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

tenperatures gD OF THE INVENTION

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




according to the sel ected procedure, ADH, PACH or brazi ngpshidhar o6@dises
"the alloy to flow and "heal" the defect. After the repair procedure, the
article is fluorescent penetrant inspected according to well-known
procedures. These procedures require cleaning of the part, inspection of
the part under an ultraviolet light, identification of any remaining
defects, cleaning of the part and reapplication of the slurry for

re-repair of amagaifitdticnialdonduded i A et eatRehfe idohti€iedtSLhel dfferatdiroR! em
with the procedure is that the subsequent fluorescent penétrant inspection
frequent |y i desuitdble alldgfindhe fotmtof arsdunytis applieddry e opsatoradle crask ng
the visual inspectjon techni qaes, with or wthout the aid of )

magni fi cat i on. 19€NSisatien presedurs apdopley yanrlkatipnyis: the fasiestep br sedht in
the article prigQr. to_ the.r Lk cycle wthout adyersely affectin

repair can sal\?gowi&‘ng,gp %ré%\%ﬁgm%f A agnaé{'é‘f?g?%ydﬁﬁﬁ%?ﬁ clée?%inﬁ ?‘?’ftﬁ@nti re
repair can bepgaiiliRicedllby SRRpenEhe heaiMRNPACH) Tdikg IBYENE OMAS: itrpr oved
nmet hod for i deﬁt I fying and?repa})ri ng | ﬁdi catl ons ?n the “surface of
articles i s seapplicatiorbypf the afiogstnt aftivlenateoheatéeataglevated tehaperaturk® be

i nspected for reuse is first cleaned to renove_any debris, oil, dirt or
ot her foreign 3uesdingde theaseleglgddrrecedurere AN d2ACHh orFbragingc shich

penetrant is then appligd {o-the article, C he penetrant is applied,
the 2 23 Cct ob‘é?usfﬁglge 3ﬁ?¥ %cf flopay eiﬂe%}i &%?@C%'nspect ed, under regul ar or
"white" light without the aid of an ultraviolet light. This inspection

reveal s very | arge thendpaa!prieedare dRbagtsle is%&@ﬂe@&bﬂt%é@zﬁﬁ'iﬂé’pé&ed
applied in the formof a slurry. After the manual application of" the

repair alloy, adeerdirtg o wellskndien prionegeesedwise (probedwaied refuire dddningi ol et
L oy ae s T eogt fhaipattmepecian of the parPunder an ultaviolet light, identification " '
of any remaining defects, cleaning of the part and reapplication of the
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 article 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
2



i nspection under white light conditions are now reveal ed bY dchber 2003
ultraviolet light. Additional repair alloy in the formof slurry is now
applied to fill the additional cracks detected. The article is then
subjected to the repair procedure, ADH PACH or braze by exposing the
article to an elevated tenperature sufficient to cause the repair alloy to
flow. An advantage of the present invention is that all defects open to the

surface of the . J tifi e epalr by t.he . | nation of
the i nspect i oftunads et va i onftedr atif Rl o itdf LRERL Btee
light so that thepaidr ofahn baIARSEIP! ished TRisORSs _e%aahrr&yéahseve@ &ggé_eatly
reduces the chance that defects such as cracks 'l be overl ooked ring
the inspecti omngicatiens or alefertseto widclo cepair edlolynist dygpliesb i1s tthe fonapecai on
and repair process. Another advantage to the present invention is that the
slurry cont ai nSHyTY+ Htesrtheananual\application of the sepaip alley ethesaréigenisdbenr acks

the integrity drhested iR Adaan MEasmaciell DR dnbistettrchdiartiesent
nvention will Jhg ARBAERKs ok OfMEASuTiA! b QIBY! &5 dPLabliebrgRe iRk on of
enno ction t

the preferred I ment, taken in conju t he acconpanyi ng

drawi ngs whi clindpgectishr atneler bywhigy lightexengitivnst hee phbwcinekedeadl byyhehe
i nvention. 3 23 October 2003 DESCRIPTION OF THE DRAWNGS Fig. | is a flow
chart of the prillsaviglet Bghicedddibonpl sepair mdloyi it she formpph shary ds dw ow

o prof orred enBRERRGD FOF B ARERRh o bR ORI, FRe A DRI G

THE PRESENT | NYE'EHéS %ﬁﬂgsﬁ‘ro%&ﬁf‘é) tAAY PACTdrbrasd by SREOUAY tRE 8REIS J 2R

detecting defects
elevated temperature sufficient to cause the repair alloy to flow.

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.



cracks that are open to the surface of an article and repasgdshet B6o
detected defects in the article by applying a repair alloy to the é%fects
and heating the article to cause the repair alloy to flow and cl ose or
"heal " the defect. Articles that are typically inspected and repaired in
this fashion include turbine conponents renoved fromaircraft engine
servi ce. Exanples of turbine conponents include turbine blades, turbine

vanes, turbi neDEREHPTEONTOR LSS DEAMINGLOr s, and the |ike. Substrate
materials often used in turbine parts or airfoils for aircraft engines and

power generation equipnment may include nickel, cobalt or iron based
super al | oys. TRig. 14 4 ipsr chert bEtheaptionartywrockh fosprephsineaiffoilbxanpl es of
such substrates are GID 111, GID 222, Rene 80, Rene 41, Rene 125, Rene 77,
Rene 95, Rene _N5, Rene N6, |nggnel 706, |nconel 718, Inconel 625,

cobal t- based HEB186s a floyhehiart ghthedprocesspldhg peesens ieentiongand.  Not onl y are
the articles made from expensive materials, they are intricate parts,

epair these o aiee hgricH s BRABHR hbldnRERBPRS PlestnPEVBRGR . °

closely as possible to their original configuration, a nunber of repair
procedures have been devel oped. However, it is inportant that these
repairs detect defects in the articles so that they can be restored to
their original configuration. 4 23 COctober 2003 Prior art repair procedures

for repairing PETRIREDCIGRPeRERTEON (IR THEE PRESENGF INVENTHOJN 1 have been

devel oped that include nultiple inspection and repair cycles. Such repair
vol ves. manual B BBFFRLITAUGH 1 R aparpred prasree for dgons BRRsts didisie °°
{urbi ne. Compongi | el Cyat g T ey P h <r e KPP LR
high to at | eaddfeqtarihithé layti¢le dwi dpypliyives aeppair alloy to the defects and heating
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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alloy. The repair procedures of the present invention aressekiohefsdhs n Fi g.
2. Fig. 2is aflowchart of that outlines the steps for repalring an
article in accordance with the present invention. The present invention
provi des inprovenents over the prior art processes in that all of the

i ndi cations open to the surface are identified in initial inspections, 44
and 50, that are perforned before the airfoil is subjected to the el evated

tenperature epyht QTR taitllsﬁaocgaat%ré’g gﬁ‘?%?aﬂfiné t@&rﬁiﬁ@%‘é@iﬁdr{}\ﬁ‘wgﬁ‘ﬁ? as set .

identifies all releva | I on uring Two 1 nspe ons,  a rst visual

i nspection 46 fdriain iFeg.PEhhE e Wedelopatl that ihdiifle PhuRPIY ShépeRtish dridht i ng
and a second inspection that is perfornmed under ultraviolet 1ight 50. The

first visual fapsypecydlem Jéch vepair presdueesyinchobd A EAGH andt batzirey.e open
to the surface tha%I I ght not readily ShO\iV up under an_ultraviolet |ight,
while the secoRfch PhSPEE TPRIGEIIGEHEES Iwolvessiagual anpliration ok @ pair

principles, ve ' . J able under white,.light
condi tions eve{rllﬁcf}%%?egl ﬁﬁg%%&%‘%% @Oﬁﬁe’gﬁggﬁ@%‘g% Toguiiie f)erpéléréﬁip’

i nvention furthglowlel b3t SRiciigd Mes bt dormPoreht GR drD eldvated %&ﬁhéra%fé)y 'S
applied to the area requiring repairs without first cleaning the

fl uorescent peemtiramneht, ok, tsméficianifly dtighrto athleaste paitiallyaliqoifyi theapgpaired t o
the area identified as requiring repair by applying the alloy directly
into the indi c&®bn and over the fluorescent penetrant, 5 23 Cctober 2003
w thout first cleaning the penetrant fromthe indication. This practice

deviates from the conyealongboRiAGL bf fRe BRARAKHINAAIA0 REOR L ARLS Figh! S

practice always inc : sequent C ning operatt oh pri or
attenpting a repgig. 2 siaewahart sPfhae dubeRe!thaRtepsdot depditiheCah afticle in

I nadequat e repair. However, the process of the present invention does
accordance with the present invention. The present invention provides
improvements over the prior art processes in that all of 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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not require a cleaning step to renove penetrant prior to s3bjicebkt dehd he
conponent to the step of heating to an elevated tenperature in order to
acconplish the repair 54 by partially liquefying the repair alloy. The
repair process of the present invention does not trap any remaining
fluorescent penetrant in a manner that |eads to an inadequate repair. Al
repairs nmade by the process of the present invention have been

tisfactory, te t '
satisfactory, agHdba flfsp%be?gafﬁgﬁ@ rpe%‘éﬁjaﬂt %@?H'r%e&cﬁ&étﬁfn.r eg :ﬁrﬁg@c& of

wi t hout the need for a su t repalir c The vacuum c

the part renovdeviatestfasinntiel anmviehtionbhpractided adernohtiiriegorarenens. Thaer
repair. This contami nation includes organic inpurities and dirt such as
sand, vol cani cPEashice f plywvaysh includedt a sngmgermgleanfmgbmmom nprios t fces,
fuel and air souyrce oxi dati.on products from engine. co nents, and the
like. This is SHETRHYEL AnfoRALEpSEFRCE A FAPPERI REHSRTE STA FEORMSEID ( hat

are open to thﬁlaﬁ\égﬁé‘@ereﬁaﬁ“' q—IBﬁre['i_zﬁpatihE gﬁ?&”gf Y Br&0nt E{Ueﬁl%h"&o n

bl ock the pathway t'0 the'surface. dor e penetrant 1s then applied to

the surface ofnétheeqiifd adde@VingORV¥ENb RRbve PRhERESt BHiGR taSsubjectingpitRy or

spraying, and the penetrant is given a brief period of tine, '3 to 15
m nut es for exemmppeneniotoptheestentad heatimgatoyan iejgmated pampagdutyy irc apdéd tr y
action. Excess penetrant, is remyved from . surface of the nponent by

he
Wi pi ng or by sHFCEMBIEh: e tepan o4 BY pHEally Haueiyns ithe sepak alfove 1henown

to those skill [ r .t w0l y Lrfoll. . is then
i nspect ed undel%?)v?;wxptpg&?elsghéf ﬂl%ﬁﬁf%%ﬁsﬁﬂ%g&b{lygpégl d; g a%p{fe%glaé%’fn

li ghting | evel flibRlsc@tpdiR @t iith iaothafindBtHat ek to28f Indtequiatd sdPaireiAgGY -

Thi s i nspection discloses very broad shallow indications "~ that 'may or nmay
not be susceptiepairst anatles dvypsthee prodess tfie the t present énvendigt haven beery pi cal
repalt SequeNC S tista tgllyt saoI I‘c]:? b e nc%?:rl_lj}?cirlle%télcsoﬁcplplaé er%utsgd after repair and

without the need for a subsequent 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



those regions of the airfoil identified in the white |ighbsiRaperbb®N Step
46 w thout renoval of any fluorescent penetrant that may be present. The
airfoil is then inspected under an ultraviolet |ight 50 where tight

i ndi cati ons such as fine cracks otherwi se not readily observable to the
unai ded eye are disclosed. Once identified, repair alloy is applied, 52,
either automatically or manually, w thout renoving the fluorescent

penet r ant frombé{hc.p- ' L Ndjscat] : . Lcle "

el evated tenper tu%lgl,.lgﬁ&gléfga @g%%&g$§?6%16%%0%¢%rbggg%‘%@%ﬁ?‘%&t@%
repair by causithgt fayl 6ashay fRId Siscebtibhetd eRailésiat! @YddotRe ultrarbldied.
However, fluorescent "penetrant is not trapped in the indication so as to
cause an unaccéjghbblle ar gppidal refeif eeqiencen oepdio aloy is fpamiuliyhdd applied to
illustration of, the equip a]t used in a__gr_ef rred met hod of Eractici ng the
present i nvent tBPEe 1gions phihe wstoikidephfipdin b vohigs dight dnfreclonstier 46/ r 64

that holds a voql. 0 r és r 6 he alrfoil may b
positioned in g‘h [ x_tu{eéltl %%t&s%upﬁgﬁggﬁtnﬁg(ﬁ%gﬁ %‘aﬁlrﬂ?%het g,reg?ﬁftai ﬁ%i | s.
Attached to reqgfdipi s §Hen SirRpeltedUlaiden%an PUIFaASIeR Bt 50/ tvohertO tohit
renmove any inpurities frompenetrant 66. Penetrant ma% be applied to the
airfoil by di ppndigatondypuslprasyfing,crixkshotheswisg rau ireadintobsesvabits to ahe
excess penetrant can drain back info reservoir 64. Excess penetrant_can be

renoved from t K&aided gyve g dipglosrg. OQreeaidensified, sepair alioyciscappliecheb2,

processi ng spe y Vi rticl rate |locatiopn and either
lightly sprayi %&%’Eﬂ'ﬁgmq%ag}'pﬁ nﬁl‘#‘ﬁg‘ﬂ%’r ts‘ls @ﬁ%& irﬁn.hovg.gguﬂ}eo&?qq{gi;c%tl I
not penetrate A?@ﬁe&bﬁhtfrcﬁf\a&lé‘ﬁ ke ihathGsh! OThe arhitl G@lthin RedtBd 80 &R aY
is utilized. illustrated, poSitioned over the airfoil 62 i1s a lanp 72
t hat contains elevat&B t@npetrwure Oypidaligsabare aboutl8a0 eF, to gbtomplishvaheal so
house a regul ar light, although the . . )
repait by causing at least a portion of the repair alloy to be liquified.
However, fluorescent penetrant is not trapped in the indication so as to

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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lighting may be located in different lanps and in differen§ Rasetboms. |t

w Il be understood that |anp 72 may be | ocated in a region adjacent
reservoir 64, and after application of penetrant 66, the fixture holding at
| east one airfoil 62 can be noved to this adjacent region for the
subsequent operations, such as renoval of excess penetrant. A container 74
that hol ds a quapdakt ¥ oE tgrd | f Vi LS
shown attached t{)&ag@ :%(1} giﬁfjd‘g% yg%mﬁl%% r&tﬁs@%@g%!ﬁireg@[%&%&%@{og{ gE]rtH(e,k 80.
The material 76 lightile nfay be ddcagedsinudifferemtiafigsani ﬂne&iffe@elﬁiﬂésﬁidnsﬁzlt

t hrough tube 88 by activating di spensing neans, not shown, i'n the form of
a nechani cal deviéld bsr undersioedt that lamp ‘Bhmayaberotatedbin appgionaidjacemf
conpressed air to force d armount of material through tube 88

| ect
to be deposited WCW&‘%?‘@ %%F%ﬁqrgfpg?lﬁ@gg%p PEBRIHE GG, dhe Bxtyeoldingse.  The
truck and the ar VBB dhi

truck 80 and arm are sﬁ%ﬁ%gs%ﬁgv?%gﬁﬁﬁ%d 3&pg‘ﬁgﬁqﬁ@e§0& i ll':tﬁét %e
X-Y plane in Fi gsihseq@ertbperatRine! $ith 25GcARRab6r S6RAS Eéﬁé’craﬂt.r %b&gtgﬁfé}ner 74

onto airfoil 62. Also attached to arm78 is a televiSion canera , which
is forcused on % thailiolé2a quiaintity efreesaif tapertali Tein thesfrain bEadfimel ito a
control room 84 _where t(ﬁé image fromairfoil 62 is displ g%ed on screen 86.
From control roUipvaxattagheditp aaigidmrmyy $s whichdin the isratiachadb ta a toskt® ner 74

b tel ' . 1 I terial 76 anto I_ndi.cat i on
The surface of I PRREHED 7B e ol ook B kit By W ot e el 62°

t t It thi ' ' Walt L.ght ' | ght ed
B oas are the | prooutbule SEBERCAYatly URBLAIEL picond ShobIERR e Blm "G

in the formof ef sechgnicsl devibeorehasitied and Rqhivalank, oFrppliestedorent ,
camera 82 is a CCD canera, which provides feedback to a visSion system (not
shown) in cont rempssiadsslr trpsce s ireselegted emaunt wfayatsnimb threoghttabe i t can

r on the surface.of airfojl 62 that

greteect the bri g 2pe %%p(r)s?%d' 153', n9zz1E%Y dnto'h preselected portion of airfoil 62.

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



8 23 Cctober 2003 illum nated when the ultraviolet |ight bsiReiategoRaNy
resi dual penetrant. Vision systens with such capabilities are well known.
The vision system can then provide feedback to the controls for arm 78 and
truck 80, so that truck 80 and arm 78 can be automatically positioned over
presel ected portions of airfoil 62. Once positioned appropriately,

di spensing means can be activated in conjunction with the posi tioning

capabilities o utrﬁﬁ l; r

contai ner 74 cgn at \sag{eéﬁlsgga ﬁﬁr?%)vug%m{%? lrrggbdtonto a1|%¥ rﬁg&@&%t
ability of theViies S}ﬂétemsvtefthl mht@pabﬂmtar@airéwmgwtm@ehsioﬁ ROERE
slurry onto the airfoil in regions requiring repair is another novel aspect
of the presentan ﬁ\eelnpﬂcb’mdm&ed’mcbtt@ﬁm eonfaplstfbe avm Iﬁ’em@ trucke80, sedhasi nce
the fluorescent i s nhot renoved from airfojl t he pr sen

etr
i nvention per ¥ Fg fie agm B £ thfe aninmAtiza IBP?‘FOPS %V%FeBB%ﬁe

the:penot r ant  POERS SO BRI BS [GRE, booiBokd rBplRRIT Gop %%k%}%%% "
el imnation ofcarn@di 4dtivaddd iR RANjurkHone Svith ke QiR rtﬁsmﬁges Sbﬂ&id%e'bf Shéred

automatically, which adds speed’ and elim nates variab uch as operator
error or operdedre j soddhate materidl di6s tn edivoy forom frbm repiinep 7dc esuirlse

Al t hough the pr.esent jnve on has been desgcrjbed in connection with
specific exarrp?i’ége‘é?ﬁﬂi@ﬁﬁﬂﬂ Ré‘ﬁt’ﬂg qq{g@@&ﬂﬁﬁbed inthe art will recognize
that the present invention is capable of other variations and nodifications

of rather t hak PR ey Pracent B R ROANG R b mACAL U A Bispe i 1T on
as presented iguifjeoprasaadoil hﬂkégionQr@l%ngperQQﬁother 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.



CLAIMS: 1. A nethod for repairing indications open to the &@ftaber 103an
article, conprising the steps of. cleaning the surface of the article;
applying a fluorescent penetrant to the surface of the article; visually

i nspecting the surface of the article under normal lighting conditions at
preselected levels of white light to detect areas requiring repair; then
applying repair alloy to the article in preselected areas requiring repair
as identified by visual inspecti oGLAIMSY i nspecting the surface of the
article under ultraviolet light at preselected levels to detect areas
requiring repair detectable by the fluorescent penetrant and not readily
det ect abl e by visual inspection; then applying a repair alloy to the
article in preselected areas requiring repair as identified by fluorescent
penet rant inspedéti onAunstérodufor repairidgeindidatbs epeeh toi thealrfadispest | on  under

white light; placing the article in an el evated tenperature atnosphere
sufficient to |iqui P?lcgﬁ’ CPRREFING B ensHf of the repair alloy, so that the

repair alloy fl gusnihBiie sdfz888f HeAHidd;Ng repair. 2. The nethod of claiml
wherein the article I's a turbine engine conponent. 3. The nethod of claim

2 wherein the appplying a fiucaescenfgienetrant émthorsarfecesa the extidlet r om t he group
combust or 5. 10 33 BBePSRo e Pt o dfh aticit Yol b "t he aiioy
i s appl i edcdmitidi® at preselected levels of white light to detect areas requiring repair;
then
applying repair alloy to the article in preselected areas requiring
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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surface of the conponent after visual inspection by a nmanual application.
5. The nmethod of claim?2 wherein the alloy is applied to the surface of

t he conponent after visual inspection by an automatic application. 6. The
nmet hod of claim 2 wherein the repair alloy is applied toozRfmbbhgse of

t he conponent after fluorescent inspection by a manual application. 7. The
nmet hod of claim 2 wherein the repair alloy is applied to the surface of

t he conponent after fluorescent inspection by an automatic application. 8.
The met hod of glaim ' . . f . Renet rant inspecting
under ul travi olq'et I |éﬁ%§%®d1u%t{e§gltﬁ?%e?%8 tggwgsg%rhae%%?%egr amed to

det ect ansurticstof dgliosiponentifier vk Snspeciionbyngmampdapplitatdon.i | | um nat ed by
penetrant irradiated by the ultraviolet |ight fromdark areas not

requiring repair. 9, The haod of claim8 wherein the step of applying
repair alloy to thghﬁﬂ?tgﬁ?‘iofﬁlaﬁpe?s‘é' S’E?f’ég‘eaaﬁii‘&'slsraé’éfﬁie Mg G epai r i ncl udes
aut omat i cglrkate oP AR dobiPRhEE afteFENhat ?nsh@éfon%%%&ﬁne&ﬁ%pbﬁ%oﬁ. al I oy over
presel ected areas requiring repair hi response to sighals generated by the

CCD canera and _automatically appl gi ng repair alloy to the preselected
areas requirin§ repdhe method efspleins wiheredn fiearepaigalhey stappliedta he CCD camer a.

10. The I I i icle in an
el evat ed ghn%g?%eu&etﬂg?\?gnrﬁ%%ﬁ% Rleltrlgﬁagéesg&#eﬁégﬁ 'J‘h“g%t“hn%’ g:ﬁ??lﬁ:{aré to a

t enper at uagplivhtiat. | east about 1800F (980C). 11 23 Cctober 2003 11.
Apparatus for repairing a turbine conponent by detecting indications open
to the surface, co i Si ng cl.egni n tur bi Hed%:oorrponent to

renove for ei gn7TTat t dpPe e %di (Enigcfiar}%l E gvrherem ﬁle e ai% Ql?oy 1s applie

the surface of the component after fluorescent inspection by an automatic

application.

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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surface; a reservoir for holding a volunme of fluorescent |iquid penetrant;
means for applying fluorescent liquid penetrant fromthe reservoir to the
surface of turbine conponent after renoving foreign matter fromthe
surface; means for renoving excess fluorescent |iquid p%ﬂﬁb&ﬁﬂéréd@%“‘the
surface of the conponent; lighting to illum nate the conponent tor visual
I nspection; ultraviolet lighting to illum nate the conponent for
fluorescent inspection follow ng renoval of excess penetrant; a container
for holding a slurry of a repair alloy that includes a nozzle having an
aperture that is operable froma closed configuration to an open

configuration jn r&?ﬁ%ﬁ% (RrardddifihgSa0R@biné OboipSRBAE I BYY ddiBc@hg OY: @
posi tioning device that provides a second signal indicative of its position
and is regisaonsopen tathelsiniaces fenptisiegs properly position it, the

nal uding 8 ccbergr lerBe HEhaRRE biippfaR B ke Rrkes R R onen

hi ghl i ghtsalfaby: the illum nation of the penetrant by the ultraviolet [|ight,
and that provides a fourth, signal indiﬁative of the position of the surface

i ndi cati ons on? FREVeBipOMidneaoluee of BerrsceRgliqHd asneragt cont rol | er t hat

sends the thirgesiong %,eiﬂgsﬂ&o&&'aeﬁthﬁ%@e% kﬁmtn@oﬁgylkfﬁsewﬁﬁe%&ve to

the fourth signal from i sion systemi‘ndicative e position of the
sur f ace i sufacabf omisinanompizint sBerdsmohimgfioreign materdtom the duefapgizzl e to

di spense repair.__alloy fromthe c ntaineri.v\,h n the positioni deuice is
oroper 1y posi tPSHEAOBURRO VLR, resestiyoreiest HapE pestanrory hepire of iy o
furnace f@mperhi;ng the conponent to a tenperature of about at |east 1800F

(980C) follow ng applicatjion of the repair alloy. 12
lz&tmg 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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METHOD FOR | DENTI FI CATI ON AND REPAI R OF | NDI CATI ONS | N HARD\ORRbeABSTRACT A
nmet hod for identifying and repairing indications open to the surface of a
turbi ne conponent 62, such as cracks or other tight crevices that my
devel op during turbine engine operation. The process includes cleaning the
conponent of debris, dirt or other foreign material that nmay otherw se
mask the presence of the indications. This is followed by applying a

fluorescent penIBRHODFOR CDENTIEMIAHON aiND REPAIRIGIONENt 62. W t hout
removi ng the penetrant 6 the article 62 is visually inspected under

6
normal 1ighting conditi odSDIGATIONS INHARRWARE s appl i ed as needed to
areas requiring repair. Next, the article 62 is inspected under an

uItravionggg&gg&rFZ, at which tine very tight indications not otherw se
det ect abl e Dby € unai ded eye are identified as areas requiring repair and
repair alloy 76 is applied to these additional areas, by an automatic
and/ or manual process. Wthout renoving the penetrant 66, the article 62

i s then heated fdnathod fey ideatitingrped senairngsindicpiieowmepancto thguufpcaef peast a

portion of i E&RBentlb,WcH §s RRESOSME it LhSideS Bl may dcefdp during

turbine engine operation. The process includes cleaning the component of debris, dirt
or other foreign material that may otherwise mask the presence of the indications.
This is followed by applying a fluorescent penetrant 66 to the surface of the
component 62. Without removing the penetrant 66, the article 62 is visually inspected
under normal lighting conditions and repair alloy 76 is applied as needed to areas
requiring repair. Next, the article 62 is inspected under an ultraviolet light 72, at
which time very tight indications not otherwise detectable by the unaided eye are
identified as areas requiring repair and repair alloy 76 is applied to these additional
areas, by an automatic and/or manual process. Without removing the penetrant 66,
the article 62 is then heated to an elevated temperature sufficient to liquify at least a

portion of the repair alloy 76 to accomplish the repair.

Fig.3
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