. f ge3enk. BEXTG\25 , TUNE 2002 1 SPECI FI CATI ON POAER SUPPLY SYSTEMTCERANC02
ELECTRI C DI SCHARGE MACHI NE Technical Field The present invention relaﬁes to
a power supply systemfor use in an electric discharge machi ne (EDV) . Mre
specifically, it relates to a power supply systemfor use in a wire cut EDM
whi ch uses a traveling wire as a tool glectrode and generates an el ectric
di scharge in the space between the wire el ectrode and a workpl ace so as to
machi ne a desired profile into tSREQEFIGARXGN Background El ectric di scharge
machi nes are conventionally equi pped with a power supply which supplies a
series of controlled power pulses to the machining space -- the "gap" --
formed bet we @OWERe SUBBLY e ESTEW dEOR AN EIHIRRES iDASCHARGH MAECHINE: wor kpl ace
is positioned in a work tank, and the gap is filled with a dielectric fluid
such as. kerosene or de-ionized water having a high relative resistance.
Appl i cat Ferhaical pbietdpul se to the gap causes the dielectric fluid to

ioni ze and anTﬁéeﬁ&ésén@h%aﬁ:ﬂ Ctél%tgz%nQ:roataeﬂao%Q‘nshb@lgob&éﬂémacr035
the gap reaches a cert sult, an electric discharge flows

e
t hrough £AE BSH, 1A £ qlﬁxﬁﬁééﬁ?qgﬁ MRehdBeK SFQMA - nMPERI al vapori zes or
fuses, abpecifbcably) it rédHied ewaya fpmmrt bapgap bysthra fokousefin

dielectric tluid. | %hiﬁ.wﬁy s crag gre formed in the
surface of “the ﬁBFk%? cEMq sﬂﬁ%ﬁi §§gtﬁer§aﬁs|§ g}ored at the
cessati onlettradd gndeyennitateesapm edatmmnc Bliechargedinchhegspaeehi ning is
a procesgatarohne Qrﬁffé' Séﬁ:%f AGHY ”%QRpRQEE \Aﬁodhgstoeﬁgc?ﬁXe a

gener ati ng nany e ectr|c charges across a 'l € noving
eIectroddeﬁera@|D€OfIﬂQfﬁﬁﬂﬂnﬂhﬁ aoskpieces approprlate for the nachlnlng of
har d netals 25 JUNE 2002 2 Typically, a power poise is produced by a
power sug unit which is unavoi dably positioned at a certain physical

di st anceBRFEEF®®Rd nachi ne section parts which support the workpi ece, and

whi ch i ncl ud_eﬂlbetfrﬂsF@maadrgtarxﬁa%m@iesm\ten@ohbenwehaﬂgﬁaqeﬂppé@! ative
to the motgglece. The {bp uppl y unlt i s _housed in_.a ca gi nd i ncl udes
an el ect Fi-tal @ pBPYSuT \ii'&auégg Rli6%ep BEFLESE, OQSCREFFO cont r ol
devi ce whowér cpulsed std cheammaoiti ndhgespagy +R theulgap"the Poimed pol arity,

the PUl oo EhEaRd RER. LIS o AN S alie LA RAIBYSIPL B M8 dhe 00!

el ectrode an he Wor ower su nnecte t he
machi ne weckpwceylemna;pmcmeel a@nduwpcks tanh, aamir'ehe ugap niys efekled ¢

i sehar s FRC! dfe1 dete® AN SichVBLSKOBLUERD, BrPALI Ghibd Sydtlles o0 as

to be perpendi cul a lece is normally used as the tool
el ect rodba"m‘il%ghwmﬂﬁ#g‘vea§eﬁéﬁéﬁnﬁﬁl séspb%eaﬁwueﬁ AP t he gap and

machi ni NguPs&JES SIS , gatth:édsﬁa\éGEh@gd%&éctilmfﬁdld%@tidﬁlié’ dee awr kpi ece
in such a,wa a axig of the trayeling w a oaches the workpiece.
When machHRVE AR RS 3 1bs SRpsraket.aed: Eis PRI FESE ReRS mmohi i ng
i s simlthetgaparearliienrmalcamalinnivaduper Asr aedessltg an babelctsmic bl ade.

discharge flows through the gap, and a small portion of the

workpiece material vaporizes or fuses, after which it is

washed away from the gap by the flow of dielectric fluid. In

this way, small crater-like holes are formed in the surface

of the workpiece. Insulation across the gap is restored at

the cessation of each power pulse application. Electric

discharge machining is a process for the precision

manufacturing of parts, dies, etc. by generating many

‘ electric discharges across a gap while moving the tool
electrode relative to the workpiece. It is apprepriate for

the machining of hard metals.
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It is known that during machining, when a wire under tension is gpdygﬁiﬁﬁm
at a certain speed between the pair of wire guides, there is a slight
vibration of the wire between wire gui des. Because of this undesirable wire
vi bration, the portion of the workpiece which faces the wire is eroded
unequal ly, nore in the center than at the top and bottom surfaces,
resulting in an adverse effect on produét shape accuracy. increasing the

wire travel qu%ibsmﬁ,ts_bm;?v?:ﬂé 6 SIS UL DT aFpolBer subgs easi ng
t he amount of energyﬁsupplleg to the gap per  unit tinme tends to reduce the
i

anpl i t ude YBEtWRECh| bF JpndYPidaklsl RRFItIONNd 8dure COEtRAR BhEsical

di schar gegigtahbe $roM. tIOVRVEKine\ NSt HIM paitlsS GhibAVsGppareNBhé energy
per pul se ari required_at tqg q%ﬁ%v%ﬁd cin égg,a l'itude 8f W re, vibration
may not b¥OTKP3eGeNEABRoBhCH tthe-gechaadgrd Parte, 19X gfQ®rof i l e
is rou_g[\)l gh@%ﬁmedlﬁ@t_ﬁodé\&mﬁﬁpﬁeqﬁ) hghd@d’r{k?aibhe.Mhe pbwag a

prescribed path, machining pul ses havin S . _ener. er _power, se are
ool Ty ouBBng; viRE 10, et R A arthe. PR nERG08Y, RE o OSPRRACALSF T
machi ned warkpiwbiehsprodeees dihe mpwer qu lises wiase wed 1neged ovptral pat h

whi ch is-qf t I r A e S I ci ent
insulatioﬁegég%sgﬁ?ﬁ% ggﬁeé tefhgggﬁﬂgﬁg%f#?g%'? h%ggé Pégégh? e%ed, t he
OFF tine Pale€cROpavREY puthePEkamAN RndRFF disessi aafdytbRorelative he

ability tgovBmbRESBethseh M E8ISNKI H1dd1&dHRINAP¥heeookRphibBbl efihe The
object of the present invention is to(grOV|de a power supply systemfor a
Wre cut @YK SUBPLXNaRie IRmIAMMESHRETHA fdecBechipReseRELRY %%r unit tine

suppl i ed appirbpriiate byosdpPtoytsg a series of power pulses to the gap at a
hi gh repeati ng_frequency, and as ﬁéresult equces mﬁrggyibration. Anot her

I
obj ect of the pRefeHiIPnGRREIR: §Lletiris SR IRy ¢ ¥Eem for an
el ectric ehichatgaveabs hbeewedn G paipr @fesvivec lguiideg ebf aei eaceby suppl yi ng
a series of : e Vi .high.. repeati f uency. A
further 08F5§E%§$CEE%§%§ééé?é4%4ﬁ£§h4EM1%&%ﬁé& E%pﬁﬁy%§r§%%§§ g%%%l§§systen1
for an el éder toodi eteatyederadiring apadiiiqiasg s @spppwey poheesparses of
different o3ahkhudesoast RERRA) 4l TRGHGNGICDroGBgkeabl ks Of Lhe
pr esent invggtign w il be partlé?ﬁ§ escribgﬁi?hg%he expl anat i on_ whi ch
fol |l ows, &ﬁ_&vﬁﬂ-llpgb@lﬁf&r 1% dl‘c!"fﬁchrﬁﬁi'faéiﬁvec Frthet F@F&ﬁéﬁ§eo#nt ﬁ’éCI_&rf t hr ough
i mpl ement glayokhat the ARVEndf Ofhe ARIMAIY wWifte La@FSQBEb_ﬁésT_QhéChl eve the
above ObJeCti@ t he present |nyent|oqﬁerV|des a ig egtric glscharge machi ne
pover suplCyXBIefem Wher Baghining 4 %ﬁ}%fqmﬂqd% €e1Pt9 FhBy el ectric
di schar gewbykplippéyi wiir@ (aoweEDM warhimimy nec Biimidgrgap tonwendtbenaken a
tool electr kpi ece, . C i _sing; i_rect current power supply
(ool ol Cobaaltnan] BelPOARLE s 1.8 P abld Yarl 1R
It is known that during machining, when a wire under

tension is traveling at a certain speed between the pair of

wire guides, there is a slight vibration of the wire between

wire guides. Because of this undesirable wire vibration, the

portion of the workpiece which faces the wire is eroded

unequally, more in the center than at the top and bottom

surfaces, resulting in an adverse effect on product shape

accuracy. Increasing the wire travel speed tends to improve

wire straightness. Further, increasing the amount of energy

supplied to the gap per unit time tends to reduce the

amplitude of wire vibration caused by the pressure of the

electric discharges on the wire.- However, when power pulses

having a small energy per pulse are required at the gap,

reducing the amplitude of wire vibration may not be
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4 a pul se generating neans (7) for generating a series of pulse signhals
having a controlled ONtinme and a controlled OFF tine; a switching el enent
(8B) connected in series with the direct current power supply and
responsive to said pulse signals for converting the direct current fromthe
direct current power supply into direct3current pul ses; a | ow inductance
cable (11) for carrying the direct current pulses fromthe sw tching

el ement tsuffitcient nitgr dxdnE ancifiterng gapensprdfibey isdoougniye cabl e

conprising. firk an e 0 : ) 13- L8 ving first and
second en@%cbﬁéé?i%§¥géﬁ@£qg¥9§ﬁ§&%ﬁ%’tggééﬁgeéggdw%gﬁdﬁg?%$éébeing
connect edpresthibed rpzth c uraanimingwpulsepphgvingdaasmal begnexgwlpey nat i ng

current 08W§£t§ﬁ1§9% d apafhiiy taedvicokNkhy 86-LAg SRCH &EAH gaphavi ng an
i nput and”an out put, the input "being connected to the second ends of the
first andteet®pEO¥®nthetePeghnass thet pachpepfgveskptete St adfy

machi ni ngdeﬁi?n{;%hﬂ&hiﬁ&% gl e idRleinBve Y Bepht RUNBESh t Ds tdeedm@ehi ni ng
gap. The transformer preferably has a ring core, a primry, w ndi ng wound

around t hEXPRnEhe opEesrered Patdhnddt 849 bRTERECHT TRELIME and a
secondar yi Wkt 90 MOaREL S8 il ddie afficeg eacR wheebris @Dswietiqs 10 the
machi ni ng ag} En&rgg tr nsnilteq{fron1the dire&} currentogq%er gﬁgply to
t he prinaFgm fEPRg TR TS g ReReE8: BRYSF yPR-ATT ng By R e (P fagnet i ¢
i nduct i onexéassirecbprshort, iso hef abdlilieyt hat ihbeeaserbehe of rexpidnay ndi ngs

in the transfpr e S i_ble. The power supply systemw || also
8PSLALTELLDE A l&w A RS

preferabl y~i nc o elé ically selectively bypass the
conversi on neaftbesobjfat of ridee pueseartt ipyestsdonr dm tAepuPYEde &urrent

power Supsbwefaeupglf %g&éier& Oférb'aowitr@r eugNet B TBCH SR S@RnadiliEndy PASS
means and converston neans may be housed together in a single case
posi t i onedhi@ht hacyeases tshefeRaTOYNREK HRAY §ape supBlie\ER0de IR i of

Descriptigg 8hppheidkaw sasidd Gr bdwerapailgeki tbeehd! esk £t a9rangh
|IIustrat|ng a power sugggg systemin accordan&& w th one qu%gunent of the
present i RYERRFSRY EXeGUONCY £1a8d A9 arfFesusk, refeces iy J1MEY Y 2F and

FIG 2G are tighBghehasbsedt | diStiad ipt@senltt agecandonuisend peveids ns

relating %8wé?e3888f§ gf%%éﬂ'fagnéﬂnelectric discharge machine which
improves machining efficiency by supplying a series of power
pulses to the gap having a higﬁ'repeating frequency.

A further object of the present invention is to supply a
power supply system for an electric discharge machine capable
of supplying power pulses of different amplitudes and
repeating frequencies.

Other objects of the present invention will be partially
described in the explanation which follows, and will be
partially apparent to practitioners of the art through

implementation of the invention.

Summary of the Invention

To achieve the above objects, the present invention
provides anelectric discharge machine power supply system.
(5) for machining a workpiece (3) by electric discharge
by supplying a power pulse to a machining gap formed
between a tool electrode and a workpiece, comprising:

a direct current power supply (8A):



FIG 3is asinplified diagramillustrating a transformer for comrefPih$002
direct current to alternating current and the position of the case which
houses the transformer and a transforner-bypass switch. FIG 4 is a
sinplified block diagramillustrating a circuit in the case shown in FIG

3. FIG 5 is a section drawing illustrating one of the switches of FIG 4
in detail.-FIG 6 is a sinplified block diagramillustrating a power supply
systemin accordance wi th anot her enbodi nent of the present invention.
Preferred Enbodi reptilet t_;é@e)lafﬁ/ﬁﬂj imd&hqmr gsenyehdweiinigoa W | | now be
descri bed h ref ce t.o dra pi r supply system
for a Wresygc%]t e;%engucs%lssl@Harlae mac'}ﬁ A co%tﬁoglgorqggﬁc%ltrbﬁoF\ﬁﬁan enbodi nent
of the presemntirrldid GFFwhiloh:i ncl udes a machining unit and a power supply

unit 5, which Isaogﬁiéémﬁﬂe@ém@n@hmCc%nn@c%teanﬁ?sfe,@@gstw%hﬁachl ning unit.
The machining unit includes a wre 1 which travels between a pair of wire

gui des 2A G et SUpFeREMPKT PHPBRLY NG FEFPRNROVR TR SE1S which s
attached tpunswﬂgnatLarmbxﬂfcow@rw:@tbeldlgcem%mrmﬁdfSOmatsxeto face the
wor kpi ece prescribed teng tand 4 is nmounted
on an XY c%oggg%a%&e(ltto?o ﬁﬁgPPgY X to P?ﬁtecg rmrrg\gl nuzl N a pl ane whi ch
i s perpendicul ar & davhdngiuckance Nblﬂ)u@lﬂ)ncﬁon chrysyiagedhe t he nmachi ning

uni t incl UQ@:’?QCEQ:"U@B@\'@ flods @%ﬂam&%uleaﬁ&nml%e%%@sch@e wirelto
run froma wire obblntothe , and a part which

i nt roduces"iﬁlFéPéEi’quc“f“f3 W&hﬂal?%ga@apsald RY %Hé‘rtaélﬁﬁpfﬁpl@nl t 5 includes

a direct Cmeﬁlﬁﬁ.spﬂwlr%ltp&hd/s@@soﬂﬂcbdhcﬁidtwst(51N\A1I1QB)I,Ft£3dlﬂeS a sw tching
el enent GB and 1_gurre l[imtin r GCcn tcttgﬁ%n series to the
p

o UL PO ASThEL L SCe
direct cur PeSE Holikr® S aPHISFBRY TR, &gr Yoehg Hitdti on of the
enbodi nment asdnplegpnandonm@tcapspaxeem; conhgcoed ich» rtEh:fi dduecént conbi nati on,

made up of Cht}qeﬁ\gn Fguépgs‘% 2B and current limting resistor 6C, is
shown in the il ratede dlrrent In order to to enable free sel ection

of the val ue of tﬁedb{ﬁfF"erFtO RHHEERNALSDE FRFIERIYh YR eEiteEuit 6, additi onal

direct cur upe,@,titqaﬂaan_aﬁimzsvmaynbeypfﬂ)\thaadamrclmga@apmmﬁcc} ed in parallel
to the direct .curgent conbi na |o series to t t current power

supply 6A. 2Pha"BiF &l 28 4P érql“%c}lnﬁagsbea”?gevg g%c'f:'iﬁrdt %rot ection
di ode 6D, sewindchnég, ofanteaf idisdden8Fsadnrchcpndtecess t kadswie chi ng el enent

6B from surgg i rb%qg]gj cdhBe g@rtos%mél Xlaﬂv\%ﬁlﬁgfé'éﬁ hgfr includes a circuit

8 connected in parall to the circuit conprises a variable direct
current poviH iSifiding Bhte@%%rtgcﬁf‘ﬁﬁe’ﬁé?Péﬁ@S8B°cdeﬂ1é‘éFEéI“%‘bgthe power
supply 8A, gupgeverse current protection diode 8C and a di ode 8D which
protects switching element 8B. The switching el enents 6B and 8B nay

conprise, for eXnpiransinrepecProfferRly thaf %EH“&SCQIWF%IFUF}%SI stor.
The circuigi &hap Mnauﬁ%aﬂél @ﬂlerﬁﬁ.dgstcﬁft@ewh&eht e donee:ttedurﬂ:cerﬁnq)ul se
which f [ows through the sw %hl n:% %{Tent 8B Jfromt ﬁdd5£<$ Cé{_g ent power
suppl y 8A PR erthsscadperiap P §1EIG8S, V3 avorabl e for
suppl yi ng aihg grodd equemcysdcoeﬁécmm rmtttmm@shnmnlgegnaehﬂmr@&écti on. The
switching el enent, 8 perates iLn_it I r e peak val ue
of the arrpﬁ‘?'i‘%l%tiﬁ%rg %ﬁ edf’s-ecé axlaene%{j%tt?%go%tquprl ﬁgditﬂ% time during
whi ch the pmitnahy ngu&llmgens BBssedct@s'elde Fagamdery ¥ipdisg BYgnal

generati ngggfg%/{fgma%dfscd% g¥hggg%M| ch separately supplies pul se signal s
[ F

havi ng an 0 the switching el enents GB JB_ The
swi t chi ng Furthermore, it is preferable that the number o? c01

windings in the transformer be as few as possible.

The power supply system will also preferably include a
means to electrically selectively bypass the conversion means
so that direct current pulses from the direct current power
supply can be caused to flow through the machining gap. The
bypass means and conversion means may be housed together in a

single case positioned in the vicinity of the machining gap.



25 JUNE 2002 7 elenents 6B and 8B respond to the respective pul sgss‘?‘gﬁ‘a?osoz
and operate so as to close during the pulse signal ON tinme. The pul se
signal generating device 7 includes a controller which controls the pul se
signal ONtine and OFF tine. Typically, in wire cut elecric discharge
machines it is preferable to supply a pguer pulse with a relatively short
ONtinme. Wiile it depends on the prescri"bed surface roughness of the
machi ned iorilefi descTiptdoonof htheobPkawings 6 material, normally a power
pul se having a tyi f cal _UyS at - o, Y | 10's of pSs,
IS used. Condu?ilgr\'ls 11%% gnaiﬁﬁﬁgg\%\ﬁ?cﬁf%}ﬁn‘g&g’? e frrialclﬁﬁetntgartgi&gc i%n of the
wire cut @ower supbdyhsaygbtemaihi aecendanee poiltdr engEmpagdimens, ofr ¢he
conpri sed 5@ dehdt ihivBatipduct ance can be reduced as much as possible, such
that the current pulses flow ng through the gaf)lpwi || have steep rising and
1:

falling edges. - @RanBrE: 4BeoBXfal Z€abTEG 112D s HEG®d 3By HiGh 2Fomadct or s
11A and 1¥3@Areccazsi 8ihYngr ¢RaE€s. i Bl Anekad vy rxﬁalﬁﬁz;sélam RRirdead to
connect the machi ne section to the power supply unit 5. In the illustrated
enbodi rrent"’,a"ﬁ#@rﬁ‘ﬁnﬁﬁi%?‘nilﬁpigh% &P&ﬁ%rﬁs&ﬁ?ﬁo t he cathodes of

the direct curpat. Boder asepppl£6i6d @idgfédm A Tusrddihngptder end to the

wire. Conductor. 11B igoconnect ed. on pne end to the anoq[%s of the direct
: §PREREr kpi ece 3.

current poﬁpsgﬁwfefe EACOREP BN DY (L ISE Y IR Y ®hd

A transfocwrehl msdptbei pesliwhorhof sthprdsenvddidn hidusesi ¢hei ty of the gap
d which i t I ' df t he di t

an Ic t‘i%\é%?cﬁfs g}/}\&fﬁ tf%&?}é%%@&#é@%{h%@ romthe direc

current power supp 3 rough trt I 'ng ement 8B and the coaxi al
cable 11 into &AGal teifati prpLified Plocdle dipgran disiustrating iancl udes a

ferrite riclgca9keindthdavisd Hbvn Simigrdi ah frequency |oss and a prinmary
wi ndi ng 13B and secondary w nding 13C wound around the ring core 13A. The

ring core 13A E36- PoiSeRafpfelondraiiingid biusiiating ove @f 488 i nsi de

di anet er @{i3Bh&H ofNATES 4 ofragbdy4 superi nposing two ferrite toroidal
cores. The w ndings,13H and, 13C, for ex | e, i.nclude cqQnductors coated
with teflon regFﬁ.' $hds pfi W@lﬁ%‘? Rytodp 4Aa9ras; e tr353 0§ Bonnected to
t he condupbees &ippindsidBem aind ddve kowed arie wiandithgrl afibbdimentest ed~t o

t he gap. o] j in.the direct current high frequency pul se

wavef or m Ig'gﬁt bgg(&)%ﬁ?hgmd%%‘c%burrent power supply 8A through the swtching
element 8B, it is desirable to nmake the nunmber of primary w ndings 13B as

smal | as peagbbled Mmbdbdfhde 4 HA9ndeqe@gntain the alternating current
hi gh frequenc?/rgjgul se waveforminduced in the secondary wi nding 13C, it is

desirable to € PRESAbkLERVRRtiINT iEkll iotliheyslessmikedsirdith as possi bl e.
Because t hefenehdy #6rdfawimyl. e 1ddepictd 9epehdrCHhppsy! 8y aténel y .
smal | duri n? electric dl?iﬁ%]%j%_g, _t%ﬁ)@prl mary .gnd secondaré wi ndi pngs 13B and
13C i n t h&OF| PultF & BB ettt e i SaRenass FECEVE - AwWBGRATSARSE UFht™Bnd two
turns, soaasembodimehty @f hilgh prgseait dgvienedoanehichr Leolugesse to t he gap.
Therefore ; I i ndi LI ar 1.ndi pg he
secondar ymémgﬁéfl%éi%%{tl ;&'WZQ%Z%%? \hggl%g’f]y;&ﬁ&eg?r@#goﬁga%ég% uee%f t he
vol tage a@¥odsphyeieihdlifftar@e ifyom ttheemachdniobt agdtacr oss wi nding 13B,
while the currepb MAENEnify Wik NEhcliRadsS alhA rdhat vilfich3BrayBgssum of the

nunber of w ndi ngs shoul d preferably be between 1 and 4. The circuit 8 has
no subst aREF%PeR i RN QL wHiie Gidesedr a8 €BspfFy2i RERPESEEPRRe peak val ue

OL thfe di iﬂﬁé;f&l@ftﬁmﬁ”vﬁﬂ:l@ﬁ@c%@@ﬁﬁ'&lht he awith@héagtalsn?@ﬂﬁ%aﬂd i's
therefore,easjly possible to supply an alternating current hj equency
pul se havf‘hgﬂée r‘éf’éﬁ fkf‘e‘r%ﬂ m%‘%&‘%&ﬁ%&ﬁu«?% Saf:getgﬁpwﬁ\ﬂ‘ﬂb € changi ng

t he wi ndi anpdrhe¢ld detagereddrdb@d Bengsienndimhe @odkt beaadconiisaryommtetd ng. |1 n
the presep} ipvent | t transfor.mer 13 i 0 [ C case 12.
Sui t ches 2008 156 ¢ ks ‘b F0R0 s THuek tcBal CURREPLE 8 ORORERS HE°E T,
14A, posi planedvwihickhein perpearaiicwdiagr tolBhenwicke lwoAkphewgh 3notand t he
switch 14B; 1 posiiiope tr?(fcj@ s uGHLQH 4 apd. the.whig& 1, operate
si mul taneous‘Fy. ‘ T%e ’S\?\ﬁr'%%h 1 ,nlglgs%?l?gngg%t}gta%eéngtﬁe c%'\r‘l\%ucf or 11B and
the pri meR§ChRRifdy BBE: WHEh Kausgis; thel ybrepdsitei sRBILFRR vR AL ¥de
secondary wi nding 13C and the workpiece 3, are controlled sinultaneously,
and operate



25 JUNE 2002 9 inversely to the opening and closing of the sw t cHes T PEA2Q0n
+14B.. When a direct current pulse of the desired value is supplied to the
gap fromthe circuit 6 or the circuit 8 or fromboth the circuits 6 and 8,
the switches 14A and 14B are cl osed, and the switches 14C and 14D are open.
When a high frequency alternating current pulse is supplied fromthe
circuit 8 to the gap, the switches 14A and 14B are open and the sw tches

14C and 14D.ar.e closed. The operatio oftepwer suppl emin FIG i
i s now dei’&bi‘r}é‘d%\%i ?ﬁer EFBre?ﬁ‘g‘i TP q‘ °?Bce|% Xe;éc Et® 2D and
FIG 2E Ml@id?2Ap Eh& gaB, FIG 2C FIG 2D and FI G 2E respectively
illustrate the vef h t Si |. supplied from
t he pul se si gnglﬂ% r?g’:egffgﬁﬁl#r'gﬁl? %af'? ﬁeeésqs\an t r%%t glq%%gnt% §§ e?

di rect cumsu@plypéPsandeat cirowmit e whiadtinnludest apéweltcmpgl 919menhr ough
the sw i Clysnay@l QTERL 8R! Pihdies i If@gﬂewzn%'dﬂ%o%%&tbaelgolséeg@s' pduced in

secondary w ndi ng C, the voltage applied gap, current
f1 ow ng atthphélgﬁﬁt W‘Fﬁe{‘hep%wlf B Yarbd -t & %d?é?h*ég nakeatfe 14B open,

and wi th u&@l&%tsbﬁsci%@mmﬁ%@mm@ aahsaoirégagbageﬂer abh
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"supplied to the gap fornmed between the workpiece 3 and the wire 1 over the
m ni rum di stance, so that a high frequency current can be caused to f | ow
t hrough the gap. As best shown in FIG 4, the case 12 is divided into
chanbers. | 2A, 12B, and 12C. Chanber 12B is closest to the term nals 15A,
15B, and 15C, and houses the switches 14A and 14B. Chanber 12A i s adj acent
to chanber (12B ang hougegathe tra sfor r 13. Cha iZC i s ad acent to
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25 JUNE 2002 13 CLAIMS 1. An electric discharge machi ne power su%%ﬁ%mgfypém
( 5) for machining a workpiece ( 3 ) by electric discharge by supplying a
power pulse to a machining gap formed between a tool electrode and a
wor kpi ece, conprising: a direct current power supply (8A); a pulse
generating nmeans (7) for generating a series of pulse signals having a
controlled ONtine and a controlled OFF _tinme: a swtching elenent ( 8B)
connected in series with the direct curPent power supply and responsive to
sai d pul sedsingeakd tor tﬁénﬁéﬂidﬁ@goi’éﬂelﬂi raﬁﬁf ol g emlu ftm_@mgte&@nab&«}ct o
current power,.sup into direct current pul ses; a |ow indugtance cable
(115 For " SARAPHG ToteLH FRtbecihd i O P 7 Ao oHsTo ol BHAAGSSRerBAL to
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t he firstd§% gtofﬁgggﬂﬁiEé?eéﬁéﬁg%ééﬁ%x3%ndﬂ%&b%@e%gﬁﬁégé&ﬁﬁegﬁgﬂePg t he
di rect culBentitpdeedesiippbie tmdnakelithe tnumbea tofy patimagycuindangsonvert er
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second coldirersasingngurrenbtinh Heagnencohmdised wayeRemaaAngedgifap f or
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supply systemin accordance wth aim1, wherein_the |low inductance cable
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wi th C ai emérgyhpeei sutfentli piede tdnmldeanaldcoadc eutetis cendeively 25 JUNE
2002

small during electric discharge, the primary and secondary
windings 13B and 13C in the illustrated embodiment are
respectively wound one turn and two turns, so as to supply a
high repeating frequency current pulse to the gap. Therefore
the ratio of windings between the primary winding 13B and the
secondary winding 13C is 1:2, and the effective [rms] voltage
value of the voltage across the winding 13C is 2 times the
voltage across winding 13B, while the current wvalue in
winding 13C is 1/2 that of 13B. The sum of the number of
windings should preferably be between 1 and 4.

The circuit 8 has no substantial resistance, and can
therefore easily increase the peak value of the direct
current pulse sent through the switching element 8B. It is
therefore easily possible to supply an alternating current
high frequency pulse having a relatively high current value
to the gap without changing the winding ratio between the
primary winding and the secondary winding.

In the present invention, the transformer 13 is housed
in a compact case 12. Switches 14A, 14B, 14C, and 14D are
also housed in the case 12. The switch 14A, positioned
between the conductor 11B and the workpiece 3, and the switch
14B, positioned between the conductor 11a and the wire 1,
operate simultaneously. The switch 14C, positioned between
the conductor 11B and the primary winding 13B, and the switch
14D, positioned between the secondary winding 13C and the
workpiece 3, are controlled simultaneously, and operate



14 includes a transfornmer (13) having a primary winding (13A) confecitg 2092
one end of the |ow inductance cable and a secondary w nding (13B) connected
to the machi ning gap, for passing energy supplied to the primary w nding
fromthe direct current power supply to the secondary w ndi ng by

el ectromagneti c i nduction. 4. The power supply systemin accordance with
Claim3, wherein the transfornmer includes a ring core (13C) for conducting
an induction current. 5. The power supp?y systemin accordance with Caim

1, wherei int8esdlyced €ne rep ﬂ@‘@n@@ﬂ.@s&[n@nﬁkudﬁé SwyBehad! eagli 454t
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syst em i n"ChEewitohcko viheh aapai rhbe S\mépélﬁﬁ 143 QyéaééB ndE@sopermiide a

third congh@tg‘glt%efgtqnde@alrg eqpaggted to the other end of the
first conductor, and the other end of which is connected to one of the tool
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current conver nmeans ar e house e case ( 12
) positi orxcuit t’lnetqnthemstvglt@hmlqee&amhhm BB, gbhe direct current

pulse sent from the direct current power supply 9A through
the switching element 8B to the primary winding 13B, the
voltage induced in secondary winding 13C, the voltage applied
to the gap, and the current flowing at the gap.

With the switch 6E and the switches 14A and 14B open,
and with the switches 14C and 14D closed, the pulse signal
generating circuit 7 supplies a pulse signal, as shown in
FIG. 2A, to the switching element 8B for which the pulse hold
time -- which is to say the ON time Tgy ~- and the pulse
repeat cycle -- which to say the OFF time Topy -- are set. For
example, when it is required that the workpiece 3 be machined
to a relatively smooth surface roughness of between 0.5 and
3.5 R max, Toy should be set to 50ns-~500ns, and Topr to
500ns~several 10s of us. The direct current supplied to the
primary winding 13B through the coaxial cable 11, as shown in
FIG. 2B, rises rapidly after passing through the switching
element 8B and falls rapidly when ON time Toy ends. When a
direct current pulse is generated in the priﬁary winding 13B,
an alternating current is induced in the secondary winding
13C and the voltage in FIG. 2C is. applied to the gap. After a
certain no-load period, an electrical discharge is generated



12. The power supply systemin accordance with Claim 1, wherein t%Ref@¥ P2
“circuit of the direct current power supply (8A) and the sw tching el enent
(8B) conprises substantially no resistance circuit. 13. The power supply
systemin accordance with Claim12 further conprising a second direct
current power supply (5A), a second switching elenent (6B) and a current
limting resistor (6C) all of which aredoconnected in series to each other
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14D, all of which are housed together in the case 12, will
now be described with reference to FIG. 3, FIG. 4, and FIG.
5.

As is best shown by FIG. 3, case 12 may be a quadratic
prism-shaped small box, positioned adjacent to a work stand 4
which is supported in the work tank or a work pan (not
shown). The workpiece 3 is fastened to the work stand 4 and
faces the wire electrode 1, which is strung between the pair
of wire guides 2A and 2B under a prescribed tension. The wire
guides 2A and 2B define a perpendicular axis with respect to
the contour path to be cut in the workpiece 3 and are
respectively housed in guide units 18A and 18B, which may be
equipped with nozzles to jet the dielectric fluid toward the
gap.

The case 12 has terminals 15aA, 15B, 15C, 15D and 15E.
The terminals 15A and 15B are connected to the end of coaxial
cable 11 over a minimum distance using, for example, stranded
wire. Similarly, the terminal 15C is connected to one of the
guide units 18A and 18B, using, for example, the stranded
wire 16A, and the terminals 15D and 15E are connected to the
work stand 4 using the stranded wire 16B, each over a minimum
distance. In place of stranded wire 16B, a metal plate having
terminals 15D and 15E may be attached to the gﬂgg of work
stand 4 using appropriate screws or welding. Thuslppe biqp
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wire 1 over the minimum distance, so that a high frequency

current can be caused to flow through the gap.

As best shown in FIG. 4, the case 12 is divided into
chambers, 12A, 12B, and 12C. Chamber 12B is closest to the
terminals 15A, 15B, and 15C, and houses the switches 14A and
14B. Chamber 12A is adjacent to chamber 12B, and houses the
transformer 13. Chamber 12C is adjacent to chamber 12a, is
closest to the terminals 15D and 15E, and houses the switches
14C and 14D.

Referring now to FIG. 5, a structure having multiple
switches housed in the case 12 will be described in detail
using the example of the switch 14D.

The well known butt-contact type switch 14D includes a
stationary contact 14DS which has a contact surface 12 and a
contact 14DM which has a contact surface 21 and moves at
right angles to the contact surface 21. The respective
contact surfaces 21 of the contacts 14DS and 14DM are formed
so as to favorably conduct a hiéh frequency power pulse. The
relative movement between the contact surfaces of the
contacts 14DM and 14DS is controlled by selectively supplying
a fluid to the chamber 12C through one of the holes 20A and
20B from a fluid source (not shown) disposed outside of the
chamber 12C. The switch 14D may include seals 19A, 19B, and
19C, such as O-rings, appropriately positioned to prevent
fluid leakage.

FIG. 6 illustrates a power supply system in accordance
with another embodiment of the present invention. The same
reference numerals are assigned to elements corresponding to
those described in FIG. 1, and an explanation thereof is
omitted. l

In the illustrated embodiment, an additional circuit 9
is provided which produces a direct current pulse and which
includes a variable direct current power supply 9A, a
switching element 9B, a reverse current protection diode 9C,
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and a detailed description of its elements is omitted. A

winding 13D, which is further connected to the circuit 9
through a coaxial cable 17 and wound around core 3A, is
positioned in the case 12. A switch 14E is positioned between
the winding 13D and the coaxial cable 17.

The operation of the power supply system will be
described with reference to FIG. 2A, FIG. 2F, and FIG. 2G,

" which respectively illustrate the waveforms of the pulse
signal voltage supplied from the pulse signal generating
circuit 7 to the switching element 9B and the voltage induced
in the secondary winding 13C.

With the switches 6E, 14A and 14B closed and the
switches 14C, 14D and 14E open, the pulse signal generating
circuit 7, as shown in FIG. 2A, supplies a pulse signal to
the switching element 8B for which the pulse duration -- the
ON time -~ is set to Ton, and the pulse repeating cycle -- the
OFF time ~- 1is set to Topr. AS a result, a voltage pulse, as
shown in FIG. 2G, having a repeating frequency which is even
higher than that of the voltage in FIG. 2C is generated at
the secondary winding 13C, and an extremely high frequency
alternating current pulse for machining the workpiece 3 flows
through the gap.

The purpose of the present invention is not limited to
precisely the forms disclosed. In light of the above
description, it will be clear that many improvements and
variations are possible. For example, the case 12 in the
embodiment is positioned so as to be adjacent to the work
stand 4, but it could also be affixed to the side wall of the
work tank or to the respective arms which support the gquide
units 18A and 18B. The above embodiment was selected for the
purpose of explaining the essence and practical application
of the invention. The scope of the invention is defined in

the appended claims.
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1 10gg! 101. An electric discharge machine power supply system
{5) for machining a workpiece (3) by electric discharge
by supplying a power pulse to a machining gap formed
between a tool electrode and a workpiece, comprising:

a direct current power supply (8A):

a pulse generating means (7) for generating a
series of pulse signals having a controlled ON time and
a controlled OFF time;

a switching element (8B) connected in series with
the direct current power supply and responsive to said
pulse signals for converting the direct current from the
direct current power supply into direct current pulses;

a low inductance cable (11) for carrying the
direct current pulses from the switching element to the
vicinity of the machining gap, said low inductance cable
comprising first and second conductors (11A, 11B), each
having first and second ends the first ends of the first
and second conductors being connected to the direct
current power supply; and

a direct to alternating current converter
positioned in the vicinity of the machining gap having
an input and an output, the input being connected to the
second ends of the first and second conductors, and the
output being connected to the machining gap for
delivering alternating current pulses to the machining
gap.

2. The power supply system in accordance with Claim
1, wherein the low inductance cable comprises a coaxial
cable(11).

3. The power supply system in accordance with Claim

1, wherein the direct to alternating current converter
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from the direct current power supply to the secondary
winding by electromagnetic induction.

4, The power supply system in accordance with Claim
3, wherein the transformer includes a ring core (13C)
for conducting an induction current.

5. The power supply system in accordance with Claim
1, wherein the direct current power supply includes a
variable direct current power source (8A).

6. The power supply system in accordance with Claim
3, wherein the primary winding has a minimum number of
turns of wire.

7. The power supply system in accordance with Claim
6, wherein the number of turns of wire in the primary
winding is 1.

8. The power supply system in accordance with Claim
7, wherein the sum of turns of wire in the primary winding
and the secondary winding is 4 or less.

g. The power supply system in accordance with Claim
1 further comprising a means for electrically bypassing
the direct to alternating current converter.

10. The power supply system in accordance with Claim
9, wherein the bypass means comprise a third conductor,
one end of which is connected to the other end of the
first conductor, and the other end of which is connected to
one of the tool electrode or the workpiece, a fourth
conductor, one end of which is connected to the other
end of the second conductor, and the other end of which

is connected to the other of the tool electrode or the
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workpiece, and a switching means (14A-14C) for
controlling the flow of current through the third and
fourth conductors.

11. The power supply system in accordance with Claim
10, wherein the direct to alternating current converter
and the switching means are housed in a single case (12)
positioned in the vicinity of the machining gap.

12. The power supply system in accordance with Claim
1, wherein the series circuit of the direct current power
supply (8A) and the switching element (8B) comprises
substantially no resistance circuit.

13. The power supply system in accordance with Claim
12 further comprising a second direct current power
supply (6A), a second switching element (6B) and a
current limiting resistor (6C) all of which are
connected in series to each other and connected in
parallel to the series combination of the direct current

power supply (8A) and the switching element (8B).



