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 elegapdischazgs machinipgeoften alibeevintgdias “BBM’, anickectiode 9ol i ng
ert oct cd, PPEOHEL et loi g iR iting IprauRE oA FrPREE 16, § PBHeRTRal o
present | gheréletvelis C AR Mechticdt Rafeis passed between the workpiece and the
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.




operations, such as detergents, and results in plugging of 4t ?ﬂaa&%lng
hol es during further processing operations. | 8 April 200 efe 'has been
previ ously proposed no approach for solving this problem Masking of the
cooling holes nmay all ow reactive chemcals to remain, leading to their
plugging in |later steps of the processing. The use of many effective
cleaning chem cals, such as trichloroethane, is not acceptable
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present i nvention ere | for elec

machi ni ngfiathepplopides felatedidvatiages. t he steps of fam shing a machi n| ng
apparatus conprising a workpi ece holder, an el ectrode hol der having an
el ectrode_nounted t hereto, and aﬁ&ower suppl y providing an el ectrical

vol tage aRBIEE SHMMARNGHEEHRGNVENMENpi ece in the workpi ece hol der;
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overcome the problem of the plugging of holes in the workpiece. The present approach
may be implemeﬁted 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.




liquid; and applying a voltage fromthe power supply such g i19Bhal is
renoved from the workpiece into the flow of conditioned water. According
to one enbodi nent, the workpiece is not contacted by an oil 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
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a nachlnl rising. a workpi ece holder, an ele rod hol der
v on o RERe SR E e et s waRsiece ot e sep Of FURSBIngr | cos i n
the el ect f e direct a
fl ow of vvgt?ﬁeja? hi*ﬁﬂlegdﬁj'garsatt}%?c ém)é@{ ;H gti%ll@%eclgtﬂroo € % ‘!flgée{?()%%otl egrﬁg% gmsuppl y
provi di ngelettr@leanduntaitheren; b phealdtydf onatet oy orifices i the @ldctiededll@ gee in the

wor kpi ece hol der; positioning the electrode adjacent to a machining
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wor kpi ece

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.

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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hol der that holds the turbine blade vertically so that thes%&ﬁlbés
uppernost, an electrode holder having an el ectrode nounted erego and
positioned vertically above the tip of the turbine blade with a gap

t herebetween, 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
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surface oflowhé ceddideneddentsuch that the 3 8 April 2005 conditioned water
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The condi watengghinvah eiirfaceed theelédnodpr esent approach may be a partially

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.




dei oni zed water having an el ectrical resistance of fron1ab§ ?0 0Oto
about 150,000 ohns per square centineter, preferably froma ou 0,000 to
about 100, 000 ohns per square centineter, and nost preferably from about
10, 000 to about 15,000 ohns per square centineter. The source of
conditioned water desirably conprises a water flow orifice positioned to
deliver conditioned water to the machining | ocation, a reservoir of

condi tioned wakei p rd@éxeédea@hhmdnntﬁd\ﬁoﬂc?fe@b@ a%a@ﬂﬁbﬁ@ﬂﬁddlel partiadlaity Basi n,
positioned to catch water that drips fromthe workpiece, and a punp t hat
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preferred application, the wor kpi ece is a gas turbine blade, particularly a
gas turbine bl @he presennh@gpproadolmayy uspeondigioned avateri bf oi Imealiurhafoe theer eof .

The machining location is a tip of a gas turbine blade, such as a tipto
whi ch a welpgiradisshanige machinieg nThfp]UPﬂ‘é’éFcﬁr?éPdWﬁﬁ archigingologation) way melib§char ge
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conditioned water is continuously | owed over the surface of the workpiece

and t he neoWitvmed watcamiapprovifiea dms:icmm; imedan wad etsomayope the declanidiel ectric

medi um and al so renove the nmachinin remmant s and heat fromthe vicinity
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applied to the gas turbine blade, or for any complex cleaning procedures following |
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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the el ectrodi scharge nachining. The el ectrodi scharge nmachi BiAgi120b04 hi s
approach nmay be acconplished at rates conparable with those ‘achieved in
convention electrodi scharge machining, with | esser adverse side effects.
O her features and advantages of the present invention will be apparent
from the followi ng nore detailed description of the preferred enbodi nent,
taken in _conjunction wth the acconpanyi ng drawi ngs, which illustrate, by
way of . exBJi PEQQESSREHHPN@EWEME{W Ntion. The scope of the
invention is not, however, limted to this preferred enbodi nent. BRI EF
DESCRI PTI ON OF; J}@EF s Ay i vat J | vjiew of an
el ectrodi schar 5%% X%; i%%af%a{sré%gn%ﬁﬁg%égﬁﬁgw o%’%%gﬁv %f:‘/{ht%he

el ect r odeptesérd envemtidn eTlec tleaneiischagte hadhinee2® inchudes hal wolkpidcowotiengpram of a
preferred_apprqach for practjcing the present .invention. 4a 8 April 2005
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holl ow. In service, a flow of cooling air is forced through the holl ow
interior 4b 8 April 2005
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of the gas turbine blade 26 and passes through the C°°|i”98@ﬁ%ﬁ?0ﬁ9 to cool
the gas turbine blade by a conbination of heat conduction a I'I'm
cooling. In the application of nost interest to the inventors, a tip 32 of
the gas turbine blade 26 is forned of a bead 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
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final desired ape an
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machi ne the | d bead 34 to the required shape and size. The tip 32 and
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40 which control|ably noves the el ectrode 38 and the tip 32 either closer
t oget her agfodynamiseshappalhe cloairodischarge nehadiningds emphoygd tofinhl macigne pr ocess,
t he el ectyrod 8 the ti are separat ed a,gap [ch is
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present apREMRAN makkink ; d t : ctrode 38
be vertically abf)n\?e 1tnh %’?ﬁl&%Pﬁ’gﬁlogfég%lﬂgnmggﬁgﬁylf&nb? tﬁ%@&(f:%dé]gn? g tip 32.
That is, ekcirodisthargenpachinitg procesd. Qontdntiordleddctrodiect3Bed Magiting revuktd so t hat
t he machi_ni ortion 4 nd the tip 32 are aligned along a radius of the
earth, nmﬁggﬁg ,f %q%x%ggp?qﬁgg, and trl)le present approa%h 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




a vertical direction relative to the earth's surface. The grgignoes
appr,oach depicts the electrode 38 above the workpiece 24, but this may be
inverted if desired so that the 5 8 April 2005 workpi ece 24 is above the

el ectrode 38. As noted, it is not necessary that the electrode 38 and the
wor kpi ece 24 be vertically aligned, although the vertical alignment allows
the flow of conditioned water to serve as the el ectrodi scharge mnachi ning

, ’ X | .3 dth kpi.ece 24.
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machi ni ng_| ocat i ? I nstead, the water flow orifices 48 are positioned to

n.
di rect tP21SQRCEARISf conditioned water, nunmeral 50, first onto the el ectrode
38. The conditioned water 50 flows downwardly by the force of gravity

i : 38, I t 41 .by flow and
Capi N ary act [ nc eeRafBlacienife AEMARE saitgn 481dte B Bapdiioded of " e
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of the electrode 38 and the electrode holder 36. The water .Tlow orifices
48 in a Hect Bie fiow of cenditionedovater it thednachilding decation 35gemd inrkiscdse t he

rimet 38,.. The wat er f | orifj 48 are angled
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48 is difiewiofdonditionsd Watl? is Bt BRealStoR thbheatel AGK Giticeitis i@ Md here the
conditioned water flows downwardly “as described previously.

machining location. Instead, the water flow orifices 48 are positioned to direct the

flow of conditioned water, numeral 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




The source 46 of the flow of conditioned water includes a nesg§uYphs source
g . Ad) S

of = conditioned water, nuneral 56. The pressure source includes a punp 58

whi ¢h  produces a flow of the conditioned water into a hollow interior 60

of ‘the electrode holder 36, fromwhich the conditioned water flows out the

water flow orifices 48. In a prototype apparatus built and operated by the

i nventors to acconplish electrodischarge machining of turbine blades with

a chord Ienggg of é.?S [ hches, there 6 8 ril 2005 were 32 water flow
‘orifi cesVEE Je¥RKT PWoﬂrgnPFﬁﬁ 2?,%9;“ digmgter appe{:AlS ingheshin theelecirode  hol der
36, spac [ I ... .the water. essure in
Dhe o TS 2 3ackl SrARNIFREIm el dr1e MBI Tt vl hr R i 5 e

total waheltow imerior @t was dyomn 30-40eundd ser shuow ineh, bhd 8 481 vagerahaut 1
gallon per mnute. After_ the water flow 50 has reached the bottom of the

tur bi ne HitEough the pwaten figke ofifices 4hwanabmadilngablon pesminutr 62 nade of a
nonnetallic material such as a plastic. Fromthe catch basin, the water is

Ceveral " ndi v et el PoB Shnds bl il bolist Be EENUBE I 2050 as the
r ermant sflows toecatelchusin stderanesBSmadslofd ehrhéthilie hfatdriil htchSRYGHI8stcI r om t he

condi tioned water using an appropriate filter such as an ion exchange
filter. Frompke catehybasing e wplshisairawn inth shepump S8 ithrough a filter 64mdhich zed t o

6o r o cORel B dhe R BT ViRl T e B e GreSBMEAE b Thi o
cl osed- cisr thgiremiahe roff the hShtiBMpYRSsH8YE BB elttdr riorﬁf’gﬁg‘gﬁé ﬁlogé ?ﬁé e

operations. Alternatively, the tonditioned water cou use or a single

pass fr ciendiionsd measer using & appavprite flicesudhes @i joglezcipage filiBoe Indher used in
roach st be ti oned ter. The co i oned water used

the presen ndi condi
-t e arRlosARARBRR IR neRSeully At W4 iarin einoe geaiculia lapggr than
about 10 micrometers diameter. The filter 64 re-conditions the water as necessary to

. the conditioned state.

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




an el ectrical resistance of from about 10,000 to about 150g00Q:;19%58% per
square centineter, preferably from about 10,000 to about 100, 000 ohns per
square centinmeter, and nost preferably from about 10,000 to about 15, 000
~ohnms per square centineter. If tap water is used, the electrical
resistivity is typically about 2,000- 3,000 ohns per square centineter,
which is too lowto permt the el ectrodischarge machining to proceed. It

has beemnmgeiihpiphResd Mahastdeen AbRhAMEd ﬂla?g%%%é‘{?gﬁ'g%%&%%ﬂ irésYstivitgrfort he

present approach to performproperly is e per square

cent i metthe, prasant | appeeachets peifoin i properdss us tabont 160,000 gbhms pelr expuniec al
conductivity int .U If.pure distilled water is used, e

el ectri cca?lll%lﬁ'&qrst[?&fet %&Ec%ﬁﬁlé%ﬁgye@ﬁs& that %gu;g, fhercasnstipioy O%glfar e

cent i metyiter Wb fow fod thedftobdss B p@fori CUF gl iStivi | 005
machi ni ng process. |t ﬂgs beenlgdeot e??nogéégptlﬁgl? eﬁgﬁﬁgﬁﬁsﬁgﬁ e edgjfec}slzcal

resi st i vaboyt 160,000 blemp pessaregmtiowntdr Huo ipless thamapowpks0,§00 shrabpet 150, 000
ohns per_ square,. centijmater. Jf the ectrical resistivity exceeds that

f |
figure, SHHECESRUREICT\HE Prasess ip eperghlediut perfermange degradesavep tigeesEhet o per f or m
o : ' et
D or e Cptimbuh BT B RO et i che prOEES S Brond AR 15 B003R Bupli™ Per

cent i netlé Q00 dtempparcgasreicentimetedbl e but performance degrades over tinme. The
optimumresistivity range of the water in the process is from about 10, 000

to about 15,.Q00 ohp r square centineter. The conditioned water used in
t he present é@’ﬁr%&ﬁ?ﬁ%@twﬁg&}dsﬁf&% the, resgatc AppIOAh Mtshiflosn past theay not be
st agnan 3 | , [ | R _Qcat l,an y not be
cubmer gl AL foaol: 1 ARy IR HEBa0E, RSFudii B AbrkB5Rt 28Rl o cven
i f the medchiriing dgpatiah enhy ﬁdta)ecsmbdietg'sa@meey it @®atOf corldiGdnédeprany oil's,
whi ch are enpl oyed in nmany conventional electrodischarge machining :
pr ocess @thergype ghwetercayen: ifibe bathps agitatedpl Thegsonditivned miater Ho¢sesotdur i ng

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




subsequent processing steps in the manner discussed previog;lﬁ! &gp
el ectrodi scharge machine further includes a power supply 6 % vol t age

(and current) source connected between the el ectrode 38 and the workpi ece
24. Most conveniently, the power supply 66 is connected between the

el ectrode holder 36, which is in electrical conmunication with the

el ectrode 38, and the workpiece holder 22, which is in electrical

conmunicati g | t he wor kpi,ece 24, The.-present. apyr.oach I t he sane
Vol t ages Rrane e Bp gt AR EER AL R P TRe SRERI SRR BT i ng, ™
whi ch ar eoMebibcd< RONBr, | funhdiBl 821 - Thd eRchydd 38! is GRSRionkAadjRRA tethe/ol tage is
about 40-80 volts DC and the applied current is a nmaximum of about 3
anper es - pwchinipgloeationadf theivgipiccs 2depuroersl &h Mopt patenatiprthe elsetreddi schar ge

hi ni t he. kpiece. . Th t { odi ine.is f i.shed,
numor al | 88 Sieea B Duretdp oW R e LR T BT Gescr i bea
el ect r odksehans et RSt O cBRtlioRA will! S Binithid, limeAAS6! Medidwlof el al i on
to the el ectrodi scharge machine 20, but any other 8 8 April 2005 operable

el ect r odicenditiongel watehisnkrented tb¢heusachinifipdoostiohpivarsralB. | Eharflawteay i n t he

wor kpi ece hol der, nuneral 82, The electrode ,38 s positioned adjacent to
the macKFAMdiEFCt 8lea ifineleptredee’ |I§E(¥V°Z]$?w?ﬁ1#f€raéld?§ﬂ?‘s 11ffSJrglferabl Y,

t he el ec e ' i b Yﬁhg i ece 24,
as descr?i)rg‘g' gé?%?sl ﬁerrﬁcé’é r}t@@&@g%?‘{ggbﬁgh%@e?ﬁ% o%ogﬁxﬁ%@ggﬁgl tl oﬁie)d wat er
i s furni shee conditiemel waér orldng dthepliqoid. Theribictrodisethrymmechinmgdioitegd ed to t he

machi ni ng |l ocation, nuneral_ 88. The flow nmay bhe indirect al o:gga%jﬁe
el ect r odés applighen it 2 prrrend episdsevesn thgworkpices 24 apd i lgdrodeds, anff rect . In

this pro : | -ang. 1 A).0G: ' r I mer sed
b B SR 855l Rteld e TOPU VR AEELARA 58 Byl T
nmachi ni ngQyv ahé agetrodischan® rhg@lﬁﬁiﬁg t@intidued for 89lonf laisiol ek Wegitessasy wor kpi ece

24 and the el ectrode 38, an
to complete the required metal removal.
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




nmetal is renoved fromthe workpiece into the flow of condi gigpfdonster 50,
nuneral 90. The el ectrodi scharge machining is continued for "as long a
period as is necessary to conplete the required netal renoval. The present
i nvention has been reduced to practice on a prototype electrodischarge
machi ne 20 as described earlier in relation to Figures 1 and 2, using the
approach of Figure 3. Excellent results were obtained, and cooling holes
wer e not defailuigy purpioses ¢fdllosteatmin vanacsassdifiPatamsssidrghayeh@nts iEE byer e
reduced a%E%o. ar?a wi.t h othﬁr appr oaches, ﬁpd there were no regair costs
to unpl ud gpaung fipmythe spirihand3eops € HcBY #ion Asicpdinglidhe

el ect rodinanfiod s ARG bR R UM as ththe B nAed bafgevas used to remove the
el ectrodi scharge machi ni ng nedi e us of triChl or oet hane was | at er

di scontinued for environnental and health reasons. In a revised prior
process, the oil-based el ectrodi scharge nmachi ni ng nmedi um was renoved 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 the soap is elimnated. The result is that the cooling holes renain
unpl ugged, and that the cleanup of the turbine blades is nuch easier.

Al t hough a particul ar enbodi nent of the invention has been described in 9 8
April 2005 detail for purposes of illustration, various nodifications and
enhancenents may be nade without departing fromthe spirit and scope of
the invention. Accordingly, the invention is not to be limted except as
by the appended clains. 10 8 April 2005
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CLAIM5 1. A nmethod for electrodi scharge nmachining a morkpigég. ?Q rising
the steps of furnishing a machi ning apparatus conprising P%6 @?ece

hol der, an el ectrode hol der having 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 el ectrode adjacent to a
machi ni ng | ocation of the workpiece; furnishing a source of a flow of
condi tioned water; directing the fl@OnABMSconditioned water fromthe source
into the machining |ocation of the workpiece, wthout subnerging the

machining location in a |iquid; and  applying. a voltage fromthe power
supply such thht mefidpethed (érrfg‘?f"ér(?gﬁﬂ&ﬂ?ggﬁéc ‘giﬂgkﬁ)}“’g’é@gqcﬁ’t FPEHERY of
conditi onﬁ%sv@ er. 2. The method of claim1l, wherein the electrode is
positione ertically above the workpiece, and wherein the step of

di recting the fumshiof acoachinirigappdratstcemprisingl udes the step of directing the

fl ow of conditioned water oyer. a surface of the electrode so that the
condi ti oned water f¥BRE Hly over the machining location and a

surf ace of ‘the  WOr kpiigifudehol b ViR HPHelodk bic nUBRS gl the Step of

furnishing a source of a F ow of conditioned water 1ncludes the step of
provi di ng a pl ural i 4 yowdér suppleprddidng eniefactasl valtaghendetwsint;ode hol der and

positioned to direct the flow of water agajnst a surface of the el ectrode.
4. The met hod BPudngt Yf’rm%ﬁeé’?ﬂlet"ﬁ‘gi‘ﬂ’&gﬁ‘ﬂa?fg | ocation and the electrode

are oriented Veidiiddld the EREASdVRdRnt88 Gin&hiffg 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.

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




11 8 April 2005 5. The nmethod of claim1, wherein the el ectyrQdq Joss
positioned vertically above the workpiece, and 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 der and
positioned to direct the flow of water against a surface of the el ectrode.

6. The net hod of claiml1l, wherein the source of conditioned water
conprises a waPer filggmsthad ekclpisn il wheesin th elestroderis pomitionedomaticalln er to

t he machi (o] rvoi r of copditioned water siLione

cat ch con%bg‘%o%hgd&%@gew’t ﬁ%‘{ Stif tﬁ’f’ 5 PE%W?‘W& @csé’,mcffng %ﬁ‘ﬁp" hat
receives @@Iliujh&ﬂegw@er\ﬁﬁélﬁdesftﬁ@ﬁbﬁs Bp reservoir and delivers pressurized
conditioned water to the water flow orifice. 7. The nmethod of claim1,
wherein the V\opkp'ii(ﬁng a s:luialgasof wrddérnfoly| adfces8in The eheetrbdel holdeg| @idm 1,
wherein the rracral ning location is a tip of a gas. turbine blade. 9. The

met hod of PRFIHPIRAFO difFet the OWHEWREIB%@SP@amf%ﬁ?%{&d@d by an oil and is
not contacted by a detergent during the steps of directing and appl ying.

10. The method of claim1l, wherein the step of furnishing the source of the

flow of condit gonedTHatBEhddPfuslasn thewkdreR @k {otr& Shiddditdhéd it

dei oni zed water having an electrical resistance of from about 10,000 to
about 150c@Oprisshns per square centineter. step of 11. A method for

el ectrodi schar machi ni n kpi.ece ri.sing,the
AL t{]ow orticé pomﬁorped 0 deliver Ildlst{DIlgd 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




furni shing a machi ni ng apparatus conprising 12 8 April 200§A§-T96&piece
hol der, an el ectrode hol der having an el ectrode nounted ther Fo; a
plurality of water flow orifices in the electrode holder, the water flow
orifices being positioned to direct a flow of water over a surface of the
el ectrode holder, and a power supply providing an electrical voltage and
current; nounting the workpiece in the workpi ece hol der; positioning the
el ectrode adj acentaivorkpietetbider,ng | ocati on of the workpiece such that the
electrode is vertically above the machining |ocation; furnishing a

pressure source of ¥bHEFIdHAIHANINE R Jdesfrassimantehthiie® the water flow
orifices; directing, ﬁlugélﬁifvg?ka%?ﬁghédrﬁ%gﬁ Og%ﬁec%gghﬂllg%r, ‘ﬂ%t\g%t?]f AGY

orifices against the* surface o e suc con i'oned water

flows dovpwgded peidgpdsifidiRd tdBGRichiaNBow QFalateNoGé: 4 RErfuRr dPiheClectitide hout
subrerging the machining location in a 1liquid; and applying a voltage from

t he powerhaldgpénd such that an electrical current flows between the
wor kpi ece and the el ectrode hol der. and {'retal renoyed fromthe workpiece

't o the flow of coBP¥STHBRIVEREHnE #5 clopkieal ¥aliqgeond CHTRE m 11, wher i n t he
workpi ece 1 BTl GBlBd T wElnoidridiad: RERhANE Y cliGhE 1 {he

machi ni ng | oc on I1’s atipo gas turbine net hod of
clai m 11, adjhe@hetda iR hiMdiiK icaién bfthe v@aipiédsrsatin thabtha @Rectrbde/isngrtivatipol i ng

hole in an airfoil surface thereof, and wherein the machining | ocation

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 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




Is a tip of the gas turbine blade. 15. The nethod of clainh%l[?ﬁﬂggein t he
pressure source of conditioned water conprises 13 8 April a'reservoir
of conditioned water positioned to catch conditioned water that drips from
t he workpi ece, a punp that receives conditioned water fromthe reservoir
and delivers pressurized conditioned water to the water flow orifices, and
a filter that renoves inpurities fromthe conditioned water. 16. The net hod

of claim1l, wheesirvoit b€ condifiondd fvatenippbitioged e catcl SdHd€ionsD Waee it
conditioned water_includes the step of furnishing partially deionized water
havi ng andepekem;itheworkpigcst ance of from about 10,000 to about 150,000 ohms

per square centineter, 17. The nethod of claim1 wherei.n t he rkpiece is
not contacted By"dnP B TR scoﬂ‘a?log%‘ﬁt‘%ag?regmgﬁ/ ]ﬂge J‘éﬁeé\mdreﬁpd G‘Ef)rﬁi%’ g t he
steps of gickffizbdBoritorRRMNYdrig thelate B bRt M €l ectrodi scharge
machi ni ng-a workpi ece, conprising the steps of furnishing a workpiece
conpri si ng a t afifenthableadeehimpunigcafromphanchditionet mfager] section with an

airfoil side surface; furnishing a machining apparatus conprising a
wor kpi ece hol der that holds the turbine blade vertically so that the tip is

upper nost, an ect g an el ect r.ode unted thereto and
pgsi ti oned veﬁ‘i caﬁﬁ%%@g@gs{ ﬁlgﬁ%/ilpl)’ 0 e’feﬁbﬁleuﬁtfﬁ %?%rpghglgv\ﬁ%? RS
t her ebet wagice @fd@huﬂi@hédwatefian@JthUstéWeri fices in the el ectrode hol der,
the water flow

furnishing partially deionized water having an electrical resistance of from

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

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;

14




orifices begin positioned to direct a flow of water domnma%q“%ﬂapgg a
surface or the electrode holder, into the gap, and over thé™*alftoil side
surface of the turbine blade, and a power supply providing an el ectrical
vol tage and current; nounting the workpiece in the workpi ece hol der;
positioning the el ectrode adjacent to a machining |location of the tip of
the turbine blade such that the electrode is vertically above the

nmachi ni ng | ocafiirnishing4 fedrd $ouZf0&f donditionld RGited i lcOSBIUNECaSiON Iveieh thie
conditioned water in conmunication with the water flow orifices; directing
a flow of WawhdpwiasHicas;wat er fromthe water flow orifices against the

surface of the,el ctro ch the condition ter..flows. d rdly
Thto the gap  dierigea ton 2! Sohdiifed Vet BR e SHGF e Stigree sttt hou
submer gi ngRe ofBkibdiBe sudRGRd:t tIRNcditRonkd Yt flodR (ao%ﬁarlaiﬁl thté't abage from
the power supply such that an electrical current flows between

wor kpi eceamhalver lilee alkfedtsidecarfacd dbtheanstkpieteqlwitleout svbnweging rtlmnmauﬁmngpr kpi ece

into the flow of conditioned water. 19. The net hod of claim 18, wherein the
step of thWWgﬁpﬁdCPHbaﬂ¢essure source of conditioned water includes the

e o o Rkl b o She PO S SR s 8RR S e Hows

centi met epetwdéh tHd vorBlibdaf (1 alebirddd h¥laer ahd héi| istféfﬁav%aeﬁblﬁ ihet
contacted by an oil and is not contacted by a detergent during the steps
of di r ect wntkpiacd irip gheyflawg of dotdit®nagd mialer2005 NON- SUBMERSI ON ELECTRODI SCHARGE
MACHI NI NG

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.
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USI NG CONDI'TI ONED WATER AS A MEDI UM ABSTRACT OF THE DISCLC§9§§?28 rkpi ece
(24) is electrodi scharge machi ned using a machi ni ng. apparatu @P havi ng
a wor kpi ece hol der (22), an el ectrode (38) holder (36) having an el ectrode
(38) nounted thereto, and a power supply (66) providing an electrical
voltage and current. The workpicce (24) is nmounted in the workpi ece hol der
(22), and the electrode (38) is positioned adjacent to a nachining

| ocation (35) oOfON!{S2/BMERPIGK ELEZHRODIBCHRRGEMACHINING i ncl udes

furni shing a source (46)_of flow (50) of conditiaoned water, directing
the flow (50) of cHnSéT‘@iC&PéBWD%’?%#BWé é&ﬂﬁ@éﬁws) into the machining
| ocation (35) of the workpiece (24), w thout subnerging the machining

| ocation (35) in a liquid, and applying a voltage fromthe power supply

(66) suchrsiretac@nosilent pis@a.osyreent fl ows between the workpi ece (24) and
the el ectrode holder (36) so that netal is renpved- from the workpiece

(24) intot heAfv!fo?'l\évpif(:CSe%tl)?; elg(?n[]o%iistclilg'rg]g glaé:Aﬁée%rdsingiagﬁlac%_inlir?g apparatus (20)
having a workpiece holder (22), an electrode (38) holder (36) having an electrode (38)

~mounted thereto, and a power supply (66) providing an electrical voltage and current.

The workpiece (24) is mounted in the workpiece holder (22), and the electrode (38) is

positioned adjacent to a machining location (35) of the workpiece (24). The method

further includes furnishing a source (46) of a flow (50) of conditioned water, directing

the flow (50) of conditioned water from the source (46) into the machining location (35)

of the workpiece (24), without submerging the machining location (35) in a liquid, and

applying a voltage from the power supply (66) such that an electrical current flows

between the workpiece (24) and the electrode holder (36} so that metal is removed from

the workpiece (24) into the flow (50) of conditioned water.

 Fig. 1
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