8 April 2005 NON SUBMERSI ON ELECTRODI SCHARGE MACHI NI NG USFI}%%&QPRL TI ONED
WATER AS A MEDI UM FI ELD OF THE I NVENTION Thi s invention relates

el ectrodi scharge machi ning and, nore particularly, to a technique for

el ectrodi scharge machi ni ng wor kpi eces with holes therein wi thout plugging

bor vl ot e as. NERUEREREEN HaR T EOn e AR EMARHIRENE 1070 huchining

l ocation of a wor kpUSmNéG CONDITIOMBEDI WRATER MlscAIEDTERN. An el ectri cal
~current is passed between the workpiece and the electrode, and nmaterial is
renoved fromthe workpiece by a sparking discharge action. The nmachi ning

| ocati on ' el ectrode adjacent to the nmachining
| ocati on E@#’Bﬁ%mwﬁgﬁibm d dielectric el ectrodi scharge nmedium The
liquid dielectric electrodi scharge nmedi um occupies the gap and aids in

renovi ng the rqswha@bnudmrems% e%%&i@@lﬂaréé ﬁﬁbﬁﬁﬁﬁlg\@fdkﬂio?&ﬁaﬁeﬂiaﬁgfol ing the
wor kpi ece. i;plcal liquid dielectric nediumis an o0il with a végetable

oi | base. t(Eil spie dertedepodisaldign inaghinimghkwonlpicces withrholgs thepdin sathionhs. | n
ot hers, obI en&cgﬁ e been encountered. The inventors are interested in
per f or ni ngug&“& %scharge machi ni ng of wel d-repair deposits at the tips
of gas turbine blades. The gas turbine bl ades have holes for cooling air

in the si gCRGROEND OFFHE SRVENTION Wen these turbine bl ades are
el ectrodi scharge machined, the liquid nediumleaks into the cooling holes

of the turbine blade. The inventors have observed that, after the
el ect r odi schar &e elegepdischazgs machinipgeofen atibeevintgdias “BBMY mlleiﬁcﬁmde(mol i ng

holes is . . re th at. di.ffi.cult | f ., conpl et i s not
of t oot ed, PPEBHEE alfsgne lo § pHieEiind oalib i worbE, ¥145 4 B CERR 21 <
present i fherélRtWEES e ré'lecﬁ*ic%‘? Q:%ﬁ‘eﬂﬂ 1s B&%E@tﬂe%@&n ﬁiéct?foﬂﬁn&%t ghdenL s, and
results in plugging of the cooling holes during

electrode, and material is removed from the workpiece by a sparking discharge action.

The machining location and the portion of the electrode adjacent to the machining

location are immersed in a liquid dielectric electrodischarge medium. The liquid

dielectric electrodischarge medium occupies the gap and aids in removing the residual

material machined from the workpiece and cooling the workpiece. A typical liquid

dielectric medium is an oil with a vegetable oil base.

Electrodischarge machining works well in many applications. In others,

- problems have been encountered. The inventors are interested in performing
electrodischarge machining of weld-repair deposits at the tips of gas turbine blades.
The gas turbine blades have holes for cooling air in the sides of the airfoil section.
When these turbine blades are electrodischarge machined, the liquid medium leaks
into the cooling holes of the turbine blade. The inventors have observed that, after the
electrodischarge machining is complete, the liquid medium in the cooling holes is
removed only with great difficulty. If complete removal is not effected, the residual
liquid medium chemically reacts with chemicals present in the subsequent processing

operations, such-as detergents, and results in plugging of the cooling holes during

further processing operations.




further processing operations. | 8 April 2005 There has begqﬂgﬁ§56$usly
proposed no approach for solving this problem Masking of "the Coo0ling

hol es may al l ow reactive chemcals to remain, leading to their plugging in
| at er steps of the processing. The use of nmany effective cleaning

chem cal s, such as trichloroethane, is not acceptable environnmentally and
may pose a health hazard. Accordingly, there is a need for an approach to
el ect r odi schar Gherenhas Hesn myevioushhipcdposediinb dpptaash dor eplemigntiss probldne

wor kpi ece_are not. plugged during ,or after the e|ectrodi scharge machi ni ng.
The pres eMaSklﬁg@thOﬁag heles mayallewigagive shemicalsite paapaipy lsgdias & thsrat ed

vent | ondBEBUEGE BECRE ltecRieaig, Mhe 0P RERR Mleolld FHFRE L cn

are oper abhenibals, bas (RAlT6aBARS iR heaiphdldetvirthinetal 19w eRiYEpdsBe pr obl em
of the plugging of holes in the workpi ece. The present approach my be

i mpl enment behlths hazand dA¢dordinglyn theve cerv exeed domlan edppeoachdios cleatrodisamargei nes.
The present, .appr.oagh yiel excellent results, yet is enviro ntally
friend y 2Rghigmedn Wﬁ(&@ﬁ%ra?lﬁéow)%ﬂger%ﬁé& DI O S BA PIPESRIAUTS, there
s provi dgdl, Rt DAduodithafleaREaAThE OTRL BRIRSAIADY FARNRHSBILREE HAMPT i S ng
the steps of Tamshing a chining”apparatus conprising a worKkpi ece
hol der, afurtheepiovidderdintdiadvaiagesng an el ectrode nounted thereto, and a
power supply providing an electrical voltage and current; nounting the
wor kpi ece_in the workpi ece holder; positioning the electrode adjacent to a
machi ni ngBR&ESUWY%%EWVEM;IONMni shing a source of a flow of
conditioned water; directing the flow of conditioned water fromthe source
into the machgnin ocat f. the workpi ece, w thout .subnerging. the
mchi ning | ocabTisnemsRE o] g Rsenl TSR wiies, b s SHRERS AHins e
suppl y - sugBtHolaind phatatus SwiiERaMESpdratEfort 8ctUNidERABE Sndciiring Ber fhRw of
condi ti oned wat er.

overcome the problem of the plugging of holes in the workpiece. The present approach

may be implemented as a modification to conventional electrodischarge machines. The

present approach yields excellent results, yet is environmentally friendly and safe.

According to one aspect of the present invention, there is provided a method
for electrodischarge machining a workpiece comprising the steps of furnishing a
machining apparatus comprising a workpiece holder, an electrode holder having an
electrode mounted thereto, and a power supply providing an electrical voltage and
current; mounting the workpiece in the workpiece holder; positioning the electrode
adjacent to a machining location of the workpiece; furnishing a source of a flow of
conditioned water; directing the flow of conditioned water from the source into the
machining location of the workpiece, without submerging the machining location in a
liquid; and applying a voltage from the power supply such that metal is removed from

the workpiece into the flow of conditioned water.

According to one embodiment, the workpiece is not contacted by an oil
during electrodischarge machining and is not contacted by a detergent during the post

. processing and cleaning steps.




According to one enbodi nent, the workpiece is not contact egpg;ﬁ@@o@il
during el ectrodi scharge machining and is not contacted by a detergent
during the post processing and cleaning steps. 2 8 April 2005 According to
anot her aspect of the present invention, there is provided a nethod for

el ectrodi scharge machi ni ng a workpi ece, conprising the step of furnishing

a machi ning apparatus conprising a workpiece holder, an el ectrode hol der
havi ng an el edreasdiagnioumatiert drpeeit of the ptesend| invention, Wetreris firovidet af i ces in
the electrode _holder, the water. flow orifices bejng positigned o direct a
low of PO EkioiitRaret Tk hiptie ™ WP B G AR HERE: D 31 o4 REBIARES upp! ¥
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| ocat i on electidie mamkgal theretos u @hurhlitgtof iwaer dloecdrifitde iri the \ewicirbdahdlieratheve t he
machi ning location; furnishing a pressure source of conditioned water in
conmuni catp6h g erificrs beingepositiangd de iditeetes flowi pEertengver  Isurfacst otthadi ti oned
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and applying a voltage fromthe p supply suc at an electrica

current fh owshinatgeeationhef the vipkgice arh thhaheklectrodedie veftidallgmbevedtheet al i s
renoved from the workpiece into the flow of conditioned water. According to
anot her aBBeERings legaon, ymyshing,anpressuret gewree | ef peenditinngda watert Had f or

el ectrodi chini I e .C .1 S t he st 0 ur ni shi ng
a wor kpi egogﬂ%%%%?t@ ﬁgﬂatﬂg l‘j‘%ﬁﬁ%&g!oﬁge%a@%ﬁ@%?t _ Y & cfogﬁf%sgfl?é &aiers_ecft i on
Wi th an afshnhé wated QobUsi RS aghiHitthd Mrhite 31 MRCALAM AL sBAPBLALMRIITRRER! | S NG a
wor kpi ece  hol der that holds Fhe turbi ne blade vertically so that the tip

i s upper nwster fhwsetlewhwadly itol ther mhchining lapatiine of rtivel evarkipiates dwithmtet o and

positioned_ vertically above the tip of ~the turbine blade with a gap
t her ebet m%@mer%n%ﬁmra% ngfocghrein & igHd:andrapplying #velfage from the power

- supply such that an electrical current flows between the workpiece and the electrode

holder and metal is removed from the workpiece into the flow of conditioned water.

According to another aspect of the present invention, there is provided a
method for electrodischarge machining a workpiece, comprising the steps of
- furnishing a workpiece comprising a turbine blade having a tip and an airfoil section
with an airfoil side surface; furnishing a machining apparatus comprising a workpiece
holder that holds the turbine blade vertically so that the tip is uppermost, an electrode
holder having an electrode mounted thereto and positioned vertically above the tip of
the turbine blade with a gap therebetween, a plurality of water flow orifices in the
electrode holder, the water flow orifices begin positioned to direct a flow of water
downwardly over a surface or the electrode holder, into the gap, and over the airfoil
side surface of the turbine blade, and a power supply providing an electrical voltage
and current; mounting the workpiece in the workpiece holder; positioning the electrode
adjacent to a machining location of the tip of the turbine blade such that the electrode
is vertically above the machining location; furnishing a pressure source of conditioned
water in communication with the water flow orifices; directing a flow of conditioned

water from the water flow orifices against the surface of the electrode such that the
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el ectrode hol der, the water flow orifices begin positionedgyﬁmﬁP6@§t a flow
of water downwardly over a surface or the el ectrode hol der, *Ii'nto the gap,
and over the airfoil side surface of the turbine blade, and a power supply
providing an electrical voltage and current; nounting the workpiece in the
wor kpi ece hol der; positioning the electrode adjacent to a nmachining

| ocation of the tip of the turbine blade such that the electrode is

verti cal | yomlitinned twaernficis dowigwdrdyaihioothe ghp and shemthe aiffiibside safaewice of
conditioned water in comunication with the water flow orifices; directing

a flow of thegrrikpieem adthopasubmergingtheraachiniag lgdation i ¢ fieids antyenphgas ehe

surface of jthe electrode such that,the 3 8 il 2005 gonditioned,water
' ows dovrltte) o b Hois® GRPlnieb Rt el cfingm BOS Mebione™ e
wor kpi ecewoliphdee whd ShEDIBERIIR Dol d3E ahP RN i@ o6 oRNthE Witk pib&lintb thand
applying a voltage fromthe power supply such that an el ectrical current

fl ows bet fleenfchmiitionedlgrtece and t he el ectrode hol der and netal is renoved
fromthe workpiece into the flow of conditioned water. In one enbodi nent,

the el ectrode jray be positioned vertically above the workpiece. The step
of directing th’e\é‘?‘l‘ &°8 m(’:%"r‘idﬁ“lei Jrgtrdraay berrasitined: vaticalpatave Berect i ng

the 11 ow ghagondl hpes YRGELANSE. Ao Wi @ntiBhed s iRGLARUE: sgpipat the

condi tione wnwardl'y over 't ocation a

surface oflirecting thoflWi AC@nditbned twASUSRr th QurERBAL L the R@sbtnode 86 tha thbural ity
of water flow orifices may be provided in the el ectrode hol der and

- posi t i oneepnditiatiedewater lews idownwrrdlymver thegaachining lecatioacadaf surfasc ef ect r ode.
The conditioned water_used jn the present approach may be a partially

fo ot s ec eV EHKEAR g el hF SAndiiaed ; HeD PIRGSY D oNFer (100" t o
about 150 . r ' @%OH ,000 to
about 100@8@%3(}@%}55%@?&12%%@e%gé%%rf)ﬁ’n%%@??r %ﬁ?oﬁ%@)@%}i g‘%ngb y é\?o% about
10, 000 t owatepagairkba Siifaceldfshepsctrogguar e centimeter.

The conditioned water used in the present approach may be a partially
deionized water having an electrical resistance of from about 10,000 to about 150,000
ohms per square centimeter, preferably from about 10,000 to about 100,000 ohms per
square centimeter, and most preferably from about 10,000 to about 15,000 chms per

square centimeter.

The source of conditioned water desirably comprises a water flow orifice
positioned to deliver conditioned water to the machining location, a reservoir of
conditioned water, preferably in the form of a non-metallic catch basin, positioned to
catch water that drips from the workpiece, and a pump that receives the water from
the reservoir and delivers pressurized water to the water flow orifice. The water
may be filtered and re-conditioned to remove bits of the matérial removed from the
workpiece and any ionic components that are present, to restore it to its conditioned

state prior to reuse by flow through the water flow orifice.




The source of conditioned water desirably conprises a wat eg&‘l@%gi fice
positioned to deliver conditioned water to the nachining | 0Lt on,” a
reservoir of conditioned water, preferably in the formof a non-netallic
catch basin, positioned to catch water that drips fromthe workpi ece, and
a punp that receives the water from the reservoir and delivers pressurized
water to the water flow orifice. The water may be filtered and

re-condi ti onedin  preferateapplicationl tHehworkdieee lieth ghe ARbRE biddepartieulaiphkpi ece
and any ionic conponents that are present, to restore it to its conditioned
state prigss twbingubledehavingnat ¢nodinghopemingran em firfoil ewifidecther@®@fadihel 2005

In a preferred. applicat.ion, the workpiece is as.turhi.ne bl ade, .

par £ bul alAGRin BRI A G5A8 THAPERALS BBIF AR RRRG S YRGIPAF  of |

sur f ace t her@ef apriA andRHRTL R QEaHRRnkZe rdkhiRelo finfi 3l Ur bi ne bl ade,
ICh a as ed an

such as atipto wel d repalr een appli which is to be
el ectrodi scharge nmachined to final form The present approach may use
condi ti oned waTks passeat rppiotch fotdy ke coatioheddiaanas ge nmaidbh nfongtheThe
wor kpi ece and its machining | ocation nmay not be subnerged in the

condi t i oneléctipslisshargp gnachiing athe Werkpéneqi andoibemaghinmg losatiogniopy st dey

fl owed over the surface .of the rkpi.ece d the.maghi ni.ng locatian. The
Condr 11 onSlmidiSe O Mlorkd Sl BRSNS BRI LTS coBFRLLAD, |

machi ni ngflowEAMARE SthRNSuMRRRL of 'tREN WhkpYdce! Bhd Whef mhifnimaC Wcalingl aeat i on.
There is nothing in this nediumto foul the cooling holes in the workpiece
i n the casmditiorgdcwakechaypsovida a diglecttié avdivnAcnd mtborgingye theemechimingbe no

need for masking or, other protectio applied to the s turbine hlade, or
for any cGmaats anddiest E@%ﬁ’@c‘@ﬂt}%é’?ﬁ}é‘? Meghinge logatiqn. ﬁwrwi@& BB
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accorrpl i shie rates conparablFe Wt I ev I'n conven

el ect r odi gehige BeadeBARCAINSly, WhEf hep B8 moakbedr e nﬁisﬁlﬁFerf &RéSprofdchieh

features and advantages of the present invention will be apparent from the

f ol | owi ngapphied to ¢heagdscirtine blaidpt ¢rofor ey chmppaxedleaniegi pracbdutiesrtoritowingken in
the electrodischarge machining, The electrodischarge machining of this approach
may be accomplished at rates comparable with those achieved in convention

electrodischarge machining, with lesser adverse side effects.

Other features and advantages of the present invention will be apparent from
the following more detailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings, which illustrate, by way of example,
the principles of the invention. The scope of the invention is not, however, limited

to this preferred embodiment.

'BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic elevational view of an electrodischarge machine;
Figure 2 is an enlarged bottom view of the electrode holder and electrode; and

Figure 3 is a block flow diagram of a preferred approach for practicing the

present invention.
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conjunction with the acconpanying draw ngs, which illustragespiponsy of
exanple, the principles of the invention. The scope of the i nvent| on is
not, however, limted to this preferred enbodi nent. BRI EF DESCRI PTI ON COF
THE DRAW NGS Figure 1 is a schematic el evational view of an

el ectrodi scharge machine; Figure 2 is an enlarged bottomview of the

el ectrode_hol der _and electrode; and Figure 3 is a block flow diagramof a
pr ef er r ed CAIPHEEDDESCRIFHON OF AdE REVENTIQNNt i nvention. 4a 8 April 2005
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fi gure 1 depicts an el ectrodi scharge

machi ne 20 ope i Lon.

el ectrodi schar g?a}niéﬁ?eﬁgctggﬁ &{tr Hgghaggém g&gc%wﬁg%%@? ilui't a?f hol ds a
wor kpi ec epfbdent (ifVvemtiomr Kipd eleetr&iﬂsdlargaoﬁaalﬁmaet(i irclyaies ta Whrkpheee holder 22

el ectrodi q machi e 20, Atz) t he e| ectrodi scharge machine 20 is

oper abl e a] %“lﬁ% a \RHF B'ie‘é%ez 4(Bh eTH\é‘”’I&SP‘S%%r?ﬁ yS it dselbch \sFtk sifelbe 24 is a
gas turbi ef l.Les 30

o err! glﬁg@g(gg&;[au At 1%?20 Bk t‘ﬁbl Segigg(g&gﬁ} eqﬁac%ﬁtt V%d@ o?:gr%{eﬂreg’gi]ﬂpﬁl

ni ckel - bawerkpige 241)| The. prﬂ'dentl:gp&f&rmdbwmd{pbbade E% ) gastuﬂtmé bhdt 26 rhavitngy

hollow In se V|ce | ow of ,.co n sz orced through the hol |l ow
interior #b? F'FOTQ%%QH feopline gﬁfé’ g@ EI‘%H%S bing §lads 20d8 madeough t he

cooling h heat -
conductloﬁt§§g§%|Pﬁ?%%gpfﬁgﬁkaﬁﬁ?%EM%%%F?Eg%?gﬁ @%b%%g?ﬂ?%?%regpﬂ%% t he

i nvent or spartly thioflo82Iofervine, ayflswtafi dwiolieg aixl iadercad thrsuglothedbliofv midad 34 of
a weld material. The bead 34 of weld material is previously applied to the
exposed end of the gas turbine blade 26 to repair damage incurred during
service. In the welding operation, the bead 34 is applied as closely
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as possible to the final desired shape and size, but it issqgrﬂ996§ible by
avail able welding technology to achieve that shape and sizé™“as “exactly as
required for the aerodynam c shape. The el ectrodi scharge machining is
enployed to final machine the weld bead 34 to the required shape and si ze.
The tip 32 and the weld bead 34 thus serve as a machining |ocation 35,
fromwhich naterial is to be renoved, in the electrodischarge machining

process. | I r.odi r I ni resultss, in pluggi ng of
Phe cool i Halt ERARIRE bEUEKLEN GRS KBTS CloNHe BBRE g bl s o

over come thtbite Padbbe Bcombination of hosticdadation amadhin&okgl ncl udes an

el ectrode hol der 36 having an electrode 38 nounted thereto. The el ectrode

38 .is preferatily made, of graphite and js shaped in cross sectional viewto

have the desi rd calden ehiapd 1ereshie the mveplogs, a ik ebtbe gas Birbiae bl ade 26.

The el ect | ' .t h i Lder. 22) i
mount ed R 208 et o Blad B ek S aterial Ve BRAPIPEEw eI AGRATE) (Do
tip 32 eiprivdousty apglied toghé Beposed eﬁ@bfh@(r?a@mme Hidd 2@ td fh@ai@'d@.ﬁiagedi schar ge

machi ning process, the electrode 38 and the tip 32 are separated by a gap
41, whi chAnguredyhirimgsesyics. rlrthe wsldingopmatiom the bendaloistappli@dss ¢lasdlyi n wi dt h.

| h . it .i f d, .but. not , that th
o eot r odds SOCIRRAGRE Tha) esited BasY RS SerPitin & ol BRRIe bt ahtde (1 o
case the vdl@ing ZechbdBigyl & achieveBBAY élia?_él aR@siZeOdy el as h’@qtﬁl'e‘?:lcfdrocﬁlé’_ 38 is

positioned so that the machining portion 42 and the tip 32 are aligned
al ong a mewidysamic shape.eFhe hlect geanachihinghs emplayed to finglemacitae
direction rel.ativ he earth's surf.ace,, The preferre oach depicts
the el odid Bo8 badt b Bube Forkiies Mhape 300558 “The B 3R Asd epralg DR A us |
desired ggvkRata haehid; L 0 ' A1 | rode 38.
As noted, it isal not lné%el?searl%/n tg ﬁhﬁoﬁgh&gﬁggﬁ?@jyﬁggxﬁn@@’\?\g?ﬁ%i ece 24
be verti ekktrgdisdhargeanychadingprogésst Kenvantibhal @lectrodlisgimgnmactihiopsesutte f | ow of
conditioned water to serve as the e]ectrodi scharge

in plugging of the cooling holes 30, and the present approach has been developed to

overcome that problem.

The electrodischarge machine 20 includes an electrode holder 36 having an
 electrode 38 mounted thereto. The electrode 38 is preferably made of graphite and
is shéped in cross sectional view to have the desired machinéd shape of the tip 32 of
the gas turbine blade 26. The electrode holder 36 (or equivalently, the workpiece
holder 22) is mounted to a drive 40 which controllably moves the elecﬁode 38 and the
tip 32 either closer together or farther apart. During the electrodischarge machining
process, the electrode 38 and the tip 32 are separated by a gap 41, which is typically
from about 0.001 inch to about 0.003 inch in width. :

In the present apprdach, it is preferred, but not necessary, that the electrode 38

be vertically above the machining location 35 and in this case the tip 32. That is, a
machining portion 42 of the electrode 38 is positioned so that the machining portion
42 and the tip 32 are aligned along a radius of the earth, numeral 44, which defines

- a vertical direction relative to the earth’s surface. The preferred approach depicts the
electrode 38 above the workpiece 24, but this may be inverted if desired so that the




machi ni ng medi um and al so as a cool ant for the el ectrode 38 04 2bbe

wor kpi ece 24. -Any approach that directs the flow of conditioned water to
the machining location 35 is operable. The el ectrodi scharge machi ne
includes a source 46 of a flow of conditioned water. The source 46
preferably has a plurality of water flow orifices 48 oriented to direct
the flow of conditioned water into the machining location 35 and in this

' : e hi Q ogtjon 42 and the tip 32. Most
B?Zfe er ;Bffv?r El{iﬁceegﬁ?ll%\%bgfé g%nﬁf%t?(gdrgggg vva[{:geg ggeg, E\to{S 'g‘?trlgagﬁsﬁr)? B@Hfﬁ‘ge wat er
fl ow ori €lecleaded 88i andothehworkpiedei 24 g +a£iadll},0mig1hdd§tmdu%ﬁ hBe Watigs] f | ow

orifices 48 are positioned tq direct the flow of conditioned water,
nuner al %W?W?ﬁloﬁ’ﬁt@etfﬁ%w'é)l(%é?@ﬂ?lﬁ@ée@&atqfh@ sesvRlas it elgctrodisehrars® f | ows

d d ; : | I t ,de,surfaces of t

covnuer dhbitg e 08 Bt Yk G BT S DR GRARI S o
downwar dlAny agpoceghtthat ditedss the floacebcaiditioned avdtérb! thé fathRih 2B cfiod he gas
t ur bi ne ade %@Sﬂgﬁ gure 2 is a bottomview of the electrode 38 and the

el ect r ode’ FAR§ 6. The water flow orifices 48 in a bottom52 of the
el ectrode hol der 36 are arranged around the perinmeter of the el ectrode 38.

: LEd i dl that t.he canditi oned
water 11 ow fr ekt aRRL e NPt ATON BRradiy ofeindferet ourt ace
54 of - t hwatet.eThe sulece346 profaablyhas phh@mggma&émwf | o¥fRiL&Y 48 bﬁ&'ﬁe@@mw diy

as descrjbed previously. The source 46 of the ow of condi tioned water
i ncl udesSiEEch of sonditienegr watepinto thegnachining docation3Sramkd ifiGhis Thee pr essur e

source i - whieh. produces a.flow the copnditioned water
into a hlgfol tgglg?pn?leg#%c%@e&a%épﬁg?? ngnd &@I%ﬁ éﬁ{‘]’Stfﬂf%‘ﬁ{#%@W t he
condi ti e ofebaditibhedvatittis hbBe dMed B frbiole Wittt A6% Giffices kg Pty Ot YPe
apparatus built and operated by the’inventors to acconplis
el ect r odnachigingdoation: Mustepdothet wator flowhirifites 48idré pasitibaedito dingt theof 1. 75
| nches, fiohv9 of cc?ncﬁtic'f‘rféﬁl vlvatgr? %gmeral 50, first onto the electrode 38. The conditioned

water 50 flows downwardly by the force of gravity along the side surfaces of the

electrode 38, into the gap 41 by flow and capillary action, and further downwardly

along the side surfaces of the airfoil section 28 of the gas turbine blade 26.

Figure 2 is a bottom view of the electrode 38 and the electrode holder 36. The
wéter flow orifices 48 in a bottom 52 of the electrode holder 36 are arranged around
the peri:heter of the electrode 38. The water flow orifices 48 are angled inwardly so
that the conditioned water flow from the water flow orifices 48 is directed onto a side
surface 54 of the electrode 38. From there the conditioned water flows downwardly

as described previously,

The source 46 of the flow of conditioned water includes a pressure source of
conditioned water, numeral 56. The pressure source includes a pump 58 which
produces a flow of the conditioned water into a hollow interior 60 of the electrode

~ holder 36, from which the conditioned water flows out the water flow orifices 48. In
a prototype apparatus built and operated by the inventors to accomplish

electrodischarge machining of turbine blades with a chord length of 1.75 inches, Vthere




were 32 water flow orifices 48, each of dianmeter about 0.0%%| g in the
el ectrode holder 36, spaced around the perineter of the e ety 6de 38 The
wat er pressure in the hollow interior 60 was about 30-40 pounds per square
inch, and the total water flow rate through the water flow orifices 48 was
about 1 gallon per mnute. After the water flow 50 has reached the bottom
of the turbine blade 26, it flows to a catch basin or reservoir 62 made of
a nonnetalli Fromthe catch basin, the water

mat eri al s a plastic.
is dr awn""leFFt:?p)2 YRET Bﬂﬁ‘ﬂ)rgg?ef ﬂg b of diametesabgut Qi Lichesaip thaelagttedone or

several §, artlculates h as the
remmants (g!? éltleg%:gg:at(%uﬁlg%ei%ceséstélja&n 19 ‘f%rs%h% oaﬁ?rcprgsﬁ’e‘ﬁ 1els T’rom t he
condi ti oh@ldbwvattanonﬁ] was a‘fnuaﬂméwmouﬁ{ﬁs%% drishhigre ifel; Bndtheabtall QAL FIRNIE
filter. H’EQH pr ot ot ype appar at us, e partlculatefllter was sized to

renove p‘é’rt? gh the (waigrfow REfcesAowes alwutilgationper mintitanet er . The fil ter

64 re-conditions the water as necessary to the conditioned state. This

cl osed- ci rcui I f C rci.al -scal e

oper ati ons. t\e}??\%{?éég?\ﬁowﬁéeﬁggoy%a? ﬁ%a}? ‘&@?‘éf’%&ﬁﬁs%@é’dﬁdk a single
pass froﬂmwatc&owtﬂEbasﬁnﬁl' redepeolr 6Pthadd bR ndifetallio MaferRd Sifch akhepi@icer used in
t he present ﬁé)proach must be conditioned water. The conditioned water used

in the preyBike eateh basith thewatepwrdrmn into dleg punp &8 theaugh a fidter 64 which

el ectri t out 150, 000.ohns per square
cent i metCIZl lfly Er|cfl)c;{’decfee(rﬁ%b ?f 8¥e|I %lr}gg%'%ﬁ‘gy @6‘”60 8%?55%5 32 f er%‘f?sé’ﬁﬁl%‘llﬁfﬁ B squar e
cent i metaRyr the avmnamS toffhe RichbiNg E:E&!&k@@:?&'fals%oﬁﬁﬁ%’ idflc %g Qe ohms per
square centineter. If tap watefr is used, the electric re5|st|V|ty is

typi cal I%Pndﬁtﬂ!i@dszllg @D@mhpmtpﬁﬁtesmas axﬂnnlcxeﬁaﬂge filteirc finitise t 00 | ow
to perm el ect rod SC chinin roceed. s been

det gr i fa*%ﬁ)a&appﬁe fh rﬂﬁlﬁl@ﬂ?"é%fﬁ%‘é{ﬁsl §lg@:§ Qﬁ%m% Pa‘ft’GP afq@rgﬁré%eht

appr oachbbofit RPMiGoMeRrO B8 deer ] %@Eﬁ%%&%@%ﬂ% %‘ca Omsjsagf&}' meter,

and lower resistivities result 1n to Ivity in
the medhenondifiopad satdi stilled water is used the electrical resistivity is
typically about 2.5 ‘

This closed-circuit water flow system was developed for commercial-scale
operations. Alternatively, the conditioned water could be used for a single pass from

a source, and discarded after the single pass.

The water used in the present approach must be coﬁditioned water. The
conditioned water used in the present approach is a partially deionized water having
an electrical resistance of from about 10,000 to about 150,000 ohms per square
centimeter, preferably from about 10,000 to about 100,000 ohms per square

- centimeter, and most preferably from about 10,000 to about 15,000 ohms per square
centimeter. If tap water is used, the electrical resistivity is typically about 2,000-
3,000 ohms per square centimeter, which is too low to permit the electrodischarge
machining to proceed. It has been determined that the minimum electrical resistivit ¥y
for the present approach to perform properly is about 10,000 ohms per square
centimeter, and lower resistivities result in too high an electrical conductivity in the
medium. If pure distilled water is used, the electrical resistivity is typicaliy about 2.5

x 10" ohms per square centimeter, which is too high for the electrodischarge




x 107 ohnms per square centineter, which is too high for t h§ April 2005

el egtrodi scharge 7 8 April 2005 nmachi ning process. It has been determ ned
that the maximumel ectrical resistivity for the present approach to
_perform properly is about 150,000 ohns per square centineter. If the

el ectrical resistivity exceeds that figure, the conductivity of the water
is to low for the process to performproperly. If the electrical

resisti vmmiﬂﬁgg%téss. qPRAi bebR Qe @RRined Mt R mSGMAFLeICQALd PREGHi Yo | S | ess

t han about 150,000 ohns per square centineter, the process Is”operable but
per f or methe eprdsspt sapproasheto perferm Treperbptis rabour d$09H00volirgs rpengeuafe t he wat er

I n the progcess | ro bout 10.000 to abqut . 15, 000 ohps  per uare

cont i merBROTRRS! Jf Hie TPAREH ESEAN gustrerty oh Bepiee isneondosh BRc AT Mist f1 ow
past t heyatees b v br! ' + i t he
wor kpi ec.ea 22 and %éﬁ??\%g Itooli):%ﬁ?% rﬁgéyﬂ’ﬁgf %wsau rrlerrdggg%f&rm%%as%ed) in a
bat h of abontll@d,00®dhms pentduare ¢oppienedér bamtisless thugabodt 13000sHms Feragi t at ed.

The condi tioned.wat er does not incll iglg any oils, which are enployed in
many corrdBfE SSREMEIEr.dhe PEESIR gpgable ¢ RPTPIANGS Segradessoveptimentiish can tend

to prodygg; I 0g - Of : i steps in
the manb o AR R P W ] BeeS P R TOTB3E Pl her

i ncl udesl 550(8ootems perghiyre@éntiinetera vol tage (and current) source connected
bet ween the el ectrode 38 and the workpi ece - 24. Mst conveniently, the
power supply. g6 is connected betyween the electrode holder 36, which is in
electrical c eondifionsd water used 12 |the Presgat approaciy must flagppesl ge hol der

22, whi 1-Snil ri ' Lon Wit h. t rkniec camalhe

or esent Tetmihg |6afoh 18 By SRTUERhE ALl 8B EE, 37 pn

convent ingavhining levation dhachett@esubiehsed (menddy in amatef éoddiaed ¢t the art.
In a typical case, the applied voltage is about 40-80 volts DC and the -

app! i ed otgr PR of wagerpexanni the bathais agitat®dafher eondtioned gwater doeschot

include any oils, which are employed in many conventional electrodischarge

machining processes, but which can tend to produce plugging of small holes during

- subsequent processing steps in the manner discussed previously.

The electrodischarge machine further includes a power supply 66 with a
voltage (and current) source connected between the electrode 38 and the workpiece
24. Most conveniently, the power supply 66 is connected between the electrode

- holder 36, which is in electrical communication with the electrode 38, and the
workpiéce holder 22, which is in electrical comrhunication with the workpiece 24.
The present approach employs the same voltages and currents used in conventional
electrodischarge inachining, which are well known in the art. In a typical case, the
applied voltage is about 40-80 volts DC and the applied current is a maximum of

about 3 aniperes per square inch.

Figure 3 depicts an approach for electrodischarge machining the workpiece.
The electrodischarge machine is furnished, numeral 80. The electrodischarge
machine is preferably the above-described electrodischarge machine 20 and the

method will be described in relation to the electrodischarge machine 20, but any other




Figure 3 depicts an approach for el ectrodi scharge nachining thi @@gkpiece.
The el ectrodi scharge machine is furnished, nuneral 80. The @Ig % di schar ge
machine is preferably the above-described el ectrodi scharge nmachi ne 20 and
the nmethod will be described in relation to the el ectrodi scharge nmachi ne
20, but any other 8 8 April 2005 operable el ectrodi scharge machi ne may be
used. The workpiece 24 is nounted in the workpiece holder, nuneral 82. The

el ectrode 38., S si.ti,oned adj.acent.to th machi-ni Jocat| t he

vor kp ecgPonbleFRERuH SRR mAGIRGREY bl Sl Tre TRMELR 52l | o7y
verti cal kyoRfieehéider, htindWhl BDe TRY kRLR6E&: 34.is gsiiRned iddptbepatd ey . The
source 46 of the flow of the conditioned water is furni shed, numeral 86.

The f | owngichininglgcaticorddhevaodpi¢es 24 meroersbi84. oMiosiepratesatilyi the elesgads on,

| . The fl be . i | t I trode 3 th
wor ko ecal ssalted yPdielY aov (pr BetoS e Mkt 22, i Bpeer BET el T
wor kpi ecgoﬁée 20 dr 1R F1oNPSHLB icBRHHi QR A8y IR FENRALD, InARIARY. TH fidveof

conditioned water or any other Iiquid. The el ectrodi scharge machi ni ng
vol t age conditippdd watesiz diteateddo thermasttinihp dvmtibet meearal & Ty Rpwenay 24 and

t he el ectrqode 38, an etal  is renoved fromthe workpiece into the fl ow of
condi ti o édﬂfﬁ%é?l%&%‘%&‘aﬁ% e Somd/anige @f%@l?%f‘s&ﬁéﬁ%@swaﬁ?ﬁﬁﬁfngf i s

conti nued;.far : i.ad: ] : qui red
rotal |y odsbl] IR 088 BEHAbIAR dl and B HRRRnIng foBafAIMRE SbEnASEPO 1 |

pr ot ot y pén thelcerditionbdsedter geanyatier higuid0 Thes cttenodistimdoemnthiningivoltagd ation to

Figures 1 and 2, using the approach of Figure_ 3. Excellent r sgrlg{%s wer e
obt ai nedis spRied svibphy Curaing dlowsbetwrsn th,workpisge 24 apd dheglestende 3§r ss.

Processi i r e c M ches, and
there we B% tag g&%ﬁ’ 1é{l‘:’(‘rir?@os S q’fcgﬁﬁi%gﬁ @506@18 g@gﬁﬁfﬁﬁ’gﬂ‘é‘@‘w ‘r’l"ggeli] %g’r I?Lg{r?&ggpr oach

usi ng anggi Theakesodithatdeadhcifias ooiEaiddon s mgiaqmiod'faé ichdcessast hane was
used to renove the el ectrodi scharge machi ning medium The use of

tri chl or tecdmpletethe rdquired ratiteloempyalued for environmental and heal th
reasons. In a

The present invention has been reduced to practice on a prototype
electrodischarge machine 20 as described earlier in relation to Figures 1 and 2, using
-~ the approach of Figure 3. Excellent results were obtained, and cooling holes were not
plugged in the overall process. Processing cycle times were reduced as compared
with other approaches, and there were no repair costs to unplug cooling holes. Ina
prior approach using an oil-based | electrodischarge machining medium,
trichloroethane was used to remove the electrodischarge machining medium. The use
of trichloroethane was later discontinued for environmental and health reasons. Ina
revised prior process, the oil-based electrodischarge machining medium was removed
using a high-detergent soap. However, some of the oil and the soai) could remain in
the interiors of the cooling holes. The residual oil and soap chemically react together
in the subsequent processing operations at elevated temperature, resulting in plugging
of the cooling holes. In the present approach the use of the oil is eliminated, and
consequently the use of the soap is eliminated. The result is that the cooling holes

remain unplugged, and that the cleanup of the turbine blades is much easier.

Although a particular embodiment of the invention has been described in




revised prior process, the oil-based el ectrodischarge machignig 2gBsli um was
rempgved using a hi gh-detergent soap. However, sone of the oil and the soap
could remain in the interiors of the cooling holes. The residual oil and
soap chem cally react together in the subsequent processing operations at
el evated tenperature, resulting in plugging of the cooling holes. In the
present approach the use of the oil is elimnated, and consequently the
use of t ldetagidap pitposts of illastedionThariowsnddificstiddsaindtdnbamealentgnbpbes  remain
unpl ugged nd .t hat, t he cl.ean of. the turbine blades is nuch easier.

Al t hough nged‘gmffoaﬁpgparg%hamgﬁ@mgf 2R %"Wﬁ\?@ﬂﬁ IBKETHioE. Weprdirglyrtheed in 9 8
April 20 3 gﬁﬁ% il j r,ous nodifications and
enhancene%ﬁ'{egﬁﬁg;/é Itl)(;et%r?ggirgﬂwt ggétdge gﬁ%?ﬁ%&n@r@%ﬁ]&%qg spirit and scope of
the invention. Accordingly, the inventionis not to be linited except as
by the -appended clains. 10 8 April 2005 CLAIMS 1. A nethod for

el ectrodi scharge machi ning a workpi ece, conprising the steps of furnishing
a machi ni ng apparatus conprising a workpiece holder, an el ectrode hol der
havi ng an el ectrode nounted thereto, and a power supply providing an

el ectrical voltage and current; nounting the workpiece in the workpiece
hol der; positioning the el ectrode adjacent to a nmachining |ocation of the
wor kpi ece; furnishing a source of a flow of conditioned water; directing
the flow of conditioned water fromthe source into the machining |ocation
of the workpiece, w thout submerging the machining location in a |iquid,
and :

10




applying a voltage fromthe power supply such that netal ig ;reggef@j from
the workpiece into the flow of conditioned water. 2. The claim

1, wherein the electrode is positioned vertically above the workpiece, and
wherein the step of directing the flow of conditioned water includes the
step of directing the flow of conditioned water over a surface of the

el ectrode so that the conditioned water flows downwardly over the

machi ning | ocation and a surface ofCLAEMSworkpi ece. 3. The nethod of claim
1, wherein the step of furnishing a source of a flow of conditioned water
includes the step of providing a plurality of water flow orifices in the

el ectrode hol dbr ant ™gBe¢ chfﬁ"é‘(S‘“&qurg% chigingry FRAPIechiat@RPIing thet a
surface o;tﬁl;c#ﬁ el ectrode. 4. The method of claim 1, wherein the machining

| ocation and the electrode are oriented vertically relative to each other.
11 8 April 200furfishiife maehingg: appazhaicombrisivigerein the el ectrode is

posi tioned verti cal I%’ abovg\ﬂﬁge wor kpi ece, and wherein the step of

furni shing a sour ce? BPrkpigee ' conditioned water includes the step of

providing a plural i hyeiBl@uBldct hilthed HeaRRcnbnIR RhRE! sle hol der and

positioned to direct the flow of water against a surface of the el ectrode.
6. The net hod of clapewdr,supplepedndingen sketrel viltageaa] ¢uroméd wat er

conprises a water flow orifice.pgsitioned del i ver conditioned water to
t he machi ni ng TPBE4S! ?IWOQ(H‘@%IE&&WOI 138%&‘8]‘1‘?%0%(1 wat er positioned to

catch condi ti opgdidiehe bRekodedidiRent th A AdRgiNPIEBRCT théWrkpiece;
furnishing a source of a flow of conditioned water;
directing the flow of conditioned water from the source into the machining
location of the workpiece, without submerging the machining location in a liquid; and
applying a voltage from the power supply such that metal is removed from the

workpiece into the flow of conditioned water.

2. The method of claim 1, wherein the electrode is positioned vertically
above the workpiece, and wherein the step of directing the flow of conditioned water
includes the step of

directing the flow of conditioned water over a surface of the electrode so that
the conditioned water flows downwardly over the machining location and a surface of the

workpiece.

3. The method of claim 1, wherein the step of furnishing a source of a
flow of conditioned water includes the step of
providing a plurality of water flow orifices in the electrode holder and

positioned to direct the flow of water against a surface of the electrode.

4. The method of claim 1, wherein the machining location and the

electrode are oriented vertically relative to each other.

11




a punp that receives conditioned water fromthe reservoir gulgepbyers
pressuri zed conditioned water to the water flow orifice. 7. The nethod of
claim1l1, wherein the workpiece is a gas turbine blade. 8. The nethod of
claim1l1, wherein the machining location is a tip of a gas turbine blade.
9. The nethod of claim1, wherein the workpiece is not contacted by an oil

and is not contacted by a detergent during the steps of directing and

appl yi ng. 10. Phe ndbaderthnd ef gaim 1, wheesinihe elpetrosiedp pesitipnechvertically t he
sour ce of flow,of conditi.oned water ipcludes the step of furnishing
ot al |y “heSeo e, B Ricer MR pVRESE M i b Guiilng 8rsoltee”of o B OSpous
10, 000 tocallgﬁ%neaﬁ,pataqgclgmh@%pgguare centinmeter. step of 11. A nethod
for el ectrodi scharge nmachi ning a workpi ece, conprising the furnishing a
machi ni ng appapsatviting amphirglitygofl 2vaBerAflowl oAi05s | W lghicaode Holdberandan

el ectrode haql der, having an el ectrode nmounted thereto; a plurality of water
f1 ow ori fPedtoned tp age‘él%g‘cﬂ?%& Waker gsinst @surfage ofithg elecirodsri fi ces bei ng

positioned to direct a flow of water over a surface of the el ectrode
hol der, and a power supply providing an electrical voltage and current;

- mounting the warkpi g€ h&héd & WEIE#P 1€CHhREMIRE; sRPS b UdnBRioch&E wBlkgct r ode

adj acent .to a machining location of the workpiece such that the el ectrode
is verticadhpnseabove the machining | ocation; furnishing a pressure source
of conditioned water.in camuni.cati.on a/vil.th the. . water flow orifjces;
a water flow orifice positioned to deliver conditioned water to the machining
location,
a reservoir of conditioned water positioned to catch conditioned water that
drips from the workpiece, and
a pump that receives conditioned water from the reservoir and delivers

pressurized conditioned water to the water flow orifice.

7. The method of claim 1, wherein the workpiece is a gas turbine blade.

8. The method of claim 1, wherein the machining location is a tip of a gas
turbine blade.

9. The method of claim 1, wherein the workpiece is not contacted by an

oil and is not contacted by a detergent during the steps of directing and applying.

10.  The method of claim 1, wherein the step of furnishing the source of the
flow of conditioned water includes the step of
furnishing partially deionized water having an electrical resistance of from

about 10,000 to about 150,000 ohms per square centimeter.

11. A method for electrodischarge machining a workpiece, comprising the
step of

furnishing a machining apparatus comprising

12




directing a flow of conditioned water fromthe water flow gri {16655 agai nst

the surface of the electrode such that conditioned water |A(S)WS downwar dl y
into the machining |ocation of the workpiece, wthout subnerging the
machining location in a liquid; and applying a voltage fromthe power
supply such that an electrical current flows between the workpi ece and the
el ectrode holder and netal is renoved fromthe workpiece into the flow of
condi tioned water. d@orkPheloldend of claim 11, wherein the workpiece is a
gas turbine blade. 13. The nethod of claim11l, wherein the machining

location is a tip ofn@ectieds haldgihaxing aprlectnode mopntethsidoor clai m 11,
el ot h e . . p . ! :
M rToil surtace Fhet e ofR%cl Hol St e dUBHUATIAGE e DA, L7 BT

the gas t gifpded Delgapdsiticied tdNErddBhh@sly Off watal Bvekla sidiaseedMthch@edifodssur e
source of conditioned water conprises 13 8 April 2005 a reservoir of

condi t i onkaldevasret positioned to catch conditioned water that drips from
t he wor kpi ece, a punp that recei v‘g_s condi tjone ter fromthe reservoir
vt

and delivers presstPYWRUBRK A& an fleetsical v "tag% FFen%| ow orifices, and
filt t hat i L [ hod
a tirter tha mﬁg{ﬁﬁ}éﬁst{hhe@%%hgin }ﬁ&%ﬂ{;}s&%@{bﬁ%&%gaﬁﬂomg Ghe ei&troﬁ?e met ho

of claim 11, er el urnis essure” source o

condi ti ongfjaskat & a mehiiGhes 1ddagos bethe Gorkpiédaisath gt Bakldeabdeisdertivallzed wat er
having an electrical resistance of from about 10,000 to about 150,000 ohns
per squar &ovehe machiing lozatiothe net hod of claim 11, wherein the workpiece is

‘not contact ed glﬁighr%ng a pressure source of conditioned water in communication with the
water flow orifices;
directing a flow of conditioned water from the water flow orifices against the
surface of the electrode such that conditioned water flows downwardly intd the
~ machining location of the workpiece, without submerging the machining location in a
liquid; and
applying a voltage from the power supply such that an electrical current flows
between the workpiece and the electrode holder and metal is removed from the

workpiece into the flow of conditioned water.
12.  The method of claim 11, wherein the workpiece is a gas turbine blade.

13.  The method of claim 11, wherein the machining location is a tip of a

gas turbine blade.

14.  The method of claim 11, wherein the workpiece is a gas turbine blade
having a cooling hole in an airfoil surface thereof, and wherein the machining location

is a tip of the gas turbine blade.

15.  The method of claim 11, wherein the pressure source of conditioned

water comprises

13




oil and is not contacted by a detergent during the steps Ogjgkﬁﬁﬁbgng and
applying. 18. A nethod for el ectrodi scharge machi ni ng a workpr ecCe,
conprising the steps of furnishing a workpiece conprising a turbine bl ade
having a tip and an airfoil section with an airfoil side surface;

furni shing a machi ni ng apparatus conprising a workpi ece hol der that holds
the turbine blade vertically so that the tip is uppernbst, an el ectrode

hol der havi ng anresdresit iof denditivindde drateh ayositionehth Rash tdoadigidned @natdrabht y above
the tip of the turbine blade with a gap therebetween, a plurality of water
f1 ow orif HERsfrpm theworkipiacer ode hol der, the water flow orifices begin

positioned to direct flow of water downwar dl ver a surface.qr the

el ectrode hol dgrl?urp}%ttﬁatt RECYED, aﬁog?fg_rwitﬂeg@h 1316‘? FOETRE" %&f%\%’geﬁ'f t he
turbi ne bhrEarizaMdonditidRMNatt4H Rl RECSWbAlcANaf] ectrical vol tage and
current; nounting the workpiece in the workpi ece holder; positioning the

el ect rode adj ae dier that mmomehinpiunigics fromtthe comlitidned watge. of the turbi ne bl ade

such that the electrode is vertically above the machining | ocation; 14 8
April 2005 furnishing a pressure source of conditioned water in

conmuni cation ywth t rifices:. directing.a. flow of

condi ti oned vvamsa‘r ftfrg% \ﬁgod\?\% ‘féllﬁu Ilgww(})lﬁ%ﬁf ggs“?i’g&fr@%lsﬁwg t?lglplr?sg%rg of the
el ect r odesdinedofidatitiohal waedinthaactie weper fl ows downwardly into the gap
and over the airfoil side surface of the workpiece, w thout subnmerging the

machi ni ng | ocfurishing rpagialiyoddiohizeth dategp Hayinggam elestrical ecsistawe tdfefrgnwer
supply such t n electrical current flows between the workpiece and the
ol 00t ¥ ocedrt EPoRHhehont L1000 oramsse dtuere penvimeter

17.  The method of claim 11, wherein the workpiece is not contacted by an

oil and is not contacted by a detergent during the steps of directing and applying.

18. A method for electrodischarge machining a workpiece, comprising the
steps of
' furnishing a workpiece comprising a turbine blade having a tip and an airfoil
section with an airfoil side surface;
furnishing a machining apparatus comprising
a workpiece holder that holds the turbine blade vertically so that the tip
18 uppermost,
an electrode holder having an electrode mounted thereto and positioned
vertically above the tip of the turbine blade with a gap therebetween,
a plurality of water flow orifices in the electrode holder, the water flow
orifices begin positioned to direct a flow of water downwardly over a surface or the
electrode holder, into the gap, and over the airfoil side surface of the turbine blade, and
a power supply providing an electrical voltage and current;
mounting the workpiece in the workpiece holder;
positioning the electrode adjacent to a machining location of the tip of the

turbine blade such that the electrode is vertically above the machining location;
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wor kpi ece into the flow of conditioned water. 19. The net hg(}} %28{)1@ m 18,
wherein the step of furnishing the pressure source of condi RIoAEa wat er

i ncludes the step of furnishing partially deionized water having an

el ectrical resistance of from about 10,000 to about 150,000 ohns per
square centineter. 20. The nethod of claim 18, wherein the workpiece is not
contacted by an oil and is not contacted by a detergent during the steps

of directing afignigfipg i prgssufedsouBeeAglt ¢dndRdAEd Wabér ShBMERRINGMtIEL BGTHRESl SCHARCGE
MACHI NI NG USI NG CONDI TI ONED WATER AS A MEDI UM ABSTRACT OF THE DI SCLOSURE A
wor kpi ecewgtn floworiicest r odi schar ge machi ned using a machini ng appar at us

(20) having a,wrkpi ece hol der..(22), .an.el ectrode (38) .hol der. havi ng
an el ectrode (%‘}'Cﬂngtﬁlﬁ?%a?fzﬂl&cﬁ é%e% e gmﬁo P"’ag"ﬁ&fmz”('g%fjs WB\%F ng an

el ectri cabyriRb bRAR AREoH SR That thl MRIMINKD Waks flodAoRwaRIN iR tezabhe

wor kpi ece hol der (22), and the electrode (38) is positioned adjacent to a
machi ni ngaddoat ithmnai(fdd )sidef surface vbthiepy@kpie(d 4yitholhsubmeirfiag thd mathismgi ncl udes

furnishing a_source (46) of a flow (50) of conditioned water, directing
the flow fosayorgn adigwédeéned water fromthe source (46) into the machining

| ! 3 _ d wat . \ o e
L ocati on (38) fipuhPARAEPEER S fdiver Mobly i TS 2R fclitel A BRI L oo
(66) suchpéthaén Wk oBigliédeCald e ERBirodd B¥Rer RRY MBEA IhRnYSVekPh&Gethe24) and

the el ectrode holder (36) so that netal is renoved- from the workpiece
(24) i nt owbtkpidck ovo (lEOfovobf coddicanedmatberwat er. Fig. 1 15

19.  The method of claim 18, wherein the step of furnishing the pressure

source of conditioned water includes the step of
furnishing partially deionized water having an electrical resistance of from

about 10,000 to about 150,000 ochms per square centimeter.

20.  The method of claim 18, wherein the workpiece is not contacted by an

oil and is not contacted by a detergent during the steps of directing and applying.

14a






