dinensional inmage of the conponent 16 as it is with the
brazi ng meeeiral 1 bke relqnedttisve surfaces thereof. The central processing
unit 20 is further programmed to conpare the three di nensional digital data

representative of each whol e conponent surface with its nom nal or original
shape. |nformation about BRAEFNBEPERIPTHHON Qi THE] DRARENGSf each surface of a

particul ar conmpegent p@lawedhegatgedr&ﬁb;&t%tt%edofnaasynaam{yfociew ce 19
associated with the central proceSS|£E%un|t 20 or may be inputted by a user

into the CERPHARTPr oVERIIHYG SuAPt 226° IﬁﬁadﬁfhsGPFaBF%S??ﬁnhnWﬁﬁﬁl€§ known
in the artangfrrom thi s conpari son, the central processing unit 20 creates a
bl endi ng path grogran1for each surface_ having braze material thereon which
nust be renovedl&ndf ot itidéason PhenEhatesEaTsiorhe Y dichGepat h
program t hiépagieated is supplied to the robot 18 so that the robot 18 can
mani pul ate the orientation of each conponent 16 with respect to a series of
bl ending tools which will be used later on to conplete the overhaul or

repair process. bEtaPLED |JHSIRIRTESN OOE mmdﬁmmmgmmmﬂzmgmmfor one
surface of a turbine vané to be repaired. 5 %39 Furthe the central

processi ng uni {526 8GHF HDEAGEan® E%?%ﬁ?ﬁs\&QIFO i SERF LT g Tof PRSS

brazi ng mat eraak vhi edpdlieedateeibe sppDyed.tStthRman Thager£an na sgeaer at ed
by subtraetig%8§he nom nal shape OP eac su face f the conponent fromthe

scanned sHh&p iefe"hOrfsiTedt €18 ak%n S ERRREAGT dEVit® 12. The
centraljI prree;eeehag tIdSIIieﬁ%lsl’ﬁ&)écﬁoﬁppbﬁ‘%c&mbfsltlh'feabbﬁp&l@&ﬁ)tltm knovvn in the
art an na rogramed in any suitaple progranmm ng | anguage.

ment i oned Ez 1Yt hehs mzelg‘a¥§rb?iefje‘?‘ R/ll%dprt(?g?:g ’?ﬁ J%i f%aaé;er obot

for holdlng the conponent 16 and novi ng the conponent 16 about any of the
si x axes. The robot 18 continuously articul ates and noves the conponent 16
al ong a progranmed path with respect to a set of tools while preferably
remaining in a stationary location itself. The system 10 further includes a
bl endi ng cell 22 consisting of nultiple tool stations 24 for blending the
conponent 16 using various conpliant tools. The cell 22 is designed so that
bl endi ng proceeds in stages with each station in the cell specializing in
bl endi ng one feature of the conponent. The nunber of tool stations 29 in
the bl ending cell 22 and the type of tool at each station are a function of
t he conponent 16 being repaired. For exanple, if the conponent 16 is a
flrst stage turblne vane, then t he ceII 22 may |nclude tools for bIendlng

r a o " o . r o oA o o Y o



01- 234 respective surface of the conponent 16 is nmaintained constant. This
‘ is done through the use of |oad sensors 26 on each tool and through the
design of the tools thensel ves. Each | oad sensor 26 detects the anount of
force being applied by a respective tool to a particular blend ar®a%if a
respective surface of the conponent 16 being worked upon. The | oad sensor
26 sends PFHGRAS t bNe hke3EHTeePAVE 3 DbINE §948F ust"? H'& #dPtAARE™t he force

bei ng applisd ibyst Be £90) dapRenParsi cul@ale rbkgady as L2 rlfretigll Rad being
applied is not at _a desired level. After a particular bl ending and/or
pol i shi ng keser aPPdheast lreaoreonpnet kel 15 tlasedesitabl eneginaspoEraghe

surfaces of, tha ¢erRopLNt, 16 Wl 6B bave, heer Workedy an andgrepai red. Wile
it is possible Fo provi de a separate inspection device, it is preferred

that the SREAMICAgNEEYFLBNLHEUSEH ALY £4FEFiSoBF82¢ sPertiadnapdofot o
moni tor the AOYRESSeRhi NGy B:8DEI RO Pr00eS St oABHE AL R8N sbr PR E he

foregoing, an automated system and process for repairing, refurbishing, or
over haul i e aeponbhsbehazrrpeannteserdhed.osthespposedslane® $§¥stem are
adapt abl e 50 {ihat theyecan be used in the refurbishment of a wide variety
of conponents which have been subjected to a brazing repair technique.
Still further, Redapoheatowrdy bBer @fawbiFhed a¥FhgNt He Irrocdsshandinhe

syst em of r; i i . mr i d - C It is
apparent har Ther e s oot Sur ded T o Atsor dance i Th the peesint

i nvent i on @mneguonat eds systhdmef engkepai ¥d ig loshpehenats) vllicchful The
satisfies §J},9ce91b11%%§,%g§1343§da% Ve 8985 a3 FRL LN Jkertﬂen%f;g]gf- Wil e

the present” i nvention “been described in the context of specific
enbodi menteparsdrienf reeeheiny dleationsanddarersacyabsef dic z2eo@if reagiobns wil |

beconme appareit; .h04LP9se: sKidhl edel Bohhienait 1Rkaving read the foregoing
description. Therefore, it is intended to enbrace those variations,

al ternatives, dhe ABEFeMckl ifdnStwAPEN T2l WIEAPNOE W brovawosedpel bf the
appended Gl@iHRnepra @3 WAL S0 GLA M3 18islend) Stin! @Pshen igpairing a

conponent having at |east one surface on which a repair material has been
deposi t ed EuHpicesi Agscamaiiy Oevigentt af e h@htadPLnet # ohIif Gl perPBrAfng an

operati on 0. @ARY¥EcaNYr EXEEIInpERBAE TRUS hki chl Ok 83cly Salad esyR1 ages and
to bl end said surface of said conmponent; and automated neans for ?erfornlng

sai d oper R9%n deRcaéted darfde WeReshE dtfeafeat ERei ASIMUAY 61891c2. LA system

accordi ng £QnChailfibiefandingr scoaRri§i A dreans kol Janerald ReGednoknege of
each said surface on which said repair material has been deposited. 3. A

syst em accBIHMGNE0L €t ai TR SAARELBY ndehi G iltagey gerhatihg Laser 13

for illuminating each component surface having brazing material
thereon. The laser 13 illuminates each respective surface with
a plurality of lines or stripes. The scanning device 12 further
has at least one camera 14, for capturing an image of each
respective surface with the multiple stripes thereon. To enable
the scanning device 12 to capture images of all of the surfaces
of the component 16, the component 16 is mounted on a
programmable robot 18, such as a programmable six axis robot.
The robot 18 is used to move the component 16 so that the
scanning device obtains the desired images.

When the scanning operation is completed, the scanning

device 12 provides three-dimensional point cloud digital images
4



means conprising a scanner device and wherein said scanner device has a
| aser for generating nultiple |aser stripes on an individual surface of

" sai'd conponent and at |east one canera for capturing an inage of said

i ndi vi dual surface being illuminated by said | aser stripes. 4. A&yg3ém
according to claim2, wherein said inmge generating nmeans generates a
digitizedOﬁnﬁ@@ho@omﬂﬂﬂ$n§aﬁ@r§@¢¢a@éEMﬁ@PgrééiHrQ%ﬁﬁﬁHngnﬁpéFié@-hé%lbeen

deposi tedgnd {a)d {NStIUCH:RN GEPELAtING ABARSs CATRIRES oFB8RSuE Ahe
conparing sald digitized imagé of each said surface with a nom nal | nmage

for each sardestrfeage endher camperebl ditd 25aPhing pequdsai d conparison. 5. A
system accor di pg. 1,0 &} aleh WHEL g?§%%gs%?§tﬁﬁE%'§U1ﬂ%%QQQ@E'PﬂbnEanS

generates a bl endi'ng path program . -234 perform ng said operation,
wher ei n saiigiagt offeaesd drtandrevnpre semnaipgogeahvrble r dbet CRBEIHbI ding
sai d CO”"%@‘SBE ?H&# iSahbe i Iage. 4enenat b@ggﬂ%é@'& it kg and wherein
sai d programmabl e Tobot receives sald bléending path program 6. A system
accor di ngingegkaiyn & thiserecaived diwbetl doapeidasa anst dgr dahabé eamm x axi s

robot _and, sk 8 Al a0, meaNaAL U LS COMRERSES AhEeldndiayi BgoaLsdigast one

tool station havin tool for performng a blending operati system
accor di ngunétcki s Grogrameied tai thtveldatikasha plartdl tiynagle tebh stfar

wor ki ng OQRQiBEPiéﬁE ANGS o saLd ?éﬁéﬁﬁ?ﬁ Qtr§§é9.&9@9@@%”Eomwbﬁ%§%ﬂaeaCh

said tool has a sensor connected t or insuring that saidt
appl i es adgbasimnthd origdtt sequerspet iapdalihefidl hrigarem ddmeaspecsl ve surface

of said cazpepentuadh ft ¥l GRLACCOHINENLOSELALI 2 dHIHIer uEOMPL ST N
means for inspecting said conponent after said operation has been

conpl et edcedtrRl syeeanasdegordihg?® ocxdagiem 8, thhe? ed Weydiigniads peess rif neans
is said i € - GRD&I &l ans. ; - HQC {94 f8Rairing,a conponent
havi ng atqﬁgagt onéggtpgﬁgg g? Q%S%HﬁERP%pg?gznaéerialJﬁgsggeen deposi ted
conpri si ngeshecstepsswffaces thereof.

The central processing unit 20 is further programmed to
compare the three dimensional digital data representative of
each whole component surface with its nominal or original shape.
Information about the nominal or original shape of each surface
of a particular component being repaired can be stored in a
memory device 19 associated with the central processing unit 20
or may be inputted by a user into the central processing unit 20
using any suitable input device known in the art. From this
comparison, the central processing unit 20 creates a blending
path program for each surface having braze material thereon
which must be removed and/or blended on the component 16. The
blending path program thus created is supplied to the robot 18
so that the robot 18 can manipulate the orientation of each
component 16 with respect to a series of blending tools which
will be used later on to complete the overhaul or repair
process. FIG 2. illustrates one such blending path program for

one surface of a turbine vane to be repaired.



generating instructions for perform ng an operation to renove any excess
repair material fromeach said surface of said conponent and to bl end each
said surface; and 9 A -239 performng said operation in accordance with
sai d generated instructions. 11. A process according to claim 10,%¥w34er
conprising generating an i nage of each said surface having said repair

mat eri al deposfEeEhehertdén cepprai prenasss ngcEbt Hi #y a0 EHraivarie1anwher ei n

sai d i mage generat|ng, st &R sEQMPILSES Henekabing; A dhfiddiz8d yhirgen ofgpach
said surface and said instruction generating step conprises conparing said
di gi ti zed tiomhgeremeveshc h Ssighdaguithaae csint heageoed aitdd invagabtsprceaeh said
surface. 13, éomxf?&fss%aga“ec%ﬁfdleggh?qucéaac’bemo%zth&h@é dheft ¢ pstpyction
generating step conprises generating a blending path programfor performng
sai d oper aceonedlghage mfoddss cavroreting & ¢agkai py 131e faganéngcdapi¢si ng:
provi di ng ;3 programabl e robot for manipul ating said conponent during said
operation; and transmtting said blending path programto said programabl e
robot. 15. A pFbeesentardordiongssone|wiih 24, mpheceipr 536 @nvolbotitpbbyi di ng

step Cpﬁp@oﬁ%tgwmwmqnatﬁgogwwlﬁ % BXLSrLARRL -1 nl Gy AsRE PLEES
according to claim19, further conprising:
programming language.

As mentioned before, the robot 18 is preferably a
programmable six axis robot for holding the component 16 and
moving the component 16 about any of the six axes. The robot 18
continuously articulates and moves the component 16 along a
programmed path with respect to a set of tools while preferably
remaining in a stationary location itself.

The system 10 further includes a blending cell 22
consisting of multiple tool stations 24 for blending the
component 16 using various compliant tools. The cell 22 is
designed so that blending proceeds in stages with each station
in the cell specializing in blending one feature of the
component. The number of tool stations 24 in the blending cell
22 and the type of tool at each station are a function of the
component 16 being repaired. For example, if the component 16
is a first stage turbine vane, then the cell 22 may include
tools for blending such features as the concave airfoil shaped
surface of the vane, the convex airfoil shaped surface of the
vane, the leading edge of the vane, the trailing edge of the
vane, the platform(s) of the vane. An additional tool which may
be incorporated intoc the cell 22, if desired, may be a polisher
for polishing the surfaces of the component 16 after completion
of the blending stages.

The blending cell 22 is designed to use a compliant

approach where the load on a particular blend area of a
6



providing at | east one tool for perform ng said operation; and 10 01- 239
said perform ng step conprising noving a respective surface of said

" conponent into contact with said tool using said robot. 17. A process
according to claim 16, wherein: said tool providing step conprise&l-234
providing a plurality of tools; and said performng step conprising noving
respecti veespetatee ofr Baied oforponerntrdneng éoni achaiftidinegchonstanti d tool s

in a stageq;apecaliol. ¢+ hbughaYnbFuds - 1dda 88nb5cd 26 A AEchALodZ ada $
through the design of the tools themselves. Each load sensor 26
detects the amount of force being applied by a respective tool
to a particular blend area on a respective surface of the
component 16 being worked upon. The load sensor 26 sends a
signal to the respective tool to adjust the tool and the force
being applied by the tocl to the particular blend area if the
load being applied is not at a desired level.

After a particular blending and/or polishing operation has
been completed, i1t is desirable to inspect the surfaces of the
component 16 which have been worked on and repaired. While it
is possible to provide a separate inspection device, it is
preferred that the scanning device 12 be used as a periodic
inspection tool to monitor the progress of the blending process.

As can be seen from the foregoing, an automated system and
process for repairing, refurbishing, or overhauling components
has been described. The process and system are adaptable so
that they can be used in the refurbishment of a wide variety of
components which have been subjected to a brazing repair
technique. Still further, components may be refurbished using
the process and the system of the present invention more rapidly
and more economically.

It is apparent that there has been provided in accordance
with the present invention an automated system for repairing
components which fully satisfies the objects, means and
advantages set forth hereinbefore. While the present invention
has been described in the context of specific embodiments
thereof, other variations, alternatives, and modifications will
become apparent to those skilled in the art having read the
foregoing description. Therefore, it is intended to embrace
those variations, alternatives, and modifications which fall

within the broad scope of the appended claims.
7
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means for generating instructions for performing an
operation to remove any excess repailr material from each said

surface and to blend said surface of said component; and

automated means for performing said operation in accordance

with said generated instructions.

2. A system according to claim 1, further comprising means for
generating an image of each said surface on which said repair

material has been deposited.

3. A system according to claim 2, wherein said image generating
means comprising a scanner device and wherein said scanner
device has a laser for generating multiple laser stripes on an
individual surface of said component and at least one camera for
capturing an image of said individual surface being illuminated

by said laser stripes.

4. A system according to claim 2, wherein said image generating
means generates a digitized image of each said surface where
salid repair material has been deposited and said instruction
generating means comprises means for comparing said digitized
image of each said surface with a nominal image for each said

surface and creating blend path as per said comparison.

5. A system according to claim 4, wherein said instruction

generating means generates a blending path program for
8
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performing said operation, wherein said automated means
comprises a programmable robot for holding said component during
said image generating and said operation and wherein said

programmable robot receives said blending path program.

6. A system according to claim 5, wherein said robot comprises
a programmable six axis robot and said automated means further
comprises a cell having at least one tool station having a tool

for performing a blending operation.

7. A system according to claim 6, wherein said cell has a
plurality of tools for working on different ones of said
surfaces of said component, wherein each said tool has a sensor
connected thereto for insuring that said tool applies a constant
force to a respective blend area on a respective surface of said

component.

8. A system according to claim 2, further comprising means for
inspecting said component after said operation has been

completed.

9. A system according to claim 8, wherein said inspecting means

is said image generating means.

10. A process for repairing a component having at least one
surface on which a repair material has been deposited comprising

the steps of:

generating instructions for performing an operation to
remove any excess repair material from each said surface of said

component and to blend each said surface; and
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12. A process according to claim 11, wherein said image

generating step comprises generating a digitized image of each

sald surface and said instruction generating step comprises

comparing said digitized image for each said surface with a

nominal image for each said surface.

13. A process according to claim 12, wherein said instruction
generating step comprises generating a blending path program for

performing said operation.
14. A process according to claim 13, further comprising:

providing a programmable robot for manipulating said

component during said operation; and

transmitting said blending path program to said

programmable robot.

15. A process according to claim 14, wherein said robot
providing step comprises providing a programmable six axis

robot.
16. A process according to claim 14, further comprising:

providing at least one tool for performing said operation;

and
10
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17. A process according to claim 16, wherein:

said tool providing step comprises providing a plurality of

tools; and

said performing step comprising moving respective surfaces
of sald component into contact with each of said tools in a

staged operation.
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