23 COct ober 2003 METHOD FOR | DENTI FI CATI ON AND REPAI R OF Iﬂpb@é%gﬁ%%ﬁlﬂ
HARDWARE FI ELD OF THE | NVENTI ON The present invention is generally directed
at an inproved nethod for detecting mnute cracks in the surface of an
article and automatically and/or manually repairing detected cracks, and
specifically at detecting cracks in the surface of turbine engine hardware
and automatically and/or .manually repairing detecting such cracks with
the aid of fluorescent penetrant. . DI SCUSSION OF THE PRIOR ART In the
course of engine operation, turbine engine hardware typically - experiences
m nor damage as a result of engine operation. This danmage can take nmany
forms such as mnor pits and cracks and may be as a result of any one of a
nunber of conditions, .such as ingestion of foreign particles, wear, erosion
or fatigue. Frequently, i ] after a
repair operation, the %Eﬁ?ﬁaEﬁﬂBgﬁpﬁﬁfﬁﬁﬂéﬁﬁﬁﬁﬁﬁéﬁ@@&ﬂ%ﬁﬁﬂiﬁ&ﬁy, t he
articles to be repaired are visually inspected under suitable white |ight
after cleaning so that defectﬂﬂgﬂcpnqtgagquiAggﬂNgﬁuyisualIy detected. In
order to identify very fine cracks, visual inspection under t 23 Cctober
2003 magnification is conducted. As the cracks are identified by the
operator, a suitable alloy in the formof a slurry is applied by the
operator. The crack identification procedure and alloy application is the
first step in well known repair procedures such as activated diffusion
healing (ADH), partitioned alloy conmponent healing (PACH) and brazing.
After the application of the alloy, the articles are heated at el evated

t enper at ures ﬁFy‘ﬁIF‘ P?Fﬁﬁﬁb ted procedure, ADH, PACH or brazing,
whi ch causes ]g!%eﬁa oy g | 'ow angp" heal " the defect.

The present invention is generally directed at an improved method for

detecting minute cracks in the surface of an article and automatically
and/or manually repairing detected cracks, and speciﬁcally at detecting
cracks in the surface of turbine engine hardware and automatically and/or
manually repairing detecting such cracks with the aid of fluorescent

penetrant.
DISCUSSION OF THE PRIOR ART

In the course of engine operation, turbine engine hardware typically
experiences minor damage as a result of engine operation. This damage
can take many forms such as minor pits and cracks and may be as a result
of any one of a number of conditions, such as ingestion of foreign
particles, wear, erosion or fatigue. Frequently, the damage is of a minor

nature, and after a repair operation, the hardware is suitable for reuse.

Currently, the articles to be repaired are visually inspected under suitable
white light after cleaning so that defects or indications can be visually

detected. In order to identify very fine cracks, visual inspection under




After the repair procedure, the article is fluorescent pepgiy.aMer bfigPect ed
according to well-known procedures. These procedures require cleaning of
the part, inspection of the part under an ultraviolet light, identification
of any remai ning defects, cleaning of the part and reapplication of the
slurry for re-repair of any additionally identified defects. O course, the
problemwi th the procedure is that the subsequent fluorescent penetrant

i nspection freguemifisatiodemicohtiastedel ¢ tite édaaks afcideatifie8 ¥ MR R¥rator, a
resol vable wusing the visual inspection techniques, with or without the aid

of magni fi cat switabla aflogdsthe foran of arslprnyge mpylied dnyt fHeyopdratate et arapk esent
in the article prjor to the repair cycle wthout adversely affecting. the

repair -can saldendificationepinsedire andopllon mprlivatigy isethsufizk step ihevelhtire
repair can be I d.in ane cycle., SUMVARY  OF L. NVENTE.ON Ap~j pr oved
met hod for i dehﬁ?@i %%E%Iﬁcp rrogﬁgﬁe?énf}u‘fmcﬁscﬁ? NG %Eﬁ’? on Née (‘g‘}j}ﬂ)
articles is se e ' i ty h ' be
i nspected for ?Eel%tg{eéﬂi&gb fﬁln% tcﬁggﬁg%t tq-l gx%@g%ﬁg%ﬁﬁr&ﬁﬁ I ,%féliﬂftthgr

ot her foreign appltaivcesf thatlloputhe amtidled b heatedadti elovateduengsaeatires

penetrant is then applied to the article. Once_the penetrant is applied,
the 2 23 Oct oba¢copdurs do tthe| selpatednprocedaney APHaIReTe®r brazdngr sdiclar or

"white" light w.thout he, apd_ of ul.travi;olet light. This inspection
reveal s very |5?‘&85ﬁ1‘%ﬁ$%%f?gﬂg’ %}&‘glé? ct@? d?%ec ich repair alloy is
applied in the formof a slurry. After the manual application of the
repair alloy, nierahkirepgir ch&ﬁre,'tﬂ@ﬁﬁ*ﬁ&l_%disVﬂﬁGretsE&ta;{)&éﬁaﬁ bddtéy i ol et
| ight. The fluorescent penetrant in any fine cracks not filled th repair
al l oy as a resatdording tvewellskrdwnipropeduresn Thederprobedwres irghtiire abetiringns
are now reveal ed by the ultravi gl et light, Additional repair alloy in the

formof sl urryof Byt Bspreetien obthe PrrtirRderan ultsaviple lightsidgatificaiéen The
article is (hene sbl eeiAind Qcht, "AaRligRICRRPL aAPea PRI BE %S Y
slurry for re-repair of any additionally identified defects. Of course, the
problem with the procedure is that the subsequent fluorescent penetrant
inspection frequently identifies defects that are not resolved or resolvable
using the visual inspection techniques, with or without the aid of
magnification. A process that can properly identify the defects present in
the article prior to the repair cycle without adversely affecting the repair
can save time, manpower, effort and energy resources if the entire repair

can be completed in one cycle.

SUMMARY OF THE INVENTION

An improved method for identifying and repairing indications in the
surface of articles is set forth by the present invention. The articie that is to
be inspected for reuse is first cleaned to remove any debris, oil, dirt or
other foreign substances that could mask the indication. Fluorescent
penetrant is then applied to the article. Once the penetrant is applied, the
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el evated tenperature sufficient to cause the repair all oystecdiduereofnN
advant age of the present invention is that all defects open to the surface
of the part can be identified before repair by the conbination of the

i nspection under white |light and the inspection under ultraviolet light so
that repair can be acconplished in one repair cycle. This greatly reduces
the chance that defects such as cracks will be overl ooked during the

i nspection pro . 0 | eSS, rped. | e st i.Nnspecti.on_ and
repair pr ocess%&iﬂgtlgz'bg%g'ggéjﬁn@d@gﬁg&?@egﬂ{igrs}é‘%‘ﬂ%gnﬁe}ﬁﬁe i@&’%g’t‘w
slurry contai nkpg aidh@sPARZ81AIViSNt q@@tbe TR ishde8oAet S daks racks
w t hout renoval of;Ju the fl uoreséent penet r ant vllff?tcbhou? .ad‘?/“?rasel y f?azgtgi ng
the integrity dfdichons epalefectS)t foewhidatepais allog B fah&rs thé fohe ¢ff gsent
invention will be apparent fromthe follow ng more detail ed description of
the preferred SBHEGdiAHSTthemaraipliaprlisationof ithe repain allag, Wecyiskenipithen
drawings which illustrate, b of.. exanpl t I nci pl es of . the,

i nvention. 3 Zémiﬁ?f:ge&trw?%b% Vé@épﬂ*llmlﬁt 1%% M&%SE@& pqr.lqtga:\gnﬂ' ow
chart of the peigr Akl ALRCERE fiflld RURRIAG: IbLOM % rediif-of2tle visddi O
chart of the protess of the present invention; and Fig. Is a schematic of
a preferred enspentioh eindehewhirsdighti Rueditioss. abETAbWEReDETIER BY @he OF

THE PRESENT | NVENTI ON The present invention is an inproved process for
det ecti ng def etiisaviplet ght. c Aeddisionnbrepaie ablognint she Hermuef aburpfis mow

ticl d t det ected . defect,s | ticl l,yi
oLl BBt S Rl R,
| to fl y y . ' . Lcal I
o 12,10 soshelagt Srodeal ABREPACHTGE trodl b Elasobith gl kel

fromaircraft ehgiabal senpéraeurefsxdfigieastoddausé Widtappicsiponelow. i ncl ude
tur bi ne bl ades, turbi ne vanes, turbine

An advantage of the present invention is that all defects open to the
surface of the part can be identified before repair by the combination of the
inspection under white light and the inspection under ultraviolet light so
that repair can be accomplished in one repair cycle. This greatly reduces
the chance that defects such as cracks will be overlooked during the
inspection process, as sometimes occurred in the two step inspection and

repair process.

Another advantage to the present invention is that the slurry containing
the braze alloy can be applied to defects such as cracks without removal of
the fluorescent penetrant without adversely affecting the integrity of the

repair.

Other features and advantages of the present invention will be apparent
from the following more detailed description of the preferred
embodiment, taken in conjunction with the accompanying drawings

which illustrate, by way of example, the principles of the invention.



buckets, nozzles, conbustors, and the like. Substrate mategiRichePb@ used
I n turb| ne parts or airfoils for aircraft engines and power generation

equi pnent may include nickel, cobalt or iron based superalloys. The alloys
may be cast or w ought superalloys. Exanpl es of such substrates are

GID- 111, GID- 222, Rene 80, Rene 41, Rene 125, Rene 77, Rene 95, Rene N5,
Rene N6, Inconel 706, Inconel 718, Inconel 625, cobalt-based HS-188,
cobal t - based LpgSErapticoNabphess rateNINGHot only are the articles nmade
from expensive materials, they are intricate parts, further adding to their
val ue. Because it is econom' cally beneficial to repair these articles
whenever practFigal is a flondeart of ttespidoeattpgores foi ayingsaitfodlsi ble to their
original configuration, a number of repair procedures have been devel oped.
However, it is_| Qrt nt that these repairs detect defects in the articles
so that they cHg Poshagt thq@twewquhﬁ@rea%\ﬁmman 4 23 Cctober
2003 Prior art repalr procedures for repairing turbine conponents such as

set forth in [oF ectlon
and repair oypey SR iERRECD: £ BHaLORA LA AT o i B Teh UEREC! 1
Each of these repair procedures involves nmanual application of a repair
alloy to regions of a turbine conponent identified as requiring repair, 16,
fol |l oned by placing t he turbine conmponent in an el evated tenperature

envi ronment , sufficientl h to at |east partially liquify the repair
alloy. The reﬂ@EH?QLBEEBESQ NOB T&He FRESENNINEENIONet forth in Fig.

2. Fig. 2is a flow chart of that outlines the steps for repai ring an
article in a rdance, wi th. .t resent ventlo e I nv nt|on
o ovi des i mor URRERES: BsRapiids B iEERay e 5GtsS bar e the aeliers SicHiar

i ndi cations CH%ﬁEkstﬂla?BFe 6@&%%?%@5 fh@@Bf?ﬂOI lbrén E’ El%é’& k:fé-&s’ 44

and 50, that are perforne ore e air IS su to t evat ed

tenperature edefectorimthe abicle Byeapplytigsa repaitr taetoprteaﬁetdefwe Iahddﬂeatmg
identifies all
the article to cause the repair alloy to flow and close or “heal” the defect.

Articles that are typically inspected and repaired in this fashion include
turbine components removed from aircraft engine service. Examples of
turbine components include turbine blades, turbine vanes, turbine
buckets, nozzles, combustors, and the like. Substrate materials often used
in turbine parts or airfoils for aircraft engines and power generation
equipment may include nickel, cobalt or iron based superalloys. The
alloys may be cast or wrought superalloys. Examples of such substrates
are GTD-111, GTD-222, Rene 80, Rene 41, Rene 125, Rene 77, Rene 95, Rene
N5, Rene N6, Inconel 706, Inconel 718, Inconel 625, cobalt-based HS-188,
cobalt-based L-605 and stainless steels. Not only are the articles made
from expensive materials, they are intricate parts, further adding to their
value. Because it is economically beneficial to repair these articles
whenever practical in order to restore them as closely as possible to their
original configuration, a number of repair procedures have been
developed. However, it is important that these repairs detect defects in

the articles so that they can be restored to their original configuration.
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relevant indications during two inspections, a first visusd oppResigzon 46
that is perforned under white light or conventional |ighting and a second
i nspection that is performed under ultraviolet light 50. The first visual
i nspection 46 identifies very broad indications that are open to the
surface that m ght not readily show up under an ultraviolet light, while
the second inspection 50 identifies, using standard penetrant principles,

very fine crapk ORY Bser, Hju‘ﬁg l#ﬁlﬁﬁ[; | ' i.t]ons
even under hi gﬁgﬁtaagﬁh | cap?a(;ér?q%%ée) pr (%%ss e \S’Qg{s@rﬁ{ehg%%%&ggﬁa
further devi at Ruth (9 Pigt DR GeeRdRetiopedi that Ratlude Railtiplé iB¥pdctioaliHd ed to
the area requiring repairs without first cleaning the fluorescent

penetrant fronrapeer cydes abudnreprie pragedires inkclude ADHpPBAIE and brazirey. ea
identified as pequicri repair by gpplyjng.the alloy directly into the

| ndli cati on andievbPE these TeGeRENS UBRSETYOAYRS, mgnpel eppligaion 963 RO ut

first cleaning f ] L.ndi cat.on... Thi s _praciice deviates
fromthe conve%@%ﬁﬁ?%&é%p |E ge%%%%ﬂﬁﬁe%?ﬁggﬁ%fﬁ%{l?gﬁggl.lmﬂﬁ gepa&, éb’t i ce
al ways i ncl Ude&l@vﬁ&%ﬁ%ﬁ@hgﬁl@'ﬁhﬂb@n@l&@ﬁﬁﬁr@ﬂt Rhl 8 eleRated & btdt@ré
repair, since any trapped penetrant could produce an inadequate repair.
However, the pemdessmenttle suiécently ihighnoi ainledske partiedly ligoifiyr thearegadani ng
step to renove penetrant prior to subjecting the conponent to the step of
heating to an 8 ated tenperature in order to acconplish the repair 54 by
partially liquefying the repair alloy. The repair process of the present

{nvent [ on does not yfafeany feNB LG d BRLSAF BlerEneliAl dfipanTAane"

that leads to an in repair. alrs na e processgbf t he

present inventoRidavie LREW charf St bAtlihesthe shgis fob fepARRRNAMArtMif be
reused after repair and wthout the need for a sSubsequent repair cycle.

The vacuum cl eagtondak® wfith the peesent émvardiore o Thenpreaentoinviendiont peovides f ace

of the conponelrh%pruorbde%er{tg %%ie;' 'th;:r h[i)r?orcgrqt Sr@cgs?steis th tElQl% laﬁdgts the indications
open to the surface are identified in initial inspections, 44 and 50, that are
performed before the airfoil is subjected to the elevated temperature
environment 54. The process of the present invenﬁon identifies. all
relevant indications during two inspections, a first visual inspection 46
that is performed under white light or conventional lighting and a second
inspection that is performed under ultraviolet light 50. The first visual
inspection 46 identifies very broad indications that are open to the surface
that might not readily show up under an ultraviolet light, while the second
inspection 50 identifies, using standard penetrant principles, very fine
cracks that may not be observable under white light conditions even under

high magnification.

The process of the present invention further deviates from standard
practice in that repair alloy is applied to the area requiring repairs without
first cleaning the fluorescent penetrant from the indication. The repair
alloy is applied to the area identified as requiring repair by applying the
alloy directly into the indication and over the fluorescent penetrant,
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organic inpurities and dirt such as sand, volcanic ash, fdyoaeher serEent,
runway dust, substrate inpurities, fuel and air sources, oxidation products
from engi ne conponents, and the like. This is an inportant step since any

I ndi cati ons such as cracks that are open to the surface should be repaired,
and this contam nation can block the pathway to the surface. Fluorescent
penetrant is then applied to the surface of the part 44 by conventi onal

methods such agifbu BBt Rbading RAEYHSraRP drdACHRCIRGEANN. | STigh mgc@ceb” ef

period of tinme, 3 to 15 mnute exanple, to penetrate into tight

openi ngs by cagéeviatusyfrant hercorfentiofabpreeticas wtich ﬂ&liﬁmgcpéﬂe@m&élemrface
of the conponent by w ping or by spraying the surface of the conponent in
a manner wel | RrasHiget @tp‘ffﬁ}(ﬁséﬂ@l@ﬂﬁde@ isubsequentt clemning apepathemt prioy piccal |y

an airfoil, is_ghen.nspected under white |light conditions 46, .typically
at a presel ect &ETPYRBI AgTeRAMa| SRG A5 T RRPSE P q%c&’%‘é‘r‘geg@é? by a

| i ght ter. TH | ' | ' ' [ t hat

my o My not " Bacd e RoepRl . MEWSRE T Brbortenat iy BlosPlt WV AP, 1

In a typical rrpRiéquERsdeflégingeRep toatdnXve ?eﬁ?\mﬁdt priof Goaftitjé@het the t hose
ellg

regions of the airfoil identifired in the whi I nspecti on step 46
Wi t hout renovatomponeryt fd ther #sperithqadimgt toaan eldwatedrigmperasues énorddihe

airfoil is then inspected under an ultraviolgt |jght 50 where i ght

ndli cat i ons s AIFOHEPS B FERAL % RErBRelolaveine (e meBat Aley 1 Thene
unai ded eye ar ' . ' I £ . Lenai I [ ' 52,
ei t her autonatllee(?gffyr g‘?&ga?\%ﬁ?yrgg\ﬁth%h%%rh ghog?’lﬁ% @eg%ﬁlau%?gg@éﬁgmg
penetrant fronflabrestértiberiehting dh la0ManhbetiittleadL£td &n iMeledRdd echdio ANl

el evat ed t enperature, ??/piecally above about 1800 F, to agg(?rrpﬁéibsh t he
repai r by caustepgirst hadestby ther tpronessf of héhe epreisental ihggntion bhave gbgeni ed.

However, fluorescent penetrant is not trapped.in the indication so as to
cause an unacc%lsgftﬂt y efhithat ﬂ@@mw%wqupba.reg?e%m repaiy, and

I Tustration of;4G: BhFRr akiftflederdt repair cycle.

The vacuum cleaning 42 of the part removes contamination from the
surface of the component under repair. This contamination includes
organic impuritieé and dirt such as sand, volcanic ash, fly ash, cement,
runway dust, substrate impurities, fuel and air sources, oxidation products
from engine components, and the like. This is an important step since any
indications such as cracks that are open to the surface should be repaired,
and this contamination can block the pathway to the surface. Fluorescent
penetrant is then applied to the surface of the part 44 by conventional
methods such as by dipping or spraying, and the penetrant is given a brief
period of time, 3 to 15 minutes for example, to penetrate into any tight
openings by capillary action. Excess penetrant is removed from the
surface of the component by wiping or by spraying the surface of the
component in a manner well known to those skilled in the art. The
component, typically an airfoil, is then inspected under white light

conditions 46, typically at a preselected lighting level that can be verified



preferred method of practicing the present invention, an ai@iyer 5804 S
positioned proxinmate to a reservoir 64 that holds a volune of fluorescent
penetrant 66. The airfoil may be positioned in a fixture (not shown that
may hold a plurality of airfoils. Attached to reservoir 64 is a circulating
punp 68 and a filter 70 to renove any inpurities from penetrant 66.
Penetrant may be applied to the airfoil by di-pping or by spraying, both
bei ng equival e : : ;‘E@g | intQ..
reservoir 64. @cﬁgﬁg{e}%@?xﬁgﬁp géﬁﬁgeﬁgﬁﬁ%{}%fro b?h%ﬂiglhgﬁgﬁ lh@;&vt\ﬁo&s ng
the airfoil, othat magn@fmﬁda%aow&@pﬁbmw@ﬁ%mﬁﬁ RIS hA Ll tr&£YiBlet O A
separate location and either lightly spraying or quickly dipping the
article in a dighttilnm tylpital wephir sequemes tepie atlby is nudriuadlyadk applied to
indications. Typically, a water. spray is utilized. As_ illustrated,

posi ti oned oveltzgff?ere&“?liso‘?ﬁ foilidented anthy white lighk énspection tep 4 per
2003 | east an yl. | I gh | use.a.regubkar_|ight,

al t hough the W%%@‘?@nfg%lﬁn%‘gfhb% %n%g]thgg@s?é f dﬁ%@%?aexﬁtt}‘ag%gy gﬁdpﬁeﬁ%'f%?_ent
positions. It awibil ﬁetﬁélde{réF@@dédt hdldet 24P J&meben$ptcaﬁoe%h&eatr gi on
adj acent reservoir 64, and after application of penetrant 66, the i xture
hol ding at | easdicatiensisuélvids fifle caackseotherwiket not hesdilydjohsentable¢ip ghef or

t he subsequent op(frations, such as renoval of excess penetrant.

: . . . A
contai ner 74 tmatdasheye aze flisglesady Sincecislentified: sepair atoyi i apRliedbr3d of a
slurry is sho t ached rigid arm 78 ..uhich in turn,s attached to a
fruck 80, The CHEPe APRAAEND, Rk Sl Srdiue Feminbe "t Pl |
airfoil 62 thpanghaht! BorRSHRY tight iiMdicalendi TRAENGHRME BaAREN RQftedNBMn 1 N
the form of a"nechanical devicé or alternative and equival ently, by

appl i cation of elevabql ¢ampdratiire, t typicallyealoye ebetied86@ Bntuatcarhplish e¢heal
t hrough tube 88 to be deposited by nozzle 90 onto a presel ected portion of
airfoi | 62. THPAIF Rykcaprng iid laash adpstign ofcther rapayr algy desbediquifiediom

For  simpli el t Yo bWk sRdrEldnf bihdaff & SBPHIpESd TR hEdnkRGHRAPEPLE b Y ©f

cause an unacceptable repair. '

Referring now to Fig. 3, v;rlﬁch is an illustration of the equipment used in a
preferred method of practicing the present invention, an airfoil 62 is
positioned proximate to a reservoir 64 that holds a volume of fluorescent
penetrant 66. The airfoil may be positioned in a fixture (not shown that
may hold a plurality of airfoils. Attached to reservoir 64 is a circulating
pump 68 and a filter 70 to remove any impurities from penetrant 66.
Penetrant may be applied to the airfoil by dipping or by spraying, both
being equivalent methods, and excess penetrant can drain back into
réservoir 64. Excess penetrant can be removed from the airfoil by wiping
the airfoil, or, to increase the processing speed, by moving article to a
separate location and either lightly spraying or quickly dipping the article
in a solution that will not penetrate the tight crack-like indications.
Typically, a water spray is utilized.

As illustrated, positioned over the airfoil 62 is a lamp 72 that contains at

-
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moving in the X-Y plane in Fig.3, so that material 76 cansheciReshifd
fromcontainer74 onto airfoil 62. Also attached to arm 78 is a tel evision
canmera 82, which is forcused on airfoil 62. This canmera 82 provides visual
feedback to a control room 84 where the image fromairfoil 62 is displayed
on screen 86. Fromcontrol room84, the truck 80, arm 78 and material 76

I n container 74 K[OEl; i | i to any

i ndi cations on tﬁ%gt ?SPFgce o?llg%lg?foiirﬁg%%ls?ﬂg‘gg%g& I%ﬁlgafgm%{[ﬁ %g] Oél%htqﬁg

fl uorescent penelightitig amyi be ldcatdd Inudiffeae@diamps dridr Rvdigfe@ént! d@tiond2- 1t These

hi ghlighted areas are the preselected portions of the airfoil onto which

material 76 in tWell ke rndgrstogdsthat dgmps72 endye bddpoatied dd. a Iregibheadjaedier r ed
ra, which provi des feedback to a vision

enbodi ment, canera 82.is,a ca ;

system (not showtPeiyylr é%rﬂngﬁ%r igalionof penetsqnd pts fhe Exfurs holdigeatmed so
that it can dete ' ar.eas | L} | .. on. the.surface of
airfoll b2 that sret g5 Moo eBRoE HkEd 18, BRF AP oG Bt dor et
l'ight irradiat eSSL&*JSEqui@ﬁidﬁ@?dtio@l@,nﬁi_ch%tremo%%f’@x&‘@P@H@tréﬁt.t N gb‘ﬁ?iner
capabilities are well known. The vision system can then provide teedback
to the controls Toithatrhmldsaapdntityok r&fhir smtéredt76 i thekfd@th afid Ay 48 can

be automatically _positio eg over, preselected portions of airfoil 62. Once
posi ti oned appr oﬂ%"‘éﬁ gitschedite gangidagmédnghichdn e katiaghedtd  ruck§Ounct i on

ith th i ti ' blidi f th devi that..nmateri.al .76
whth Lhe posi 1 O GRRAPYL L 8% Bl 1R SRR SR ot bR gt o
airforl 62 Thi sthdigh fubefs bPScRYARRIishBYERE hhnk Cn RN 6 3h Yot oCt
and dispense slurry onto the airfoil~In"regions requiring fepalr 18§

anot her novel asqixeshanichledgvies entltémuting aad eqatvaheitst ok applicaabbe of
being practiced. Since the fluorescent penetrant is not renmbved from
airfoil 62, the §aR@ated #iydatiome 2 psesalectedrammuinglof 78ateriat Herofigh rubé

shurry to be dengol | £ b SR i, S8L9: o §78 o SAULELES Rl b oS0 25
The truck and the arm have at least two degrees of freedom. For
s_implicity, truck 80 and arm 78 are shown as having the capability of
moving in the X-Y plane in Fig.3, so that material 76 can be deposited

from container74 onto airfoil 62.

Also attached to arm 78 is a television camera 82, which is forcused on
airfoil 62. This camera 82 provides visual feedback to a control room 84
where the image from airfoil 62 is displayed on screen 86. From control
room 84, the truck 80, arm 78 and material 76 in container 74 can be
remotely manipulated to apply material 76 onto any indications on the
surface of airfoil 62 that are highlighted by the fluorescent penetrant as it
is illuminated by ultraviolet light 72. These highlighted areas are the
preselected portions of the airfoil onto which material 76 in the form of
a slurry is to be deposited. In the preferred embodiment, camera 82 is a
CCD camera, which provides feedback to a vision system (not shown) in
control room 86. This vision system is programmed so that it can detect
the bright areas requiring repair on the surface of airfoil 62 that are
8



Thus, not only is the repair acconplished faster by elim pgidcbePboos

addi tional repair cycles, the operation can be performed automatically,

whi ch adds speed and el i m nates vari abl es such as operator error or

operat or judgenent and discretion fromthe repair procedure. Al though the
present invention has been described in connection with specific exanples
and enbodi nents, those skilled in the art will recognize that the present

invention is cg gﬁnﬁngs ar‘]@{éaen% heV Al ALbRD % @qrraagit%g r‘égi%lua‘f‘”ptemfe&ahf S

scope. These ex odi ments ar |nten typi cal rat her

than in any waYidibmsystagsoritht diehsepabilitfestdie vﬂﬂBRﬁGWn | THERidiOR s§stem
presented in the appended claims. 9 23 Cctober 2003 CLAIMS: 1. A hethod for

repairing i ndi ean themspmyéde feedblack $o thecentwdlsdnr amﬁ'&:and tnmiqﬂﬂ&prtbat he

t f | h f f th ticle fl
;S)eﬁgfr gnt tcoeflﬁlé‘ggtﬁnf 2 ur a g‘%ﬁ‘ tl?egpg{orbggqﬁﬂ E ‘%’g’g‘géﬁ?ﬁ%‘ugg‘%% Fffdace of
the article “nf_jcgft{di'\%rc;@i\ufdlp@ﬁ' "Once gBQhBhQﬁ'Sap?ﬁﬂgﬁg?e%f&fsﬁgn&ﬁ ex!nﬁaﬂ%

white light to ect areas requiring reparr g re airall oy

to the articl ecdr) ber &88taesd 6 RPSHRAWIH e PoRRAIHIng Scapabilitidsi 66 thy
vi sual inspection; then inspecting the surface of the article under

ul traviolet | i@micatso phats ehatetiell Moeir|dutry Oumecirony eantaineui?i ogn riapai r

det ect abl e by the f escent t rant readi |y detectable by
vi sual inspect ’éﬁ?nﬁ Qﬁﬁhﬂoﬁglega%r‘gﬁﬁlal“ gﬂﬁgy to the article in

preselected areas requiring repair as identified by fluorescent penetrant
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to slurry onto the airfoil in regions requiring repair is another novel aspect of
the present invention not heretofore capable of being practiced. Since the
fluorescent penetrant is not removed from airfoil 62, the present invention
permits material 76 in the form of slurry to be deposited directly onto
areas requiring repair, as these areas are highlighted by the penetrant.
Thus, not only is the repair accomplished faster by elimination of
additional repair cycles, the operation can be performed automatically,
which adds speed and eliminates variables such as operator error or

operator judgement and discretion from the repair procedure.

Although the present invention has been described in connection with
specific examples and embodiments, those skilled in the art will recognize
that the present invention is capable of other variations and modifications
within its scope. These examples and embodiments are intended as
typical of, rather than in any way limiting on, the scope of the present

invention as presented in the appended claims.



liquify at least a portion of the repair alloy, so that th& Peleher2M3| oy
flows into areas requiring repair. 2. The nethod of claim| wherein the
article is a turbine engine conponent. 3. The nethod of claim2 wherein
the article is an engine conponent selected fromthe group consisting of
turbi ne bl ades, turbine vanes, turbine buckets, nozzles, and conbustors.
10 23 Cctober 2003 4. The nethod of claim2 wherein the alloy is applied to
the surface of the conponent aft&@LAlMS3ral inspection by a nmanual
application. 5. The nethod of claim2 wherein the alloy is applied to the
surface of the conponent after visual inspection by an automatic
application. 6. The nethod of claim2 wherein the repair alloy is applied
to the surface of the conponent after fluorescent inspection by a nanual
application. 7.1The ﬁetmdnbdoﬁormé;mumngzmdimnemmopdmetortﬁpauffa@l bopn i s appl i ed
to the surface of the onent after fl uorescent i nspection by an
automatic applicati Bﬁl COPESIE tioterstofc] aim 1 wherein the step of
fluorescent peprhkiaRthd mﬁ@gbfﬁgﬁ;@@r ultraviolet Iight includes
utilizing a CCD camera programred to detect and distinguish bright areas
requiring repai ﬂpi&llﬂlﬂlgalﬂluqneﬁcnmmetbﬂ,ntpeﬂstsudme ofithaalitisleed by t he
ultraviolet Iight f om dar.k UI r repail The net hod of
clai m 8 wherein'PHE %f@Be%Pga%‘ﬁ ‘W—% ° P&S Zﬁ gﬁ rt‘bor{lﬂle%ﬁp'fn?%l eto
presel ect ecoriiiteeas at peostletied 1é@ma¢ﬂwmmhglﬂ@§d@t@&mwslr§@hhug i tioning a
device that contains the repair alloy over preselected areas requiring
repair hi ﬁhégponse to signals generated by the CCD canera and
automatically a i N9 ect qgui ring
Cepait in respEpbRdrbR Mot M Wl HARRRRY S Eiefiild
repair as identified by visual inspection; then

inspecting the surface of the article under ultraviolet light at
preselected levels to detect areas requiring repair detectable by the
fluorescent penetrant and not readily detectable by visual inspection; then

applying a repair alloy to the article in preselected areas requiring |
repair as identified by
fluorescent penetrant inspection under ultraviolet light and visual inspection
under white light; '

placing the article in an elevated temperature atmosphere sufficient to
liquify at least a portion of the repair alloy, so that the repair alloy flows into

areas requiring repair.

2. The method of claim 1 wherein the article is a turbine engine
component.
3. The method of claim 2 wherein the article is an engine

component selected from the group consisting of turbine blades, turbine

vanes, turbine buckets, nozzles, and combustors.
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10. The method of claim 1l wherein the step of placing the article 1in an
el evated tenperature environnment includes heating the article to a
tenperature of at |east about 1800F (980C). 11 23 Cctober 2003 11.

Apparatus for repairing a turbine conponent by detectingssigafisepbh®ns open
to the surface, conprising: neans for cleaning the turbine conponent to
renove foreign matter fromits surface; a reservoir for holding a vol une
of fluorescent liquid penetrant; means for applying fluorescent liquid

penet rant fromyt he repetualda dO.Ikie s HELAGRe Hliof W RiglegGopponent af ter

renmovi ng foreign mat rom the surface; neans enoVvI g excess

f | uor escensiirfdce @it qeai@he@nifief vional iipesionftacemeafudl Bgplicatidmonent ; | i ghti ng
to illum nate the conponent for visual inspection; ultraviolet lighting to

illum nate the_conpgnent fo | yorescent .inspection f.ollow ng renoval of
excess penet r ant ; a%gﬁ_r’i‘ﬂ%&‘?\‘if’%? mﬁgWBFWQ"g?esaﬁ Ky Wﬁlﬁdﬁ% r alloy that
i ncludes &,:RRZ K the dBHOREH ARARSEA MsPeditiby &t RAREEAR| Hplitapdha cl osed

configuration to an open configuration in‘response to a first signal, for
di spensing the all o%' a posjitioning device that provides a second signal
i ndi cative of Pts pdbemesid afrrdaims? whersim thosepaipaloy isiapplied hal to properly

position | pﬁgh iani j r i G ainer; a
Vi si on syjél-{eesnlgr?%gl udi %ﬁgy%ﬂggﬁfgug)%ﬁg@éﬁgﬁ%@0218?# 22% I n?ji cations on
t he conpoagdicatierghl i ghted by the illumnation of the penetrant by the

ultraviolet |Ilight, and that provides a fourth signal indicative of the
position of the surface .indications.,on.the conponent surface requiring
repair; a cont ?‘_ol I e&ﬁ? Hﬁh%jg?f&galyhg“@’ﬁfet‘ﬁn?irﬁﬂa alley ﬁd"??il (gﬁ) the

posi ti oni @ Khercs BF tHeCoRRtneMLatted ltdRedcont hbpcetioNdly dnfdhiig: Vi si on system
indicative of the position of the surface i'ndications and that sends the

first sigppplicgionhe nozzle to dispense repair
8. The method of claim 1 wherein the step of fluorescent
penetrant inspecting under ultraviolet light includes utilizing a CCD camera
programmed to detect and distinguish bright areas requiring repair and
illuminated by penetrant irradiated by the ultraviolet light from dark areas not

requiring repair.

9. The method of claim & wherein the step of applying repair
alloy to the article to preselected areas requiring repair includes automatically
positioning a device that contains the repair alloy over preselected areas
requiring repair hi response to signals generated by the CCD camera and
automatically applying repair alloy to the preselected areas requiring repair in

response to signals generated by the CCD camera.

10. The method of claim 1 wherein the step of placing the article
in an elevated temperature environment includes heating the article to a

temperature of at least about 1800°F (980°C).
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all oy fromthe contai ner when the positioning device is properly positioned
over surface indications requiring repair; and a furnace for heating the
conponent to a tenperature of about at |east 1800F (980C) foll ow ng
application of the repair alloy. 12 METHOD FOR | DENTI FILAZLON, 3REPAI R
OF | NDI CATI ONS | N HARDWARE ABSTRACT A nethod for identifying and repairing
I ndi cations open to the surface of a turbine conponent 62, such as cracks
or other tight crevices that may devel op during turbine engine operation.
The process includes cleaning the conponent of debris, dirt or other
foreign material that may otherw se mask the presence of the indications.

This is followed by twd @rarddaigh S%e@ﬁrtﬁﬁ@eééﬁgbnéﬁt ey td@esting ace of
the conponent 62. t hout renoving The penetrant 66, the article 62 is

vi sual | y indsptensagpen imdesuriagepedmptisigi ng condi ti ons and repair alloy 76 is

Pepect ed undenean 1 EleEHPe o bk SalSREl o gRRke KrhEn Tt sopngs' ©
i ndi cat i ofisfabgt ot herwi se detectable by the unaided eye are identified as

areas requiring repajr. and repair all 76 is applied to these additional
areas, by an atfesRPIdoRbRIdBE aokme obfleprescent igtd peRetiaBliovi ng t he

Doret LA ©F, Pl B hFhiE QUG et ol MUk R gl v o
acconpl i s$urfake of epline componedt after removing foreign matter from the surface;

means for removing excess fluorescent liquid penetrant from the surface of the
component;

lighting to illuminate the component for visual inspection;

ultraviolet lighting to illuminate the component for fluorescent inspection
following removal of excess penetrant;

a container for holding a slurry of a repair alloy that includes a nozzle
having an aperture that is operable from a closed configuration to an open
configuration in response to a first signal, for dispensing the alloy;

a positioning device that provides a second signal indicative of its position
and is responsive to a third signal to properly position it, the positioning device
further holding the container;

a vision system including a CCD camera that detects surface indications on
the component highlighted by the illumination of the penetrant by the ultraviolet
light, and that provides a fourth signal indicative of the position of the surface
indications on the component surface requiring repair;

a controller that sends the third signal to position the positioning device
responsive to the fourth signal from the vision system indicative of the position of the
surface indications and that sends the first signal to the nozzle to dispense repair
alloy from the container when the positioning device is properly positioned over
surface indications requiring repair; and

a furnace for heating the component to a temperature of about at least 1800°F
(980°C) following application of the repair alloy.
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