+ 23 DEC 2004 AUTOVATED SYSTEM FOR REPAI RI NG COVPONENTS BACKGROUND OF THE

| NVENTI ON The present invention relates to an automated system and a
process for repairing conmponents such as turbine vanes. Conponents in gas
turbi ne engi nes are exposed to high tenperatures and pressures fof ;ﬁ‘e{}cgtge;&ﬁed
periods of time. A typtGalrAPPICEN QBRI R bh Ry RE ESSWEhiicbi ne vanes wher e
the tenperature of the—conponent ctan Trse to wett over 2000F. Under these
conditions, the conponent is expected to retain its strength and shape | ong
enough to provide econom cal ian_ 0 he,. i wi t hout unduly
frequent service or replace : R%HJIQ - ?N iphtsih xt ended service, sone
conmponent s i ncuthedaragentuentent i0Sie0n tandt § adh gues dreduce d yeraoksng. a

Eventual |y, these conponents need to be repaired or overhaul ed. During

over haul , RGeS sndeEsEary. F P AppiPodepast yUbF a2 CrepHis Yatéri al over the
airfoil surfaceg apdehbhe phatfornmahe theisoRPONEN g dd [do anyner acks and
all of the cooling holes that nmay be present in the conponent. Thereafter,
t he conporemperiagupkaceddipresFunaradert 6xEORPESt RS X HedDradzitgeoperat i on.
Typically, there i Lve. Il i-al .| r.f.ages of the
conponent ,ty\ﬁﬁicgﬁ F—’%Bg?(ﬁ‘;gﬁg Aéﬁ% é?s ptrlrggggrgr Eﬁr’g%%%éjgvn%;%r ﬁ%ﬁ&aﬁﬁ% bl ended
to return ddipecanperent wise clwseneas pessibke to Wwekl oriayd FA0CSHapelndehe
brazing materials used in this process have a high hardness, .i..e. Fr 50 or
gredter, anf SvEPYUrow Hachi habi ity " "ConsequentTy, manual bl éndi ng takes a
| ong time dta<ceApl ahd shae amveragacaigh6@ot pr@bide netesorpiere lvaperatOahy very
skill ed operators can do.the n’B.nLCI:fﬂ bl_endi gg conéi stent IIye q%cterz}]%ngorrpl ex
airfoil stdpdhics ehPeRH! BATK BI9dl  T5§ Ry StV ates ard ESVErdd with the
repair mat@dualrements.

After extended service, some components incur damage due to

erosion and fatigue-induced cracking. Eventually, these
components need to be repaired or coverhauled.

During overhaul, it is necessary to apply a pasty braze
repair material over the airfoil surfaces and the platforms of
the component to fill any cracks and all of the cooling holes
that may be present in the compeonent. Thereafter, the component
is placed in a furnace to complete the brazing operation.
Typically, there is excessive repair material left on the
surfaces of the component, which repair material has to be
removed and/or manually blended to return the component as close
as possible to its original shape. The brazing materials used
in this process have a high hardness, 1.e. Re 30 or greater, and
very low machinability. Conseguently, manual blending takes a
long time to complete -~ an average of 60 to 75 miputes per vane.
Only very skilled operators can do the manual blending
consistently as the complex airfoil shape is blended kack
blindly as many surfaces are covered with the repair material.
Further, the shape cobtained is not accurate because of the

limits of the manual operation.




Further, the shape obtained is not accurate because of-the limts of the
manual operation. | 23 DEC 2004 01-234 The challenge here is that unlike
normal part maki ng where the conponent geonetry i-s known and hence a
constant blend path can be generated, here the repair conponent geonetry
changes from conponent to component. This is because the conponéntbfffasy;
been in service on an engine for a long tinme in a high tenperature
environnment. Due to the severe operating conditions, the conponents coni ng
for overhaul or repair are normally distorted. This nmeans that gexpsiing CAD
geonetry data cannot be used to create a standard bl end path to blend al
the conpone . i ti.qnal. .c e here b sqt t : i airfoi
geonetry hasniih% 6&%}%@%&4%&555?2%% g\ﬁg?}hﬁ% ﬁ%rl&nﬁéi ggh hr%ﬁlgw gggrgr%t ry to
mai nt ai ntlee desipgnedtageomtt mf ivetkabwhhagkriess e becauseamotdlanlde pehBi de and
the outside profiles, are distqorted by operating condifions.. The repaired
coat ed s%??&Peg&PFé?Ee?emPe%ﬁfﬁﬁenéﬁpe¥Fg'?P%ﬂﬂﬁch8§° e{rfeﬁgylgge OP

t ool i ng. £ SAMNARY oREn THEo | MADSHeGN . AcThi i gl caiukei shancaigeentohat he
present invention to provide a systemand a process for, repairing
conponert®eN |4 SETYIFRr Phet” SU9ELE 5Pt Al PreddRE FAVETHh to provide a
syst em anghgk fHtRGeS8nasrahave Whipgl tedugesgieeeespethttEn@and | abor cost. It
is still a further object of the present invention to provide a system and

a procesORt Hpeve WA CFOPRYRICEs CYMipEpERT &Y SEHRBONBAL TSR &ffanced
qual ity.ndindis WelistotHed herriply eebnof chhe d¥ies8nly CAVesn: st 440 daphoVi de a
system and a process as above in which the airfoi
cannot be used to create a standard blend path to blend all the
components., The additional challenge here is that the outside
airfoil geometry has to be blended consistent with the inside
hollow geometry to maintain a designed amount of metal thickness
because both the inside and the outside profiles are distorted
by operating conditions. The repaired coated surface offers few

original virgin surfaces for reference or tooling.

SUMMARY OF THE INVENTION

Accordingly, it is an obiect of the present invention to
provide 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 ocbhjects are attained by the system and the
process cf 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
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profile of the conponent is closer to the required form 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 nmneans for generating
instructions for performng an operation to 2 23DEC 2004 01-234 rempye any
excess repair material fromeach surface of a conponent being repaired and
to blend the repaired surfaces, and autonated neans for perform ng the
bl endi ng operation in accordance with the generated instructi o&s. The
system further includes neans for generating an i mage of each %‘r?p%“nent
surface having repair material thereon which requires renoval and/or
bl endi n&.emﬁﬁ?t%@l 35 GPEANE M St dihe FoFe8RAR FYR/ATS 64, 2a process for
repai ri RImpoBORPOREIty irepRieuvHdety dheRhacess bepadlan sCORREESESaddie steps
of generating instructions for performng an operation to renove excess
repai r MRCEPREP iR dON Sarfacaling tﬁ%g’lééﬁbﬁﬁe?ﬂe@éilﬁ@ iBpaired and to
bl end thecbepahsLd, SU fiacegenapse Herfirng;bhe bl anding epetaliQn. in
accordance with the generated instructions. Qher details of the system and
t he prod@§3sudes thRAPY é9engenphveing o iasorePf @scltdrercobpecsyr bk
advant agas gt HAAN ndddeh 8l Ocndf Sor? Gl Lok dhe:dpl)aqwing det ai | ed
description and ~ the acconpanyi ng draw ngs, erein 1 ke reference numeral s
depi ct bilkadehenments. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
schematic r opLESEN Al ARBLaBSYSIAM 9l pL8BRNET 1A GARRNCR! 8- b0 fpcor dance
. for repairing a component is provided. The process broadly

comprises the steps of generating instructions for performing an
operation to remove excess repair material from each surface of
the component being repaired and to blend the repaired surfaces
and performing the blending operation in accordance with the
generated instructions.

Other details of the system and the process of the present
invention, as well as other objects and advantages attendant
thereto, are set forth in the following detailed descripticn and
the accompanying drawings, wherein like reference numerals

depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a system for
repairing components in accordance with the present invention:
and

FIG. 2 illustrates a blending program for a vane to be

repalred.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

As discussed above, components 16 to be repaired first have
a braze or repair material applied to them. The braze material
is applied wherever a crack is found and wherever it is
necessary to reconstruct a portion of the component 16.

Typically, the braze material is applied to the airfoil surface
3




and FIG 2 illustrates a blending programfor a vane to be repaired.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) As di scussed above,
conmponents 16 to be repaired first have a braze or repair material applied
to them The braze material is applied wherever a crack is found, aﬁg
wherever it is necessary to reconstruct a portion of the conponént 21l
Typically, the braze material is applied to the airfoil surface 3 23 DEC
2004 01--234 portions, the leading and trailing edges, and the platform
portions of each conponent 16. After the braze material has been-applied,

t he conponent 16 is placed into a brazing furnace to conplete the brazing

oper at i Qfbrthi@hnlsQWeRE D& aFil i .anldt trQ@@QH@Sed]%%eséﬁ&)’tﬁ@ glemany €xcess
braze material and to blend the remainin raze material into the conponent

so that PAHonsf afbPapRCEMATSAENL i s BECRY Ghe Rsapesedisidalohpes  ori gi nal
shape. Ref&r ring;BAW £ Qe the Arawkngg. 1§6§J}’§cte%m1{'190fQeraVz%rn@a'fkaQcce

ref urbi shing, or repairing conponents 1 such as first stage vanes on a
gas turbimecewdene, the hidaistyr avedakhof GFolloFhag bystiad.10ti s designed to

aut omat eoér '&bespREEéQQa%%léé‘% aRal L PyOQ;?éeaés' Yl S%#éﬂ%lb'a%ﬁd‘cgg and/ or

r emoval raze or qteri a dep05|te e conponent "16. The
systen1ﬂﬂjﬁmt$heobEmanslmg1bn@&@em@teth&lcnﬂnnmeatcdﬁpomand1ﬂbhehbta2|ng

mat eri al onr%%ur Ehls qpqﬂlgpe nL i ncl udes scannlng device 12
for obtaihifg A T8It al cIHRYE 5flse33h ?ﬁ%eﬁ@ep8?sf%%?conponent 16 on whi ch
t he braZﬁnmﬁmeﬂlahabas been deposited. The inmage is taken by the scanning

device 12 Referring now to the drawings, a system 10 for overhauling,
refurbishing, or repairing components 16, such as first stage
vanes on a gas turbine engine, is illustrated in FIG. 1. The
system 10 is designed to automate that portion of the repair
operation requiring blending and/or removal of braze or repair
material deposited on the component 16.

The system 10 first obtains an image of the component 16
with the brazing material on it. To this end, the system 10
includes a scanning device 12 for obtaining a digital image of
each surface of the component 16 on which the braze material has
been deposited. The image is taken by the scanning device 12
from multiple angles so as to cover the full surface area of the
component 16. The scanning device 12 may comprise a 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
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fromnmultiple angles so as to covér the full surface area of the conponent
scanni ng device 12 may conprise a laser 13 for illumnating each

16. The

conmponent surface having brazing material thereon. The laser 13 illum nates

each respective surface with a plurality of lines or stripes. The Scajpi ng
device 12 further -has at |east one canera 14, for capturing an i mge of
each respective surface with the nultiple stripes thereon. To enable
scanni ng device 12 to capture images of all of the surfaces of the

conponent 16, the component 16 is nounted on a programrabl e VOB?£2}§1
he

as a programmable six axis robot. The robot 18 is used to nove

conponent_ 16 so that th r i .
the scanit nega%’p ra PB%“'?SS%%r?p et®d? FRRVEE r?ﬁioﬁﬁssﬂrég/i%réltl(;%prgglqdes
t hr ee- di fieisivayal tpei ataet ud ddivgickall 2i pBgesie 4 1230 DR 26004bou@l+R34 of each

scanni ng device aobtains the desi es

conponent surfa%e to central processing unit 20. In this way, the
?gv ﬁgnag

scanni ng"Ye\itde

P300P byt e PG ER L

BRRH S [FeCUeBirrent form of the
conponent 16 s pebhtamheiidssntide pregeasimg ARt pal rpEocASSItMG unit 20

t he

such

When

receives the digital imge data fromthe scanninggdevice 12. The centra

pr ocessi

recei vedy i @idsahgl (ROE gatas and @ adelep o

W Wil 1BGIF APt 2 B UbINep PEGRARME FRVS€h

k thee Gate@dity of the
egn@gcg§§@%mjgpint cl ouds.

Still further, the central processing unli 20 is programred to integrate
the di gi t#eqrkge Cdat e f Ferm ivade Naitabsinanslash eaghtedipatenengurface so
as to comera%sts'a@tya glaimdhe ri %*e&lﬁeﬁﬁlpmeef,t @ngbt Prgylﬂnro: s8eng

di nensi onal digi

central

) data of the whole conponent surface.
Pprige &dsitpgrund raRte ¢ rieatiod egrahe eehalidimnsednaha geratps aoff rom

the various views of each component surface so as to combine the
data in the right sequence to obtain full three dimensional
digital data of the whole component surface. In this way, the
central processing unit 20 creates a three dimensional image of
the component 16 as it is with the brazing material on
respective surfaces thereof.

The central processing unit 20 is further programmed to
compare the three dimensicnal 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 cne such blending path program for

one surface of a turbine vane to be repaired.

i's way,

t he




the conponent 16 as it is with the brazing material on respective surfaces
thereof. The central processing unit 20 is further programed to conpare
the three dinensional digital data representative of each whole aoppﬂpgpx

" or

surface with its noninal or original shape. Information about the ‘ronih

original shape of each surface of a particular conponent being repaired can
be stored in a nenory device 19 associated with the central processing unit
20 or nmay be inputted by a user into the central processing unit 20 wusing
any suitable input device known in the art. Fromthis conparisgpn.,{he

central processing unit 20 creates a blending path program for each surface

havi ng braze material _thereon_ .which nust be.regpv ar, bl.ended on the
conponent 16Fufh§erbl%%%fﬁﬁlﬁ hpﬁ?5%?%ﬂ¥%ﬁﬁ%tc?§a %a%géxgﬁ%pﬁﬁed to the
robot 1&pexatbbhabithea rohotall8mags sBnitpulate ihhematéentlatwhdehoheedsh

conponent 16 wth respect to a series of blendin ol s ich_.wll be used
| at er oﬂxtSGCSﬁBP%?g'tHﬂ“ﬂVé?héﬁPg%rc?%ﬁﬁiﬁenﬁfagﬁégﬁ’ﬁ A5t tPHEstrates one

such bl endi R@npabh PrHYE am fakn aner s facenef campoidine neanenko be
repaired. 5 23DEC 2004 01-234 Further, the central processing unit 20 can

provi de SRONGHeFREBE W t'He SPreaRRNE bRt RE BRaZF TR Td% PRYR Sfhi ch needs
to be rempved. Such an image can be generated by subtracting the nom nal
shape of each surface of the conponent fromthe scanned shape of the
conponent 16 Thakeanbyal HeraressAnagRaeyi €% "BY. CPRBIERRtI® HGEE48ing unit 20

may Comdr@%ﬁ@@ykﬁe&ﬁaﬂk S n L AMULEE KROWE igtohRenAbd BN IRY%URE aBIegr amred
in any sultable programm ng | anguage.
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
continucusly articulates and moves the component 16 along a i
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 into 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



As nentioned before, the robot 18 is preferably a progranmable six axis
robot for holding the conponent 16 and noving the conponent 16 about any of
the six axes. The robot 18 continuously articul ates and noves the[ﬁgqmgnent
16 along a programed path with respect to a set of tools while’preferably
‘remaining in a stationary location itself. The system 10 further includes a
bl ending cell 22 consisting of multiple 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 specbglég%ng in
bl endi ng one feature of the conponent. The nunber of tool stations 24 in

the bl endisng cell 22 and dhe,typg, 06,00k 2t seaeh, of AlPD. ALe. g, function of
t he conponent el ng T epaired. r exanpl €, if the conponen? 6 is a
first stde tiarBone wvanegh e tthe clloa2Pl seaygornctéiden .dandl soborathd endi ng

such features, as the concave airfoi]l shaped. surface of the vane e convex
ST T ol | eaaEn Eo r et Y atel bRuls ARG ARG SR ot OaRE 2 he
trailingieedgesothé henowanef tthecpl Bt fof ppliell bhea venedAnvaddbblonal too
whi ch may be incorporated into the cell 22, if desired, may be a polisher

y
for polihifn§3fheCitit dted b PRe°R ohpdithitC t18° af teI3 ol éf'Fon  of the

bl endi nGcsipagest Thepddndicigeaelipor? iThadeshanednsdr use sane@ngl i ant
approach where the load on a particular blend area of a 6 01-234 respective

sur f ace B PhetRoRPONERRPCLE 18 REP ht & el USsnshantool i the derect hr ough

the use Qi Ny0aE- 3883 P 4 BoeaEH £100IpARd cul BEONOMN G Ne-lesicgpnef the tools
t hensel ves. Eacﬁ | oad sensor 26 detects the anmount of force being applied

by a redpact PeéngoabPlies! dspapti ¢l ardesiawd ar¥alon a respective surface of

the After a particular blending and/or polishing operation has

been completed, it 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 s0
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.
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conponent 16 bei ng worked upon. The | oad sensor 26 sends a signal to the
respective tool to adjust the tool and the force being applied by the tool
to the particular blend area if the |oad being applied is not- at a desired
| evel . After a particular blending and/or polishing operation hag [Hieen
conpleted, it is desirable to inspect the surfaces of the conponent 16

whi ch have been worked on and repaired. Wiile it 1is possible to provide a
separate inspection device, it is preferred that the scanning device 12 be
used as a periodic inspection tool to nonitor the progress of the,b}ending
process. As can be seen fromthe foregoing, an automated system and process

for repai,ri r i.shing, or overhauling conponents has been descri bed.
The proga%gpgﬁhcgégpgﬁ1g$é adaptable so that they can be used in the

refurbi shnment of a wide variety of conponents which have been subjected to
a brazinﬂ repair teﬁhni ue.. Still further tgpnponenés nQ% be refurbished
using the §F5€5§§ma AT t P AP of PR B e 8N PPnobnt $HH MY rapidly and
more ecosofiRl loy. whiichsa aparienmatbBatal here eas bepasprayi ded in accordance
with the $resent i nvention an automated systemfor repairing conponents

whi ch futtPSatt"dfi es the obj ects, neans and advantages set forth

herei nbefore. While the present invention has been described in the context
of specific enbodinents thereof, other variations, alternatives, and

nodi fi cati ond'@gns| fopeddmer Hppdr éAF LEBCEHYYe fSKi PREECFRLIAh& Tart havi ng read
the foregoifgdeser Lohded. anthehekaterebdis atRt-gnded 4,p &MY aggq those
variations, alternatives, and nodifications which fall wthin the broad
scope ofS¥He@cgppeadéed klandssaird 23rbECR 00l @idpggmponent; and

automated means for performing said operaticn in acgordance

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, whgrein saild image generating
means generates a digitized image of each said surface where
said repair material has been deposited and said instruction
generating means éomprises 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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WHAT IS CLAIMED I S: 1. A systemfor repairing a conponent having at | east
one surface on which a repair materi al has been deposited conprising:
nmeans for generating instructions for performng an operation tqjjgppz@,any
excess repair material fromeach said surface and to bl end said ‘surface” of
sai d conponent; and autonmated neans for performng said operation in
accordance wth said generated instructions. 2. A systemaccording to claim
1, further conprising neans for generating an inmage of each said surface on
which said repair material has been deposited. 3. A systen1acc%5g5§9 to
claim2, wherein said inage generating means conprising a scannér device

and wher gi j.d_scanpe vi ce h .laser for generating nmultiple |aser
stripes %%&aoﬁlgﬁdlggpgué?egaﬁ?f%dewo rgé?ds%lodnﬁélr%é’%faggﬂdm%?% east one canera
for captemgmigeanai pagerafnmsaliad riobdicviE duaho slimbacea ibettgodddntnidnatiad by
sai d Iaserwftfipes. 4. Aks%sten1accordin to claim?2, wherein said inmge
gener at i Tig-© MEEHS JERBF AT HY &7 GPLrz8ReTHERY GNdedRRTSLR Faidt f ace where
sai d repatdgrmirabilal roest beere ideposkt edo Bavhisy @akAShEYgEd®N generating
means conprises nmeans for conparing said digitized 1nage of each said
surface with a nomnal image for each said surface and creating blend path

as per s@idzeipRaehSeBcofdidy SSLeELACSOrEHd1R it sahal Mder WisigliResai d
instruction generating nmeans generates a bl ending path programfor 8 23 DEC
2004 01-23IFFEPMBARLAgS 4 2k GhéraPitoAnd whtkbiay toardedunomut E Irbgns

Conpri sesonb NI’ aMHBPL end PhRf akon Aot dbg SRI1d scQePoReM v Y 1N 601

for performing a blending cperation.

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 prccess 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



said i mage generating and said operation and wherein said programmable
robot receives said blending path program 6. A system according to claimb5,
wherein said robot conprises a programmable six axis robot and srajg L
aut omat ed neans further conprises a cell having at |east one todod tatilon
having a tool for perform ng a blending operation. 7. A systemaccording to
claim®6, wherein said cell has a plurality of tools for working on
different ones of said surfaces of said conponent, wherein each said tool
has a sensor connected thereto for insuring that said tool appl] esé a
constant force to a respective blend area on a respective surf d¢643f said
conponent. 8. éAtsCyst.em acc(grdi n tt.o cl.aim 2, further conprising neans for

i nspecting sad conpoert taf 1T Eai°F dpefatt i Hss "édnsS 2t Eieded. A
system adaetchidigidre.cl ai m 8, wherein said inspecting nmeans is said inage
generating nmeans. 10. A process for repairing a conponent having at |east
one surface on which a repair material has been deposited conprising the

steps of 11gener@iddegsi ASEsEEinPND fAkLiRELHOr fiNGhaaN ORELALI Y tO renpve any
excess repair material fromeach said surface of said ~conponent and to
bl end eaB8f¥%A 0 SurfadBadanyt #a=h PREI200af D3e d3w iper foidi Aepsiai d operation

in accorgdancei w thapsakd-gepgratgd instructions. 11. A process according to
claim 10, further conprising generating an inage of each said surface

having said repair material deposited thereon.
12. A process according to claim 11, wherein said image

generating step comprises generating a digitized image of each
said 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.
le. A preocess according to c¢laim 14, further comprising:

providing at least one tool for performing said operation;

and
10




12. A process according to claim1l1l, wherein said inmage generating step
conprises generating a digitized i nage of each said surface and said
instruction generating step conprises conparing said digitizedqhnﬁge_jpr
each said surface with a nominal image for each said surface. X3 Y& piiocess
according to claim 12, wherein said instruction generating step conprises
generating a blending path programfor performng said operation. 14. A
process according to claim 13, further conprising: providing a programrabl e
robot for manipulating said conponent during said operation; ang
transmtting said blending path programto said programmabl e r8bot3415. A
process according to claim 14, wherein said robot providing step conprises
provi ding a progranmabl e six axis robot. 16. A process according to claim

14, further QY pskAgrmPROVIHNGRDrieass A g0al rEopeperforisi-rg-sai d
operation; and 10 01-234 said performng Sstep conprising noving a respective
surface °bfsaid ForBRPBARNM N ht@Néartart tiv IR S &icg Lt 88LNAUsIHG FaPatrobot . 17.
A process according to claim 16, wherein: said tool providing step conprises
providingba plurality of tools; and said perform ng step conprising noving

respecti vé sur PIEESSSofcaai U ppgordntini hfo Wmredet with each of said tools
in a staged operation. | |

said tocl providing step comprises providing a plurality of

tools; and

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

staged operation.
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