DUPLEX ELECTRI CAL DI SCHARGE MACHI NI NG BACKGROUND The
present invention relates generally to electrical
di scharge machining (EDM, and, nore specifically, to
EDM drilling. Electrical discharge nachining is a
process in which a cathodic electrode is positioned
atop an electrically conducting workpi ece, and a
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workplece to effect suitable electrical discharge
machi ni ng wi t hout experiencing an undesirable
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More specifically, the electrode tip must be accurately maintained at a small clearance
gap of about 1 mil (0.025 mm) with the workpiece to effect suitable electrical discharge

machining without experiencing an undesirable electrical short circuit therewith.

Accordingly, the electrode tip is typically mounted through a lower guide that accurately
maintains a side clearance around the electrode as it drills through the workpiece. And,

the opposite or top end of the electrode is held in a conventional electrode holder which




operation, and for maintaining the small clearance gap
vertically therebetween. In this way, the lower tip
gui de and the upper el ectrode hol der accurately
support both ends of the el ectrode for naintaining
the desired gap both laterally around the el ectrode
tip and vertically between the tip and the workpi ece
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The airfoils have elaborate internal cooling circuits for cooling the inside thereof during
operation in the hot combustion flowpath, with the spent internal cooling air being
discharged through the film cooling holes to form thin layers of air on the external
surface of the airfoil for providing thermal insulation against the hot combustion gases.
Since the film cooling air is discharged under pressure, small jets of air are developed

and adversely affect the formation of a continuous external air film.




having a cylindrical inlet and a diverging outlet that
diffuses the jet of cooling air and correspondingly
reduces the discharge velocity thereof. Diffusion film
cooling holes inprove the performance of the externa
thermally insulating air film However, diffusion
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- However, modern gas turbine engine design may include a multitude of film cooling
holes having different configurations around the external surface of the airfoils between
the leading and trailing edges thereof, and it may be desirable to vary the configuration
of the holes along both the radial for longitudinal span of the airfoils and axially along
the chords.

Conventional EDM electrodes and apparatus therefor lack the versatility to
economically drill or machine a multitude of film cooling holes having different

orientations and different diffusion configurations.

Accordingly, it is desired to provide an improved EDM apparatus and process for

drilling complex diffusion film cooling holes in workpieces such as turbine airfoils.

BRIEF DESCRIPTION




An el ectrical discharge machine includes first and
second coaxi al el ectrodes and corresponding
carriages. Aliquid dielectric is channel ed between
the el ectrodes and a workpi ece which are suitably
electrically powered for machining a duplex hole in
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Figure 5 is a schematic view of the distal ends of the two electrodes during drilling of
the diverging outlet coaxially with the predrilled cylindrical inlet.

Figure 6 is a schematic view of a rotary grinder for dressing the conical electrode

illustrated in the previous figures.

Figure 7 is a isometric view of the distal ends of the two electrodes in accordance with

another embodiment.
DETAILED DESCRIPTION

- Mustrated schematically in Figure 1 is an exemplary method of making a doublet

segment of annular gas turbine engine high pressure turbine nozzle 10. The nozzle
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extending axially in chord between opposite | eading
and trailing edges. The vanes 12 extend in radial span
bet ween correspondi ng outer and i nner band segnents,
whi ch conponents are initially cast in a conventiona
manner and then assenbled together and brazed to form
a unitary assenbly of the four parts. Each vane 12 is
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external surfaces thereof for thermal protection from the hot combustion gases which

flow thereover during operation.

The diffusion film cooling holes illustrated in Figure 2 are typically straight with a
longitudinal or centerline axis inclined at the suitable inclination angle A relative to the
thin sidewall of the vane. The inclination angle A is typically about 15 degrees and may
have compound components both along the axial chord of the vane and the radial span

of the vane.

The inlet 16 is typically cylindrical with a constant circular flow area along its finite
length, which may be about half the wall thickness. The outlet 18 diverges in flow area
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angle, B which is typically up to about eight degrees

for pronoting diffusion of the discharged cooling air

wi t hout undesirable flow separation thereof. As

i ndi cat ed above, the various filmcooling holes in the

exenpl ary vane workpieces 12 illustrated in Figures 1
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conveniently supported. For example, the frame 24 includes a table 26 suitably
configured for mounting a fixture 28 thereon, with the fixture being specifically
configured for rigidly mounting the intended workpiece 12, such as the exemplary

turbine nozzle vane.

The machine uniquely includes duplex electrodes 30,32 which are nested coaxially or
concentric with each other for electrical discharge machining of the corresponding
diffusion, or duplex, holes 14 illustrated in Figure 2. The first EDM electrode 30 is

- hollow or tubular and mounted in a suitable first elevator carriage 34 that provides




table 26. The second EDM el ectrode 32 is al so hol | ow
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accordance with the teachings hergm for providing the desired movements of the new

duplex electrodes relative to the mounted workpiece.

The EDM machine 22 also includes a suitable electrical DC power supply 40 having
electrical leads suitably joined to the workpiece 12 as an anode (+), and the two
electrodes 30,32 as cathodes () to provide means for electrically powering these

components for effecting EDM in accordance with conventional practice.

In this regard, the machine also includes a conventional dielectric supply 42 operatively
Joined through suitable conduits and pumps to at least the first electrode 30 to provide




substanti al pressure, such as up to about 50
at nospheres. A suitable electrical controller 46, such
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Su@%ﬁ%ﬁﬂﬁiﬁ%% é&“e_lf’ﬂf;g drring ERM <rdling g PRy by itheypontinuous
flugiang hiinRehiRHidBedit fifiige  airfoils. Correspondingly,
the second el ectrode 32 is al so tubular and
concentrically surrounds the first electrode. In this
Haopepyer, thedEDY meachizie@@tihartirated sclatinmtioalyoin &ighré Atiewrddueyfor its use

i d tri |y insjide th d el ect 32
of 0} 4RLY F SR Slepfie i eOb lecuie SfintE FnbR.petien 3032
modntdd Sh@Richly kol hothmdm\@nielirtt ax® Sl x06r BhsRAsn elative

plain or blunt cylindrical first distal
to the workpiece 12, with the desirg:d compound angle of inclination A relative thereto.
The first electrode 30 illustrated in Figure 3 has a conventional slender and tubular
cdnﬁguration commonly used for drilling small cylindrical film cooling holes in turbine
airfoils. Correspondingly, the second electrode 32 is also tubular and concentrically
- surrounds the first electrode. In this way, the first electrode is disposed and laterally
guided concentrically inside the second electrode 32 with a relatively small side

clearance therebetween.




end 48, whereas the second el ectrode 32 has a
different, second, distal end 50, which is larger in
di aneter than the first end 48, and preferably
converges. As initially shown in Figure 4, the
configuration of the first electrode 30 is sel ected
for EDMdrilling a cylindrical hole corresponding

Awshidwit incFideri 4, ¢hl fiyst eletidde a0 haslagblaihGr bhidt esliddaicaidhrkindistal
the second el ectrode 32 as

Fi gure 2. r r espondi ngl
en ¥ Bihp s B HEOB GO0 2 sl Rragth seponey disegnd 30, which is
W i i ndi ng with
I e e R B PR R e T i gur e
2, wth the resulting duplex hole 14 being coaxial

Aglintially shoren ¢ Higued 4, dhalcandigomtion of thedfibti ahgptrofie Bhés selected for
lLex. el ect,r ode ,32. The first electrode 30 may. be

B ing < SHIREER, B0l RGirenPORBiV oT Bt TieotRs i S SR e 16

illagraxias Figire £0PRREspondiBglSOGe Q&oEtEE)Me@ﬂr&fét 304 %h%%ﬁagg Figure

al so_be forned of any suitable EDM material suc
5 iregnigurest for SR drilling legse divergirgshae cdrospondingewitia theatdsired

kAL o 1e hbEeliGR  BrEck Ol SEores K BoRR il g being

coaxifisine’slthdwohxigl dnbl QoM GRS Hf tRSH xle@ﬁo@e%isogz.
supported by and extending through the shorter length

second electrode 32 as illustrated in Fggure 3. The

Theifustglectiade 3@ may be flermed ob pay earwentiorabERM plggirdds weateria) such
' N4y ' r rax h I nt ar
o it SPLGRENOUCAL] B0 Qs 139 B L AR T B Lt
EDMImesérizhtwdh asibrask;iog gogr, 2r adihebtunESten ot dRhigncéddBirability.
di stal end 50 of the second el ectrode nay sinply be

a i S jcal cone convergi ng or slopin ith an
YR ARRCHIRS WG Rl R LR T
coRukRA SR8 EDRI HRicelshes ARt E? Pefl Vﬁl{[_)?bl% B%tahﬁtexge%ding

I F shown T'n , the

illustrated in Figure 2. As gure

through the bhattes teakthecbri@lattrodecdtsadlustratidan®igare 11l ong t he
aft end of the electrode and termnates in a snal

' t int | b h h ich the . [ i cal
T B S0l SR Senghi eleckratiet et et aisgpitsble dovigisgion for
fortingIfhe cBin@Eridhtdry thivse® or divaRthg dhtlet! f@%lmceq2%ﬁusggted

. Illustrated schematically in"Figure may ot herw se
in Eightee Atandrial Fanxexamples the distal e 50 od tlot jeoondodledtivde may simply

axJ: cond electrode 32 and its,. translatio
be G pugRed oo Tob B, s iy SR eBber Rt anele B
magshlrly tAGESE B dRrghigarilesB 6308k Vesiftd diverging outlet 18 illustrated in
Figure 2. ’

As shown in Figure 5, the conical distal end 50 decreases in diameter along the aft end
of the electrode and terminates in a small diameter internal bore through which the
cylindrical first electrode 30 is translated for EDM drilling as illustrated in Figures 3 and
4,

The EDM machine 22 illustrated schematically in Figure 3 may otherwisc be
conventional except for the introduction of the coaxial second electrode 32 and its

translation carriage 36. In particular, the first and second carriages 34,36 are preferably
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configured for independent coaxial translation of the
first and second el ectrode 30,32, respectively under
automated control of the CNC controller 46. For
exanpl e, the controller 46 may be configured in
sui table software for automatically and sequentially
translating the first and second el ectrodes 30,32 into
cohfigured wroindepanddap icesal tinklatidaDdf the diistnadaecadi didctiobe 30,32,
desired duplex holes 14 |n correspondin stages or
respegiively wiler ayerpatpd pavsl o rentelleEdf ng only a
first cylindrical electrode 30 nounted therein is
Fo? kaaplkYthe @BtholleF £61mad b8 RbANBEE! fQhitdE VTR drdSrai®matically
drilling process of a~ nultitude of conventiona
and yseiwehtialy trapslatingcibo | firatg atvb second reldchredesx 32 amty the common

P 7 s PP SRk TR Ry SR i
stapEPROtdpsng table 26 relative to the first el ectrode

30. Thi's provides an accurate reference datumin
t hree dj mensi onal space to accurately position and

Ths coayadtopal FPM maehing heting anlyrfofist ceindripal qu@@pﬂ@lao mounted
incl i Rat i h . the s |l of
QO T SEES Ty A A BD egls of <

muititade ndfi conventidoM rpkitirieel ZiBnt codlingl ke ihehs ee@nslary airfoil
el ectrode 32 and its novenent carriage 36, the |arger
WaEkRIpGSt 120 oflhe maghing i3 stably sef uprio pPqyately pesitierythe avorkpicee 12 on

I . . v o . :

BESEAEALR MR RS S0 By kbl S92 U PRUIGE B geure

refeteace dattvar ini theeeadimsnsddnal kpadei tb SdccrhieBt paition3dhdagredisely drill
reference line, In the preferred enbodi nent

uj de and R od
cyfdrizel holisat e (PERPyRd inglingligh aegle 4. through ghe sidewall of the
aﬁﬁﬁp&é&?k@& 46 is configured in suitable software to
have the technical effect of first translating the

first electrode 30 into the workpiece 12 to first
Bydmiotlifyinp ghe piliendis¢ cahventibedl BOMe nibéhink éX2efoninclude the second

se ce t.hen, the contrqller is also effective for .
el o P arelnen R 26 e D ol F hw$Faedln Figure
5 BAKE AbbifatdlRaHichided d‘ohiiﬁltly( HBChE QYBnBRal A Ho216 in coaxial

predrilled Ccylindrical hole 16 to0 secondly drill the
aligraapnit dherevitte nsihg theoesntaskinehatie of ghe first hlectwaickill ace giltle and
lﬁﬂgg(&ﬂrglthe desi red dupl ex or diverging hole 14

?engﬁhg t her et hrough. Since the two el ectrodes 30, 32
illustrated in Figure 3 are nounted coaxially in the

In the peFenciibolieyA iistreRd siReR%ical, B Figurddes-5 WRe controller 46 is
el ectrodes may be operated in _any desired

configured in suitable software to have the technical effect of first translating the first

electrode 30 into the workpiece 12 to first drill the cylindrical inlet hole 16 therein. In

sequence then, the controller is also effective for secondly translating the second

electrode 32 coaxially about the first electrode 30 into the predrilled cylindrical hole 16

to secondly drill the coaxial diverging outlet hole 18 in the workpiece 12 to form the

desired duplex or diverging hole 14 extending therethrough.

Since the two electrodes 30,32 illustrated in Figure 3 are mounted coaxially in the
independent elevator carriages 34,36, the two electrodes may be operated in any desired
sequence for collectively forming the desired hole in the workpiece.
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sequence for collectively formng the desired hole in

t he workpi ece. 10 As shown in Figures 3 and 4, the

second el ectrode 32 is elongate and | arger in dianeter

than the first electrode and includes a centerbore

that laterally supports a majority of the |Iength of

the first el ectrode suspended bel ow the first carriage
AS8¢howhhe Fs';grm;rﬁ:lami 4ah¢ sdend 2ctidde 32 fisiel6higatnendiarsar in diameter

a eral guid accurately su ort the sides of the
(i e anfliRdides cucage: Dol lasral e upTorg e majorty of the
le%ﬁ Bf fhd %‘Sot%lécﬁo&os% Q€4 bQo W the Brsl %?nzgc st oL &ng{i eRtrode

downwar d Into the wor e for
32ctthe ﬁm@onsree mlylteral Quideab ahmirﬁe]b/hﬁplmmthe sides of the long, slender

o PR 0 Rare DT ROl i aberanin dies st FoHIES g 4
doRmOMEIN (@wh) BRI (1Rt RERpieE '?orbﬁtsi’vﬁﬁﬂngttﬁe gylﬁ{dﬂlcallelg@e e rein.

and the workpiece when the first el éctrode 30
C@qupqndngl}t, e $eqbmd cemﬁageUﬁﬁJns aentdtol manGin dr at p |p981t1bne the

hole 1 h t h
se P P08 7.8 bl oy EDR el Rt PEBESH fis 15l BRLRp o8 e
j m?eae wﬁb‘htﬁkfﬁltshaeétfddéBOmmﬁ’%@l@%let@ﬂ&?m rodes 30, 32 as

ustrated in Figure 5 e second sequence of
nachlnlng the first: electrode 30 is maintained in

Upopccompletign iof defling the Pﬁémﬂm% 1110¥9alr6rth@ggh the werkpiees Ehshown in
s ) ESAFIPRIELIRED, 1Sl Boghlh 84t con

eldcﬁaimlmBQCbsdﬂthﬂinyFigd@VW) Irbmetﬁaanﬂ%qmﬁhce ol lachighg, the
hol e 18 coaxially with the

36.t0 $ %hﬂ t he dlverglng
firgf elegrpdq Wnis syamtained ifs yporasitiondy the fiskeaniags 34 de prement EDM
| méﬁme%&wsqm%@ 9 8 1S, gHifik, ©f ectTode 30
- ensures accurate gnnment o e di vergi ng hole 18
with the cylindrical hoIe 16 sharing a conmon
In centtast, |the eccand slatrodh 82 de siansdated dnwnwmﬂl}a (dplven) dfy the second

TR ARE , ELBh T SR e o
16f ITridsiation OF el seb&ﬁi elgdtfb%[a gb Qﬁepﬂ’lle Firstectrid 9(‘1\@135 tf% accurate

turn by lowering of the first electrode 30 to
alignmsent ©f | ther diviecgihg Iholeel&ﬁmhahp dyhndlionb heleetd sioting B0pBfhon

d her to f
coingiint e lie ARed SompPu an RS bektyian A st gp Bp arPRTcee
Common to the duplex EDM dr|II|ng process is the

In @héxitalenfodiéntd, itRE) s@lonll NFechBds 8d me) BE1EWERE RS B2drill its
into the common workpiece 12. The liquid dielectric 44

diviegging: belg &% deHtawedcinafirme by dowerier ofpﬂaes’@atr dectrndeuiphto dell its
cyl[ﬂaﬁge[l h%!l S rggeth gvo BleBrdd ‘5895 n?ar}aeven be lowered simultaneously

together to form the duplex hole 14 in a common EDM drilling operation.

Common to the duplex EDM drilling process is the coaxial translation of the nested
~ electrodes 30,32 into the common workpiece 12. The liquid dielectric 44 is
conveniently channeled under pressure through the inner electrode 30 in a conventional
manner to feed the working gap between both electrodes and the workpiece during
operation. In .Figure 4, the dielectric 44 is discharged from the distal end 48 of the first
electrode 30 under substantial pressure and leaks past the external surface of the first
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manner to feed the working gap between both el ectrodes
and the workpiece during operation. In Figure 4, the
dielectric 44 is discharged fromthe distal end 48 of
the first electrode 30 under substantial pressure and
| eaks past the external surface of the first 11
el ectrode 30 in the small clearance or gap naintained
clemtode 80 inhhe amelitlaacmcand ghh eaityihéd Betwead theotlectde asd the
it ILn_Figure 5, the dielectric 44 is stil
q@?@@ﬁéF gg@ﬁF -stal end 48 of the elevated first
eIectrode 30 to feed the centerbore of the outer
InSHi@ft 5O dRfecti¥ 44%s kg dgblﬂréaé&ttﬁﬂoﬁ%l}? BisBPenddSEMBE g%ted first
through the open bore in its conical distal end
eleptigde 3@ ub Seedrthe abntp:be@snfrthe otter ylettraigai2n withake piati;ﬁctﬂdizelng

tern S t he.seca ctr LNt
e e 8 SR e 1 FER A B S5 LB T e
totydPagdaldMelt pask tHRGExRERE 88Face lof tHNRcdHdEd&tioRE uf:m*e QfaNeRhrance
|IIustrated in Figure 3, the EDM nmachi ne 22 al so
origap maisained with therwatkpioeaduriog she ERRMudriligpiooesat ed t o
the first carriage 34 for supporting the proximl end
19l
In?llie eﬁrrg%rrle&’ F&gb&glltn%}é C}ﬁ{ls%% Eﬁiqg i Lg%.pet 2 -(glil eEﬁMJIéachn’ci' 2er a(%e/o 1 cludes a
m@feﬁmlﬂvém lrotayi tinicRg52 hevuhtedSto thkeefidst @glgiagd 3at fol supportlng the
sy |tﬁble rotary speed during drilling of the

preximah grd esﬂhep&ng.ﬁfﬁt gectiade Wupl s ch'eﬂkels omra@vglps.mp%o the
coﬁﬁ’@ﬁér Ay g &1&’% s thdiis ffér\r/ég]glﬁlg?tﬁé ﬁi?dﬂ %}]écﬁ‘o&eofwgtnat LEARE rotary

bot h |str| uti ng ci rcunference
' speEfd duniag diifling|of @reckbytifidridabpdriiois of the dagleoReledur i ng

drilling, as well as distributing the heat | oads
ener at ed ation, As,the first el rode . .
Thgﬁ» FRpng Wﬁwﬂ%a |Sliibp gt #che%erf@evenqonﬂsf%e %ﬁ@aﬁﬁgabutmg
wiéaP aloBRI R dircamrirtiee @f?ﬁ@&s@l”%d%ﬁtﬁé ﬁlgf @@ect : Or%ﬁh% 'dﬁlhng as

requi red. Correspondi ngly, e secon
weleass disfribatingy thecheat Joarts gatceded dutidgeoperattiond  As dhenfigpe eB6trode

Y Bpdfish Lol oS 1S Gosimed = s g s end uni

rqgaﬁh@h“gagné@dconflgurat|on t he second el ectrode may
undergo spinning for simlar benefits to spinning the

first electrode 30, but at the added conplexity of
Corrgapandnglys meeseecmdrdﬁch'gdm wan besimilorly vatary mguntaddn the second

cofffe 26 SR e Bertode PG B AP & 5 S Bms e 19

if Géernfed AgBor3thet onitab\ieyMdl &l Smlcﬂﬂﬁglfraﬁdﬁe tREGONEd electrode may

el ectrode 32
undergo spinning for similar benefits to spinning the first electrode 30, but at the added

complexity of the requisite spinning hardware.

However, in the preferred embodiment illustrated in Figure 5, the second electrode 32 is
fixedly mounted to the second carriage 36 to prevent spinning of the second electrode 32

during the EDM drilling of the duplex hole.

A non-spinning second electrode 32 decreases the complexity of the EDM machine, and

may also offer advantages in precise positioning of the diverging hole 18 in the
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during the EDM drilling of the duplex hole. A
non-spi nni ng second el ectrode 32 decreases the
conpl exity of the EDM nmachi ne, and nay also offer
advant ages in precise positioning of the diverging
hole 18 in the 12 workpiece, especially for different
converging forns of the cutting distal end 50 of the
wetkpisael cepasilly doedifrentieonvergingafoeds abthe epttingelistal end 50 of the
|4 ndrigal,first el ectrode 30 is conventional in
Se%%h‘?%ﬁ?g?%%n and is consuned at its cutting distal
end 48 during EDM drilling. However, spinning the
Af indidated £0v6,08He cPlhdeidsll Mgt ERMlel 30 sN@nIBtiBLA iR ToRRguration
accurate cutting end of the electrode until the
ang\js consymed @f tts chgng distpl 1snd A8 dyeing IFSWV dsidling. sHewersnnspinning

th 0 30t 08 eﬁ?ﬁ)[d al.ectrode. 32 illustrated in

F:ﬁé%rég&%%ﬁés?’ 0a spgm | c(allli%lhyr/lgcncl)%l gU r g en?}g'i’"bg ﬁ@d of the

elatiretabintdnick HAiladle bitting ledlsth e gHelelostibddlis cénsaing®. consuned
during EDM drilling, but does not have the

A S e s L Bt
coftl @8k Atkenl bd B 6f BhA ¥ngh %\Hﬁ’ﬂﬁg afth l?&:fkgm%lri] %Elﬁllrl%ﬁﬁg/[ dlqlﬁing,

a connon di aneter shank,” whi ch shan
buf deesgrobihdve thosalntwing attdlnge of thelipdaie tdinds oyl fiogt teleegrodtu bThe

sui t.abl,y, nou d.to the ,second carrjage 36. The second
coRysEe i 9 b of b sesont i fdreremly dismescd & deseistal end
offd tothmBh ik Qe s TRRLCEhank A9 GE Yaln| FdckMly RidelSo a larger

centerbore thereof and provides a rigid ang accurate

diamgisrerppargng lyth sigalilp mouhted $pthesevgd fanriage 3. ect r ode 30
during its drilling operation, and restrains |atera

THE SRR L B B P G TR b
conentrizall e i e dtbtioRd tieedrhAd GREVIBE 8 YiRRPEId AGutabbepefing

of the machine for periodically dressing the ‘
guids korctheg spigning SrshFleetrrde30 duting s dyHingoperstios tndthstrags lateral

eVl i 11 supported in the machine around the first

e@?%???o e 30. The grinder includes a wheel having a
grinding cone therein matching the desired half angle

Figarob illisaate scithatcdlyal mowfigded Oressige tvheel b tiaderSa0yH6h may

b wears .during the EDMdrilling process, the notorized
e SPRHRInSmONSd e BeicORBIGn SvRpeging: Bblepdh iobdhe anghine for

peljid?ﬁé?ill?%é.sgihg %é%ﬂ%rgﬁ@%is%ﬁcegﬁ cgO“:%Jf d ge%jrﬁi é@cu%ﬁg 32 while stili

supported in the machine around the first electrode 30. The grinder includes a wheel

having a grinding cone therein matching the desired half angle B of the second distal
end 50.

As the distal end 50 wears during the EDM drilling process, the motorized grinder 54
may be suitably translated periodically into position under the second electrode 32 and
operated to grind or dress the distal end 50 to return it to the desired converging
configuration thereof.

The grinder 54 is preferably motorized itself where the EDM machine is configured

without spinning capability for the second electrode 32. However, if the machine itself
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operated to grind or dress the distal end 50 to return
it to the desired converging configuration thereof.
The grinder 54 is preferably notorized itself where
the EDM machine is configured w thout spinning
capability for the second el ectrode 32. However, if
. the machine itself 13 has spinning capability for the
haseqmnﬂn@lcq%ﬂﬂjﬂefoﬁﬁﬂle tsbeondr tladRide 3P, nBe Grindér 88 neced not be
not.orj zed, i nclude a fixed conical gri ndi ng
mQiEEs Pﬂéfr@vnn%%ﬁ # dixedyspripaly grmdingewhasl therein agmeﬁcwlseh the
r t particul ar advantage of the
sel:?jnr()i &g%(té’i %&Sf&rﬁﬁd%@&&gfﬁ“@suat ed in Figure 3 is the
dupl ex arrangenent of the two el ectrodes 30,32 to
A qalticokar iadwnyagEDIﬂtﬂaf dixplex DM omgadhéne zzjﬂmls'eatedldﬂ Fighte 3 1s the
th the rical .inl 6 .and |ver out | et
anffe aggiprcht bt v Orsicslpdts B0 collesedmlant sl fsyeommplex
uﬁl&q{m& 24 ith BRULYEALHBN iMedid hhd @w@}glﬂgl&&ﬁg? 18f as ﬂH&l‘a@éﬂ in
oles in the comion airfoil workplece
Figrps @and St eBhelmaghine glasfrmcmmbmatat @r wqhisntiafip ﬂnllar]nhultltude of

ot B 855 hen SES o RO B R PPl B b paced
latetall apdttirdQfavib DFE a0 ahfl6s HahAmatbti Afﬂhxﬁﬁgh 08 WRkgERL 120

the exenplary airfoil workpiece 12, with nmany of those
hol es havi ng the duplex configurations 14 fornmed by

Figutes B arll lrlatrawgthg mié@tyde ofA§lm ﬁmlmﬂw@sa@uvle maythe formed in
théC ég{:rﬁ w&fkg{eg 2n %‘8&1\? ona 3 ln.g rlf%{fil\ll\llgn tgﬁ duplex

com’é,gm&tﬁms ﬂ#yormeqhymmldﬁmumgalbroml es of inclination
in the row.of diffusion holes drilled therewith. In
contra pieces 12 il lustrated in

Aspindigate Eﬂi"vﬁn e%'mlg maa%ertog dorgupg s o giveseing fifm cooling holes
uséll tHlee E&Wen@cﬁﬁl DMf ﬁﬁﬁ{%@@g:ﬁoﬁrﬁ&tﬂgﬁﬁlr& 1d@nt9(91¥n5?1 les of

row al ong the span n rows
inaffinptiicexin tied rew of dliffilsaomchdidselritled tidrenditht he airfoil. This
varying inclination of duplex holes in a connnn

T 508 ERCRLP Bfoirise A2 Destle R e ] pie e duplx

hoRk 34 |20 aRféreAb Qyfes dYSh RSN B QMleH §Sa @&Hﬁ‘iﬁﬁ ¢Sw ann the span of
flexibility in drilling a large nultitude of gesm

they aixfoii, rpe ity eomes ot dipkadchadonidobeny the cliad oftharmpifel. THipvarying
1nc;1H{1té rg ﬁ&%ﬁ gOIF% { ?qerwglgg Iwlor 1eec];: fisel% grep%gégle%%r f)rggt?c%l with

conventional EDM processes.

The duplex EDM machine disclosed above therefore provides enhanced flexibility in
drilling a large multitude of holes in turbine vane and blade components, for example,
for further improving the cooling effectiveness of those holes and the resulting

efficiency and life of the airfoil components.

The versatility of the EDM machine disclosed above may be further enhanced using
different forms of the duplex electrodes as practical. For exampie; instead of the
cylindrical second electrode 32 disclosed above, a rectangular second clectrode 56 as

illustrated in part in Figure 7 may be used. The rectangular electrode 56 has a

14




efficiency and life of the airfoil conponents. The

versatility of the EDM machi ne di scl osed above nay be

further enhanced using different forns of the duplex

el ectrodes as practical. For exanple, instead of the

cylindrical second el ectrode 32 disclosed above, a

rectangul ar second electrode 56 as illustrated in
cOpaSpton'ding Fegangelar ompyraiédal dathl efdh88 wdixshasogudrads to its centerbore

56 .has 14 corespondi ng rectangular
glirrﬁ’bc theiedingrioal Gust skecilecty g Binerdedhe pyrmidal distal end 58

SEREVE ARPERtable Pl YR cme@%nﬁéqt@ CSIX‘!E%%B!SJ P@g leorfud §Eorap1§1§1entary

electrode 30 i s nmount ed e pyra i sta
divraging avidetdole inithe wotkpican gbaxiadly witnthe cgimbriealt iolet formed by the

COk I ingly formthe conplementary diverging
r?)tlﬂffcg'f’g%%t?e in the workpiece coaxially with the
cylindrical inlet formed by the first electrode 30.

ThENgiopraitOin t@ftind Airfoll rd@bme% i repleie! wiIP QhtidiE fofind 8PH@uSion film
with various forns of diffusion film cooling holes

Com&:hol%wh@@mm@rdgngwarw iith C@mpr]pﬁléyql tTiae C?Fhlealc@ﬁiethMe 18
111193‘6% E}%/u?esllsaqd'é lslfgltaﬁ\?%lf gmlpaﬁ %lga c§1 % is amsymmetncal

rela n con

w1ﬂ:xthsyymﬁhba1¢ﬂbthoj¢1m t he cyI [ ndrr cal inlet hole 16.
Hovvever the second el ectrode 56 may have a relatively
convergl di stal end 58 vary |ng in design as

HogaPh ﬁ)é: wepmdelss %ﬁﬁgl%?@vwﬁlwebh% FopoakEneistal end
58t tﬁ?ng'lﬁf&b%gtﬂeag 'dlaé’i‘?eﬁ%}' 1&%@2%38 {ffusidr O[%H?}hﬂ%ce of the

rnatively, e se € my €even

diffizsion ﬁnlscionﬁhgholemmn‘edgumtaIiIn@mrfoﬁmch as anot her
cyI [ ndri cal di st al end like the plain cylindrical
first eIe trode, .except with a

d 48
ARIPZS ol st <EbdeE eTotg e F SR e POy, Such as
amﬁ‘rﬁér%yh@dncﬁpéﬁﬁﬂaﬁélﬁqm% ithe MR il BT (ﬁstgluéfﬁ A ISt él&:ﬂjode

shown). In further enbodiments, the first el ectrode 3
exespl Mdthhm@gcradlamdsr c Gip Iresultingorylingricah taudetsholet dmewomtwdmre

I|nd C various fornms of the second
ded%% H&&% fﬁ@tgw n attri bute of a centerbore
through mhrch the first electrode 30 is nounted for

In r Rkthéd \eenbodanadtat ien ittt Ridcheds eRPNGul®! 18GE T 988usaBBmplex
collectively the different first and second electrodes

confippraigns; other thep plaist eyliadeeall y drilling dupl ex holes in
a wor kpi ece having different geonetry, while sharing

The various forms of the second electrode share the common attribute of a centerbore
through which the first electrode 30 is mounted for relative translation with the second
electrode, and collectively the different first and second electrodes may be used for
efficiently drilling duplex holes in a workpiece having different geometry, while sharing

the common longitudinal or centerline axis therethrough.

The duplex EDM machine disclosed above may be conveniently modified from
conventionally available EDM machines with the simple introduction of the second
electrode 32 and its carriage 36, instead of typical electrode supporting guides which are
not configured for conducting EDM drilling. The machine may therefore be relatively
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the common | ongitudinal or centerline axis
t her et hrough. The dupl ex EDM nmachi ne di scl osed above
may be conveniently nodified from conventionally
avai | abl e EDM nachines with the sinple introduction of
the second electrode 32 and its carriage 36, instead
of typical electrode supporting guides which are not
siwplef anglubayd o mritablenourder of) dEgbasdsfi fréddom, orTinevetahbasveen the
na heref ore rel ativel 15 sinple and have a
m@ﬂ%?%ﬁ?@mﬁﬁﬁﬂgB%SFmﬁ FE@@X - freedom or novement
bet ween the nounted workpi ece and the coaxi al
Tie) @otd @@eRs of AtedIM 6r HRUERESR REirdd REHO MaLhink twhe MPlncreases

desired in the machine typically increases _
the serpPlexity §ndeet thergef. t Fherivespased hemplazitemerebe pretixiabior syitable
{ %g . ical for suitable types of workpieces.
u%¥ﬁ§¥ 1?%? i ke typi cal nodem EDM machi nes, the
dupl ex EDM machi ne di scl osed above nay be progranmed

Furthehiork,| likee typikcali hodben BDM odBinks) the 8upgled EDWD haphig€ Gisclosed
W th I%ttle or no operator intervention. The two

 abgyepey bapwemRnEb dilhamelitnde ofelein ennels werkpierq Wih litte
or B SpHR: EteVOlRR. TTBLAb &Eﬁngdetslafe SRR ed s ﬁ%)glraggrgrgor drilling

axi s of the electrodes mal nt ar ni ng
the alples nbblen gtlativef td el commioancantdrling heisvwef ki eleetrddes while

each.of ,the hol es rilleg\ Mil e there have been
mEaR e SHes ST ensl o inghiattissvich ts vskiecertar gagh of the
hoRRdrinexenpl ary enbodi nents of the present invention,

ot her nodifications of the invention shall be

apparent to those skilled in the art fromthe
W hlg%éhﬁrﬁ devérdeen mescaibed iherdis whah ere foonsidered] és ibeeprefeare eand

ecured i n.the appended cl ai al ], such.odi fications .
xgEBHGF it i PP = Trra wdpion: aibe” Bodiseatans of e vention
shalneeapafdit toABSR ISRl inVthe WRHonk hedSithing8hd:BinPedSEEUhe  fore,

by Letters Patent of the United StatesS is t he

desirpgletatheoysoured defhicrpprensled cliiims eHentl atodificationtstes fall within the
L.ow bs. i n which we claim 16 WHAT IS CLAI MED
WF%BIE%MR%O% %&F‘%nglfm&l scharge machi ne conprising: a
first el ectrode mounted in a first carriage for
Actordinglyatwhanis desired to be secured by Letters Patent of the United States is the

invention as defined and differentiated in the following claims in which we claim:
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a second el ectrode nounted in a second carriage for
transl ation, and being concentric with said first
el ectrode; a table nounted in a third carriage for
positioning a workpi ece under nmultiple axes of
novenent relative to said el ectrodes at conpound
angl es of inclination; a power supply for electrically
poweri ng said morkplece and el ectrodes; a dielectric
WHADPS GLAIBIERDS: t 0 said first el ectrode for channel i ng
t herethrough a liquid dlelectrlc under pressure; and
1.2 C‘A‘Flteré&kricﬁrdld érﬁ@&aﬁﬂné@érﬁprfs‘ second, and third
carrlages configured ranslatlng said first
fa second electrodes into said workpiece for
a iyt glecirpdednountesdma figgbcairiaga forfnalaifaxi al - dupl ex hol e
therein. 2. A machine according to claim1l wherein:

a spacrd dléatstle sloantbd Dresdcdnd LArHAG for PdldIab@s afd B¥hi BEHdeR@E with
sagfﬁﬁg mﬁmg sald second el ectrode is tubular and has
istal end; and said first electrode is

dlsposed concentrically i nsi de said second el ectrode,
a tghlg meurteshigea thindheanriagei for pesitiomihged eotkpiede under multiple axes of

mo%‘l%@ﬁ'?gbﬁw 1S & @e!‘éé’t}dd@g gf &)@poﬁﬁéérﬁneseb? Roidhygrdly from

said [larger |s a ne accordlng to
claim2 wherein: said first and second carriages are

a POWRF SURl & etesirically peperingsaid workpieteandelectiedesai d f i r st
and second el ectrodes respectively; and 17 said third

a dtewcmcagmy pined &f s AirsicbidcBrodd f@démnéim ttheﬁ‘éihr%hgﬁ’ﬂ li@id dielectric
rkpi,ece nmounted thereon. machi ne

ungeég Fﬁ‘ﬂ'ﬁ "fjo cl ai m 3 wherein sai d cont roller is
configured for sequentially translating said first
a cantplisejomad tebaid firsh desoridnind third dawiagés) iaad eotfiguckdi fbi translating

sai&ﬁv‘s LS tr%déé"into%%fd%o?ﬁ%bu irf Iec{r%gledsschgrgﬁ riling a coaxial

I ne accor her™conpri
dum%ﬁQWWmeﬁmbk nDunted on said first carriage for
supporting a proxinmal end of said first el ectrode, and

2. ] ol AethchiRe 8&ofting to claim 1 wherein:

said first electrode is tubular, and has a cylindrical distal end:;
| said second electrode is tubular, and has a larger distal end;
and

said first electrode is disposed concentrically inside said second electrode, and is longer
than said second electrode for suspending said cylindrical distal end outwardly from said
larger distal end.

3. A machine according to claim 2 wherein:

said first and second carriages are configured for independent translation of said first and

second electrodes respectively; and
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controller for spinning said first el ectrode during

drilling of said duplex hole. 6. A machi ne according
to claim5 wherein said controller is configured for
first translating said first electrode into said

wor kpi ece to drill a cylindrical hole therein, and
secondly transl ating said second el ectrode into said
cylindrical hole to drill a larger outlet in said

saigothlepi caariage fis clnfigedd Re iAdapendtng GotatiorC bRisHid GwiHgE®RI Mounted
thadld second el ectrode has a conical distal end. 8 A
Machi ne accor di ng to claim?7 wherein said second
electrode is fixedly nounted to said second carriage
4.t 0 prrescbine aspirding trclaim wliedeis egid nohteliards canfiguredifor sguentiafly
traﬂéléﬂn'g's%ﬂj e a?rﬁ's@corgiué?é&’éd@solhﬁ) saft g&kﬁ@%&f&ddrﬂ safdsduglgx hole in
sai d machi ne according to clains conpr
cofrpRpepdingiEagesy transl ating said first and second
el ectrodes coaxially into said workpiece to drill

5. sal @ ratpireacbetimg tdelhifi Mfurths: coﬁqpﬁﬁh@ ﬁq‘otﬁnfy dﬁﬁémr%&ﬁécﬂon said
fm?aplne accord&ggtocarm?t f onprising:. firstly
PP (T PRS0 & Profing| 864 19 d8id) HEocieaagenad fidelo said
contllefrford dpinaingshidrickt elestrode@ung driihg ionsaidadhleamrondl y
transl ating said second el ectrode into said

6. .Cyl hnrqéé Eg&lnﬁ e(j ?ﬂgfa'inll I5 %h&r%%xéa% con{rolleelt % ngnt" gured efgr first

I n sai
translating said fi rst electrode into said workpiece to drill a cylindrical hole therein, and

secondly translating said second electrode into said cylindrical hole to drill a larger outlet in

said workpiece.

7. A machine according to claim & wherein said second electrode has a conical distal
end.
8. A machine according to claim 7 wherein said second electrode is fixedly mounted to

said second carriage to prevent spinning of said second electrode during drilling of said
duplex hole.

9. A method of using said machine according to claims 7 or 8 comprising
independently translating said first and second elecirodes coaxially into said workpiece to
drill said duplex hole therein.

10. A method of using said machine according to claims 7 to 9 comprising:
firstly translating said first electrode into said workpiece to drill a cylindrical hole therein; and

secondly translating said second electrode into said cylindrical hole to drill a coaxial
diverging outlet in said workpiece.
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