8 March 2007 MJLTI - STATI ON ELECTRI CAL DI SCHARGE MACHI NI NGg Wabéh SIoGLE
VELOCI TY COWAND FIELD OF THE | NVENTION This invention rel ates generally
to electrical discharge machining and nore particularly to electrical -

di scharge machi ni ng wor kpi eces, such as aircraft engine parts, which have

e o BRSO ASA) Piwmﬁ{ﬁﬁﬂéﬁmﬂgmﬁﬁgﬁ as

hol es, slots and notches of warjoesTSEORSVARG configurations, in an
el ectrical l y conductive workpi ece. Conventional EDM apparatuses typically

enpl oy an el ectrode having the desired shape that is advanced toward the
wor kpi ec I supply is applied to create an el ectri cal

pot ent i a&lgﬁpmgﬂﬁﬁﬁﬁvﬁgmece and el ectrode for form ng a controlled
spar k whiTis niabvésioandel¥ep Opdnéafiyt e cleBiikali Aneharst %h@lhmg hAd Mbhe desired
feature. The cutting pattern of the electrode is™ usually conputer

nuner i calRaytiaastyr & Flegtrigpledisehiarae mashiing svarkpicees| sucheay aireraftvengingosi t i ons
of the el r i ning, the electrode and
wor kpi ecﬁﬁ%e&?gn%l‘rg%eg%rﬁ el"lg::é ri gﬂf}%%f‘d whi ch provides insul ation

agai nst premature spark di schar ge, cools the machi ned area, and fl ushes
away the];{[e‘ggved material. One drawback to el ectrical discharge machining
is that HAGECROENE: | vel y sl ow process, especially when several distinct

features mn’ﬁ i rIy so in
the air crﬂgﬁﬂ%%gfsﬂgmg@gﬂk@ ere e"\%g\{éﬁll@gﬁnﬁ Safr‘oégo%ggk f%#ﬁla
wi del y usach fasr hotes; hslois ngad\/albtchuss dfeaariguss shapés) aﬁtlr@cﬁﬂifghrﬁ&gs Nén R@Ar t S To

i ncrease E Hanuf cturl n out put of such Bﬂ\& it is conmbn to use an
EDM appar¥cicatly gpn q‘?ﬁ&%i‘”ﬂ leé’eﬂ entignal EDM appargisesttypigallysemplosn '

T kture oo s f el ) B fibpe ha! %SS?“%?@EZ‘“W%% N P

fixture located in a Single diele ns are al |

typical | ymmd supply toappliedp onwerresgepg lecifienls potentighibaiwegnt thses pl ace
ark will eated in the

:‘ln r :te r:/\glaf?o%?lﬁ{) 65‘9 Zﬁt‘f ‘iien%é’n%frﬁgggtéflf’g%fqg ng“gt‘?’}%}ﬂ’%‘ﬁ e%‘Ef{ wPogies theeach
station Raskplece material to form the desired feature, The cutting pattern of the electrode is -
usually computer numerically controlled whereby servomotors contro! 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

-1 -




-1 8 March 2007 spark supplied. This sequence is repeatedgwilil 2d0he
machi ni ng operation is conpleted for each workpiece. Although throughput
can be inproved with this type of apparatus, machining nultiple features
into a single workpiece is still a relatively slow process. To further

speed pr Q_ﬁaﬂ%_tsh?}ﬂiedi Whﬁk?\@gb@ﬁ_e PFePRASEntll Ahd mBclARinE MeARBR{Alsp1dthAt _
enploys nultiple electrodes in each work station. "Such an EDM apparatus is

capabl e fof epdy morlmiens. mAlthoyek theosshpitneanoperimmireved whthathivotksi efe
i mul t t.rode | ided with it
Sl sk, RIS ENALAE 55 ABIPRAARS, 14D ABpiUD b

suppl i es shrwdpiGhSs. | ncreases the conplexity and cost of the manufacturing
system and requires a |lot of floor space in the machining shop. The total
lies and CNCs .can be reduced by using a power transfer

nunber o r su e
switch t é?lto R‘E@Freﬁﬂq%&:ﬂr YEEOR B Sﬁl?ﬁ%ﬁ“i‘ﬂ?s?ﬂcwjé" #e6 R M, eppagptos that j e
- Wil e rednpidys nidipl8ereRsdeRfin emo&%%bh.eguaﬁﬂ} %ﬂﬁf ap;% ks 5QApdp@Ur at i on

can only operate in an alternating node. Accor ere is a need for
an EDM appapeafonsingh muliiplovindelsiningl vpghiéonsaohi ai workpiger siiudtaseously.

simultan i ess . EDM equi nt than is presentl ed. SUMVARY OF
THE | KB E AR el T05 T ORS00 Y Bebep XEBRlY rdh SemveEh, ¢ her o
i's provi desteden] ebsed (CO). TieSlahangenbErehpowadsuppRey AIdUSNCS rkabNg: a
plurality of machining heads each including a Servo;, an EDM control system
oper abl eteFogwirityaad gosfiof dhempmpaetiting systerhenirequines alopohifleer pceof

rogr anmgpk, 2 Lye relp f ! r servo
gri 8es IS cgrﬁ%@;ﬁ%ﬁpgﬂs?%%%@nlf?@foggegs ?ﬁe%rgl%l I§C§ Cglfg[ejgggémélfgl ve one of
sai d pl ubmnhbsihg apbworichisfir syitok dds selenivepatelivas gowtr maind work stitibrach 2007

programuabl e vo drives is operaple to receive said velocity command from
sai d 'EDﬂ/I%E'%ﬁﬂts%Fleél 0% the gumber eerpwer syprlics jand (a3, this canfigipicn i ve one

of sai d pliisd bpetate ¥ alREhRIAIARADS i n response to both said velocity
signal and to an individual

Accordingly, there is a need for an EDM apparatus that provides multiple machining

operations simultaneously with less EDM equipment than is presently used.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided an electrical
discharge machining apparatus comprising: a plurality of machining heads each
i.ncluding a servo; an EDM control system operable to generate a single velocity
command; and a plurality of programmable servo drives, wherein: each one of said
programmable servo drives is connected to said EDM control system and to a

respective one of said plurality of machining heads; and each one of said




program of said servo drive. According to a second aspect @frtliegpresent
invention, there is provided an electrical discharge machi ning apparatus
conprising: a plurality of nmachining heads; an EDM control system and a
plurality of programuable servo drives, each one of said progranmable

servo dr pMRfarREBI8GHRY drivel BCEHNEIA 1 RicBRktMidCAIBaR I AMESHbE &M control
systemand to feed a control signal to a respectivé one of said plurality

of machERM gomed systemrand de gepdsecantrok siignalvie lagesnegtivorneenfdsatdrpiutabityan

i ndi vi du [ .saj [yo ive, The. present invent.i an. its
advantag§£“§8@%ﬁ§¥%9%$ﬂ§3%§P§S%%1Paﬁé%ﬁ%é@éﬁﬁgﬁéﬁ?pﬁﬁ%ﬁ’aPé& Vﬁggfhe
f ol | ow ngrogeinnof @il steecdiipd.i on and the appended clainms with reference to

t he acconpanying draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS 2a 8 March

2007 The subject nmatter that .is regarded as the invention i articularly
poi nt ed ?Ofgfﬁ& 1o §; sepqnaspeet Of SreRrgsenh 1pvieRtion, Ahare Pfﬁ‘“ﬁﬁ‘? g glectria

speci fi calstiffee Hhgihily aBbhafis DABRYAE: o pRRMiD S ERhinitRIRAEL ARBY  ef er ence
to the follow ng description taken 1h cgnjunctlon w tth the acconpanyi ng
drawi ng ¢onjuel egstem; wind ch pluFelifiired progenematdh esmtoi drivdsewadi one foif rsetd

enbodi ment _of an.EDM appar at us. igure 2 is a schematjc vie second
enbodi meRPegmabiE B A BB HoliRectod ety 1Refis SHERIGEmE SEAEPYS ¢ ho

dr awi ngscoiel eyslerh dfttoGRéd b RbBIFEINGANYHRY RESecleh 0he of Rad SAdElityebeent s

t hr oughout the various views, ;hgure 1 shows an el ectrical discharge

machi ni ngaetEmRg hedsainatesponsoto sprbvetopitygasamend andito anriedividesl progpwr al ity of
individqﬂ%awﬂkgfghﬁkjons 12 and 13 disposed in a tank 14, which is shown in
a

cut-away to Feve the work stations 12, 13 therein. Although two work

stations are shown in Figure 1 for purposes of illustration, it should be
not ed t hEle picsentiaiviepti@angndntsndleantades osercthe priat aromdll bewintt dppaenphpayned i n t he

s L T B I
in the fighthonifafyihgAawkifigd s filled with a suitable dielectric fluid, such

- BRIEF-DESCRIPTION OF THE DRAWINGS
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as a dielectric oil, so that the workpiece is inmrersed in §Re g The
dielectric fluid insulates against premature spark discharge, cools the
machi ned area, and flushes away nachining 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 |ocated such that the |evel of
di el ect ri hg pyhiest jmatier; dhat 4s grgarded anthe dnvention de parsicrlerls quodnted out and ed i n

t he wor k gt.aft : : ' | filterd ng stem.(not _shown) is
connect ed T Rerbey injfe oot ANE B OF e sbbch R TRY hERiGT BonEPe ah
down to omay berbest andeaitecd by eferkaahiowhe Folbinaig dascAplionlidkdnial dogiRmegonvor kpi ece
fixture 18, ported in tGe Iar}k 14 for . holding a workpi ece 20. The

exanpl e mﬁﬁﬁ%&%@wy wing figugesia whighie shrouds for use in an aircraft
engine. A typical aircraft engine enploys a plurality of such shrouds

arranged pj i ar ﬁnﬁ Lae ' rotor. The shrouds
t hus defi ngmgg 1%8{3&;!&&1%33%633@% gir-é@ﬁrggjgco E&s)ftl‘lﬁlo%D%dzigs[%gﬁ owi ng through the
turbine. 3 8 March 2007 Shrouds are ordinarily nmade by a process in which
a cast i ndFigpretqs aselrematic ivewrelesecond dmbedineuto ffaadiDVeppamatust hen machi ned
into the casting. For exanple, the shrouds 20 of Figure 1 have an
anti-rotation notch nmachined into one side thereof and a seal sl ot

machi ned DRTAIEED DRSaRpEpgof . 1t shoul d be noted that a shroud is only an
illustrative A exanple of one workpiece that is suitable for use with the

- EDM appar%ﬂf@ﬁmsotpngxnedrawmg eMereinyisenticph reforanee tuimerale dlenotesibe hsamsr kpi eces

and is a i I L r : jece in which multiple features
are mach!%}r?léedéi‘ﬁﬁl\b:lﬁglr £ E r%%r%?%#@%%?%ﬁ%ioﬂﬁ@e@ tellu%ﬁtméﬁt]t‘ﬁﬁ) % he

wor kpi' ec asachiring (EDM)t appanish €0.s e EDM egphrat@r K0 iclwtlel QN pldrilgy VeEr K
stations .dg not necessari li/ have to machine identical workpieces. The first
wor kst atiRg¥idval werk|stpgigns 17 pad 13 dispesed inadankni4: avhichclhishowig heutdsvag2. 24 and

26, wher gj ik ‘ in [ t e.into. the
oor b porh ReveaPlle HEKli0E, PENS AREl NRRnG Mo GR st BRIl "5 |
nount ed dtigure 1t foe pusposdspifatiest2fio,oit shadbibeinogdtthet vintally @tyemidbersdfot . The

second machi ni ng hea 4 1is unt ed_adj acent one end of the workpiece 20
for nachisﬁit'}hﬁ-a{‘]‘ﬂs ﬁﬂfl%s e %@alioygff 4t Ehegﬂéﬁ prRaratys Hohthermraiont ieatone i s
mount ed LRGNk stalibn A2NES oBEARNindERnMH PGS AR § Wparate workpiece.

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 phurality 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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machi ning the second seal slot. The second work station 13gi Q&Hﬁﬁ§ fourth,
fifth-and sixth nmachining heads 28, 30 and 32, wherein each nachi ni ng head
machines a different feature into the correspondi ng workpi ece 20. The
fourth machi ning head 28 is nounted above the workpiece 20 for nachining
the anti-rotation slot. The fifth machining head 30 is nounted adj acent
one end oPhORE e oxdingdly marde by arm@q@ﬁsﬂmwyhlcgtaecastmgpf theaghrandois maded t he

si xt h machin | ' t he ot her end f the rkpi ece
20" or ol el RRre ot IndHMAH AR GE Rhohg FR GEfmBiE e Rlyphd520"”) 5 ¢
abl e to sofftiptraricoavslay antiabiatien abichahachiiedfigatone @&def theredf Sidwheal Wer kpi ece.

Al t hough eagh rk stati is _shown to have three machining heads, it
shoul d bema‘ﬁ‘&?f‘ggmtoﬁé?h F?Ff@*erf‘@ﬂf Kshopld be sated ghat pishyped ineniy en dhiusiratived  wor k

stations fau ' L Joud S COll be

enpl oyed. The Moot hokps %it?\%qﬂgg&b%fﬂgﬁgg it e PEASRAN B SPheC

di sposed prejeat wvention ia not linstedeo duch woikpioses kil 8 epplicablaitoevittBalbf adyne first
work station 12, .lt hlgul dybge[ geot ed that while linear servonotors are
shown i n YEPRFHICES int"&éf PP &ealiiet pEs mashiged.t nEurthsraeesstit ishowdtheon,
rotary SeeNspRa thatCAHooR thE WORLAME) Yurd ShtRf th bgkmeéﬁﬁe ftn# DRA woffot or s are

generally preferred because of their better spee aster frequency
response statpnyfhe v@riysiedeonsadiomot naeatsquidy havedn atachine identigal Wérkpigessy onot or 34
includes a linear notor stator rod 36 mnounted over the workpiece 20 by a

frame 38. Wy tor..slider 40 is sl.idingl unt ed qn e stator rod
36. A br a](—:l@efirsh‘ggﬁﬁ(ssr{% op.! 1@89@85 ﬁ‘ﬁ& Serpdy figgr%ma{gﬁ@%e]?e@% 25’ andng g

slide bl owkwhdreirseseh Mneblifty héad MchMea GkBiferdtat KhRrdinkd B¢ é%h%slfo%&?lgct or 46.
The slide block 44 is slidingly supported above the base of the tank 14 by

a stati orf¥erlpiessy 88k I thim rasm ethe rfitsp mackiningoheadr 32 gs Soounted ebact thede hol der

52 is no b.d oGk and, supports gn electrod 4. \Wen the
ser vonot ?Flir g&e&;zdeﬁ)grn&%yelﬁﬁg ?Jr?ea(}llélrr#%gr%nﬂ?%'i gﬂg éﬁ%"é’g T%Chffﬂ%ﬁﬁﬁr%aﬁsl y With
respect tmounted! ®lieor oeoehd36f th WeorkBiv@N B0 forQhadhiving icBist 41 sRYUSAY t he
slide bl ock 43 tg, slide al gng the support rods 50, so that the el ectrode
54 noves hahEd gracBipingread 2§ mmeppigd edigeré thernthariond of He workpiece@fost t he

wor kpi ecen2fmidgdtht B&oha$€a1 %ot THhE'SYRHd work station 13 includes fourth, fifth and

sixth machining heads 28, 30 and 32, wherein each machining head machines a

D&

different feature into the corresponding workpiece 20. The fourth machining head 28
is mounted above the workpiece 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 lincar 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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wor kpi ece, such as the shroud 20, the support rods 50 are gifabea/7at an
angle with respect to the base of the tank 14 to accommbdate the workpi ece
curvature. The slider 40 noves horizontally, whereas the slide block 44
noves at an incline. The divergence between the two lines of notion is
accommodat ed by the flexible connector 46. The flexible connector 46 can

- al so pr ovandepasitiongl peciiracys ol kg sesvorpetonddrincludes sdingar motee statdr tode36

ser vonot t ; suppl i e thir chjning . head 26 is
essenti al ?/'ﬁ#%d’g&g%‘rrtgggg %ée)‘:%\é@(r:l%%l Ie%{S&ni %911}?35510%41&&?& ¥ Sﬂf"ﬁ’&g’ it is

di sposed mojrekoi thic@atopRRISId. eAdnstkef 42 hearttRhéDiccBe ualersidd 8f el Ji@ges of both
the second and third machi ning heads share the sane stator rod 36. The

first machh Anhg shidgdlock 4his eonpegieshio therbragkst 42 vima disuiblecommactar 46/ unm 58.

The colu | t4aG : 8.l L1 djacent to the
wor kpi ec?heg?lg{te E}ogkfgqgglgq‘%éy%lgﬁ?yegg?% esﬁhg?’f%n&%g% Eaﬁlﬁg@)&aﬁ) Y8l 56

conpr i sesleck 48&wmal omendranore Shpgodt 1o S0 WAInCH edtfode ineRId: $2 & haghiedoh thet he
colum 58, aggpg | inear notor slider 62, which is slidingly nounted on the
stator 60lde éR @pd gupnogts 28 elsetheds ¥o one side of the slider 62, and a
slide block 66 is connected to the bracket 64 via a flexible connector 68.
The slid | b Al S0 i Lxkure 18
by the 1 ran B SRl S i B IR 309 Gal SRR Y L %2
mount ed aespetico ghe stetob kabko. 6Thamdvengpafilse slidee 4@ chuses the Mide blck e

kpi 20). the |i t 56 i [ d, th [id 62 i
causnd+ 40 30t alRomp opof o, SE o0t B flelpder 3T mHhyes o ah Qi@ e the
ser vonot @fachfingerdab@nafdvineht itk lehd oPthe worBpiBE 86 Z0RL cask e afbﬁ%ﬁ“ 58 so

that the slider 62 will nove vertically, thereby noving the electrode 74
into or ourkpecorgadh o g shrogpd @Onthet support rodseShvarckqriaaged &0an aiigde vithr t h,
fifth an Lxth hi ni hea 28, 30 an 2.,0f the. second work, station
13 are sg%si)f“‘%nt ité!?ﬁjfsesf)m eaff‘“g?“t e Ppgeda e€18n‘éi°f2‘ﬁ’(?°? AHYascHibfi ng heads
22, 24 atider2fl) mbosPRG ARy, whbrehd thefl JI1dS tHIVEN K4 St QNagl rclift@NgRguUently, a
detail ed description of the fourth, fifth and sixth machining heads 28, 30
and 32 widiyergeaee hetweghe fice vpdings 9ft motiennist actortmadateds by Hbonfléxiblgi gur e 1,

5 S S B e R

the servo power of the servomotor 34 and the EDM power supplies. The third

{D

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 38 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




24, .26. The stator rod 36 thus spans both work stations 12 ndah 2007
Alternatively, a separate stator rod could be provided for each work
station. The EDM apparatus 10 al so i ncludes two standard EDM contr ol
systens 76 and 78. As is known in the field, each EDM control system 76,
78 includes a power supply or spark generator and a controller, such as a

conput er HeGeuMIR8 sodhatthe sliden6y wiltmeovesrically. therely oiovingsthe ielestrodeDVI
trol : 7 ' first. d dthird hi ni
hends 22 Mo sty B UiERe ERRIDChO e Lorkbips 87 "0 ST L0 65 B0, The'

power supply of the second EDM control system 78 provides energy to the
fourth, fTHet fourthdfifih xdsirthahachinige heai328280 atd 3206 iR Zc0dnd Werksqaisnd wor k-

station Vi ower, cahles 82._ The control]ler of the first EDM control
system 7él%i ge sy HS]E‘Blaét‘f ﬁ?esﬁrsbrsﬁ?ﬁgﬁpd thirg maclipingheadudl.24advo drives

84, and t fa tih DM : LS. connected to
a second jg?gﬁggﬁgve{ylh rgfagﬁgirr %)tgrg %ﬁ%@g ser v%%gtﬁllie\g}{elg’ %%a&?@a%%c}éﬁé&owt he
three fi rthe fquribgfifihnaad bizthseachinidg heeds 28439 and 3wt hetthetrepeatedigre.efpondi ng

f the fjrst d.and thi hi ni ds, 22, 24 and 26 t
Phai vi dudt Aofef Sty 3 BaPR iR Fiamie huie TRiHs G A Ui gnd ik bymeciouBadomid « hi r o
machi ni ngo, Begelive & stafdt 8096 4Gih the SRESE 6%1%[3}5%0% Thd ﬁﬁﬁdﬁnﬂ&ﬁﬁﬂ%gg‘fdesm the

three second programabl e servo drives I's connected to a spondi ng
one of tR4, RourThe statof wed 3aribussspank hotlc ork sigtimsaty 18, A3@rmmtivel3? at 0

I ndi vi dua]_| ral ,el rode. I tiopin in the fourth, fifth and sixth
nmachi ni nﬁe%%%tggﬁ ,ro%ﬁouiﬁgeg?quggzﬁre F\W Staf9ih pr ogr ammabl e servo drives
84, 86, which are also referred to as smart servo drives, are progranmed

to have iThdiBDMugpataaspar déLintiuds’ thie stabidré IV Gon&dSly8idns 7daril Mr ch 2007
76, 78) distance control. Each servo drive 84, 86 can be programmed with a

di f f er ent?s 18 &pewe m S fields eagh EDME ¢rntiobsysten 36, Tfdnelidisat pgwarshpplylort he dept h
cervo. dr Fyek by sfEl BRARN SonTRAT e ilibiea Rl Folaaae ™ °
Cor por at power itpplypofithe SnsrdiiM cortrylosydieh B6 pdéideS Bnag e toctthie irex, Bdcoad si ngl e
o0 Y SR T A heSREC b S EOMEONL o135 S e ™
' 80. The power supply of the second EDM control system 78 provides energy to the
fourth, fifth and sixth machining 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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generates a single velocity conmand that is fed to each ofgihg.fidpst servo
drives 84, and the second EDM control system 78 generates a single
velocity command that is fed to each of the second servo drives 86. Based
on their programm ng and the inputted velocity signal, the servo drives

84, 86 send control signals to the servonotor of the corresponding

machi ni ng’hd8distanes ‘éqﬂg‘loé Hrahptereedrive: 849 86 toar be pragraromed withtaediffsrsnio dri ves
84, 86 al et he .electr -k orrespondi n chining,head to be
retract ed'%?‘gp ?#? 78 opg)lggi ‘{Oi %ﬁﬁ’\/\ﬁéﬂ’& @g"cgf@%l'&ﬁo#ﬁﬁ] E’E"&te%%ﬂ‘gh?’ is is
based on cdrrespindingonmbehining readur i Sgitstlal efograiinablR0MaYvoP Oiviek 0RRd

adj acent to each_ ser, %iweﬁ%or. (Lhe_l | near measurjng scal es are conventi onal
devi ces t‘l‘?ﬁmf)‘P’é‘HY%"Pi} ora jndnstrind Dswices Composati@nvel ocity of the servonotor
sliders and provide feedback of these neasurenents to the servo drives 84,

86. Wil ki n t o drives
B4, 86, 1 s TR AR S a6 Qs ey o PV ERL AT R Bad B

par amet erthe gsgecivg iHDropnfrahsytsteon 36,578. t Het EDkhepfisc EDM comralpgstami 8n, t he
EDM apparatus, 10 can opgerate in an alternatin i ul_t aneous, or _conti nuous
node. In geﬂgra%staes}lp\gg? i"ﬁ@cﬁ%ﬁe@ﬂaﬁa tﬁ?‘r’% fe%r?@%létozttg%ﬁmﬁe%ﬁd&”ﬁ%tg’és with

the secamd thObdeofid BOMMToh0l WatdiP79 fg@:ﬂ&é&%ﬁ%&é P&otity &ﬂnghéﬁd B ! he ot her
work station is _ inactive and available for workpiece -l oading. In the
si mul t andedigo waehe of Hist seomod lservet drives . oPaseat en shaiti ptawnaumigyandihen bot h

K | | hi_ni i kpi | oaded i
each wor KEEREEVRI Ea, [R3rR diver P Sand Songtl Flelitsdd Mo gemnaionon n the
cont i nuous thetarespating\aialhinindt head b FictTPapRLahYnt Falsdlecibdd. anaew

wor kpi ece and restarted upon conpletion of a machining operation,
regar dl e$8rvefdrives 84 8% also spusetibe gleptspdevefi the somespondingumavhingng bealitgure 2, a

second el | i rge: L.ning «(E .appar at.u Q0 is, shown. The
EDM apparbg%g#cﬁdomidlgssg‘%}ﬁiﬂ% glrt fgﬁgmeﬁetﬂgi é@%%‘ggﬁ ngeao%ﬁﬁf éﬁ.ﬂ?@e(li °Pn that 7
8 March 206 froin ilinedrudemsaing weakd t(io0fshows) Wositidhedidfaceh@ith Ofeh 112 and

113 disposed in a tank 114, wherein each work station 112, 113 operates
i ndependé&fVPHoLas. rrtﬁ% {ingaTamgaTEng  swalequsrk speveational deviess dhatt precissin
apparatu e1a§1g 5 Aktidd Md : i ) . s filled
wth a sﬁ?t a Iee eIE ectérnl c&??éd{lg’ 1#@5‘(%%%%8%?%1@%}%3{1 “r‘jﬁ;g"e"é‘?ﬁaf‘l’%%a%?ﬁét

these measurements to the servo drives 84, 86. While the depth of cut is controlled by

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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the workpiece is imersed in the fluid. A float switch 116ghg,8feded in
the tank 114 for detecting when the dielectric fluid reaches a sufficient
depth. The float switch 116 is located such that the |level of dielectric
fluid is just high enough to i Mmerse workpieces installed in the work
stations 112, 113. A conventional filtering system (not shown) is

connect edit ingludes atpdwralitylef individial weski stagionkd 12 iand &3 disposeti ii d tarnir Hfder abl y

CorRor oo mBerin’tRR BEICHHE 1 AT Bieberds MdePondnfy 0 achiPB s SMER pi oce
120. As b@bkpiece 2k BafolyheOEDEK apptkAuP M O is hOSimB&RPH WorKRLBGRS 120

shown in Figure 2 are shrouds for use in an aircraft engine. The first
wor k st at Thntank 4 18 dg (illed svith g suitabloedielactriaflirid teuchl asractidledtrig olesithat 22, 124

and 126, | q Hl%h'ni ead chin ifferent. feature into the
'correspontﬁlg%ﬁv%?eeglgéce %ﬁ%;ﬂ{ﬂ%f(ﬁﬁf&@gﬂ@f@eﬁpﬁpg{w @Hﬁ‘meﬁﬂﬁiﬁ&éj 122 is
nmount ed  fabastectinpewhe thpidRte tric?Ouifl @6achBLh TRt Nt TThe fidsk Shvite1 84 ot . The
second mnachi ni n head 124 is_nmounted adjacent oné end of the workpi ece 120

d
for machililagptecheueh that the devel af dlicletrig Hwid ishivstdhighcerionzihgo Howeers6 i s

nmount ed ' f“?ﬁl I gce . for.machining the .
second sgg%)&gﬁg%s. elgéé ggghﬁ?%%&a@p gtlﬁ%ﬁ“?i?ﬁ (foﬁ%%g](%@ tﬁ%ﬂmgl‘ﬁystfeﬁ]f th and
si xt h naqhonshegvm) s dennk2@d 13 30 @nkl 113 Zor Bherigd theadielbetriddRi, PréfarabBad

machi nes di fferent f%gt Lil‘e into the correspondi ng workpi ece 120. The
fourth e RUSEPREPROIPE. npunt ed above the wor kpi ece 120 for machining
the anti-rotation slot. The fifth machi ning head 130 i s nounted adjacent

one end Gfach tvb@k%ﬂéﬁ'lgl%? 133 Gndifes qgﬁgfgjﬂi&g ﬁﬁ?ﬁeﬁh@ﬁqﬂgﬁ(ﬁﬁég dlﬁlotﬁé {t"ﬁ%nd the

si xth machi ni ng hea 'S nmount e acent the o

wor kpi ecd 142for fholding chimoirkpiece hi20s e dsnskfarealand Hyotvay T lesxampRcbnlyptie st ati on
112, 113 is aple to. si t aneousl.) hine all .of the features for a

si ngl e WorRBP c‘g.ricﬁﬁgesgggl SEBBQF%*: @“ﬁ%@eéﬁfq"gﬁ foruse 1 qurcraft giGvhodi ment
in the configurati.on of the machining heads. Specifically, the second

machi ni ngrHaefas wadk taedilHESinglubléBRY, secchdBan¥BhEd ntfdfihingSRI49 m,gr24134

di sposed adjacent to a first end of the workpiece fixture 118 of the first

wor k st attRdnl26 owheugin saek, gngshining Jwad nopeldess a diffsrent foatuesr infoather 136

corresponding workpiece 120. In this case, the first machining head 122 is mounted
above the workpiece 120 for machining 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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mount ed adj acent to the workpiece fixture 118 by a stationgxs:dpl ook 148. A
linear notor slider 140 is slidingly nounted on the stator 136. An :
el ectrode holder 152 is nounted on the slider 140 and supports an

el ectrode 154. \Wen the linear servonotor 134 is energized, the El i der 140
is caused to nove linearly with respect to the stator 136, thereby noving
the el ectsreb‘f?é“oi‘?ihd"h@‘ép%?‘){ ddiacert tonachishendob theayerknigee fixtuse 1 k8 r?f\ﬂtﬂr kpi gce
120. The ' Nl h ' ' t as E e con
machi ni ngﬁ%‘egg)r%%ﬁngggbt Wa%@ﬁﬁgpgﬁgggg@gé%aj lg%%lfl?‘ﬁ%%re Stg 0|50 zi%fe end of
the wor kpowdel ddjacent hethei wekpitee fixnirad 18dgch daGorans bick i148ar A IRexonot or

: (. h be | ocated above t he
wor kit ecdnioigles 194 o8 Sidivati maunled Jp e St P An plecinede holder bidtor 156
CONr i Sesm@urtéd \§ifthe IBEQN 4%@} Igﬁ&,ggman\éwcmﬁ}%mf 'v&ﬁéﬂ Ye Iiﬁ%ﬁr‘}%ﬁ%&gh&ot he

columm, and a |linear notor 162, i's shrdingly n the
stat or 1064 inenegized,rtbelelides| 1d8ris taBei 0 muvetizdardy withaestecder the GRat@nd

supports el ectrode 174, over .wor kpi ece 120. When the |inear

sePEOrmt 0138’1%1?8& &y glﬁc}/ro‘il%igl‘fg}qt‘a@f oyl mac gnpageERReith aﬁ_earl y

with respasikpib@ 1408 Thaied M@ﬁmhg%s&nm E@éébé?ﬁiaflg%le téé)ﬂl@ S%Jo%g! nto or

out of machini ng engagenent with the workpiece 120. e tourth, Tifth and

si xt h madhachiniRg h@iﬁgég‘!ﬁacemsﬁlaariﬁ is1 dizposedt dblacsatc Yrdoppwsite entladfi the 113 are

subst ant |vg)liq¥1 csilrE'OI ar to the first, second and third machi ning heads 122,
akpieee

124 and 1Zb,"respectively, of the first work station 112. Consequently, a
detailed description of the fourth, fifth and sixth machi ni ng heads 128,

130 and T3 fistithachrtindheadr Raak adidear sorvdhieoEPHS ABRAEALHS cblindl(&R | ncl udes
two standard EDM controlaig’%sterrs 176 and 178. As in the first enbodi nent,

each EDVSROHDr asdpdednratadsaboye dhe werkniess fxtughi8rof b firsy vemk statiok

gener at of 18N E6 S . rincal, . ;cont.r ol. ( CNC) .
The power1 I%US{J yg‘%?&?ﬁtlg} 19 F?s? 1ggs(s:(%l(?lit reo| s&y@{ %%%ﬁébp%l\lﬁhdésshx%#lgr gy to
the fir stttached tmtheaotimimiand atireht miog: stideds62] %ichliaéliciﬁﬁgly?;ﬁ&ﬁﬁéd bhe L I IrE E);[VI
' [ 0. The power su of the secon
\é\g:],t( r ?Ht aﬂe&?@%&@!%%@%&deﬁ%eﬁﬁ 7%813 mounted%n the slidelp ?63/ and supports an
electrode 174 over the workpiece 120. When the linear servomotor 156 is 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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system 178 provides energy to the fourth, fifth and sixth grghiyvgeg heads
128, 130 and 132 of the second work station 113 via power cables 182. The
controller of the first EDM control system 176 is connected to a first

- group of three programmable servo drives 184, and the controller of the
second EDM control system 178 is connected to a second group of three
progr anmedysem §& pwvuféis@e@rgm@.the fometh, 6ftb aod siite mdvhingng heasls 188 ob30amuabl e

servo driy 84 ..s connected.to correspandi one of the first, second
and t hi raangglg%ioﬁiﬂﬁegseﬁ% "fi‘?%“%z‘%é’ﬁd"’l“%cg@es i vi dual |y cont rol
el ectrode positioning in the first, second and third machining heads 122,

124 and 1Pfe cositrollbest the ACADM ofol isheerh NI7E6s £BAMGIIOL HatTERIpEoS € VO
drives 186 is connected to a _corresponding one of the fourth, fifth and

sixth ndbredreganaable sepe driges 18ddandsthe centirolinrof dheysopnd EFRM gontedlect r ode
posi tioni i n ) i chini ng heads, 128,.,130 and
132. The %%8%%%?%?3&%%&@&8 a{jérﬁcélgas&%ga,%k%e gf)o@?%#ém@gssg (i qﬂVIe@ 1§ 'e sane as
those of Raeh odd n§ttherthedi fimhtprogminabk, s@ae hdrdfest M8t Serosanadtddv as 2184, 186
i s progranmed ta have i ndj vi dual (s&par ate fromthe EDM control systens

76, 78) FeuFsheadingowe ofihestyst seqogd apd dhird machinips bewds 2, { banbRGHoof cut
made by t; i 1 Rid: Tg o drives
184, 186 1§<?g “}Sgn y ﬂ%ﬁg%’%@?’o ?i'?;d/thgoﬁr}ﬁtﬁnsgéﬁggwtﬁﬁlef}%%ec ive EDM
control swadseld2] TB arkl/B26. Timtilaily, eathend of &t thrbd/keront] pedgraisiablidsert 66
generates, a single velocity command that is fed to_each of the first servo
drives yes % Fh%oxg’gﬁtSﬁiotoEﬁ)l\ﬁOPE?ﬁl? fngs 0ug @?Sf‘@’é‘%erfbfgb@ﬁ sixthgl e

vel oci ty reRmRMheaif 208,1130%84d 139t@ﬁﬁﬂé&{/auﬁr%né@lcé?%oﬁﬁE;X%lggﬁig%ﬁ?mé%-' Based

on their programmi ng and the inputte efocity signa rvo drives
184, 186 fewth fidihgmdIsixth machisingdeadniRBo130 afd 13e correspondi ng machi ni ng
head to dictate displacenent of the electrodes. The servo drives 184, 186

al so cau 0 of .th espondi n chining head to.  be
retracte eé[’?‘i? %h%(eé{rj% Sg%sol %Vg %ﬁﬁrg‘fgﬁt‘i@rﬁ%?ségﬂ@é’ﬂh? S‘f'ge f’%g]é’ﬁeeﬂf thepe

for egoi ngirstambdaidit b qhanis, &l TNRAEM 4! 8rivdial34P86 iLhbfanfindd % HREhi nes
wor kpi eces,, particularly aircraft engine parts, having nmultiple features.

Whi le s prebividpal (semsets fem the SDMongphesstemsi 7y J8) distance ventdsn addecr i bed,
Wile SpEC . Ser b : scr i be
theret o SuiARRARBhuol fe UBARSER midih) e tifeRbhaibl Mack Bt tBaratt:  the

i nvent i opregsamimhblaadrvordrivee 18ppEB6dad deivan 9 .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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-10 8 March 2007 CLAIMS: 1. An electrical discharge nmachi gizpgcipapar at us
conprising: a plurality of machining heads each including a servo;, an EDM
control system operable to generate a single velocity command; and a
plurality of programmable servo drives, wherein: each one of said

progr anmeBllAIMSr vo drives is connected to said EDM control systemand to a
respective one of said plurality of nmachining heads; and each one of said
programuabl e servo drives is operable to receive said velocity conmmand

from sai d, EDMAzpdMchfal diyehb@enidkintg apefustoiphtih®l signal to a respective

one of said plurality of machining heads in response to both said velocity
si gnal and t o a@hrelity p{inachaning hepds eash arfclugliiet sssiovo drive. 2. The el ectri cal

i B . . The el e
mchi ni g hoadt o ARREREo i fefidue IRELE BofRraR it oo

machi ni ng apparphiraléty@ff pedgrariinible wetvb drives) Whetefii: ng: a second plurality of
machi ni ng heads; a second EDM control system and a second plurality of
progr anmabl e SashEe@tsyd programmablsseryp dexgsds senmsetad &%@?@Pﬁ&@ﬂ@oker VO

drives b a5 PR : el Eﬁgp m"ﬁﬁﬂ‘ﬁ%’r systemand to a

respecti \%&%}le of %gg%lﬁg%%e%ﬁ?fg%ﬁ ra ﬁ"ty of na ﬁl:%%\(}sh%ﬁiheads. 4. The

el ectrical di ssthangefsadprogragmapleseabubives isalpaiablelto wkeiveisaideach machi ni ng
head conprjises a |linear seryv or having a stator, a slider slidingly
mount od VERCBAPAMDRS BPoH BV ST oa 4 cElSBRAaRd 51 der . 5.
An el ect réspadiivdions bRSAE pRRANY BF RYcH le%h B lity of
machi ni ng_sﬁealds; an EDM I(gont r%l sygtg%gmg%]déqré?‘%%égﬁ? tng/thoS p‘}r%(i)dggtgmmbl e
servo dr isigael,and 4¢n ndévidial poglamp o epidsereblieveer vo  drives connected to

receive a velocity command fromsaid EDM control systemand to feed a
control signal to a respective one of said plurality of machining heads, in

respo ng e2.to sn%a:l dedttA discharEOMEBHIAIN A RShatRusAIT el 1Y iledin AlPsieyn of said
servo rrve.
said machining heads includes an electrode.

3. The electrical discharge machining apparatus of claim 1 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.

4. The electrical discharge machining apparatus of claim 1 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.

5. An electrical discharge machining apparatus comprising:

a plurality of machining heads;an EDM control system; and

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

to said velocity command and to an individual program of said servo drive.
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8 March 2007 6. The electrical discharge machining apparag wg.&f 272l m 5
wherei n each one of said machining heads includes an el ectrode and each of
sarrd control signals dictates electrode displacenent. 7. The electri cal

di scharge machi ni ng apparatus of claim5 wherein said EDM control system
gener at e$- a sillgledectridad discharge maskiding appaiatusicfatlaim Sewbéreinkachaing of

programmabl.e servo, dri.ves., 8. .The .electrical.dischatge chi ni ng appar at us
of cl ai msgd%arcﬁlﬁgﬂghg%%ﬁ%q&ﬁﬁme 0 ‘éﬁlgﬁ Cfbf”ﬁﬁa}gldqopyoéf ng heads; a
second ElMcesdtidilacam&item and a second plurality of programmable servo

drives, each one of said second programmable servo drives connected to
receive a velocity conmand from said second EDM control systemand to feed

a controly sig . tive. i d .plu i f. machi ni ng
neads. 0. The 13p gL ARRAR R BB AR IR MR BOMiorPy Wher el
each naeytem penelwnd singlepelosescomhindaiiat issfed to@ath sfisaid pyoghgnialié @@ . a
slider slidingly nounted on said stator and an el ectrode hol der attached

to said SfiVger. -12

8. The electrical discharge machining apparatus of claim 5 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.

9. The electrical discharge machining apparatus of claim 5 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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