MULTI - STATI ON ELECTRI CAL DI SCHARGE MACHI NI NG W TH SI NGLE VELOCI TY COMVAND
FI ELD OF THE | NVENTION This invention relates generally to el ectrical

di scharge machining and nore particularly to electrical discharge
machi ni ng wor kpi eces, such as aircraft engine parts, which have severa

f eat ures MEMRILTESTATHON BLEBARKCROUNSCHARGEMAGHMING WITH STNGLE ng ( EDV
Is a well known process for formng features such as holes, slots and

not ches of various shapes and V&M ¥ &6 N Yn an electrically
conductive workpi ece. Conventi onal EDM apparatuses typically enploy an

el ectrode having the desired shape that is advanced toward the workpiece. A
sui t abl e poveld GIUPHEYNVENIGNIN ed to create an el ectrical potential between

the workpiece and el ectrode for formng.a, controlled ark ich nelts and
vapor i zes ‘e ™{RIPRDi esrr&eﬁ‘?rﬁgi' Pora%g?ﬁa{ h@sﬁ’@%"réﬁa g r @ MECcutting

pattern obakibiafly &6t l8dBed] SdischatR! AcIERINE WvEikpltebE dubR! ds Vaifc@itt reﬁgin@d

wher eby servonotors control the Telative  positions of the el ectfode and
wor kpi ecepantumhieh hewe keveral deatereemetkived deimnd  wor kpi ece are inmmersed in a
dielectric fluid, which provides insulation against premature spark

di scharge, cools the nmachined area, and flushes away the renoved nmaterial.
One dr awbBACR@ReAGDri cal di scharge nmachining is that it is a relatively

sl ow process, . especially when several distinct features need to be

machi ned EHcBical disehaseccmachining JEDM) is 4 welk khewn progess for foraning featres. engi ne
| ndustry AT & SlRE! 168! ardl SERALOSE TREALD! Bped Snil! ASEMERES, B JRChI ning
various features into aircraft engine parts. RS FACreas € ’nmanuf act uri ng
out put of ekuithalpacsmlnciite werkpinean ConventRaalbBDEDMpmpsrases tiysicAlia¢gmplonchi nes a

nunber of parts at one tjnme. .Such an apparatus has a plurality of work
stati ons, aﬁ&@?tr&?e RAYIRS tﬁ%éﬁ%{fﬁﬁéﬁéﬁ? &t 1?@%?’%@“8&’%@% Workpigcg| 4
di el ect ri Guit-BK potef supflyKisS bFflleaNt Q:'hfat@la!n_ ERirical [pbteRANBELREN L@ea COMMDN
power supply. Thus, machining takes place in series one part at a tine.
That i s, afoslgm_rde awxﬂblectyeda:foe&hrming’ a conthileflispark wisclknsitatndvaranides then t he
next wor kw%}l%tiéc% %aﬁgr?al 38 form the tdleslire%afgepcu.rsét. altﬂe%rtllttpnagspa%er% of the electrode is

usually computer numerically controlled whereby servomotors control the relative

positions of the electrode and workpiece. During machining, the electrode and

workpiece are immersed in a dielectric fluid, which provides insulation against

premature spark discharge, cools the machined area, and flushes away the removed

material.

One drawback to electrical discharge machining is that it is a relatively slow process,
especially when several distinct features need to be machined into a workpiece. This
is particularly so in the aircraft engine industry where electrical discharge machining
is widely used for machining various features into aircraft engine parts. To increase
the manufacturing output of such parts, it is common to use an EDM apparatus that
machines a number of parts at one time. Such an apparatus has a plurality of work
stations, each of which has a workpiece fixture located in a single dielectric tank. The
work stations are all typically connected to a common power supply. Thus,
machining takes place in series one part at a time. That is, a spark will be created in

the first work station and then the next work station and so on until each station has a
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spark supplied. This sequence is repeated until the machining operation is
conpleted for each workpiece. Al though throughput can be inproved with
this type of apparatus, machining nmultiple features into a single

wor kpiece is still a relatively slow process. To further speed production,

it has beegparRropsizad This $e§8erRB imgba@cpaﬁtﬂtw miabiihing@petaBa imlﬁﬂbledea
el ectrodes in each work station, Such an EDM apparatus i s capable of

per f or m néerRch Bloskpiegeni Mlthpush cthraughp ean dewmmepyasc avith this tprecds| .
be ! ! ! il _ t
oot cal SBERaE AEbRRe SRtk il o SO Wb RANR 1o h Yo BRGaEOTP U €

I ncr eases slohgoessspl exity and cost of the manufacturing system and requires
a lot of floor space in the machining shop. The total nunber of power

suppl i es d Cs can be.reduce usi ng a,power tr er switch that
el ot | velly WaRy el FSRBITPD: GrliesioeR FPRSFoRo 45¢ 2 KN SoRARES BRduc ng
t he nunbegypioys ARiiple CRRIrb&S iR BEHI stdtidhS Suenbh Ewm][apﬂﬁgtﬁg %ﬁ?%u operate

in an alternating node. Accordingly, there is a need for appar at us
t hat pr oviclleperfonminigp ingultiple himachigingo peeratipem 9ns amworkmesu sigulteneduslyess EDM

i t .+ han i tly .used...S RY. OF THE. | NVENTJ.ON Th
:ggl/gfre rrg nH"S‘%g I’ aegglgieeiiegcr&r?g%/ 1%31’617{’}‘}36%% AE PHU S nSU\Rﬂiyc ﬁn%rcgmpﬂf&g an
el ectri cahusieSed 2bG@oINENT)N Ti: RERAMALIIS of Polvefbulplies Rhd! CCst MchsedBChi ni ng

heads, at  _ | east one EDM control system and a plurality of programmable
servo dri thescommigity apdcogisofithe mapwigearing 5y der apd seawirey 8 sotiof floonmeaseed t o

the EDM Cﬁﬂ@ggfg@ﬁ@@eﬁ@g?&m dnfRP S LY E sﬂgﬁie%fanﬁ NG ééﬁlac{eiréé{%c%ﬁ

machi ni ng e servo drive receive a veloCity comuand

fromthe BEpibiagatpooler apsdfanvdrt tha gdeaivebnddliverssiogvialo b warkl sfvaciti ve one
of the plurality of chining heads_to contrgl electrode positioning. The
present i AVERR| Bpils radyceng the f ek pevyer supRBespdot Nes+ thig ¢anfigueayen

appar ent ugpshly bpadicnd ah BRehidLMbag detailed description and the appended
claims with re¥erence to the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF

THE DRAWNGS -2 The subject matter that is regarded as the invention is
parti cul aficgordisight, dlatreig a aerdl for an EDM apparatus that provides multiple machining

operations simultaneously with less EDM equipment than is presently used.

SUMMARY OF THE INVENTION

The above-mentioned need is met by the present invention which provides an
electrical discharge machining apparatus including a plurality of machining heads, at
least one EDM control system, and a plurality of programmable servo drives. Each
one of the programmable servo drives is connected to the EDM conirol system and to
a respective one of the plurality of machining heads. The programmable servo drives
receive a velocity command from the EDM control system and feed a control signal to

a respective one of the plurality of machining heads to control electrode positioning.

The present invention and its advantages over the prior art will become apparent upon
reading the following detailed description and the appended claims with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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distinctly clainmed in the concluding part of the specification. The
I nvention, however, nay be best understood by reference to the follow ng
description taken in conjunction wth the acconpanying drawi ng figures in
which: Figure 1 is a schematic view of a first enbodi nent of an EDM

appar at us.Theisgbjeet Baitér thasBhepRiled ay ie\Virientiors BCpHa RN gbiesdt ofargn EDM
apparatus.  DETAI LED DESCRI PTI ON Referring to the draw ngs wherein identical
r ef er ence ditineinelaingdin the eoneludingeartafdhesnesification; ghasuinventionyhowees vi ews,

Figure 1 i ' I j.ng: . 10. The
DU appar SCt 10 SRERH iR OF IBGRE S SRR PABAROT) ong
13 di sposedth the acdoarpanyifg drdvwing fipares owhichn cut-away to reveal the work

stations 12, 13 therein. Although two work stations are shown in Figure 1
for purposes of .illuystration, jt.should.be nqted that virtually any nunber
of such st&IFoA%? cg’ﬁinﬁgﬁgleg“ Iao@rébeqﬁjbpdﬂlﬂﬁmﬁ%ﬂ‘%%\graﬁ?ﬁémio of the present
I nvention. Each work station 12, 13 operates independently to nmachine a

separ at e Wguk®D eS£scheMatié Ficwedfla ebilerhbbdifent'drah BDNRgpdank 14 is filled
with a suitable dielectric fluid, such as a dielectric oil, so that the

wor kpi ece is imersed in the fluid. The dielectric fluid insulates against

pr emat ur e ' ol s the machi ned area, and flushes away
DD RESFRIPIS

machi ni ng ris. sWwtch 16 is provided in the tank 14 for
det ect i ng Refeeing tthethélidehwitigs ivehekditli idertRal hefBrencs Wuivetdle @enste ahé . sahige f 1 oat

switch 16 ls | ocated  such that the |level of dielectric fluid_ is just high
enough t o CleHratss Erqughept dbe yaripws vigwse dFigwret heshpuskans telacitingd dischaigg. A

conventio ' i otmsh ' € 14 for
T ri ng ifehinie, ASD0, SYHED (010 TRIBIA o8 IPGIREL S bl T8 !
Each wor k isstieitliad wdR statidns HhndiES diapased kb earde 14, xathichels $Bos ppartiagdyi n t he
tank 14 for haldin war kpj 0..Th xappl e wor kpi eces 2Q shown in
Figure 1 g? Eevgﬂrtgﬁa@)ﬂ? Fﬁpogﬁﬁﬁ tﬁ?\“’g’i' rfg‘lg‘?llgﬁpew&i ‘ﬁ‘érl.i( PP AEEIORIBr af t
engi ne enpigys 1dop ﬁ&?aééstdf iRhst@H6A, it SHERABE rtddanged P ihyPRaHb& ofar I ay

around the engine's turbine rotor. The shrouds thus define an outer
boundary Sesh $fationseebldshd emplgsietin thedipMyanparatasgh0 ofi het pressinh énvestiGhr ouds

are ordi n%ra‘i:}ll %orﬁ?gt%tigg 13, ] %%%%%esiiﬂd%inggnt@r t%al%g(i}hrillge gfselgaqgtesv%r Hfg:cei:.s made,
As is well known in the field, the tank 14 is filled with a suitable dielectric fluid, such
as a dielectric oil, so that the workpiece is immersed in the fluid. The dielectric fluid
insulates against premature spark discharge, cools the machined area, and flushes
away machining debris. A float switch 16 is provided in the tank 14 for detecting
when the dielectric fluid reaches a sufficient depth. The float switch 16 is located
such that the level of dielectric fluid is just high enough to immerse workpieces
installed in the work stations 12, 13. A conventional filtering system (not shown) is
connected to the tank 14 for filtering the dielectric fluid, preferably down to one

micron absolute.

Each work station 12, 13 includes a workpiece fixture 18 supported in the tank 14 for
holding a workpiece 20. The example workpieces 20 shown in Figure 1 are shrouds
for use in an aircraft engine. A typical aircraft engine employs a plurality of such
shrouds arranged in an annular array around the engine's turbine rotor. The shrouds

thus define an outer boundary for hot combustion gases flowing through the turbine.
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and various features are then machined into the casting. For exanple, the
shrouds 20 of Figure 1 have an anti-rotation notch nachined into one side
t hereof and a seal slot machined into each end thereof. It should be noted
that a shroud is only an illustrative exanple of one workpiece that is

sui t abl e S@rouds arenbridihatibemaEVbaPPROAsH S Whichld @astiRb OFQRS shrouE s mafe,i S not
limted to such workpieces and is applicable to virtually an wor kpi ece in

whi ch nul epgraiqusdeatuss aper thepmaphined intethetqastings r Bor examples thegshrads 28cogni zed

that alth | I . f o h

Siation. " ShElkukd'F nARL SPRAERRa RN i i STl el afBE el
wor kpi ecesachined frit¢ sachwntdkhaeatt iloshobR benwitedibat 4 shroid iswaboaillaseativei r d
machi ni ng heads 22, 24 and wherei n, each nachinigg head machi nes a

6, . )
di  f er ent S¥UBR'GIOE OPRMPTEMECT At issyEaRle ey usgov ity thec€Dbbapparatin i ddge, the
first mac ?fégérﬁﬁn%@ign %@nbtslirﬁﬁéw{oe%c ﬁ?}i&&‘% aﬁ}ﬁ’% E@Jﬁﬁﬁe 29 vﬁrﬂfallg%g' ning
I nmac ead a

the anti-rotation slot. The secon I 'ni ng 'S nounte j acent
one end ofvorkpeagoink pihéde nRdtiflorfeatacdsi are ngathueed i Arthemadre s itoshoukhde t he

third nachini ' t ed, adj t the ot d_of t kpi
20 or " niRERERR ieh Tt e RARPIEEE o 1T EeiRolR) Mo Rhes (ot 26R AHK! nel udes
fourth, fidfatibn 3word sthtibnB@6 RoPhdtgsARRMEVE % mAPhiAd HedRcal WRASERERs £ACH

machi ni ng head nachines a different feature into the corresponding
wor kpi ece_20._ The fourth machining head 28 is nounted above the workpiece

20 for madhe Ar¥igvark stasianil2 dsgladasdists sesond whé thifd machiniae thieadsndp, Ré2ad30 | s
nount ed ad} . of t i . machi ni n the first seal
sl ot andg?ﬁgﬁ%%l%%ﬁ&mﬁ{%gpﬁlinﬁgﬂﬁg\g@&@e?g%hfg%ﬁ%tce%auér ] lgtzoetrllllf %P ﬁ%Sp(?P%lélg end of
t he wor kpwetkpi@ 2@r hmthis Bhsey thd dirsemactdningahead! 20 is hivimtedealsdvee K

station 12, A 13 is able to. sinultaneously machine all of_ the features for a
si ngl e woMPpfRIgas 20 1ar mashigingcthe putigetetian glot.ohhe second prachiningheaddrise

machi ni ngn{b%ﬁfiaiadj'atcelﬁk@fél é%dt}ﬁ" ﬂ]@%ﬁ&ﬁé&% f&irlz?cﬁgééfnﬁe%f)&ﬁﬁﬁopfmd

illustration only and work stations “having a nunber 6f machi ni ng
heads coull# third ;mabkingigdicag 84 is Mhented edjackntrtiehitinir egd bfte vitkpincd 20ifs a

| i near servopotor,. 34 di sposed, adjacent .to f.irst.end of the rkpi ece
[ xtur e 1BAGRRIRdnF poopd RE s e arpond vork ety imusiss Fatth, FHAAHN, |
l'inear sek@iMBiaehinirRl ReadS M) J0Nakd GUI WhérelP ch@f blachml HiRChRsMh& af the
present invention, rot arté' servonotors could alternatively be used. However,
| i near nBtirent fpaturgdnferth porrespestding warkpiesa2de Tk fowrgh mabliningrhesp@8d,
faster freaepGYq ragéxpeoﬁl%eworkpiece 20 for machining the anti-rotation slot. The fifth

machining head 30 is mounted adjacent one end of the workpiece 20 for machining

the first seal slot, and the sixth machining head 32 is mounted adjacent the other end

of the workpiece 20 for machining the second seal slot. Thus, each work station 12,

13 is able to simultaneously machine all of the features for a single workpiece.

Although each work station is shown to have three machining heads, it should be

noted that this is for purposes of illustration only and work stations having a different

number of machining heads could also be employed.

The second machining head 24 includes a linear servomotor 34 disposed adjacent to a
first end of the workpiece fixture 18 of the first work station 12. It should be noted
that while linear servomotors are shown in Figure 1 to facilitate disclosure of the
present invention, rotary servomotors could alternatively be used. However, linear

motors are generally preferred because of their better speed, faster frequency response
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-4 and positional accuracy. The servonotor 34 includes a |linear notor
stator rod 36 nounted over the workpiece 20 by a frane 38. A |inear notor
slider 40 is slidingly nounted on the stator rod 36. A bracket 42 is
attached to the underside of the slider 40, and a slide block 44 is
connect ed ahd pokitiofl arl@hcyt 2 The dedvobddtor P4 enchaies eChfdar Hfotor Jiier $bd d6 bl ock
44 is slldlngly supported above the base of the tank 14 by a stationary
bl ock 48 HMYNESHOVEE ‘%ﬁo‘f"éf kaigep 8P byraoliame §8. Anlineasamoteraidesfds singly nount ed
on the I p not or 34
IS energlzégﬁegﬁgﬁgféé' §%§85925%§k Q?@E%%%%ﬁ %%géﬁﬁga%#ﬁ§F¢§gﬂ%%t to the
st at or rod03find Febdarbloekditis cbncordsbithe braéRetctlisiasa ﬂ&ab&l dodﬁedﬂ)dnm:fk 44 to
sllde alo ds 50, so at the el ectrode 54 noves into or out
machi ﬁ%ﬁap&ﬁa@g%msl nefy supgoxts Qtovsﬁ‘as baseo éhe\/%ﬁﬂkb‘i Bra spgionary t he
case of abrdekvz%%dme %pm%?@s e@uﬁ%@ésd hgn%g:r RbEk g&dﬁi THARNA o fags o0 are
arranged at an angle wth pect to th ase o 4 to
accommdaﬁhdqlbieclvmkl}ﬂfempomuarvdmmelﬁ 54he slider 40 m)ves hori zontal |y,
whereas the slide block 44 noves at an incline. The divergence between the

two |ines nis,a arrrmdate I bl e conne tor,.46.. The
f1exible (%l?ﬁlllec%o SFIVRRIOA 1 Yo SE S gé i’pgbgéﬂ ‘éarus?%fﬂ DOVEHOEEAER  the
servo powesspedt té e s‘ia&bﬁlﬁm ITEAm8Véindnh of El\lidersy csudeihk @5de Bloek 4hi rd
machi ni ng head 26 is essentially the sane as the second machi ning head 24,

except t Huslide aloag dhe sernoat edsatlese thafethspleritade Ehmoyes e anorkpifece 20.
The sl deéyﬁ:g%h:%ﬁén@?g&%t m%gﬁ?s?g Bt ﬁagi%?g@%%!#w 1GRY82 N30 Sulag_same

st at or rst nmachi ni ng ad I'néar servonotor 56

mount ed omvoak;neﬂeu such8. the $hreud @0ythe safpors raist Hchre dirtangddhsr dor @ngle dhi n a
position adjacent to the ece fixture 18 of the first work _station
12. The sé‘?rsj%‘irrﬁf’ dhe %’8 '@E’é 14 o sreammpdets the Syopkpiece gurvgireh The i xedl y
attached tRqd-h@ ﬁ@béé”ﬁbré%ntaﬁ?dwﬁer'eés!‘ﬁﬁrslﬁl?tb%cksciéi fed 2 nghﬁ@ e
slidingly nounted on the sta . A bracket 64 is atta to one side of
t he sl i dedivgggenes detweshi the bm)dkle%ofl mouonnmcammdatad by abkeflexgdlevi a a
flexible _connector . 68. S|Id 6 IS s ported above the
wor kpi ece ?WP@Fgg fg IJI;]DE anflﬁ SHHREY Edﬁeﬁﬁpg %WBE’@PP beBEREN70. An
el ect r odettokedes pbket of tﬁ@tsatveﬂmwi smn@ |thél EDN106dw& O pPHess UMET thirdan

el ectrode 74 over the workpiece 20
machining head 26 is essentially the same as the second machining head 24, except

that it is disposed adjacent the opposite end of the workpiece 20. The sliders of both
the second and third machining heads share the same stator rod 36.

The first machining head 22 has a linear servomotor 56 mounted on a column 58.
The column 58 is attached to the frame 38 in a position adjacent to the workpiece
fixture 18 of the first work station 12, The servomotor 56 comprises a linear motor
stator 60, which is fixedly attached to the column 58, and a linear motor slider 62,
which is slidingly mounted on the stator 60. A bracket 64 is attached to one side of
the slider 62, and a slide block 66 is connected to the bracket 64 via a flexible
connector 68. The slide block 66 is slidingly supported above the workpiece fixture
18 by the frame 38 and one or more support rods 70. An electrode holder 72 is
mounted on the slide block 66 and supports an electrode 74 over the workpiece 20.
When the linear servomotor 56 is energized, the slider 62 is caused to move linearly

with respect to the stator 60. In this case, the servomotor 56 is arranged vertically on

-5-



When the linear servonotor 56 is energized, the slider 62 is caused to nove
linearly wth respect to the stator 60. In this case, the servonotor 56 is
arranged vertically on -5 the colum 58 so that the slider 62 will nove
vertically, thereby noving the electrode 74 into or out of machining

engagenentherddiiimb 58 sz heatidesR wilhmok @ veribally, iHdrébyafigviag Midelsaddeni ng
heads 28, 30 and 32 of the second work station_ 13 are substantially

similar td4dne or pukef machidpgiengagement vathihe morkpiere’®ads 22, 24 and 26,
respectively, of the first work station 12. Consequently, a detailed

descri Pt ahe Pourdt, Mtk B bth pfdchiohPlas b1 9D ARCSY Of B LERSw R statiPnand 32

w Il not be repeate ere. I'S ted that, as shown i n Figur t he
sl i ders oft3tamesitisfantialgnsimsliax tohthedréti sicond heddsrd B8chidAg hbadse22 Ré antiat or r od

36 with t lid f.th d d.third hi. ni head 24, 26. Th
st a\tMor roggeésé%ﬁ‘réa&g‘?ﬂ%‘e ﬁﬁ”c‘?%grsﬁﬁg?é%i Icﬁﬁ‘s%?’n g'.ﬁ”ﬁ?ﬁt%@ad%f?moy,o a ©
separ at e gefolth Oh &RIighRadRiRYE Beds DOr 3EAIBMHIKni R b M ted He. EFM

apparatus 10 also includes two standard EDM control systens 76 and 78. As
i s known isnatedthl,as ghowadhFiEnn tohe sliders 9Ethe fiftheand7dxthrodchiténg heaslswer

supply or nk ner.at or d. ontroll such as_.a .conput.er, nuneri cal
contr ol (AR g RO e300 305 PNt ofihe st R pRE R GRRYRE A

provi des gaep@y The §tier kod $& thwesgans botndotfhbtatoBEN| 18, NAAIRARESclg2a 24 and
26 of the first work station 12 via power cables 80. The power supply of

t he secon@charate slator Fesl cowdbeproyiled fordagowodndatign.to the fourth, fifth and

si xth machi ni ng heads 28, 30 and 32 of the second work station 13 via

power cabhgs Egﬁ\%[ia;ggfﬁraﬁﬁ Nl 944 ﬁ'&hﬁgs e sthhdR4 E@flcﬁﬁﬁl&f %Istéﬁﬁésf()e g1 S

connected to group of three programuable serv rrves 84, and the
cont r ol | eAsa$ kadven wethe i d-EAMhCIIDM aintrok yysteem 7,878 incladesvepdest sipply csecond

group of three progra bleslrvo rives 86. Each, one of  t hree first
pr ogr anma P& §§$‘WJ BPP%SCOQE?' S B ﬁé&%ﬁ%ﬁf&%ﬁ@%‘%ﬁb_ﬁ&g? ne 8 the
first, sg?@&@lr ﬁ%ﬁl}hﬂﬁh@ fIRREDNI RdtrHledden’ 76 pr%%icﬁgéne%@;é k@thel i, Ybdual | y

control ectrode positioning in the first, second and third nachining
heads 22, apdithirdomadhining beasdst22y 4 gnd 2 af thedirgt werkstationd 2ofia ponwertdablee second

pr ogr ammab},e rvo drives IS ¢ ed.to a_ corkespandi ng on f the
Pourtn 1 by AT PoSeLRathy abthei kil RESH sl SRR BN Pta s 1y
control elfqeth; fidie andhitth @dchRthing heads 28, 30 and 32 of the second work station 13

via power cables 82.

The controller of the first EDM control system 76 is connected to a first group of
three programmable servo drives 84, and the controller of the second EDM control
system 78 is connected to a second group of three programmable servo drives 86.
Each one of the three first programmable servo drives 84 is connected to a
corresponding one of the first, second and third machining heads 22, 24 and 26 to
individually control electrode positioning in the first, second and third machining
heads 22, 24 and 26, respectively. Similarly, each one of the three second
programmable servo drives 86 is connected to a corresponding one of the fourth, fifth
and sixth machining heads 28, 30 and 32 to individually control electrode positioning

in the fourth, fifth and sixth machining heads 28, 30 and 32, respectively.

The programmable servo drives 84, 86, which are also referred to as smart servo

drives, are programmed to have individual (separate from the EDM control systems
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in the fourth, fifth and sixth machining heads 28, 30 and 32, respectively.
The programmabl e servo drives 84, 86, which are also referred to as smart
servo drives, are progranmed to have individual (separate fromthe EDM
control systens -6 76, 78) distance control. Each servo drive 84, 86 can be
pr ogr amme @6y §)diarde cbatrenEach séras Urive B4l 86séaarbe dpi@grﬁimrﬁaﬁ voish 4 @iffepglitvi dual |y
control the depth of cut nade by the corresponding machining head.

Suitabl e pf é‘%ﬁrﬁ%ﬂé BRIpt 80 @F FQ/&dl‘éEFlEaHYC@ﬁﬁ’ﬁ@ﬂ dheafenth o ut asde byr Gm

| ndustri al, The o 4,..86 are
driven by %ngs Hg(ﬁ Oglfom tﬁ ggcr?r(%and rn%rgnfe r@@r espag’lciﬁ Ive %Dﬁﬁ‘é%nt Fol system
76, 78. Thammessialtyhavaflabls frobff dosiribl DéviessLl@pordfion.gener ates a singl e
velocity command that is fed to each of the first servo drives 84, and the

second E control sy,stem 7 eper le. v o conme that is
fed to ea BFOgﬁ}’émg Eﬁ?ﬂoéﬁ'r g%Q§ ﬁ%\[ﬁégd% %é’d’g ‘?ﬁé rcoﬂf??dﬁr& ng and
the inputieadspe@tifCEDM sbitAlsystbhie65 28 Thaf isV@S B4 FIS0 &Rfdl SRjMM 96 signal s

to the servonotor of the cortespondi ng machi ning head to dictate

di spl acengeneragies @ isimngld ealegitydeammanbthat ey fed toercheof 81¢ firgioseaves drivenudse t he

el ectrode t head .t retracte o) |ts zero
position \?ﬁ%ﬁhet 0&%’?5%?8% og%y%}amweﬁg%wg@te%ggge Ve o(,%tgdzogﬁnanl S r om

l'i near neg&autd eghssftheSsetHel sahe \WiveP 6] t BRE bnatHeACHIOErahniAdGhd the
servonotor. The |inear neasuring scales are conventional devices that

preci sel yinpuged vslecibhuisnbahe poko drues84. 86 isend emirohgigrals tnghesevompioder s and
provide fg BaS V\hl | e
t he depth ggggﬁﬁ e|9I§sonc(:io Q ed- %gyﬁﬂa&a&odﬁgﬁ n\e{%g glﬁévég rol%\%ses %gﬁ

t he EDM cearvo diives/84, éﬂﬁwlgtﬁcauis throeitcrtfddeajflme spacsponding mﬁhi}nafga}mtieés and
auxiliary. functiaqgns .of the EDM process, |n operation, EDM appar atus 10
can operaP% retracteq 19 ifserera PPsigon g‘fhﬁﬁltﬁean%?ihsp t ‘SGS%RhFﬁirugﬁ%s ‘i) PR t he

al ter nat i Bpuiogsm hﬁgarf freRduri@r kcaid Ng I t cond
wor k st at ?g)n 13; whil e one work ('i:tasflfdéér)l£ I's ope gglﬁﬁ%‘%ﬁta#gtcgrtnhgf &v%l?
station i servcprna@rl vBheaHacanviapdsating stales wor kpineotonabattivivgs that praeisely

si mul taneous JD st atl te mul t aneous bot h
work st at fone" Oéﬁgmaa\laﬁa(?mc g %5%?"5?‘?@5 Sh‘i %%Pﬂ)ﬁil rl@édbffvg rF]oaded in
each wor kdgbaiesuranehtdothe Y@TKdSTAIS40B6. Wikle tﬁ@aépt@bﬁantipgﬁiulaﬁeci byn the

conti nuous node, each work station is imedi ately | oaded
the programmable servo drives 84, 86, the EDM control systems 76, 78 control all

spark erosion parameters and auxiliary functions of the EDM process.

In operation, the EDM apparatus 10 can operate in an alternating, simultaneous or
continuous mode. In the alternating mode, the first work station 12 alternates with the
second work station 13; while one work station is operating, the other work station is
inactive and available for workpiece loading. In the simultaneous mode, both work
stations operate simultaneously. When both work stations complete a machining
operation, new workpieces are loaded in each work station and both work stations are
activated together. In the continuous mode, each work station is immediately loaded
with a new workpiece and restarted upon completion of a machining operation,

regardless of the status of the other work station.

Turning to Figure 2, a second electrical discharge machining (EDM) apparatus 110 is
shown. The EDM apparatus 110 is similar to the first embodiment of Figure 1 in that
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w th a new workpi ece and restarted upon conpl etion of a machi ning
operation, regardless of the status of the other work station. Turning to
Figure 2, a second el ectrical discharge machining (EDM apparatus 110 is
shown. The EDM apparatus 110 is simlar to the first enbodi nent of Figure 1
in that 7ifihcludéd aipl@eality Bf ntpfidday watk staghnsi 1%%@\/1@5@@5@5& iANStadid 214nd 113
di sposed in a tank 114 wherei n each work station 11 113 oper at €s

i ndependenthetein Gafﬁh@ﬁﬂﬁ staion dar h1% opereier pn@@endmﬂyuefma@mq A seFEDe

appar at us n t t r ti tank, 1 is filled
oP PR o oo otk MRS petofl e ERfRg BBerRS 116 58 oL Ries 1 S M 3ighe | e
wor kpi ece The tankrer4sdilied witte a fshitdtle dx@sléctribaﬂmﬁ\/\sdohf'asjal&eleﬁn-i@rcﬂ}/lsdQﬁ'atl n the
tank 114 for detecting when the dielectric fluid reaches a sufficient

depth. Th éhﬂr‘w‘éféfplesw&lmmeﬂeé mithe flggd aPeldoat swrch b1 isrrevided s the tankildfect ri ¢
fluid k
(10001 e RRR YA R Rpo OSBRSS LR, AL By i e

connect edig tochted $umhkthatl thef lmvelf of tzidcnde el db @lsedﬁgh encbﬁghj th impmefser abl y

down to one m.cron a l.ut Each work, statjon 112, 113.incl.udes a
wor kpi ece WorkRigRes 111*1@3?63&5;5 Statiensel @ﬁﬁ 1 gonvspiional filisHng SYEPRpi ece

120. As bg{&rsﬁowﬂ N QYin¥ad th%%ﬁmf’lfh £33 fiiterind Ghe BIRTRIEAUAT bf&g&ﬁ@? 120
shown in Figure 2 are shrouds for use in an arrcraft engi ne. e rst work
stati on 18gwhtebeehmicrén alspJutsecond and third machi ni ng heads 122, 124 and
126, wherein each machi ni ng head nachines a different feature into the

correspon k ec 2 t.his ca t he, fi nachl h 122 is
nount ed %ove et%\{/}?)l?ﬁ%%egle?’ Tﬁ%‘dF %e ﬁémtr%if%ﬁwpopg ghbch%élg The
.second nmag¢hé ﬁbﬂgoldh%ad Wédpicse rmuntg_d baﬂjracaﬂi bpmeajeaﬂesa&nplheomprﬁﬁl ece 120
for machining the first seal s]ot, and the third machining head 126 is
mount ed a8XERRIAVTkRICesE 20 oy e Figvie 2 axe siuprdscler esinfagaiigradtangingg t he
second seal slot. The second work station 113 includes fourth, fifth and

Si Xth macpigg \AGRURLAG 123N 2ecolIGE il PR HRRAI P hod

machines a different teature Int correspon I ng mo p1 ece
fourth rmaahd ni2eg whsacinled®hi macbinitge deabovaphitve awdilfpieat dedt@® o thmchi ni ng

the anti-rotation slot. .The |ft Chl i ng head 130 i s nt ed adj,acent
one end of°TESRENGBE WorkRigce| E‘? gest H@cwh?ggggé? gouniedy ¢ he

si xth machbdiletlle RRAbidc3220 for machlmng the anti-rotation slot. The second machining
head 124 is mounted adjacent one end of the workpiece 120 for machining the first

seal slot, and the third machining head 126 is mounted adjacent the other end of the
workpiece 120 for machining the second seal slot. The second work station 113
includes fourth, fifth and sixth machining heads 128, 130 and 132, wherein each
machining head machines a different feature into the corresponding workpiece 120.
The fourth machining head 128 is mounted above the workpiece 120 for machining
the anti-rotation slot. The fifth machining head 130 is mounted adjacent one end of
the workpiece 120 for machining the first seal slot, and the sixth machining head 132
is mounted adjacent the other end of the workpiece 120 for machining the second seal
slot. Thus, each work station 112, 113 is able to simultaneously machine all of the

features for a single workpiece.

The EDM apparatus 110 differs from the first embodiment in the configuration of the

machining heads. Specifically, the second machining head 124 includes a linear
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I's mounted adj acent the other end of the workpiece 120 for machi ning the
second seal slot. Thus, each work station 112, 113 is able to

si mul t aneously machine all of the features for a single workpiece. The EDM
apparatus 110 differs fromthe first enbodinent in the configuration of the

machi ni ngsdreatlstor 364 disposaal ddjacehh®y 5 Geanad vEah: PlofihietRakktle24] Iigned des a
i near 8 servomptor 134 disposed adjacent to a first end of the workpiece
fixture 13ptoporkngatiqn 142, whhe servamiotns 13th inclydes e fipearometor 1950t dfudes a

| i near no O, l.ace the. ' I xtyre 118 by a
stationar %ﬁﬁ%@%ﬁ%&gxﬁ%ﬁ% negl%ﬁ gcﬁoaﬁ%tra&sﬁsdféfaf%gm%?ﬁ #@?%ﬁyﬁrﬁﬁ% ed on

t he st at omot@Glidénl 4 Bcdidogey mohated ohSRe satorn3gnt &4 eledirédechelddrde? 840 and
supports an el Sctrodﬁ_ 54. \When the Iir]ear servonotor. 134 is energized,

the sl i defoyaisdion thelider ! 4Gandspprersanslesiade ity dadbe hnear sevematosr 136,
thereby mpyj fbede zéﬁT%éli?&_@FIA@‘f‘s Qi B Bg%méarmrﬂésggct%ﬁﬁgt pt with

the workpiece 1Z20. The third machining he 126°i s essentia e sane as
t he second36,tkarbhninoyingsbel elteodeckidapto erhatt of mackintigsenegagohnean jwithethe t he

opposite end of t rkpi.ece, 120.. The fi.rst i pi ng head, 122 has a
linear selV EECSrI%SGﬂ%DtEﬁfIé%acBH“%g E‘Eﬁr&u@? 1158 egg@ﬂbﬁ}ﬁ)sg% a3dhe se9md| ocat ed
above t hemagliikPicekeddf 124, UW@ek 1Ba0it fsh@ispdsedtadRbdt fHedbipRbite 24 of TE
servonotor 156 conprises a linear notor stator 160, which is fixedly

attached werkpigeeddDurm, and a linear notor slider 162, which is slidingly
mounted on the stator 160. An el ectrode holder 172 is nmounted on the

S naer Sofndffl MRRANnAN 109 15ELIRNE FLAMET 134 BoMREK Bh 8%EL AP mollen e

| i near servonot or S energl ze 'S cause

| i nearly shidvn)rsespec be tiecatddeatwivatioy wfkpieckt fimabyi 18rof\tha first brielse¢ibn ode 174
into or o of _machi nin agenent with the workpiece 120.. The fourth,
fifth andyg'xtwenﬁéﬁrﬁ?tgbﬁﬁngggpf’é%ﬁ a li5an mptarsstaior kofle vdicho o ielk
station 11&AEetSHEToAM. 2hl ¥ 13l hdforsRddR2l Whidh is %ﬁ&fﬂgf} rﬁ@&xt&h{gﬁd |
machi ni ng heads 122, 124 and 126, respectivefy, of the frrst work station
112. Consthgstater 160. Anlelecirdédecholdbe dFRiipmioonted fonttheslidend 67 and sdpportaad si xt h

machi ni ngeltc]cet"ricgd% 1]7%80’ver1 ﬁj% wot pi%g’ez 1%.' {Nhrégtthebﬁneag(sa rggrtngt%r ??é ?s energized,
the slider 162 is caused to move linearly with respect to the stator 160, thereby

moving the electrode 174 into or out of machining engagement with the workpiece
120.

The fourth, fifth and sixth machining heads 128, 130 and 132 of the second work
station 113 are substantially similar to the first, second and third machining heads
122, 124 and 126, respectively, of the first work station 112, Consequently, a detailed
description of the fourth, fifth and sixth machining heads 128, 130 and 132 will not be

repeated here.

The EDM apparatus 110 also includes two standard EDM control systems 176 and
178. As in the first embodiment, each EDM control system 176, 178 includes a
power supply or spark generator and a controller, such as a computer numerical
control (CNC). The power supply of the first EDM control system 176 provides
energy to the first, second and third machining heads 122, 124 and 126 of the first
Work station 112 via power cables 180. The power supply of the second EDM control
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The EDM apparatus 110 al so includes two standard EDM control systens 176
and 178. As in the first enbodi nent, each EDM control system 176, 178

i ncludes a power supply or spark generator and a controller, such as a
conmput er nunerical control (CNC). The power supply of the first EDM

control Syﬁ@mliggﬂm&%&i Sefy 1ONRE Sourth) fifftearld sigth ma@eMAg heatk 138, ndo

machi ni ng heads 122, 124 and 126 of the first work stafion 112 via power
cabl es 18end T3eofihosgcondpioriystation hid wepewer @blesd8atrol -9 system 178
provi des energy to the fourth, fifth and sixth nmachining heads 128, 130

d 132 [ ' troll
of Ct ot Fut SpARDE Phi B Bl i1 AN o To Aot iR SRY" DL O
pr ogr amratilree preogremmibly eavad Sdivesn b8l tahé tioodntlleeof the sebendSEDMN dordttdV cont r ol

system 178 is gggnect ed to a second routp of three pr?gramalgil e -servo

drives 188/StenEddf 1peRmngeied 2 seroad groyrset thrssgprammmable g5rye dgves, 186 184 i s

connect ed S i ' ; d;ga RghrlBi chi ni ng
heads 122jﬂglél}IZ%ngl(r:lé(;fr %%69?‘?)@ ﬂi?%dﬁf\}l%(rjua %@gc%ﬂoft&nwsé g??rlgde potsa'[jie{lidtgﬁng in

the fir st corssspomdingone ofithe dirstashoml agl third akehind®s hdedd 122d12424d 19601 ar | vy,
each one of..t.he.thre econd, progr.anmabl e, servo drive 86 i s .cannected to
a corres pHWbYlﬁlbaJ%'n(éongrP?teﬁ?g{}?%‘?ﬁpf’ﬁ{m’?lw tl?ﬁg‘?'n%lrriti ﬁ?clt?nfi rﬁi@hﬁ}’f{ﬁn‘&aﬂmg 128,
130 and 1Re&ads Q22 idvAnduak! RiaRAHY, @hcted RS IRE thrBOScbhPPloB ka1 §ervb Our t h,
fifth and si xth machi ni ng heads 128, 130 and 132. The programuabl e servo

drives 184tivesgé8opareonaeciedsdmtd gpirgsponrdingaene af thhouarthf fifthe and jsbxh

enbodi nent._.. I i ervo. drijves .184 86 is.proara dto
have ind%;n\?lc%'gg# g%spgzr%;? %&ﬁ%ﬁﬁénﬁhﬂq@é ?%tfoqse§/e§gr 8‘?7%13 Ofgétf%on?% Tdi&t ance
control sfouath, fifth ahdsiixihi elaeihivig Gedds 108, 130endaph of cut nade by the

correspondi ng machi ni ng head. The programmabl e servo drives 184, 186 are
driven by single velocity, co from the respective EDM control system
176, 178. T¥HEP ag?mﬁﬁs_swépve%mgﬁéPaprwwaﬁme Herfeisingse o fngl e

vel ocity aAURBEdat, That'i§hakl o8 M seRo &ﬁ@esﬁ'Sﬁ?ﬁS?%ﬂﬁ\é‘@%ﬂﬁﬁf(éﬁsto na3d, and
the second EDM control system 178 generates a single velocity command that
i s fed toindadduadf(sepheatesBomrttic FEM eodirohsystet8676, B8 ditanne towgial sprasgo anmi ng

SN TR KT RN T I L CAT R R T
di spl acenpripr@imitle selvBrives e84, TBECare driven by a single velocity command from

the respective EDM control system 176, 178. That is, the first EDM control system

176 generates a single velocity command that is fed to each of the first servo drives

184, and the second EDM control system 178 generates a single velocity command

that is fed to each of the second servo drives 186. Based on their programming and

the inputted velocity signal, the servo drives 184, 186 send signals to the servomotor

of the corresponding machining head to dictate displacement of the electrodes. The

servo drives 184, 186 also cause the electrode of the corresponding machining head to

be retracted to its zero position when the "stop" point is reached.

The foregoing has described an EDM apparatus that more efficiently machines
workpieces, particularly aircraft engine parts, having multiple features. While
specific embodiments of the present invention have been described, it will be apparent
to those skilled in the art that various modifications thereto can be made without

departing from the spirit and scope of the invention as defined in the appended claims.
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servo drives 184, 186 al so cause the el ectrode of the correspondi ng
machi ni ng head to be retracted to its zero position when the "stop" point
is reached. The foregoing has descri bed an EDM apparatus that nore
efficiently machines workpieces, particularly aircraft engine parts,
havi ng nulQL.AlMSt eatures. Wiile specific enbodi ments of the present

i nventi on have been described, it will be apparent to those skilled in the

art that various di.fi.catjons thereto can be nade w thout departing from
the spirith and AdtOpdriea dissRargs ephingg 2RRGRIS CABITPIASE he appended cl ai 1ms.

-10 CLAI MS: 1. ?T'm’é‘i' rhdefinifl §ehar ge nachi ni ng apparatus conprising: a
plurality of m;l hi ni1 g heagisn;n{gan EDM control system and a plurality of

programmabl e senkEdPMrovied systamhawhe of sai d programmable servo drives

bei ng connected t,0 i d.EDM contrpl systemand to a respective one of said
ol ural ity of macHR, Of PLEammable riy dEvTs Eaph GE QCTUE PIREEHTRP

appar at us séivo @idtdTbding \8bfetied (8351 VRl Qntrof 84stbnTBED kdh RepBGARS e udes an
el ectrode and each one of said programmable servo drives provides a signal

to its cospidphanliyed maghining hegdhead to control el ectrode positioning. 3.
The el ectrical discharge machi ning apparatus of claim1l or 2, wherein each
one of said programmable servo drives is individually programmed. 4. The

el ectricaR, di s@hargetrivarfisctiang apgdhiag appahiuddy cRIE 10fvheted Bichl ore®f3, _
wherein sai.d EDM control  system generates a single velocity command that is
fed to e&HA machyunghesds iickiden Bn elespdeoandgagl ene gf saphprograsampble servai schar ge

machi ni ng 480 : n g:'pﬂg l.aj os, t
conpri si ng‘;:h?i éaga@?g(})%éoé{)ingﬁ%il t?’t §S g%”%@ﬁ@ﬁ?ﬁg ea%%?legda@ggltéﬁjn% %%rﬁoggnt r ol
system ampdsitosiegond plurality of programuabl e servo drives, each one of
said second programmabl e servo drives being connected to said second EDM

control system and
3. The electrical discharge machining apparatus of claim 1 or 2, wherein each

one of said programmable servo drives is individually programmed.

4. The electrical discharge machining apparatus of any one of claims 1 to 3,
wherein said EDM control system generates a single velocity command that is fed to

each of said programmable servo drives.

5. The electrical discharge machining apparatus of any one of the preceding
claims, further comprising:

a second plurality of machining heads;

a second EDM control system; and

a second plurality of programmable servo drives, each one of said second
programmable servo drives being connected to said second EDM control system and

to a respective one of said second plurality of machining heads.
6. The electrical discharge machining apparatus of any one of the preceding

claims, wherein each machining head comprises a linear servomotor having a stator, a

slider slidingly mounted on said stator and an electrode holder attached to said slider.
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to a respective one of said second plurality of machining heads. 6. The

el ectrical discharge machi ning apparatus of any one of the preceding

cl ai ms, wherein each nmachining head conprises a |linear servonotor having a
stator, a slider slidingly mounted on said stator and an el ectrode hol der

attached t70 saish gbdteledl dischdrge méchifihpelppaiatuseampetsiaghar ge machi ni ng
appar atus conpri si nf): a plurality of machi ning heads; an EDM contr ol
system and a @nkwalityief machininghesifiabl e servo drives, each one of said

pr ogr ammabl e f ' n ed to receive a velocity conmand from
%ﬁ Eﬁi\&%hﬁf&%g%@ftﬁb EI?&

said EDM contr system a eed a control signal to a respective one
of said pl ural iat pluedlityref progragniabkdserv® driths catle one i cfadaidlipssghangablgachi ni ng
appar at us of %Iggi m 7, rein each one of sai ggmachi ni.ng heads includes an

wh
ol oct r ode SEYA GEXERCHPCEEs 1p TesHivs 8veloriin spamapd fromeseid EDME comerd system
di spl acemgqd to Red Ton@IRGHA] 63 reliceRABRR TR, ARRRET claim?7 or
8, wherein eac::he onenof gggli d prrgg!regmmrfk:osert}%ﬁlgplg{ves I's |l|rr1%1|1é\%}a§fual |y
programmed. 10. The el ectrical discharge machining apparatus of any one of
claims 7 t,0 9, .wherein,sai.d EDM cantrol syste eneyates.a single velocity
command t Rat | JPEdeqisal deeres Mad g Ap iR ab £ B B s TS 684 SRELS The
el ect ri calaidirigdhating hbdisNhélud APHStAIdanafecadd¥r 908 cBhitrsll BbiiBs dictafes10,
further conprising: a second plurality of machining heads;” a second EDM

control sylecage dipplagempesbond plurality of programmabl e servo drives, each
one of said second programmable servo drives connected to receive a
vel ocity conmand from said second EDM control systemand to feed a control
signal to9%a redmealdcrtcaddichirgs aadhindQC aiArhdIoftlialy 706r Bp&hédinercheads.
12. The el ectrical discharge machi ning apparatus of any one of clains 7 to
11,  wher ONfOE3HPIPZEIRIARGIE sHEa drivesnip inddudually pragigmmeds vonot or  havi ng a
stator, a slider slidingly nmounted on said stator and an el ectrode hol der
attached to said slider.

10.  The electrical discharge machining apparatus of any one of claims 7 to 9,

wherein satd EDM control system generates a single velocity command that is fed to

each of said programmable servo drives.

11.  The electrical discharge machining apparatus of any one of claims 7 to 10,
further comprising:

a second plurality of machining heads;

a second EDM control system; and

a second plurality of programmable servo drives, each one of said second
programmable servo drives connected to receive a velocity command from said
second EDM control system and to feed a control signal to a respective one of said

second plurality of machining heads.
12. The electrical discharge machining apparatus of any one of claims 7 to 11,
wherein each machining head comprises a linear servomotor having a stator, a slider

slidingly mounted on said stator and an electrode holder attached to said slider.

13.  Anelectrical discharge machining apparatus comprising:
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13. An electrical discharge machi ning apparatus conprising: -12 a plurality
of work stations, each work station including a workpiece fixture and a
plurality of machi ning heads arranged around sai d workpi ece fixture; a
plurality of EDM control systens, each EDM control systemincluding a

power supply andlaraligndf wbHestati@ae Bachn@orkf stattindinpidiiy £WoBlpi&s Dainkg
connect ed t@ a, respective one of said work stations; and a plurality of
pr ogr anmaBie 2 PBEYHy @f mashiningheadpareanged around paid groskpiess fixtueer vo dri ves

bei ng connect eq {; [ r Q Is of said
plurality of m%%ﬁ?%oﬁgﬂg.&fﬁwggﬁgné’&%}?@a y ?‘@ﬁ%&g‘%ﬁ rlr%cglﬁ(ﬁﬁgr?g

appar at us powvecsugiply 48] a wherodien enale bnoofsad powai shpptiehbeihg golmarid thacl udes

an el ectrode and each qne of said programuable servo drives provides a
si gnal torffsﬁﬁ‘%’rvéﬁseg]ﬁﬁ}a“f?é]&ﬁ?ﬁ?%gﬁgad to control electrode positioning.

15. The el ectrizCalirality GGG BB Nidt00 APRES, Aok r@%v@dﬁg{}pﬁ%ﬁe wher ei n

each one of said gﬁr‘iogramﬁﬁl e servo drives is | rogramed. 16.
The el ect s¢waldrigesbding genngeic itm ongobgapheantwilesiandry asespediveoingiofsaidld to 15,

wherei n eagh ane.of said.EDM control systens generates a single velocity
command %ﬁfg?h §f%ﬁﬁpﬁg§§g‘¥'programbl e servo drives connected thereto.
17. The el ectrical discharge nmachi ni ng apparatus of any one of clains 13 to

16, wherein each machi ni ng head conprises a |inear servonotor having a
stator, aléd{iddhe e@ptwh@s&arﬁmm@mnmg apparafus efelaim Bhovhereinleadt onsdd hol der

attached | ﬂ-”ﬁ! | der. I ' I schar machi ni appar at us
of any Oné&lg?ﬁd Cral ”ésﬁlé%gs %%c%mﬁf %F ?ﬁ%{‘&“@g‘i&ﬁﬂ io§<|§ Hgsaggaf"&”e‘%’inﬁﬁg S?&ﬁk,
wher ei n edrdhesopeovidessai sigmpll ubathiet yespéctivdrikactstiag i Isad 1oS centeflogestrdde sai d
tank. positioning.

15.  The electrical discharge machining apparatus of claim 13 or 14, wherein each

one of said programmable servo drives is individually programmed.

16.  The electrical discharge machining apparatus of any one of claims 13 to 15,
wherein each one of said EDM control systems generates a single velocity command

that is fed to each programmable servo drives connected thereto.

17.  The electrical discharge machining apparatus of any one of claims 13 to 16,
wherein each machining head comprises a linear servomotor having a stator, a slider

slidingly mounted on said stator and an electrode holder attached to said slider.
18.  The electrical discharge machining apparatus of any one of claims 13 to 17,

further comprising a dielectric tank, wherein each one of said plurality of work

stations is disposed in said tank.
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