METHOD AND APPARATUS FOR STRI PPI NG HOLES | N A METAL SUBSTRATE
Cross-reference to Related Applications [0001] This application is entitled
to the benefit of, and clains priority to, provisional U 'S. Patent
Application Serial No. 611125,847, filed April 29, 2008, and entitled
"METHOD AND APPARATUS FOR STRI PPI NG HOLES IN METAL," the entirety of which
is incorporated herein by reference. Background of the Invention [0002] The
present invention relates generally to a nmethod and apparatus for stripping
hol es of f or eiviTHES XD APpAR KR0S FOR STRIGENGHUBLEPINGA RAITAICSBSTHATE @

met hod and apparatus for stripping holes in a netal substrate having a
coating or other foreign nmatter applied thereto. [0003] One such netal

substrate i scidis-Rifence RARENASolicBRR@uUSe turbi ne conponents are subjected
during normal use 1o extrenely hig enperatures as well as significant

tenperature Yui At TR SppliiioR isCAHRANG the DedRGE G End SRRV in o SoraNiliGitht UlaM St ed
or leans during use, and the normal protective coatings applied to such

conponent s begeqres pafiekion $iaBNG. SBIHbE, 847, BRAAPRPID ENRNIN AfitfedOMIGISPAI I ed by
a process that includes first renoving thé old worn coatings and applying

new coat i ngs ANy APEARATUSFOR STRIPPIRG RIS ROMEPARO e Untiretyl Fdn iThere are

known applications in which a netal substrate, such as aturbine conponent,
is formed w tRoPofdled hetkintby rétfreft@l €S Or openings passing through a surface of
the conponent, and these” openi ngs nust sonetines be cleared or stripped of
forei gn matt @hckerduld®bf thSink@i@gd i n the holes. This renoval process is

substantial |y nmore drffrcu I'n situations where the netal substrate al so
has a coatinegpegyer TROpRIRPRGA SN FclBS Seriballly RPa BLRGH 4 bfpartior dlipidpo! € are
covered in ole or in part by the coOating. [0005] By way of exanple, it is

vel T known t Rats dfTorigR nlatirth BSar IV HORE SRA ol YPaRRu@fPto a method and apparatus
for stripping holes in a metal substrate having a coating or other foreign matter applied
thereto.
[0003] One such metal substrate is turbine components. Because turbine components are
subjected during normal use to extremely high temperatures as well as significant
temperature variations, such components become somewhat distorted, twisted or leans
during use, and the normal protective coatings applied to such components become worn.
As aresult, these components are often repaired by a process that includes first removing
the old worn coatings and applying new coatings to the surfaces of the repaired component.
[0004] There are known applications in which a metal substrate, such as a turbine
component, is formed with a plurality of holes or openings passing through a surface of the
component, and these openings must sometimes be cleared or stripped of foreign matter
that is lodged in the h;')les. This removal process is substantially more difficult in situations
where the metal substrate also has a coating over an exposed surface of the substrate, and

the holes are covered in whole or in part by the coating.



formed in the conponent to extend through an exterior wall of the turbine
conponent to permt a cooling gas to be discharged through the holes from
an interior cavity in the conponent that is in fluid conmunication with the
hol e and thereby forma thermal barrier filmthat protects the turbine
conponent fromthe high tenperature and tenperature variations to which the
tur bi ne conponent i s exposed during use. [0006] As used herein, the term
"turbine components” is intended to include individual turbine bl ades,
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the coating rsrt?}faec[‘,é oafl thevgogngim?eng Euering the aforesaid repair process to replace the original

coatings after they are removed during the repair process and to protect the underlying base

metal from heat, abrasion, and other elements encountered by the component in its norma.l

usage. For example, turbine blades may be formed of a base metal, a bond coating that is

often diffusion bonded metﬂlmgically to the base metal, and an outer thermal barrier

coating (TBC) that is applied to the bond coat. After a period of usage of the turbine

component, these coatings become worn and the component requires must be repaired as

discussed above, and this repair process includes removal of the old worn coatings and

applying new coatings applied over the surface of the component. It will apparent,

however, that if these coatings are applied over the surface of a turbine component that is

formed with the holes as described above, the coating or coatings either partially fill or

completely fill the holes which will significantly obstruct the flow of cooling gas through

the holes and thereby render the holes less effective or useless for their intended purpose



hol es. [00081 One known net hod of dealing with this problemin turbine
conponents is to fill the holes with a plastic like material (e.g.

Pl astisol) before the coating is applied, and then cure this material using
ultra-violet rays. In some cases, enough plastic |ike material is present
so that it extends slightly above the exterior surface of the conponent so
as to cause a bunp or protrusion which can be used to | ocate holes for
manual stripping. If the step of adding plastic material results in excess
material bei ngel&hd ndMd abd Erigped &rdnaped%wﬁ,t)a%of)iu it cobitgthdiGiaf QIRRRRNT . Whi ch
Is often the case, such excess nust be manually renpoved. After the holes
have been pl ygged in this manner, a bond coating is applied over the plugged
hol es and the exterior surface of the conponent, and then the plastic

material in thesol G knSwn MRIKBY Slickitlg HAthGRO MBS Hibh SN RtbiRAUShpBRALs i mﬂ a smal |
band tool, such as a Drenel device, Is nanually used to oOpen t%e ol es by

o 1Y O THAI B A3 3 A o S

applied over the bond coating a agal n, ear ed

using a tool GHGhs ﬂﬁteﬁal'gﬁiggﬁ‘tragﬁ%(ét?ﬁs. MWAEAe bdses &oﬁ??ﬁ%l:ﬁﬁgmhgﬁgl igrany

tur bi ne conponents have very |arge number of hofes that nust be manual ly

stripped usingdih kéthlkellp%%eenﬁ%ﬁeﬁyo?bow m%itéﬁop&rﬁgé)ﬁft%nfggﬁém I8 (Plagess of

manual |y stripping a suc es is very tine consumng an or

| ntensive. F%Lbrue AP PHofusi @ Vhildah B bselt t 1R ofs 2 Snatldl 'sm*ﬂﬁi‘x{?. ﬂ*ﬁmgﬁﬂmas

dozens or hun s of holes, and a turbine liner my have Tens ousands

of holes, WhgkigbMalik nfEB¥ial mx&!;ﬁ{qat@ﬁal ggﬁfleh%?ﬂﬁmh&ysuﬁi&io?t Il of

t hese holes in the turbine bl ade, hundr eds o ours to manually strip

the holes in dBee boRShent NORAPL oRORRELSS, ?T]ch%xééﬁ‘serﬂus?ﬁé nﬁ&ﬁlafl)f’fenﬁvéﬁ?tmp and

apparatus that 1s capable of stripping oles froma netal substrate using a

machine and qpdfhdd ieve'tdalt pifid firins BindER 2 tRhd coaBRAS apiBd 6137 nkPrigaeess ¢ hat

is presently belng used.
holes and the exterior surface of the component, and then the plastic material in the holes is

removed using conventional equipment, and a small hand tool, such as a Dremel device, is
manually used to open the holes by clearing any.coating material that is lodged in the holes.
Next a2 TBC is applied over the bond coating and, again, the holes are manually cleared
using a tool such as a Dremel device. When it is recognized that many turbine components
have a very large number of holes that must be manually stripped using this known method,
it will be apparent that the process of manually stripping all of such holes is very time
consuming and labor intensive. For example, one typical turbine blade will have as many as
dozens or hundreds of holes, and a turbine liner may have tens of thousands of holes,
whereby it may take an hour or more to manually strip all of these holes in the turbine blade,
and hundreds of hours to manually strip the holes in the liner.

[0009] Therefore, a need exists for a method and apparatus that is capable of stripping
holes from a metal substrate using a machine and a method that avoids the manual, labor

intensive process that is presently being used.
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Brief Description of the Drawings [0010] Fig. 1 is a drawing of a typical
tur bi ne conponent formed with a plurality of holes that can be stripped
utilizing the present invention; [0011] Fig. 2 is a diagranmatic draw ng
showi ng a base material having holes which are partially filled with
coatings applied to the base netal; and [0012] Fig. 3 is a diagrammtic
drawing simlar to Fig. 2 but showi ng the holes after they have been
stripped in accordance with the present invention. [0013] Fig. 4 is

per spective WrietDatrimiopoethe Dissdnggnbodi nent of the apparatus of the present
invention; [0014] Fig. 5 is a diagrammuatic view of the apparatus illustrated
in Fig. 4; afi$0] 0015Fig-i isa drawiag of Oigpied] turbihesvnmpohans fornaéd with aplombiyfof ed
nmounting of a turbine conponent in the apparatus of the present invention
whi ch i ncl udasles thitehn beostiiyped btilinghhe prdsestttinventionpr essur e wat er can be
introduced into interior cavities of the turbine conponent. Summary of the
| nvention [ OQ&}) Bri efrigy 2 ssundizpriniealic dtdeeéngrhesiapt bhse\neatdriablaving vlegles an
apparatus for stripping foreign matter fromat |east one hole in the
surface of awhizhate pamialy filddoviwvoatings fpplieie shecbasd metaleanda nount i ng system f or
mounting the netal substrate in the frame; and a nozzle assenbly nounted in
the frame fo[00a2)enenfFig. @lisd dispeaniraticldeawingt sirhils thBig I Bbve showligy thoEslisafterassenbl y
including a delivery nozzle for directing a jet of high pressure water

t heref rom Athegaaweibe¢n strippedinkeddanee widtethé praseat ihentioovenent rel ative to the
metal substrate, the scanner Dbeing capable of sensing a hole in the surface
of the metal [@adjst r at Figadds erspedtivergiewnfl a ptefeared einbddiment df te eppamcissf Haal s
representing the | ocation of the sensed hole on the surface of the netal
substrate, apseminvention;ontrol notors are provided for noving the nozzle
assenbly and the scanner relative to the netal substrate. The apparatus

i ncludes a [0014] Fig. 5 is a diagrammatic view of the apparatus illustrated in Fig. 4; and

[0015] Fig. 6 s a detail view illustrating a modified mounting of a turbine
component in the apparatus of the present invention which includes inlet hoses through
which low pressure water can be introduced into interior cavities of the turbine component.

Summary of the Invention

[0016]) Briefly summarized, the present invention provides an apparatus for stripping
foreign matter from at least one hole in the surface of a metal substrate which includes a
frame; & mounting system for mounting the metal substrate in the frame; and a nozzle
assembly mounted in the frame for movement relative to the metal substrate, the nozzle
assembly including a delivery nozzle for directing a jet of high pressure water therefrom. A
scanner is mounted on the frame for movement relative to the metal substrate, the scanner
being capable of sensing a hole in the surface of the metal substrate and creating and
transmitting digitized signals representing the location of the sensed hole on the surface of
the metal substrate, and motion control motors are provided for moving the rozzle

assembly and the scanner relative to the metal substrate. The apparatus includes a

-4-



-4 conputerize control systemwhich (i) controls the notion control notors
to nove the scanner across the surface of the nmetal substrate until the
scanner senses the location of a hole in the surface of the netal substrate
and generates the digitized signals representing the |ocation of the hole;
(i1) receives the digitized signals fromthe scanner and using such signals
to control the nmotion control notors to nove the nozzle assenbly relative to
the metal substrate to position the delivery nozzle at the sensed | ocation

of the hol e; cafightdrizk tontroPeleivafic () RoMRIAhEMAEMBRKII nioBoréliomeie 1R hi gh
pressure water jet through the delivery nozzle and into the sensed hole to

renove forei geanfigttédss thdwarfede @he O khdstrhid uhtlehekciner sefds Betrraickih of the
i nvention, the apparatus includes a delivery system connected to the netal

substrate fonold® thy Sirfabofahd QiR SBstfateifd Qéneta@d/ helfiffRY kMR fchlescatita'@é dl Y
t hough the hole in a direction opposite to the flow of the jet of " high

pressure wat @dcatdnQtHe W81l rocives tﬁ&ﬁ%{iﬁédéfghﬁé frbh SheteNeIn@ BSHY Rt er j et
has been discontinued, and the nozzle assenbly includes a source of

abrasi ve mat gighfld tolcBitbol the mdiidh toHOPHoB td MEvedRd hosSik ¥ssBABIS ratie tdnt he hi gh
pressure water jet to forman abrasive water jet. [0018] A probe nmay be

mount ed for mRwEsEkatOR gbhﬁoﬂ‘maa&:ivé@haizie\/#;he@eﬁsaﬁomb@bfm@hmétaﬁ@m, the
probe bei ng capabl e of determ ning the desired distance between the delivery

nozzl e and t RperBENEERbIR|aSeMBY tO8ircet LSRN HrSssar ater RDGMIugh tHedellcs) dozA6d
signals representing said desired distance. The control system operates the

control not.okad nd thP%Rsel MBle s RPBve REJi@SHateNBerstighace of the substrate to the
| ocation of the sensed hole and receives the digitized signals representing

the desired qoaypnce oh tieprefdiRazBodineiiof MEins@HREdhd \Ppara@B thchlb& a angl e of
the hole relative to the surface of the substrate, and then operates the

control not OlydlivelyQdy R cérneéted 1deheiBdtal\c@skatd B akiRreRhg 4 ReerStEfidwW §dow OCat i on

relative to the sensed hol e when the
pressure water outwardly though the hole in a direction opposite to the flow of the jet of
high pressure water from the delivery nozzle after the high pressure water jet has been
discontinued, and the nozzle assembly includes a source of abrasive material that is
delivered by the delivery nozzle with the high pressure water jet to form an abrasive water
jet.
[0018] A probe may be mounted for movement on the frame relative to the metal
substrate, the probe being capable of determining the desired distance between the delivery
nozzle and the sensed hole and of creating and transmitting digitized signals representing
said desired distance. The control system operates the control motors to move the probe
across the surface of the substrate to the location of the sensed hole and receives the
digitized signals representing the desired distance of the nozzle from the sensed hole and the
angle of the hole relative to the surface of the substrate, and then operates the control motors

to position the delivery nozzle at the desired location relative to the sensed hole when the

water jet is directed into the sensed hole.



water jet is directed into the sensed hole. -5 [0019] The apparatus may be
used to strip the holes froma repaired turbine conponent which has a
plurality of holes and which is distorted fromits original condition so
that the holes are not |ocated on the surface of the turbine conponent in
the sane position as in the turbine conponent its original condition. In
this usage, the conputerized control systemincludes a CAD nodel of the
turbi ne conponent in its original condition that includes the configuration

of the turbi @?lﬂomon?ﬂéﬁﬁz&quﬂﬁFBQEéMo%‘&iﬁﬁeﬁﬁ&Wéb&il‘e\ﬂnﬁfam@o' es in the

original turbine conponent, and the control systemoperates the control
motors to fitghponttRWaich RS agﬂﬁt‘all?l?rofﬁﬁestalﬂ@rvhﬁﬁ%tdis?d}teQ'ﬁ-ﬁEﬂ% o?ig{nir.l%ﬁdi{?én the

t urbi ne conponent where the holés were |located in the turbine conponent in

its original s£andidHos aﬁ%ogﬁ'éﬁ&mnrlﬁ%umcef[o}?%e%ne bRhent 3Nde i‘.a'ﬂﬁ_'boﬁﬁ%/res the

scanner unti | It senses the actual |ocation pf the_sensed ho ein he
di storted tumhaﬁt@.@fﬁ@@@ﬁ@mﬁwog@nﬁrca;dgﬁmsmtﬁisgga%,tth@&%pmesmlcémﬁ0020] The

present invention also includes a nethod of stripping foreign nmaterial from

at | east onesﬁgmﬁaﬁu@ea@:mw B S tuPneRoMfAdrRA ih R o EéHdtRn gt 1 ncludes a
nozzle from "which a high pressure jet of water 1s discharged and a control

system for mpyj,Ag tﬁ%nﬁmmoﬁ,ogm@ lnﬂ'faihé’@mﬁr{ﬁnénp dihDBLBh BF thé P wgh{ﬂﬁg

conprising the steps of providing a scanner that can be nobve

control syst ﬁ%psﬂgﬁﬁa?mms@aoapeﬁmemgwm HREh BpdritSs d.@sqnlﬁem&als 1ot em to

nove the scanner across the surface of the Substrate until the scanner

senses the | A6al id Gafifer 1 HE1oBHof oh thelsacS UPRL it BMflodeh UL o ndlhg ¢ i zed

signals to the control systemrepresenting t ocalion o e sensed hol e;

and operati ”Qek@&aﬁ@ﬁ%tfug{urb%%%tﬁ‘r@b%@t H‘?t\é%ri%iﬁﬁ cBARohGs ik ineh%?%!@ﬂ) directly

opposite the sense rect the water jet directly into the

sensed hol e?qbgﬂ,reﬁggl\éﬁ loQEsSh IRt S:fti itg&%s?ﬁcraﬁf(%l lb&ﬂﬁ%fed:@semﬁ hRE&f erred

enbodi nent o esent invention, this net I nc S
the distorted turbine component and generates said digitized signals.

[0020] The present invention also includes a method of stripping foreign material
from at least one hole in a substrate using a water jet apparatus that includes a nozzle from
which a high pressure jet of water is discharged and a control system for moving the nozzle
relative to the substrate, which method comprising the steps of providing a scanner that can
be moved by the control system of the water jet apparatus; operating the control system to
move the scanner across the surface of the substrate until the scanner senses the location of
the hole in the substrate and transmits digitized signals to the control system representing
the location of the sensed hole; and operating the control system to move the nozzle to a
location directly opposite the sensed hole, and to direct the water jet directly into the sensed
hole to remove foreign matter therefrom.

[0021] in the preferred embodiment of the present invention, this method includes
the step of operating the control system to add an abrasive material to the water jet when it

is directed into the senses hole, and if the substrate has a plurality of holes the operating
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the step of operating the control systemto add an abrasive material to the
water jet when it 1is directed into the senses hole, and if the substrate
has a plurality of holes the operating -6 system noves the scanner and the
nozzle to each the holes in sequence. Preferably, the scanner senses an
opening the surface of the substrate where the hole is |located, but it may
al so sense a depression in such surface. [0022] The nethod may al so include
the step of causing a reverse flow of low pressure |iquid, such as water

out var dl y t houigh hbks i LandePardthRRAS ol eacithE Féids!if Seqhéie. Mhr&BrabIpIRSSUTr € vat er
jet, and this reverse flow may be carried out while the high pressure water

jet is Dbei ngeflhdr8Gk&%n loPdrinhdQlrBee dfihelsOBtrt AL Alethole loUAES b e LY 1N
fluid conmunication with  the hole, the nmethod may include the step of

filling the GRYLdnYe Mebi2sH ifsucibirel he hole is being stripped by the high
pressure water jet to thereby protect the walls of the cavity. [0023] In

the preferrego@spodi ML meto@ kAP SIsé HcRIONKE 485brlchRing@FVRR NARVRHWY t he
control systemof the water jet” apparatus, and the control systemis

oper ated {0 RNgrd ifid, AIcABEwAE ARSaitandilh (R 46ic0h oh BipsHDBIEEASAN figh he

| ocation of the sensed hole, and using e probe totransmt digitized

signal s repr ¢agdhd willerdlCand Ofié fe9sich ARCER: Qiricl BR WHFE Hehidh RO SatePRNS €

hole and the angle of "'the hole relative to the surface of the substrate, and

to then opeideholditectédinto’aMoleS YtheMbltRidiRGhdek 8 Bavith fn MR Edifm@icatibEwigsi 1 ed

di stance when the water jet 1s directed into the sensed hole. [0024] Al so,

| N SOME caseshe HolkEthe HRHbA Alaf gig?)ej? ?ﬁ@ﬁﬁ%& il B Lty Qltn WRePanidd themaed 1 n a

straight line and have a pre spaci ng between each hole, and in

this situati %n% fQfippeld®Y H’Q%iéﬁ%esgtﬂ@hhﬁgﬁetttgﬁncﬁh?ﬂrof&tt POREIRI R chiify, control

systemto nove the scanner across the ™ surface o e substrate until the

scanner sensggpsne | OgRine QRrled biBodithént la gilets AbviBiBnR Bh Rimoveli By tHene Of

holes in the substrate and transmts digitized signals to the control system
control system of the water jet apparatus, and the control system is operated to move the

probe across the surface of the substrate to the location of the sensed hole, and using the
probe to transmit digitized signals representing the desired distance of the nozzle from the
sensed hole and the angle of the hole relative to the surface of the substrate, and to then
operate the control system to position the nozzle at the desired distance when the water jet is
directed into the sensed hole.

[0024] Also, in some cases, the substrate may have a plurality of holes arranged in a
straight line and have a predetermined spacing between each hole, and in this situation the
method may include the step of operating the control system to move the scanner across the
surface of the substrate until the scanner senses the location of the first hole at one end of
the line of holes in the substrate and transmits digitized signals to the control system
representing the location of the first sensed hole, and wherein the step of operating the
control system to move the nozzle to a location directly opposite the sensed hole includes

moving the nozzle to the sensed hole at said one end of the line of holes in the substrate,
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representing the location of the first sensed hole, and wherein the step of
operating the control systemto nove the nozzle to a location directly
opposite the sensed hole includes noving the nozzle to the sensed hol e at
said one end of the line of holes in the substrate, -7 then noving the
nozzl e in sequence to each hole in the line of holes by noving the nozzle a
di stance corresponding to the spaci ng between the hol es, and operating the
control systemto direct the water jet directly into each of the holes in

the line to nRRMRIEMWSiod]e MBkgiRhce th BRA RSIE fthé MncSTUHROGEmotifBehoztlea et hod
may be used to strip the holes froma repaired turbine conponent which has

a plurality ofstaned @ereshondiNdiodht spacihl tetwakh & hble Bhd dperadifis the Oditrof §BEithON SO
that the holes are not | ocated on the surface of the turbine conponent in

the sane posigirt@the wafer ot dirdtely indd Qich6f HORMQEHE lihd @_r&ﬁ&@if&eignﬁﬁ&éﬁ tion. In
this usage, the nmethod includes the step of creating a CAD of the turbine

conponent i N thekFront ih@bdudhcecondi tion that includes the configuration of the
turbi ne conponent and the |ocation of at |east one hole in the turbine

conmponent, OREU28} i Ng tTHe nfeial infal b8 Ml B BAPhE RIS fdAea RpaRARIErbthe t he general
| ocation of the hole in the distorted turbine conponent based on the CAD

nodel of the cbrﬂg&kﬁl&v}ﬁ&{m%?malit}j Jf hblesan@hibh@dist6@actdnt A origilaf&dniBss at i ng
the control systemto nove the scanner across the surface of the turbine

conponent  Untgh that EhSEHWRI 16t BBS 85tht BBfBCSTWUR tufbRie 3bthAdhefiin iR SahOpRitbh  t he
di storted turbine conmponent and to transmt the digitized signals to the

control systgin tB@ﬂﬂﬂﬁ%ﬁl})&&di&%ﬁ@ﬁMﬁdiii&ﬁ@ﬁ ihdusite, the BehBRRRMAAANE, and
then operating the control systemto nove the nozzie to the |ocation

directly oppQehbeerbdiifig & CATESH thOlu®in REmphestiin RESrightaCcondiih thafihcludbs #RCt 1y into

the sensed hole. Wiere the turbine conponent is one of a group of simlar
t ur bi ne conpepsMphfatibot thd @MincRBRPorHINE HeQskatich dTalledsBbneARRYiAHe AbRONI t i Ons,

such as the plurality of turbine blades that have been renoved from one

t ur bi ne wheelgompdientSGRAMAE theRYntrol system to move the scanner to the general location of the
hole in the distorted turbine component based on the CAD model of the turbine component
in its original condition, then operating the control system to move the scanner across the
surface of the turbine component until the scanner senses the actual location of the hole in
the distorted turbine component and to transmit the digitized signals to the control system
representing the actual location of the sensed hole, and then operating the control system to
move the nozzle to the location directly opposite the sensed hole and to direct the water jet
directly into the sensed hole. Where the turbine component is one of a group of similar
turbine components that have been subjected to similar operating conditions, such as the
plurality of turbine blades that have been removed from one turbine wheel, the scanner may
be moved across the surface of one of the turbine components in the group to create the
CAD model of this one turbine component, and this CAD model is then put into the control

system in place of the aforesaid CAD model of the original turbine component and used in

stripping the holes from other turbine components in the group.
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be noved across the surface of one of the turbine conponents in the group to
create the CAD nodel of this one turbine conponent, and this CAD nodel is
then put into the control systemin place of the aforesaid CAD nodel of the
original turbine conponent and used in stripping the holes from other
turbi ne conponents in the group. -8 Description of the Preferred Enbodi nents
10026] Fig. | is a drawing of a nmetal substrate, which in this case is a
typi cal turbine conponent, nanely a turbine blade, which can be repaired

utilizing theskiphesBRdrreRRBPEAbMEnGs t he present invention, but it will be
understood that neny other substrates and other turbine conponents can al so
be repaired. [gd2g] t Ur DiFRe 1GOAMARRBof b btdBubsaROwhith fnithis cake islatyficat RNt i onal
turbine blade 10 of the type that is used in a gas turbine engine, and it

includes a bmwfﬁ%ﬁ&my@mﬂﬁf%lﬁe,ﬁhﬁdﬁa@%kbﬁﬁd Wizilohémehodktiach are formed
(0]

with a pattern oles 16 through which a cooling gas is discharged from
interior CoONMpakkdBytfthe rdstiit invehtfon, kil 26811 BndErSBod Badfghy lobRr BSiRtRd | on 12,

one of which I1s identified by the reference nuneral 46 in Fig. 1, to forma

thermal bar riogier htdind RfbOrhtschfalBecSpaREd. SIhE hidbiRe &impohéht itltkiddan Plgade 10 as
di scussed above, and as is well known in the art. The pattern of holes 16

i Il ustrated i coivéhtional hbiREBIEdeY1 0QN fhe PR ERFE Bécal ¥ BasREbinEEALIR] arR if ar g€
nunber of different hole patterns that” may be formed in a turbine blade, or

ot her tur bi ngnGREPORRNpstiord D02 a ST porfioh $4, Bol OF Fhich HHe FHRAWRh b GatilAW NG
showi ng a cross section through the "wall of a substrate, such as the

turbi ne bl adgsilles Mhrolish WIREHAGDLiSE s BfdidchPoel HoRSintbAer dofphithéhts WiAYMOD, @
typi cal bond coat 18 has been applied to the turbine blade 10 over the base

netal  of thealspdHife10nade bhi poRtith 1216k Bﬁhizﬁﬁi&%myttﬁﬁ@fe%w dueidrapver the

bond coat 18, as described above and as is we known'in the art. It wll

be noted t haiyeWEp. 1, REFoRP R thefi barkift filANErolsike ekBFioPQirRELofiRlnbRf blage 0N

exterior surface of the turbine blade 10, a portion of both
as discussed above, and as is well known in the art. The patiern of holes 16 illustrated in

Fig. 1 is merely one representative pattern of a large number of different hole patterns that
may be formed in a turbine blade, or other turbine components.

[0027] Fig. 2 is a detail diagrammatic drawing showing a cross section through the
wall of a substrate, such as the turbine blade 10, which includes one of the holes 16. In this
drawing, a typical bond coat I8 has been ap;l)lied to the turbine blade 10 over the base metal
of the turbine blade 10, and another TBC 20 has been applied over the bond coat 18, as
described above and as is well known in the art. It will be noted that when the bond coat 18
and the TBC 20 are applied to the exterior surface of the turbine blade 10, a portion of both
coatings flow downwardly into the hole 16, and the hole 16 is therefore closed to a large
extent by the coatings, usually leaving only a small opening 21 at the outer surface of the
TBC 20. It will be understood that the drawing in Fig. 2 is diagrammatic and represents
generally the fact that the holes 16 are at least partially closed by the coatings, and it will

also be understood that the amount of the coatings that flow into the holes 16 can vary
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coatings flow downwardly into the hole 16, and the hole 16 is therefore
closed to a large extent by the coatings, usually leaving only a snal
opening 21 at the outer surface of the TBC 20. It will be understood that
the drawing in Fig. 2 is diagrammatic and represents generally the fact
that the holes 16 are at |least partially closed by the coatings, and it wll
al so be understood that the anobunt of the coatings that flowinto the holes
16 can vary -9 significantly In sonme cases the holes 16 may be cl osed,

I 21
(Fnoi oot oa by S, FgHle BEEuehbEF g leclse Niblaf S BT o JREE "0

[ooon o " FreuRREh of DEnARPIARHR fd lcd bgﬁ%gaﬁéagn%g{n'ﬁ%%hﬁe hol es.

[0028] Fig diragrammat|i ¢’ Vi ew'Si ar t t he hol e
16 after it r : . par at us
of the pr esen{;ﬁi&n%ﬁ?}%}% jolfgpﬁ,ggﬁ, ]Fﬁ %Peosggggfﬁ%%m%&’g[r@ré%%%gglmt%ghld' beﬁ OoW.
[0029] In ong oRteferred embodi nent of the present invention, stripping of

t he hol es |s carried out using a known abrasive jet apparatus of the

type di scl osqfpen Tor G:(15eklabmekdibl sRsRHE"S bhBhoBn 0083805 01 N 1<

enhanced in cco dance resent 1 nven In greater

detail below; lttl';_lgp&egg%?%éd%n 9{ I-Jfﬁ‘ﬁce%ﬁ{h%é &{&?&Ga%ﬁ%qﬁia%hs%?% N m%rﬁl%n as 2%

di sclosed in ten ormno par Pesent Thven "o, “and t he

basi ¢ conpon er jet apparatus 22 are illustrated in
Figs. 4 and §Hﬁ$%%§&?ncﬁ1 &Eﬁ%%§z¥@& assenbly 24 having a m xi ng chanber 26

chanber 26 1 szsﬁsgéhf‘@gn%%‘fﬁd RSl Blclrish il Flfe &R AGE 0730 o
an abrasi ve 4ELl s R akhoh Aed|El (AL LRRUAR RENSE B fiRYICe 31 Lo

the m xing chanb rasive 1s PVered from

a deliver y, 08‘8“2‘%23?1’%"@@; gggs?ﬁpﬁgfgmﬂﬂ H'eﬂmﬁéed%@c&'&aﬂc@rthﬁﬁte p\’e%&ﬂl]rlv)énﬂoﬂ the

range of .5

as described in greater detail below. The details of the abrasive water jet apparatuls itself, as
disclosed in the ‘396 patent, form no part of the present invention, and the basic components
of the abrasive water jet apparatus 22 are illustrated in Figs. 4 and 5. They include a nozzle
assembly 24 having a mixing chamber 26 from which a pressurized liquid (e.g. water) is
provided to the mixing chamber 26 from a source 28. The nozzle assembly 24 includes a
source 30 of an abrasive material which is also delivered through a metering device 31 to
the mixing chamber 26, and the combined water and abrasive is delivered from a delivery
nozzle 32 as a jetted fluid stream or jet 34, usually in the range of 5,000 psi to 55,000 psi.
The jet 34 is usually an abrasive water jet consisting of a combination of water and abrasive
material and is generally referred to herein as an abrasive water jet, but it will be understood
that the jet 34 may be consist of just water in some applications of the present invention. As
best seen in Fig, 4, the workpiece is mounted in place in the apparatus using a work holding
system 35, and the nozzle assembly 24 is mounted on the frame of the apparatus 22 for

movement relative to the workpiece 10 about a plurality of axes (e.g. five axes, as indicated
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The jet 34 is usually an abrasive water jet consisting of a conbination of
wat er and abrasive material and is generally referred to herein as an
abrasive water jet, but it will be understood that the jet 34 may be
consist of just water in sonme applications of the present invention. As
best seen in Fig. 4, the workpiece is nounted in place in the apparatus
using a work holding system 35, and the nozzle assenbly 24 is nounted on
the frame of the apparatus 22 for novenent relative to the workpiece 10
about a pl ur &} kirywsp by 2Rl fhotdrs Y& ol 0fie ofwhidhifihedh ARt grakihaiyalid Bgs) by a
plurality of motors 36, only one of which is shown diagrammatically in Fig.
4, and t hese 4/ tHese BOtOrsGE oh@dl e thotiPAI@RvaR tiGRANNYRRI 95tah 38 @t nBhd&¥st em 38
that includes a conventional progranmmbl e conputer to position and nove the

nozzl e assenbbiveribnil@rcidnyifabld @dnipbRr WPOLMNBE md0: the abzzlelBseddly MaEnvB0ZZ| € 32
is noved along a desired path across the workpiece, and to properly control

the various pathawbikpiese D3O tHedtR@rivoztle BHR nP@PdleHsusdedized pa.afrosdthe anount  of
the abrasive delivered to the m xing chanber 26 and the pressure of the

abr asi ve wat elorkpRte, 34d ®)prdpengcdnkio! tHeVdriéey pardifeterd BsodRjedwdthBd 3p syt eri al
renoval rate of the abrasive water jet 34. Wile it is possible to design

the water | efe@iRamdintof he ab@siv@dedivirdeto tmﬂim'F @Rdthbet 26 4nd tRY RE:QUrE BCthd hat t he
wat er jet apparatus 22 nove the nozzle assenbly 24 as described in the

af or esai d ~ 3Qbradpd veiltér jet 3O @RABAg the Belbey\eRdd T2V vaRRhemhiéBal\WeHh &zl dalof fRPAr at us
22 described above is nodified in accordance with the present invention to

include a di gbrhdivd vider ot 4. WihildhtiiCpbsdible tRsigPihe vakr RappiraRs IR Hhovelthet he
present invention includes a conventional probe 40 and a conventional

scanner 42, RhoHpiced, ivbpreferrad attRiMiterdetaBardR\R2 IRVE thoinbikid ReenilzZd & assenbly
24 and both of which are used as digitizing devices in accordance with the

present i nvaestied.in e afofeedld F®EPhtaat. di giti zing is intended to nean

generating digital signals that create a collection of points derived from

the workpi ec¢so3f) t o dahetdhiverRiona! RBraklvdkater jet apparatus 22 described above is modified
in accordance with the present invention to include a digitizing system, which in the
preferred embodiment of the present invention includes a conventional probe 40 and a
conventional scanner 42, both of which are mounted for movement with the nozzle
assembly 24 and both of which are used as digitizing devices in accordance with the present
invention. As used herein, digitizing is intended to mean generating digital signals that
create a collection of points derived from the workpiece 10 to determine a path of
movement for the water jet apparatus 22 which is expressed as machine coordinates (X and
Y being the coordinates on the surface of a substrate, and the Z coordinate representing the
distance above the surface of the substrate. The conventional probe 40 may be a touch
probe, an eddy current probe, a laser probe or any equivalent probing device, and the
conventional scanner 42 is preferably a vision system scanning device similar to that

disclosed in U. S. Patent 4,998,005, but it may be a structured light scanner, a camera, a or

any equivalent scanner that is capable of detecting holes or irregularities in the surface of a
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novenent for the water jet apparatus 22 which is expressed as nachi ne
coordinates (X and Y being the coordinates on the surface of a substrate,
and the Z coordinate representing the distance above the surface of the
substrate. The conventional probe 40 may be a touch probe, an eddy current
probe, a |aser probe or any equival ent probing device, and the conventional
scanner 42 is preferably a vision system scanning device simlar to that
disclosed in U S. Patent 4,998,005, but it may be a structured |ight

scanner, a cCaubstrate. Thdscanriey2 &dpabll of FdcoghiAipthe sridliadpening Zlipaliyl serfade oflet ect i ng
holes or irregularities in the surface of a -11 substrate. The scanner 42 is
capabl e of r ahogrhinebiuge 0 efies il bond@andnd theZIBJ avé bexn apptied ecthoéxteridie t ur bi ne

bl ade 10 after the bond coat and the TBC have been applied to the exterior
surface of t herficeobiheeirbihablede((se@Fid-2) anddre alen@pabicofatcogniziapabirfacof
recognizing a surface irregularity such as small depression 21' in the
surface of t ligegdularibi sneh & sadl depression 2Hah the drfacs of the mebdk Hiade ¢fakd hatgl dimt eri al
flowng into the hole 16 as descri bed above, and it transmts electronic

si gnal s r epr etmwed byn@atidgandtaiabfiowing dito théikolé 1 B3leschibédubovey bndat eabsmitcal | i nes
44 to the control system 38 of the abrasive water jet system 22 as wll be

descri bed i n efcradicsigiasl repesentiigahaioaikion dhdiies 16 tHidugh elRetrieat isqdidhethe and can
therefore determ ne the location of the hole relative to the delivery

nozzl e 32 whebntrdl systenpdBofehe dbeasive atedjet systardl 22 hewitiibe desctibe i geBer befoan
determ ne a predeterm ned desired distance that the delivery nozzle 32

shoul d be spéamhe@robé HDfod3ent the@enbbd Ndheand khrth¢refore3étering the dbsish dffie0 t he hol e
16 by the delivery nozzle. Additionally, the probe may be used to sense the

angl e of the hakirelatife tb the delddesy Hoetle32 whentinis biv@e the Liblk 46 Qnd thetelie theplobae bl ade
10, such as by placing a pinin the hole so that it extends axially

outwardly fr can idi@mirelagraietetniiadd dekiradaiistanee thatfitecidlityy hdxgle 32 clidld Yerspatadt
applications of the present invention, it is preferred to use both the

scanner 42 arithni the h¢lé Obehetthé jat Prio piedcted int6lthe 6l 6 Oy the delivepaioznel of the hol e

16 on the surface of the turbine conponent (the aforesaid
Additionally, the probe may be used to sense the angle of the axis of the hole relative to the
surface of the turbine blade 10, such as by placing a pin in the hole so that it extends axially
outwardly from the hole so that it can be sensed by the probe. In most applications of the
present invention, it is preferred to use both the scanner 42 and the probe 40 to properly
determine the location of the hole 16 on the surface of the turbine component (the aforesaid
X and Y coordinates by the scanner 42) and the proper or desired distance of the delivery
nozzle 32 from the hole 16 {the aforesaid Z coordinate) and the angle of the hole relative to
the surface of the turbine blade, but in some applications it may be possible to use only the
scanner 42 without the probe 40,
[0031] In accordance with the preferred embodiment of the present invention, a
metal substrate, such as a turbine blade 10 or other workpiece that has a plurality of holes 16

in the metal that need to be stripped of foreign matter, is mounted on the workpiece holding

system 35, and as illustrated in Fig. 4, the turbine blade 10 is held at a poéition by the
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X and Y coordinates by the scanner 42) and the proper or desired di stance of
the delivery nozzle 32 fromthe hole 16 (the aforesaid Z coordinate) and
the angle of the hole relative to the surface of the turbine blade, but in
sone applications it nmay be possible to use only the scanner 42 wthout the
probe 40. [0031] In accordance with the preferred enbodi nent of the present
invention, a netal substrate, such as a turbine blade 10 or other workpiece
that has a plurality of holes 16 in the netal that need to be stripped of

foreign matt _Qaforklg:ie%e HHH?BF Q134 Jueh MRTHRE BIE BolBO th&Sin caYHd &iPpdPpy @Rd as
illustrated in Fig. 4, the turbine blade 10 is held at a position by the -12

wor kpi ece holygidpght §¥é¢i@1§§t§¢5de‘iﬂ&?n§ﬁﬁ:t32%k|virﬁf: of RGPV SRovbRehthRIAH Bpican be
stripped by the "water jet 34 exiting the delivery nozzle 32 by virtue of

its rel ative gpRYaREHas SHRtuBRE bladC [(5Shd RrSIUyhas 88.h teprefinttbi ne bl ade 10
by the control system38. In the preferred enbodinent of the present

I nvention, t Q%b@&ﬂ%ﬁt%‘t‘tl@b%sémlﬁ&tﬁﬂ,\{ﬁ‘éclom& PP S8 ABvang ;15-&15%,40%@!39” 42

across the surface of a substrate until they detect a hole in the substrate,

and to then giaGerl4dGeBEARCsutfdceAltd stk ntid BRP BGEct 4 Rolk B HERRERRE ali @1 T 1 zed
signals representing the |ocation and angle” of the holes and the desired

di stance of tys JBORE RS AHaRMHRERARUS R deferat RRitERNLIEMS rEYSLefR 3R t hat has

programed software capable of using those digitized Signals to nove the

del i very nozzd&icidandanglEGRRSRI i ink besirkd HiStadc@ 5RhE Hodzl0R G A1 L Hoighigve the
sensed hole, and then operate the water jet apparatus 22 to cause a

waterjet or g Sten YIS hal thed SRMGredapddfd dFdsih izl strip
foreign matter tﬁ%?gkion?@the s@%?%%eg ﬁ%le 165beingSl ?F@ﬁé?@g?géﬁPﬂpFig. 3.

100321 VWhen thigoRd 18S Gdvely BYSIE 3208 nbRssy il ifis Rchb@inkdi&iddd) SovOthe Bers&pal 1 ed
turbine conponent that, "as noted abové, has becone distorted, twsted, or

| eans duri ng pdRemnakit opBhte iR Wdbd gécé Lﬁ;ﬁﬁnﬁb?% dallseGaldter 0 9r 4brdsIE whtePRENT

invention is to locate or genera
34 to be directed into the hole to strip foreign matter therefrom, the stripped hote 16 being

illustrated in Fig. 3.

[0032] 'When the present invention is used to strip the holes of a repaired turbine
component that, as noted above, has become distorted, twisted, or [eans during use, the
preferred first step in carrying out the present invention is to locate or generate a
conventional computer-aided design (CAD) model of the turbine component that generatly
reflects the location of all of the holes 16 in the turbine component, and there are a number
of known methods of obtaining or generating such a CAD model. It is often possible to
obtain an existing CAD model from the original manufacturer of the component. If such an
existing CAD model is not available, the CAD model may be generated in a conventional
manner by using a conventional coordinate-measuring machine (CMM) to create a three-
dimensional CAD model of the component using a blueprint or drawing of the original
component. In either of these cases, the CAD model will reflect the configuration of the

turbine component, and the location of the holes therein, in its original condition, and will
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conventional conputer-aided design (CAD) nodel of the turbine conmponent that
generally reflects the location of all of the holes 16 in the turbine
conponent, and there are a nunber of known nethods of obtaining or
generating such a CAD nodel. It is often possible to obtain an existing CAD
nodel from the original manufacturer of the conponent. |If such an existing
CAD nodel is not available, the CAD nodel may be generated in a conventional
manner by using a conventional coordinate-neasuring machine (CMM to create

a three- di MegsipRRs m@é’@tﬁ@lﬂgk ¥ i H Gl RO Cxtbiits vt ID rdI8RE ke OF drawi ng

of the original “conponent n either of these cases, the CAD nodel w |
reflect the gppickgbhmatiriie Qinpbigt. turbine conmponent, and the |ocation of the

hol es therein, inits orlglnal condition, and will -13 usually also reflect
the angle at yasFh eaqiywbed fFgeitte} ﬁ.scxeﬁﬁge@ﬁﬁ B & awidl @llcMBroine ¢ he
surface of the turbine conponent. However, 1f nerther an existing CAD

nodel or a drgwh&EntGfont Qﬁicﬁh'tﬂﬁ]ﬁodepféﬁﬂngg&b%tcﬁF%ﬂ%!ecﬁle%A%%&'Pgﬁ*]b&an be

generated is avallable, the CAD generat éd by using the probe

40 and/or thee &?QEUW usthg theBréBe I aRY/Gk stcfﬂﬁe%tt%io% alony tfaﬁ&%erﬁ)fé surfl

representative sanpl'e of a ‘group of simlar conponents t ve een

subj ect ed t 0 onRpREAIiYe Shifld % gARSLAHIE AR BAShaE HEh siechdah | a7 11

t enper at ures an enpe re vari at to get D nodel that

can be used anel}ér?llz %1 dtﬂ?l:é‘i{dn HE, @ﬁéﬂ%ssxﬁa%gxgéiﬁg& rﬁtﬂre%%sﬂ'ﬁ p. For

exanpl e, ormed With a er of turbine bl ades

that are m“@%n?ﬂ?ﬂrﬂ%?ﬁu& eto%@ﬁ@ 6dQ thal B RASQ AP difd si%laf fifelr DI ne

wheel , and al e tur es In that group are generally the sane

because t hey cf @en@iﬂgé%mhﬂeﬁbtr% MR lPbifRY ik 12 F cJ‘RHﬁa E}g e RERRESE they

have all been subjecte 0 the sa operating con |t| ons, But they will not

be exact!y t hgReRRIRRne SRR abtidhd RPlAer bkl m&fmtwbhk usual | y

have different degrees o stortion rent po Ions of the turbine
wheel, and all of the turbine blades in that group are generally the same because they were

almost identical when originally made and because they have all been subjected to the same
operating conditions, but they will not be exactly the same because each turbine blade in the
group will usually have different degrees of distortion in different portions of the turbine
blade which will result in the holes in some of the turbine blades being moved from their
original position toa slightly. altered position, depending on the distortion of that particular
turbine blade. Similarly, there may be groups of turbine components that come from
diﬂ'erent turbine engines but which nevertheless have similar distortion characteristics
because they have been subjected to generally similar operating conditions in the different
turbine engines. Therefore, when this group of turbine blades is to be repaired and the
coatings have been applied to the turbine blades, one of the turbine blades in the group is
selected for initially probing or scanning to determine the location of all of the holes 16 in
the selected turbine blade. The probe 40, and/or the scanner 42, depending on how they are

used for this step, are moved over the surface of the turbine blade by the control system 38
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bl ade which will result in the holes in some of the turbine bl ades being
noved fromtheir original position to a slightly altered position,
depending on the distortion of that particular turbine blade. Simlarly,
there may be groups of turbine conponents that conme from different turbine
engi nes but which neverthel ess have simlar distortion characteristics
because they have been subjected to generally simlar operating conditions
in the different turbine engines. Therefore, when this group of turbine

bl ades is to b6l theRebd BhndBeschiiRr 4201@&% e of tENSedIR ok samiel & teQPrdt@ot ur bi ne
bl ades, one of the turbine blades in the group is selected for initially

probing or sGADH Bk U2ARInYeRRritE dipghed Q&abliOfeais vAlith £& trhl¥ditR@h&Be 16 in  the
sel ected turbine blade. The probe 40, and/or he scanner 42, dependi ng on

how they ar e comafeysfeR 38trbfle2tid B0 loc@of omny Qs \HBle 161 8e aipld Yo Hole biBfvet Ur bi ne
bl ade by the control system -14 until the probe 40 and/ or scanner 42

| ocate one Ofo fhBGuriaed HShd trbidtdlRid bAPERE desRédtiddtRe B tRO&IHEy nB R fim fieanner 42
then generate digitized electronic signals which are transmtted to the

control syst gusdbhdie e phdbR @0 hktforlsQmAdri49 Bre Hen iR e FBE orltd] §s1dB.38LAA angl e

of the hole relative to the surface of the turbine blade and the desired

di stance of g oah ink Sinte ShaaE bl OThd G noRSR BRduliRb r inT REuipd Qg 180 and! or

scanner 42 are'then noved by the control system 38 until they sense the

same char act ghd iislpidhedlfs fefiued @l ROMoatibladdlifpie Uf Jn?&f@heqfolés Ml dbrfcREg DI adle

10, and this process is repeated until ocation and angle of all of the

hol es have bgﬁgm@@&ﬁ@&a. of the daﬁéfyrn%&léiﬁ&ﬁ ﬁx@%ﬁs&l:fh&lé‘@as@@én‘d%&ﬁb(xg&f’zz' e from

t he sensed h has been determ ned, d signals representing the | ocation

and angl e of aﬁ@ﬁ&aﬁfreﬁr@b@nth@tﬁesloéﬁgn Hﬁn?@ﬁf&a&ﬁoﬂhéﬁc@é}%ﬁd 19 lediBE didglde Ver y

nozzle fromthe Sensed hole Is transmtied to the control system 38 and a

CAD nodel of OHE@HeIWéﬁ'%Qﬁe E&ﬁ% skised B B M¥nshiiAUS the cbﬁtro%)}slembﬁ Mager st ood,

of course, that thi§ CAD nodel generated by sensing one ‘of the turbine

bl ades in the:pgjaudiaMimasm@sﬁuéa@hﬁ-rebye;atapq;wmetuh@eraaéoeéfdoﬂrse hat sensed

turbine blade, but it wll be only approximate 1 n | ocat Ing
this CAD model generated by sensing one of the turbine blades in the group will be accurate

in locating the holes in that sensed turbine blade, but it will be onty approximate in locating
the holes in other turbine blades in the group because of the distortion variations discussed
above.

[0034] After a CAD model has been located or generated, it is input into the control
system 38 which includes conventional software that is programmed to store the CAD
model and to utilize the CAD model as part of the control of the opération of the abrasive jet
apparatus 22. More specifically, the signals from the CAD model that are input into the
computer software contain points which establish the exact locations of each of the holes 16
on the original turbine blade 10 or the exact locations of the holes on the sensed one turbine
blade in the group as described above. This information is stored in the control system 38 so

that it can utilize such information and control the operation of the motors 36 to move the
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the holes in other turbine blades in the group because of the distortion
vari ations discussed above. [0034] After a CAD nodel has been | ocated or
generated, it is input into the control system 38 which includes
conventional software that is progranmed to store the CAD nodel and to
utilize the CAD nodel as part of the control of the operation of the
abrasive jet apparatus 22. Mre specifically, the signals fromthe CAD
nodel that are input into the conputer software contain points which

establ i sh th%eﬁos%oénﬁgﬁ R fwmqﬁe &ﬁww ﬁelsﬁ%m%@edlfe@ h@&e&mgg' nal

turbi ne bl ade 10 “or t ocati ons hol es on t e sensed one
turbine Dl a‘i‘fivdr&‘eécﬁ%fﬁéﬂ&lps S Qﬁr%ﬁétérh)%d Iﬁc This information is stored
in the contro system 38 so Fla It can ut |ze such information and

cont rol ¢ he, GRASPL [ on witre LAEIFRBIOLifce3f)s EADITRNE t Bereld FEIhUPRImBRZ 2! 32 to

positions where the delivery noZz dlrecte gener toward

each of the halig 1s'td?te§ﬂi?l§n§é‘lﬂ£&r617'%%ﬁ%ﬂgﬁ@&%m&&%i}ou%fFelﬁﬁa‘a%{ﬁnkCa' ly,

since this CAD'nodel s generated or created fromthe ~origina undi storted

turbine bl ade,gof kiR Sf #lé 6]5! %qgaﬁdﬂ{cphl%n cﬂur% bRdPisYendrillad €d tur bi ne

bl ades, the locafions of the holes i n anot Istorted turbine blade is

general and tﬁcBFeBEa@Hﬁ?eﬂhaﬁ ehde BthHﬂGA?mE& is 9&9 b{v E‘a € cbhfdl Mﬁ]%&é oidagd by the

control system 38 to create a pat vement t nmoves e de |ver
nozzl e 32 untid, £ 0 & ligliv SOG4 & 1B 95k

t heoreti cal $oc§%?§% OP ﬁgm??gét ﬁ ng%% e gﬁgg?ghnﬁfgggg

posi tion, gt he surface of t he
turbi ne bl ad?e}‘%ﬁggﬁ{aﬁ:ﬁﬂ{c\g/feg%aéwcatoﬁgcf:g%g}st? elc&é)cbf:%ﬁ%gatl on of the reduced

openi ng 21 org gre de ﬁﬁi? %ﬂloﬁ]the ecgm.tg >§t ﬁglbrpgeyéémgt.@&%amhgw}ac 4 bine

blade (X-Y c or nat es IS US eterm ne t e desired

spacing of the deliveny, mﬁu,ﬁ Faan}e e&mxgom b ofaéréd%c%gﬁtaﬂhmt&) and

t he angl e of e axi s o ative to t surface tur bi ne
the depresswn 21’ in the exterior surface of the turbine blade (X-Y coordinates), and the

probe 40 is used to determine the desired spacing of the delivery nozzle 32 from the opening
21 (Z coordinate) and the angle of the axis of the hole relative to the surface of the turbine
blade, preferably by positioning a pin axialiy in the hole to extend outwardly therefrom so
that its angle can be sensed by the probe. This information is transmitted to the control
system 38, and the delivery nozzle 32 is moved to a position at which the first hole 16 is
located directly beneath the delivery nozzle 32, and the water jet apparatus 22 is then
operated in its conventional manner to deliver a water jet or an abrasive water jet 34 directly
at the partially filled hole 16 so that the jet 34 strips or clears the hole 16 of any coating
material or other foreign matter. In some applications of the present invention, it may not be
necessary to use the probe 40, in which case the scanned 42 can be used alone in
determining the location of the hole, but in most applications of the present invention it is

preferred to use both the scanner 42 and the probe 40.
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bl ade, preferably by positioning a pin axially in the hole to extend
outwardly therefromso that its angle can be sensed by the probe. This
information is transmtted to the control system 38, and the delivery
nozzle 32 is noved to a position at which the first hole 16 is |ocated
directly beneath the delivery nozzle 32, and the water jet apparatus 22 is
then operated in its conventional nmanner to deliver a water jet or an
abrasive water jet 34 directly at the partially filled hole 16 so that the

jet 34 stri piﬂ(ﬁ‘q cl eargnd e gy 13‘5&1&% coﬁﬁ)glt g;t]ngn 38 Rb s tl?eldcﬁ‘yerft her not be

foreign matt n sone appllca i ons o ent "1 nventlon

necessary 10 s SNBuPH AYG:ATea bl &gﬁgﬁﬁa 8 AR (afill Rgsed

alhone in determning oca I'on o but” 1'n nost app |cat|0|on;'s1 of
Lr§b2r2§e”; éfk‘%’&%‘aﬁ%?"e‘?&%ﬁ@%ﬁ‘ Sk A s W R8P 840 emfsé
posi ¢ Eneof ® o, toa RES L Aqrindlily %m%*hg*aipﬁﬁa% %@%ﬁaﬁ%ﬁ%%%%{%%ﬁ%‘ﬂgé?er i ne
the exact ?&%hﬂﬂo&fs h%f% thJhQP%&e?Q&c ?%iédlgy’r@%g Conﬁ%cﬂeé{t%b{m Qﬁ’é@' e, and

the water je apparatus en operate VSt

direct the ]ﬂ%th %ﬁé&ﬂﬁa m{]ﬁn‘e%}rﬂg#gh& %ﬂ’ﬁ@?@ nnﬁr descri bed above. Th| S
i 0 [6 t hat i i ppi

process is repeate reqU|re stri ppi ng have

.been Stri pp.e?00t35£038] 0@%&8{"% g%%&%&]gf% s%ﬁit |9ven{1$]n l?cﬂidi i‘frg{v%n%{' on may

include a fi tep quiva

progr anm ng tllplg g q%?ore ul‘fﬁ%tt 09& %l’ Pr grﬁr}{mﬁﬂlgégsk%%so tﬁatal% C%P\i 4 ned at a.

general or theo e Peal ot GMogs e ate, and

Lhen uSi N9, LG EnAhoOilc L UEnns NG 1R hdl SELSLE s JEh4E) 1 ocation

of the hol es en o 0 Cdus€ an abrasi ve

water jet 34 t bﬁthgﬁ usiugtﬁg‘)roﬁlﬁ) ﬂlﬁiﬁ%l aémﬁer 412tto X!t%l‘{'%lln%ltl§ﬁ acpugl lé&g éft ood

that in some cases’

removed by | yath st 8%k i Bieinp e 35K 2V B! Sl bl i 3 e

clear the holes 16. It will also be understood that in some cases the material that is lodged in
the holes 16 can be removed by just using the high pressure water jet delivered from the
nozzle 32, and will not require the use of an abrasive water jet, in which case the system 22
is operated so that only a high pressure water jet without an abrasive is discharged from the
nozzle 32. Tt will also be understood that because the coating materials are more easily
removed by the water jet or abrasive water jet than is the base metal of the turbine
component 10, even if the water jet 34 is slightly out of line with a hole 16 as it is being
stripped, the jet 34 will remove virtually all of the coating materials anyway because the jet
34 will tend to remove the softer coating materials in the hole 16, even if the jet 34 is not
precisely aligned with the centerline of the hole 16.

[0039] In accordance with another feature of the present invention, a number of
advantages can be obtained by combining the hole stripping method and apparatus discussed

above with a process and apparatus that can cause any suitable liquid, preferably water, to
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nozzle 32, and will not require the use of an abrasive water jet, in which
case the system22 is operated so that only a high pressure water jet

wi t hout an abrasive is discharged fromthe nozzle 32. It will also be
under stood t hat because the coating materials are nore easily renoved by
the water jet or abrasive water jet than is the base netal of the turbine
conponent 10, even if the water jet 34 is slightly out of line wwth a hole
16 as it is being stripped, the jet 34 will renove virtually all of the

coati ng. mat or Bl AnARKY Rm BEORIS ol 5 bBh skl st 508y kel FARE e SOTter

coating materrals In even i I'S precisely

aligned with -&Jﬁ%?ﬁ@ﬁ% Jrg&rﬁpe Jlsorh}&gn Shat fre f&r&%@ﬁth%@eﬁgﬁ@gﬂg{;&ﬁicﬂ“ th

anot her feature o e preésen I'on, a nu ges can be

gt or _ ent| ° o
obtai ned by Ct%ém!ﬂ%ﬂfér LP§ d%gllélr?%eﬁtafe'agﬁﬁ'f eﬁhﬁ‘%@aﬁpgvﬁ@%%&%&eﬂ@gﬁf3,6

above with a process and a tus at Ccan cause any sui't

A e

stripped as i I at

turbi ne CONPGRE f[c%vi 1&%& %Eoe]?r]; 1% sgm\fl:%ér%@%{?\f@ﬁ’% § mcgvo%h%r\évs@{lr%nvggr gagl,r m;:,] e of

barrier air i's discharged afe nterror caviti

which is illustr,ated i Ei 1 o,provi.de an interior.path for the air
Lo roach al | tHRIPRE olttart Hhupheh b2 nBECM if SecBad o v it Bt M oy
interior pathmax hr,0 i SC
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pater 0 the colnE 99 e 18 ahd B AGs 53 frbide 66l e SRV e o

manifold 48 and the interior cavitics 46 from any convenient source (not shown). The flow

of water is controlled by the control system 22 using any conventional plumbing control

components, such as, for example, solenoid valves 52 located in the inlet hoses 50 and

having electrical lines 54 for receiving control signals from the control system 22.

[0040] As described above, some debris, small particulate matter and the like

resulting from the breaking up and removal of the coating by the jet 34 may be left in the

hole 16 after the hole has been stripped, and when the water is passed outwardly through the

stripped holes at a relatively low pressure (e.g. conventional public water supply pressure)

using the manifold 48 and the hoses 50, the aforesaid debris, particulate matter and the like

that was not completely removed by the initial hole stripping process will often be removed

by this reverse flow of low pressure liquid. An additional advantage of this reverse flow is

that it provides a visual inspection tool for making sure that all of the holes have been

properly stripped. It will be apparent that if a hole has been properly stripped, then this
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of water is controlled by the control system 22 using any conventi onal

pl unbi ng control conponents, such as, for exanple, solenoid valves 52

| ocated in the inlet hoses 50 and having electrical |lines 54 for receiving
control signals fromthe control system 22. 10040] As descri bed above, sone
debris, small particulate matter and the like resulting fromthe breaking
up and renoval of the coating by the jet 34 may be left in the hole 16
after the hol e has been stripped, and when the water is passed outwardly

through the kit ARG Uridg) st wilel 8l MR AN RISIRLE. Gufpr R ent | Onal

public water supply pressure usin S 50, the

af or esaid el S 030kl bR Rhiln A SV ok ren HHBLY B508! oﬁagp' etely
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t th b
e O TS M S
the other %?fsee Fie I)*iﬁr(iﬂ es .r@%owmr ?1% 1@@ Sendq{ @L%olrzée?éﬁs ule !j%befxéa%m one or

nore of the s I's W ping may be

necessary t%ﬁ@gcm.qgé 8t the GG, HOE I e @gﬂ{ga bRogld -¥t134vaxggnl .uttwaralgr bi ne

conponent is a I ne e or I'ke 6 (see
Fig. 1) for t I b
directly be@g? tl}frr}‘e?eorl %“ Shﬁ’p{ng%%ﬁo%ve%glent rg?teo a?isﬁ res aﬁeﬁl t he hi gh

EQSESSLEL M eﬁgof ?Eiev 4 TRl °g%fka“§ﬂ9#§m5h eﬁg%@r‘*@ﬂ’? e84 : .Hf'y”?o?ﬁéd
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accordance Wll%?l ? resentp | nven m can

utilizing the, ey gﬁedmg%, B A RS TRO b A DREE SRt © 111

the cavity w
water filled cavity 46 will form a barrier between the opening of the hole and back wall of

the cavity during the hole clearing operation and thereby reduce the force of the jet 34 after
it has passed through the hole 16 and protect the back wall from any penetration or damage
by the jet 34. Thus, the reverse flow of liquid through the holes 16 performs two functions,
namely assisting in clearing the holes 16 of debris and the like and providing a visual
inspection tool to identifying holes 16 that may not have been properly stripped. Moreover,
filling the cavity with water assists in reducing the likelihood that the high pressure jet 34
will damage the walls of the interior cavity within the turbine component. To obtain the first
two of these advantages, the reverse flow is created after the hole has been cleared by the
high pressure jet 34 and it ceases, and the third advantage is obtained by filling the cavity
with water at the same time the high pressure jet is being directed into the hole.

[0041] In accordance with yet another feature of the present invention, it may be

possible, in some applications to avoid having to scan each and every hole 16 in a distorted
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water filled cavity 46 will forma barrier between the opening of the hole
and back wall of the cavity during the hole clearing operation and thereby
reduce the force of the jet 34 after it has passed through the hole 16 and
protect the back wall from any penetration or damage by the jet 34. Thus,
the reverse flow of liquid through the holes 16 perforns two functions,
nanmely assisting in clearing the holes 16 of debris and the |ike and

providing a visual inspection tool to identifying holes 16 that may not
have been pr aRehd donfohdnP REsLscribRd SRVE therebl | 'aé?%é]ﬁxb EAN vichhdsDndat er
assists in rgguc+ﬁb the Iikgfihoo fhgfb%h%k1| pﬁgssurém?g% 2 Wil |
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third advantage 1s o cavity wth water at t sane

time the hi gh BHGFSHah 3 crsét e%hﬂﬁtﬂ%&?ﬁl%?% HaPd Rrdalta Y s%'aiﬁﬁtqgél] In

accordance with yet anot ature o e present 1 nventio 't may be

possi bl e, i ”n@?@ﬁsﬁ@%iaﬁﬁ?ik@%ﬁf’m@m& 8124 '15.9nd &eﬁagcg%gglgmte?‘{éﬁ every hole

16 in a disto I ne conponent as descri ve, er eby

: . i | . ' .
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holes 16, and causing the nozzle to direct a jet 34 at each of the holes 16 between the sensed
holes 16” and 16” to strip each of the holes, all without having to sense individually all of
the holes between the sensed holes 16” and 16”.
[0042] In view of the aforesaid written description of the present invention, it will be
readily understood by those persons skilled in the art that the present invention is susceptible
of broad utility and application. Many embodiments and adaptations of the present
invention other than those herein described, as welt as many variations, modifications, and
equivalent arrangements, will be apparent from or reasonably suggested by the present
invention and the foregoing description thereof, without departing from the substance or
scope of the present invention. Accordingly, while the present invention has been described
herein in detail in relation to preferred embodiments, it is to be understood that this

disclosure is only illustrative and exemplary of the present invention and is made merely for

purposes of providing a full and enabling disclosure of the invention. The foregoing
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line of the holes in predeterm ned increnents representing the known spacing
between the holes 16, and causing the nozzle to direct a jet 34 at each of
the holes 16 between the sensed holes 16' and 16" to strip each of the

hol es, all w thout having to sense individually all of the holes between
the sensed holes 16' and 16". 10042] In view of the aforesaid witten
description of the present invention, it will be readily understood by

t hose persons skilled in the art that the present invention is susceptible

of br oad Ut | i o A A hbiDto MR RNB RN el AAAR! ALERATSQL L he

present i nvention ot an those er ern , as nmany

vari ations, Rdelhph:8 Ber Aainf! ahiths SRR BBt s oy agpar ent

from or reasonably ‘suggest present I"AVent i on an egoi ng
description Fg{ &%& t ép of the
present i nvetﬁ Bk Aéco %Ilﬁﬁﬁ%i*@gglﬂgﬁﬁ %éé’{ﬁ%ﬁ% ﬁggé%heﬁ&g%gn

descri bed é?ﬁh& Eé%# inrelation to preferred enbodinents, it is to
be understoo CHat sclosure is only illustrative and exenplary of

t he present |nvent|on and is made nerely for purposes of providing a ful
and enabling disclosure of the invention. The foregoing -20 disclosure is
not intended nor is to be construed to limt the present invention or
otherwi se to exclude any such other enbodi nents, adaptations, variations,
nodi fications and equi val ent arrangenents, the present invention being
limted only by the clains appended hereto and the equivalents thereof. -21
Clains 1. A nmethod of stripping foreign material fromat |east one hole in a
substrate wusing a water jet apparatus that includes a nozzle fromwhich a
hi gh pressure jet of water is discharged and a control system for noving

t he nozzle relative to the substrate, said nethod
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conprising the steps of. (a) providing a scanner that can be noved by the
control systemof the water jet apparatus; (b) operating the control system
to nove the scanner across the surface of the substrate until the scanner
senses the location of the hole in the substrate and transmts digitized
signals to the control system representing the |location of the sensed hol e;
and (c) operating the control systemto nove the nozzle to a | ocation
directly opposite the sensed hole, and to direct the water jet directly
into the sepggd.hole to renove foreign matter therefrom 2. A nethod of
stripping forergn matter as defined in claim1 wherein the control system

dds an abrasive pat erd lnbeof BRIk ShucliSfnl & 1 o RGELSbALR £ e

sensed hole. 3. oreig in claiml

uherein the uSHORLARE & dBFhARS: ,acm&eya fbial eyﬁo%lvma{ £hgh @E&m\faﬂ]&%gm{ e "

control systen1 ves scan nozz

sequence. 4. 4k ré?g Al £ zonﬁgf BB 24 rnio%neg' HJ}[ Eﬁé Fe?aEl}/ A OSF.\ Q éal %tﬁ(l) e at

wherein the ‘scéa senses n openi ng € sur
the | ocation of 6$H%4¥¥t of- A method of stripping foreign natter as defined
inclaiml wiere SC&nner senses an irrevgularity in the surface of

the substrate at the l cat iar%@ndﬁlf a ml}%a?t:an bet%ﬁo\rgd ?}@P%‘?O&‘GOPSE%L S()Hh'{zppl ng

foreign matter as defl wherern es the step
of causing a reverse flom1 f ure water outwardly through the hole
in a direction opposite toarﬁéﬁﬁhﬁﬂ%pgessure water jet. .

(b)  operating the control system to move the scanner across the surface of
the substrate until the scanner senses the location of the hole in the
substrate and transmits digitized signals to the control system
representing the location of the sensed hole; and

(c) operating the control system to move the nozzle to a location directly
opposite the sensed hole, and to direct the water jet directly into the
sensed hole to remove foreign matter therefrom.

2. A method of stripping foreign matter as defined in claim 1 wherein the
control system adds an abrasive material to the water jet when it is directed into the sensed-
hole.

3. A method of stripping foreign matter as defined in claim 1 wherein the
substrate includes a plurality of holes, and wherein the control system moves the scanner
and the nozzle to each of the holes in sequence.

4. A method of stripping foreign matter as defined in claim 1 wherein the
scanner senses an opening in the surface of the substrate at the Jocation of the hole.

3. A method of stripping foreign matter as defined in claim 1 wherein the

scanner senses an irrevgularity in the surface of the substrate at the location of the hole.
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7. A method of stripping foreign matter as defined in claim®6 wherein the
reverse flow of |ow pressure water flows outwardly through the hole after
the high pressure water jet has stopped directing high pressure water into
the hole. 8. A nethod of stripping foreign matter as defined in claim|l
wherein substrate has a cavity in conmunication with the hole, and wherein
the nmethod includes the step of filling the cavity wiwth water while the

hi gh pressure water jet is being directed into the hole to thereby protect

the walls of the gavi tAmefhod 6 fiRipiRdoreion fafidrRPlidiBed A RifN WhkthBhe @5 defi ned
inclaiml wherein the nethod includes providing a probe that can be noved

by the contr GhetifdIfciilieOthe SBSoMALBg d Blersc IBRIT BlwistessHR Vakt bitFraldaneaa ol
systemto nove the probe across the surface of the substrate to the

location of thenchenaffedtiBh Sppositd B thelbih pRisQREWE bt ansmi t digitized signals
representing the desired distance of the nozzlé fromthe sensed hole, and

operating the conyrol gysisibt FrippRfShikic hakdies BAHE i Mimcihefiishg ed di stance

fromthe hole when the water jet 'is directed into the sensed hole. 10. A

met hod of = st iRk MewloPlof! SEssIR WaRf 165s GHBIAralS thréudn &efolt ahm‘"(ﬂ@ﬁigi: greisﬂn_%

substrate has a plurality of at least three holes located in traight |ine
and at predetygdidiRel stopPedifdbingf i@%r&ﬁﬁe@ﬁgﬁi%%e}ﬂ@ wherein the step of

operating the control systemto nove the scanner 1ncludes noving the

scanner across the sur{ ae@o@br dfipingUbrelch daflerdDlidtined 1A WIRkein RBASRS the
| ocation of the first hole at oné eénd of the line of holes in the substrate

and transni tpgs diied indBRnth@RRnSyitiAhd e, SR HeRlin Y HeBBY RREEIROE t he

| ocation of the first sensed hole, and wherein the step of operating the

control syst gfffdQndQviey Wi whewhife tﬂé’llﬁéa pros itk Wafdr jefs3 behg f?i?écle\i ifto H:g%i)ﬁ:e the

sensed hol e i ncl'udes noving the nozzle to the sensed hole at sald one end

of the line qf mbRbfHrofelt thd'GaliWpdleci¥ig; then nmoving the nozzle in sequence to
each hole in

9. A method of stripping foreigh matter as defined in claim 1 wherein the
method includes providing a probe that can be moved by the control system of the water jet
apparatus, operating the control system to move the probe across the surface of the substrate
to the location of the sensed hole, using the probe to transmit digitized signals representing
the desired distance of the nozzle from the sensed hole, and operating the control system to
position the nozzle at the desired distance from the hole when the water jet is directed into
the sensed hole.

10. A method of stripping foreign matter as defined in claim 1 wherein the
substrate has a plurality of at least three holes located in a straight line and at predetermined
spacings from one another, and wherein the step of operating the control system to move the
scanner includes moving the scanner across the surface of the substrate until the scanner
senses the location of the first hole at one end of the line of holes in the substrate and
transmits digitized signals to the control system representing the location of the first sensed

hole, and wherein the step of operating the control system to move the nozzle to a location
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the Iine of holes by noving the nozzle a predeterm ned di stance
corresponding to the spacing between the holes, and operating the control
systemto direct the water jet directly into each of the holes in the line
to renove foreign matter therefromin sequence. 11. A nethod of stripping
foreign material fromat |east one hole in a turbine conponent that has
been distorted fromits original condition through usage using a water et
apparatus that includes a nozzle fromwhich a high pressure jet of water is

di scharged gp tlggt};ﬁgféé Bk sch¥iip iﬁ&ﬁ%gﬂgi'ig%tgé g@i&?ﬁ §11L: Serls&d 1R1d ¥ Saili Bnd Pﬁ

substrate, sal conprising t inputting into

control system a @5&3@ HQks iﬂfthetsPS‘snEtU,rtf?én'}ﬁovi Bin defiehleto dhHoRFH

condition that In es the configuration o t he turbline conponent and the

| ocatlon of ikl Bhd &35moiRg tl}féorloﬁzle%Fﬁe@émﬁine&@sﬂe%&r&%&gﬁr% 1§gRNNer that

can be noved by the control Systemo e water jet apparatus; (c)

ti th : -l ti f
operat I'ng t‘?:%agﬁ:g.tbét%eéﬂééﬁﬁgg, %;Ifandg@égn%tﬁ@waﬁm dm iood.ﬁemhe%&c%r Iﬂ@t dirgtpcation o

the hole in istorted tur onent based on the nodel” of the

turbine COW%@@{?}; ofihk hiSteh i 1Rdto Eﬁﬂ@ Me&ggnéa&%%thé??ﬁ&n@hisﬂ chfte control

systemto nove the scanner across the sur e turbl ne conponent

unti| the scanner,sensenehiLoRiiiah drpRka@R Hom &S dAl Rl B i st or ted

turbi ne conponent and to tran igitize signals to the control system

represent | N9 chfifor@fithif hos RGN Hond iﬁeorigglﬁll%ﬁcﬁﬁmhx%g%l?ﬁe}gﬁ%ﬁlg(a%)até?per ating

the control systemto nove e nozzle to ocatl on
Jjet apparatus that includes a nozzle from which a high pressure jet of water is discharged

e

and a control system for moving the nozzle relative to the substrate, said method comprising
the steps of:

(a) inputting into the control system a CAD model of the turbine
component in its original condition that includes the configuration of

‘ the turbine component and the location of said at least one hole
therein;

(b)  providing a scanner that can be moved by the control system of the
water jet apparatus;

© operating the control system to move the scanner to the general
location of the hole in the distorted turbine component based on the
CAD model of the turbine component in its original condition;

(d)  operating the control system to move the scanner across the surface of
the turbine component until the scanner senses the actual location of
the hole in the distorted turbine component and to transmit digitized
signals to the control system representing the actual location of the

sensed hole; and
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opposite the sensed hole, and to direct the water jet directly into the
sensed hole to renove foreign matter therefrom 12. A nethod of stripping
foreign matter as defined in claim1l wherein the control system adds an
abrasive material to the water jet when it is directed into the sensed

hole. 13. A nethod of stripping foreign matter as defined in claim1l
wherein the turbine conponent includes a plurality of holes, and wherein

t he control systen1nnves the scanner and the nozzle to each of the holes in

sequence. 14. A met ho‘i‘ eHntih@Qoﬁn%ﬁ @sgﬂltmﬁr%g ﬂ&z@%&h@ﬁgdg@b&t im |

wherein the scanner s nse eni n n the s ce of t

component at the | ocation gh, ﬂqheJ@Rslegh%légéndt%cf@étm&éréétdﬁﬂﬁaﬂx'xﬁ'tgtﬁeore' gn

matter as defined in claim wherein t scanner sens Frregularity in

t he surface of the turb|neﬁﬁggmggq@&mﬁ$e§ﬂﬁgl &qgﬂgg the hole. 16. A
I'n

nmet hod of stripping foreign matter as de farm™1 | wherein the

t urbi ne conponent 4 s ‘@&%‘?ﬂq‘\f*’s@{’ﬁé?j&&h’; ?ﬁa& eg;é @ep O?i%&jeﬁ\'?he""i th the

sensed hol e, and “wherein causing a reverse
flow of |ow pigs, BE4n ablali O HeHarid REmE Flef ¥ Bilentifs alrddt i ent_and
outwardly thr ougﬁwsﬁm\,@ ﬁa a|bn a g’%gc?ﬁﬂon ep%o‘gllien ¥ &Ecg lﬁlgg%%g?gd;sure

water jet. 1 A nmethod of stripping foreign matter as defined in claim11l
wherein the reverse flow of |ow pressure water flows outwardly through the

hol e after the hi pr pressure
water into the ho{gsh %@%g&fﬁ%@{ﬁ cf?lg? plgl?ef ?§%ﬁﬁ%g¥airﬁq?\m&e{ﬂé%has defi ned
inclaiml | tﬁ%ﬁﬁé @dn’l]aohé}ﬁ includes a plurality of holes, and wherein the control system moves the

scanner and the nozzle to each of the holes in sequence.

14. A method of stripping foreign matter as defined in claim 11 wherein the
scanner senses an opening in the surface of the turbine component at the location of the
hole. |

15. A method of stripping foreign matter as defined in claim 11 wherein the
scanner senses an irregularity in the surface of the turbine component at the location of the
hole.

16. A method of stripping foreign matter as defined in claim 11 wherein the
turbine component is formed with a cavity in fluid communication with the sensed hole, and
wherein the method includes the step of causing a reverse flow of low pressure water
through the cavity of the turbine component and outwardly through the hole in a direction
opposite to the high pressure water jet.

17. A method of stripping foreign matter as defined in claim 11 wherein the
reverse flow of low pressure water flows outwardly through the hole after the high pressure

water jet has stopped directing high pressure water into the hole.
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turbi ne conponent is formed with a cavity in fluid communication with the
sensed hole, and wherein the nethod includes the step of filling the cavity
with water while the high pressure water jet is being directed into the
hole to thereby protect the walls of the cavity. 19. A nethod of stripping
foreign matter as defined in claiml | wherein the nethod includes

provi ding a probe that can be noved by the control systemof the water jet
apparatus, operating the control systemto nove the probe across the surface

B R R

probe to transnmit digitized sig i stance of

the nozzle fgpag,t p%ﬁ&ﬁ%Cfo@%gf%vithgrbﬁg@ﬁﬁhﬁ'ihicg\ﬂmhﬁi tioﬁ%hh%'scﬂ&?cgﬁg{.cfect od

position the nozzle "at the ire ation en the water jet

into the Se”%@mﬂ%ﬁrgetﬁ?dum udlE 1R QF fiffihg EQQM'Q S{iﬁ;ﬁx&%ﬂg@kgfgﬁ&sﬂf‘eﬂ ned in

claiml | whereint rbine conponent™ has a Ity t I'east three

o1 €8 002! Rt edlif) BB Gherchl LA NG Ar BRRRHOS from one

anot her, and erein the step of operatin control systémto nove the

scanner i ncl udes Vi : - Of i ne
t[?é NOmkMEd mg&tfﬁggfﬁﬁné%dédﬂ ﬁ%?an?.ll%@reﬁ.%eb

conponent unti | scanner ocation of the first hole at one end

of the Iine qlndilfied ol b biobd A GRBPABRA by BALohtaNE 57 fl Mg

signals to the control 'syste representing th ocat 1 on st sensed

hole, th PGt e ' t
ant il the soatnas JEeRReARSinRFLRSE ( BPTHEbREFwrd v PRV OPBARRTE O
il the . _ t _hore at other e .
Cont ol syat S PERTR 8 KERTASTRE' AR BIAT Rl 8 haRlaR BRI L
wherein th i q e t
erern the zegpﬁgg;ﬁfn HeHeglel 'a%tah&eofﬂa‘égﬁ%z’ eﬂroﬁ){é‘é&g}& %I%ffgﬁg%_flg%ﬁ% zle 10 a
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| ocation dir opposite the sense ol'e 1 ncludes ozzle to

the sensed holgoplyBNco BAStcind Eak bl @liAbRod Mndlie {alh fixdeaireGgPONEN

t hen novi ng n sequence to eac e Inthe es by
MOVING -26 44 the sensed hole.

20. A method of stripping foreign matter as defined in claim 11 wherein the
turbine component has a plurality of at least three holes located in a straight line and at
predetermined spacings from one another, and wherein the step of operating the control
system to move the scanner includes moving the scanner across the surface of the turbine
component until the scanner senses the location of the first hole at one end of the line of
holes in the turbine component and transmits digitized signals to the control system
representing the location of the first sensed hole, then moving the scanner across the surface
of the turbine component until the scanner senses the location of the hole at other end of the
line of holes in the turbine component and transmits digitized signals to the control system
representing the location of the second sensed hole, and wherein the step of operating the
control system to move the nozzle to a location directly opposite the sensed ﬁole includes
moving the nozzle to the sensed hole at one end of the line of holes in the turbine

component, then moving the nozzle in sequence to each hole in the line of holes by moving
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the nozzle a predeterm ned di stance corresponding to the spaci ng between the
hol es, and operating the control systemto direct the water jet directly
into each of the holes in the line to renove foreign matter therefrom 21
A method of stripping foreign material fromat |east one hole in each of a
plurality of turbine conponents that have been subjected to simlar
operating conditions, and that have been distorted fromtheir original
condition through usage, using a water jet apparatus that includes a nozzle

from which a Qi 3h:1Ph pREUERided Wisthcd@hEdpohdingdth HeRpdcH3Defitn fhe hEROLAP! SYystem
for noving the nozzle relative to the substrate, said nethod conprising the

steps of: (a)opaatmgitsumﬁ@ls &R B8direb N8 widet R ViRE e of 1hE hGRMn R tingY St em of
the water jet apparatus; {(b) creating a D nodel of one of the plurality

of turbine CoARARGNPeigMatRPRERELAY the control systemof the water jet
apparatus to nove the ~scanner across the surface of said one of the

plurality of turbyne £oEReRs Dy H@tfbrle%gﬁ RReRNGRRLL Q&ML Rolb Rfeadtféf4al ,
| ocation of the hole in the surfpace of the turbine conponent; (c) inputting

into the contypl; Nﬁﬁr%metcbﬁ?&éﬁ?sﬂﬁ%lv Bden Sibjcdted ASsiMl] tifgtoRifiéhsCOTPONENt S
t hat incl udetsp thgfconfi guration of th?a tear b|J ng cscl)rrpac{tr?gﬁrt?lag#{? t'he S’I ocation

of said at | gasihaHaGe ieh Qistoned ﬁbnﬁitheﬁr%}igﬁ-lﬁl%ﬁéitiidﬁghxbﬂﬁq &&E&%ﬁs@ﬂg SWad§dp Lo nove

the scanner to the general |ocation of the hole in another of thé distorted

turbi ne conpopeRiss hAdRAMeO ndze ﬁGﬁvaaﬁ,dﬁhMmsmje?epwwip&igt%ﬁ.;gd;@grag pt , (e)

operating the control systemto nove the stanner across the s t he

ot her distor tcSthotl %Mr BUROthe Qbzzi b lhtiveltie SHHHMIE said Hiddfod c&ﬁﬁ’ising the

steps of}

(a) providing a scanner that can be moved by the control system of the
water jet apparatus;

(b)  creating a CAD model of one of the plurality of turbine components
by operating the control system of the water jet apparatus to move the
scanner across the surface of said one of the plurality of turbine
components until the scanner senses the actual location of the hole in
the surface of the turbine component;

(¢)  inputting into the control system the CAD model of said one of the
turbine components that includes the configuration of the turbine
component and the location of said at least one hole therein;

(d) operating the control system to move the scanner to the general
location of the hole in another of the distorted turbine components
based on the CAD model of the one turbine component;

(e) operating the control system to move the scanner across the surface of

the other distorted turbine component until the scanner senses the
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-27 actual location of the hole in the other distorted turbine conponent

and to transmt digitized signals to the control systemrepresenting the

| ocation of the sensed hole; and (f) operating the control systemto nove
the nozzle to a location directly opposite the sensed hole in the other
turbi ne conponent, and to direct the water jet directly into the sensed
hole to renove foreign matter therefrom 22. A nethod of stripping foreign
material fromat |east one hole in each of a plurality of turbine conponent

as defined in claim2l WheE&ﬁd‘lJcEtﬁml%Hx’é%ll:Wth@&thér‘él‘is#ﬁr!&@mﬁ%%?ﬁ}%ﬂ&x% are

turbi ne bl ades renoved fromthe same rotor in a turbine engine.

Apparatus for stripping fOﬁr?dt@'ﬂw’i@ﬁt&ﬁéné:ﬂ?:@aa?éto'tl%%ﬁtr&@fst&?}eﬁrebé?ltxﬁé"ﬁeSurface
of a nmetal substrate which includes: (a) frame; (b) nount i ng neans for

mounting the netal substrak@mkﬂckﬁgséﬁanﬁk &) a nozzle assenbly mounted in
the frame for noverment relative to the nmetal substrate the nozzle assenbly

noluding a delivery npzzl godting ichfifl iAo b 6 n nbizfo RIRISHH Bt F

therefrom (d) a scanner nmounted on the frane for novenent relative'to the

metal = substrate the scangglosRAhinkanakliPebndsindofiodiehiCardto il Sur face
of the netal substrate and creating and transmtting digitized signals

representing the |ocation g vlf (P ERRAFINAANEsAI DR REEIC ordiln lify Mt @

substrate; (e) notion control ors novi ng t nozzl e assenb y and the
therefrom.

22. A method of stripping foreign material from at least one hole in each of a
plurality of turbine component as defined in claim 21 wherein the plurality of turbine
components are turbine blades removed from the same rotor in a turbine engine.

23.  Apparatus for stripping foreign matter from at least one hole in the surface of
a metal substrate which includes:

(a)  aframe;

(b)  a mounting means for mounting the metal substrate in the frame;

(c) a nozzle assembly mounted in the frame for movement relative to the
metal substrate the nozzle assembly including a delivery nozzle for
directing a jet of high pressure water therefrom;

(d)  ascanner mounted on the frame for movement relative to the metal
substrate, the scanner being capable of sensing a hole in the surface of
the metal substrate and creating and transmitting digitized signals
representing the location of the sensed hole on the surface of the
metal substrate;

(¢)  motion control motors for moving the nozzle assembly and the

scanner relative to the metal substrate;
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scanner relative to the netal substrate; -28 (f) a conputerize contro
systemwhich: (i) controls the notion control notors to nove the scanner
across the surface of the netal substrate until the scanner senses the

| ocation of a hole in the surface of the nmetal substrate and generates the
digitized signals representing the |l ocation of the hole; (ii) receiving the
digitized signals fromthe scanner and using such signals to control the
notion control notors to nove the nozzle assenbly relative to the netal

substrate to position phe aﬂﬁ*&%ﬁﬁ?mﬂﬁ%ﬁ%ﬁrﬁhmmﬂe sensed | ocation of the
e nozzl e asséen y

hole; and (iii) operati'ng t to direct a high pressure

water jet through the del gzerkgm@;&gnﬁpgnrgo%&ﬂdg&& Ghe Rl et Rrosd €MOVE

foreign matter therefrom par at us stripping foreign matter as

defined in claim23 wherein thee SRR FIHSMERGLBIES ufidfd 4c&ﬁ"e¥seﬁ§é$¥h§2“w

connected to the netal substrate tor delivering a reverse tlow o

pressure water outwardly thoughutig, ¥ eid iRt sehedcE6fth e&?Bﬁ@t}-ﬁ o the
flow of the jet of high pressure water fro]mthe %eﬂtv‘g&y nozz esa 5.
Apparatus for stripping forei gn.ABhilEke &Sindeflinad rd Al [N the
nozzl e assenbly includes a soup%e 0 a%rggé%igéaatepﬁg nﬁ%g%%%g&géf?%ered by
the delivery nozzle with the hjgh pressure water jet to forman abrasive
water jet. 26. Apparatus for stripping foreign matter as defined in claim23

wherein a probe is mount egf o, YA bigRkdlsRfiail FaMThd Shilki 48 olify L Ne Metal

substrate, the probe being

such signals to control the motion control motors to move the
nozzle assembly relative to the metal substrate to position the
delivery nozzle at the sensed location ﬁf the hole; and

(iii)  operating the nozzie assembly to direct a high pressure water
Jet through the delivery nozzle and into the sensed hole to
remove foreign matter therefrom.

24,  Apparatus for stripping foreign matter as defined in claim 23 wherein the
apparatus includes a delivery sj(stem connected to the metal substrate for delivering a
reverse flow of low pressure water outwardly though the hole in a direction opposite to the
flow of the jet of high pressure water from the delivery nozzle.

25.  Apparatus for stripping foreign matter as defined in claim 23 wherein the
nozzle assembly includes a source of abrasive material that is delivered by the delivery
nozzle with the high pressure water jet to form an abrasive water jet.

26.  Apparatus for stripping foreign matter as defined in claim 23 wherein a probe
is mounted for movement on the frame relative to the metal substrate, the probe being
capable of determining the desired distance between the delivery nozzle and the sensed hole

and of creating and transmitﬁng digitized signals representing said desired distance, and
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capable of determ ning the desired distance between the delivery nozzle and
the sensed hole and of creating and transmtting digitized signals
representing said desired distance, and -29 wherein the control system
operates the control notors to nove the probe across the surface of the
turbi ne conponent to the |l ocation of the sensed hol e and receives the
digitized signals representing the desired distance of the nozzle fromthe
sensed hole, and then operates the <control notors to position the delivery
nozzle at th i e ' rel ati I wat er
jet is dir ecﬁgcfglirt\ eOC%P %‘g%ggéér?g g%frﬁeg?ﬁee. c\égt%‘ %R%%gtro 31?032 ﬁ%@}'& gt““?’f’%ﬁ%ﬂ%‘f@%r ei gn
matter from i I I . 4018 gpg ent
whi ch i ncl _udgtfst:ﬂé %g@éaé%rp gfr%?f%(t %ﬁ%ﬁ%@ﬁﬁ%&ﬁggﬁg 4r8r ";r?gﬁﬁtd%%zgg url i ne
conponent. i kbR esitef bis@nddDf bk GoBRIRIPI RO HofladdtndeliBebic e | OF
novenent relative t he urbi ne conponent the nozzlé assenbly 1ncluding a
delivery noz ' ' o ' . ; om (d)
scanner * moung oo BRI A% Bifes) pdde i B YRGEEn REL o dielRel

conponent , tnﬁe%@ﬂ‘ﬂ?@g@]g{eﬁgdn AR fsfnﬁggmil@g a hole in the surface of

t he turbine conponen creating an ansmtting digitized signals

representing the Jocati il of B, SEEALIOkE: Al hARnI SAR: Blne Lt ur bi ne

conponent; (e) notion novi ng € nozzl e asse y and t he

scanngr rel agf%/t%rqth%ctoﬁgo&ﬂ{‘pm&emgg onent ; (f) a conputerize control system
which: (i) controls t nmot 1 on contfol nmotors to nove the scanner across

(a)  aframe;

Q

(b)  amounting means for mounting a turbine component in the frame;

(c)  anozzle assembly mounted in the frame for movement relative to the
turbine component the nozzle assembly including a delivery nozzle
for directing a jet of high pressure water therefrom;

(d)  ascanner mounted for movement on the frame relative to the turbine
component, the scanner being capable of sensing a hole in the surface
of the turbine component and creating and transmitting digitized
signals representing the location of the sensed hole on the surface of
the turbine component;

()  motion control motors for moving the nozzle assembly and the
scanner relative to the turbine component;

H a computerize control systern which:

Q] controls the motion control motors to move the scanner across
the surface of the turbine component until the scanner senses

the location of a hole in the surface of the turbine component
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the surface of the turbine conponent until the scanner senses the |ocation
of a hole in the surface of the turbine conponent -30 and generates the
digitized signals representing the location of the hole; (ii) receiving the
digitized signals fromthe scanner and using such signals to control the
notion control notors to nove the nozzle assenbly relative to the turbine
conponent to position the delivery nozzle at the sensed | ocation of the
hole; (iii) operating the nozzle assenbly to direct a water jet through the

delivery nozzle and into the S%ﬁg%erh?és%etd?go{gﬁ 3,1;1% l%kegﬂn%tﬁ@‘fo £tlon of

therefrom and (iv) repeating said control on control notors and
the nozzle assenbly until all pfpfdie plurality of hoI es in the turbine
conponent have been stri pped 28. Apparatus for stripping foreign matter

froma plurality of holes {5 theg tﬁg&Fm ?nglgq}lahlqge Lameenatinas defined

in claim27 V\/nerelntheturblne conponen storte fromits original

configuration though usage, V\hesq_lgm dafi€o Ed?l{FB’HB@;%ﬁcﬁ]%ﬁl?diHo%

i ncl udes a CAD nodel of the turbi ne conmponent 1n its origl na congl tion that

i ncludes the configuration of ,{0%6589 I?Pelaﬁ%%%mbu@}glgbaﬁnﬂtQP@stltio n of the

plurality of hoes in the original I he conponent ere

conputerized control system opgfaj %cr%ﬂ@zlee%ﬁ{ﬁtews dBLBES of the ﬁd]g st nove the

scanner to the location on the sur e tur I'ne  conponent where the

hol es were |l ocated in the F fblg},gmﬁmgg&% s@mb%%o@i{:écgd\gﬂ:r &Qﬁ}gbéhltﬁg’l as

determ ned by the CAD nodel and 'then noves anner until” it senses the
act ual delivery nozzle and into the sensed hole to remove foreign

matter therefrom; and

(iv)  repeating said control of the motion control motors and the
nozzle assembly until all of the plurality of holes in the
turbine component have been stripped.

28.  Apparatus for stripping foreign matter from a plurality of holes in the surface
of a turbine component as defined in claim 27 wherein the turbine component is distorted
from its original configuration though usage, wherein the computerized control system
includes a CAD model of the turbine component in its original condition that includes the
configuration of the turbine component and the location of the plurality of hoes in the
original turbine component, and wherein the computerized control system operates the
control motors to first move the scanner to the location on the surface of the turbine
component where the holes were located in the turbine component in its original condition
as determined by the CAD model and then moves the scanner until it senses the actual
location of the sensed hole in the distorted turbine component and generates said digitized

signals.
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| ocation of the sensed hole in the distorted turbine conponent and generates
said digitized signals. -31 29, Apparatus for stripping foreign matter from
a plurality of holes in the surface of a turbine conponent as defined in
claim 27 wherein the apparatus includes a liquid delivery system connected
to the turbine conponent for delivering a reverse flow of |ow pressure
liquid outwardly though the hole in a direction opposite to the flow of the
jet of high pressure water fromthe delivery nozzle. 30. Apparatus for
stripping foreign,gmatt I: e r; a
t ur bi ne conponent 2%’? ﬁ%@gﬁrg‘n—@kf#%&@%&’m §Fg’?‘lﬁ‘%§1§déﬁﬁ%§§ff°zé§é’tsg’gg ﬁé
i ncl udes a LV erd ] Lyer A del i very
nozzle with ﬁghﬁiﬂaﬁ&g&g{é@z?e&ﬁﬂmﬁlg?hﬂe#?%%‘%‘?’%q nhg%r"gcg]fé\%a ; de_r jet. 31.
Apparat us Olgcfildy BRALohLER BRI ohb BTk GoRlel o s YorBlse RO 8B10N L NE

ur efrn Inclaim e

surface of a I'ne conponent as rern a probe is

ot e ! O TSR B 5 e b SR PRPE LU
del1 very Mocul Al b oRISR I Rl o 72l ng and del lvering
computer zed contsp!  ANERYARAEhE Bl nf B RL S e el 2 20
hol e an e i b AR TED AR BT Lo,
post 1 (1 S5k MSPAOREER B B RAL G SRER A0e R I b sensed

water jet to form an abrasive water jet.

31.  Apparatus for stripping foreign matter from a plurality of holes in the surface
of a turbine component as defined in claim 27 wherein a probe is mounted for movement on
the frame relative to the metal substrate, the probe being capable of determining the desired
distance between the delivery nozzle and the sensed hole and of creating and delivering
digitized signals representing said desired distance, and wherein the computerized control
system operates the control motors to move the probe across the surface of the turbine
component to the location of the sensed hole and receives the digitized signals representing
the desired distance of the nozzle from the sensed hole, and then operates the control motors
to position the delivery nozzle at the desired location relative to the sensed hole when the

water jet is directed into the sensed hole.
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