-1 ELECTRIC DISCHARGE NACHINING APPARATUS The pr&§§W¥4ﬁhvention relates to

an el ectroerosi or—machine. More specifically, the present invention relates

to an electric di §k&§m§ﬁ&hk céd EDM') for perforning effectrig: disch@rge
machi ning on a wor tooI el ectrode in which & fz@i n-of =% .z oy
successi ve power pul m |ed froma power supply L—ez-arﬂmemﬂe~hed+-

I ncl udi ng a nmachi ni bet ween the tool electrode and the
wor kpi ece. In general, an electric discharge machine includes a machine
body having a nachlnlng gap forned betypen a tool

" BLECTRIC DISCHARGE MACHINING APPARATUS

_ The present invention relates to an electroerosion
machine. More spedifically, the present invention relates to an
electric discharge machine (“EDM") for performing electric
discharge machining on a workpiece using a tool electrode in
which a train of successive power pulses are supplied from a
.powor.nupply to a-machine_body including a machining gap formed

between che tool electrode and the workpieca.

In generol, an electric discharge machine includes a
machine body having a machining gap formed betmeen a tool
electrode and a workpiece being machined, a power supply for
supplying electric energy to the machining gap‘and a dielectric
supply device for supplying a dielectric fluid, such as keroeine
or water,'ﬁo the machining gap. The power supply is neceesarily
positioned w1th a thSical spacing from the machine body and
connected to the machine body by means of appropriate conductors.

A train of successive voltage pulses from the power
supply are applied acrose the machining gap to induce electric

'discharges_ccroas the mnchining gap so chan a current starts to
flow through the machining gap, therebj resulting in the
machining of the workpiece. .. '

It is well known to use a coaxial cable, which has an
inner—conductor.and 'a.conductive shield insulated from the

- inner-conductor, to reduce £he undesirable self-inductance of the
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supplying a dieTECrTic f4+ui-d,—such.. as kérosine or wat er

gap. The power sygpp ecessarlly positioned with a physi cat
fromthe nachine ¢ed to the machi ne body ans of
appropriate condu B I of successive voltage pul ses fromthe power

supply are applie chining gap to induce electric discharges
across the machining gap so that a curt&nt starts to flow through the
machi ni ng gap, thereby resulting in the machining of the workpiece.

conductors connected between the power supply and the machine
.body. . However, the stray capacitance between the inner-conductor
‘and the shield adversely affects the qualit&;of the machined
surface of the'wotkpiece particularly when a relatively long

cable is used.

. An'object of the ptesent invention is to provide an
electric discﬁa:ge machine whioh can pase current pulses having a
steep slope-leadiné edge through a mechinino gap, thereby
increasing machining epeed.even when a powef supoiy is bositioned
at a long distance from a machine body.

Anothet object of the present invention is to provide
an electric.discharge'mechine which pfevents damages on the -
machined -surface of a workpiece due to the stray capacitance .
between conductore connected between a=power-supply and a machine
body. .

Addltional objects, advantages and novel features of
the 1nvention will be set forth in part in the descrxptzon whzch
follows,_and in part will become apparent to those sk;lled in the
art upon examination of-the following, or may be learned by
practice of the inveotion. The objects and advantages of - the _
lnventxon may ba realized and attained by means of the
instrumentalities and combinations particularly pointed out in
the appended cla;@s. '

A general aspect of the.preSent invention is the
provieion of an electric discharge machining apparatus for

machining a ﬁbrkpiece by means of electric discharges having a
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IE is well known to use a coaxial cable, which has an.inner-conductor and a
conducti ve shiéel'd insutated- fr0n1the i nner -conductor, to reduce the

undesi rabl e seh;smﬁgumg the -2- conductors con ween the
power supply an ody However, the stray capa ﬁf%mmgt_,
t he innen-condu hleld adversely affects thellgual i 5yzof 1 *%BEEN /
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tool elect#ode spaqed from the workpiece and defining therewith a
- machining gap and a power supply for supplying a machining
current to the mnchining gap. and comprising: a first cﬁnductor
having a first ampacity connected between ﬁhe power supply and:
the. tool electrbde: a second conductér conﬁeéted betweén the
power supply and fhe workpiecé; wherein the first and-secdnd
conductors- are so arraﬁged'to reduce the stray capaqitancé
_therehétween; a third conductor connected in parallel to the
firét conductor having a second aﬁpacity smaller_than the first
ampacity, and a fourth conductor connected in parallel to the
second conductor; wherein the th;rd and fourth condnctors are so
arranged to reduce the inductance thersof.
| Anothe:.aspect of the present -invention is the
prov;sién-of a method of machining a workpiece using & tool
electtbae.spaced_from the workpiece and defining_thereﬁitbla
maéhining'gap a power supply from which a maéhining current is
inﬁermitténtly gupplied_to the machining gap .and comprising the
stepé of; connecting a'fitst 6onductoz between the'bower supply
and-the tool électrode:-cannecting a .second conductor betwéén the
power supply'an.the workpiece in such a manner as to reduce the
'stray capacitance between tﬁe first and second con@pctors:
cénnecting a third conductor in parallél to the first conductor;
éohnecting a fourth conductor in pﬁrallglito the second conductor
in.suéh a manner as .to reduce the 1ndﬁctance of the third aqd.
fourth conducﬁors:-p;ssing a first current pulse from the power
supply through the first conductor, the machining gap-and the

éecond conductor; and passing a second current pulse having a



cable is used. An object of the present invention is to provide an electric
di scharge machi ne which can pass current pulses having a steep slope

| eadi ng edge~%hrough a machining gap, thereby increasing

even when a p §étlﬁggl%ed§e pedi tioned at a |ong distanc
body. Anot her kesent invention is to provij

ﬁTﬁurn*a-i CRLTE =5,
de an,electrL SEEN !
se=of gl b

il

di schar ge nachl ts danmges on the nachi ned s
wor kpi ece due t acitance. between conductors connected

bet ween a power supply and a machi ne b6dy

steep slope leading edge from the power supply through the third
conductor, the'machining gap and the fourth conductor durihg at

least a portion of a leading edge of the first current pulse.

The &ccompanying drawings, which are incorporated in
and form a part of the specification, illustrate embodiments of
the pteéent invention and, together with the description, serve

" to explain the principles of the invention. In the drawings:

FIG. 1 is a block d1agram illustrating an emhodiment of
the invention as used in an electric discharge machine;

FIG. 2 is a block diagram illustrating another
‘embodiment of the invention as used in-an electric disohargq
machine; |

FIGS. 3A to 3E are timing eharts 1iluatratiﬁg the .
operation of the machine of FIG. 1; dﬁd

FIGS. 4& to 4F are timing charts illustrating the

operation of the machine of FIG. 2.

An embodiment of the inventiqn-ié described hereinafter
in detail with reference to the drawings.

FIG. 1 illustrates an embodiment of an electric
discharge machine comprising a power supply'ln,and_a machiﬁe
body, which includes a tool electrode 1 and a workpiece 2 being
machined. |

| The toél electrode 1 is pésitione& spaéed'from the
worgpiece 2;and defining therewith a machining gap- G. The

workpiece 2 is.securely mounted on an appropriate work table (not



Addi ti onal objects advant ages and novel features of the invention will be
set forth inpart™ n the aescrlptlon whi ch follows, ang oart wi |l becone

’1_', Gy
may be | earned the invention. The ObjEC!S aﬁd advdntages\of
the invention I and attained by neans of ek e
i nstrunentaliti ations particularly pointed out |ﬁ“fﬁé‘é§ﬁended

claims. A general aspect of the presen¥~invention is the provision of an
el ectric di scharge -machini ng apparatus for machining a workpiece by neans
of electric discharges having a

illustrated) and submerged in a work tank (not illustrated)

filled with a dielectric fluid. The machine body further
includes a terminal 3A, which is connected to the tool electrode
1, and a terminal 3B which is connected to thie workpiece 2. It
ls preferable that each of terminals 3A and 3B are positioned

close to.the gap G.

Thé.power supply 10 is provided for intermittently
supplfing-a trair of successive machiniﬁé current pulses having a.
predeterminEd ON time to the gap G. The power supply 10 includes
a d.c. power source ll; current limiting.resistors Rl and R2 and
switching transistors TR1 and TRi, all of wﬁich are connected in

- series with the gap G. Eacﬁ one of the rssistors Rl and RZ have
different magnitudes of raesistance, and each is. connected in_
serzes-with a respectlvs one of the transistors TR1 and TR2. The
series combxnations of the resistors Rl and RZ nnd the
transistors TRl and TR2 are connected ina parallel to each other
between the power source 11 and the tool electrode 1. Tpough an
addiﬁional combin&tion of a current limiting resistor and a
switchiné_transistor may be provided, they hsvg been omitted from
FIG. 1 in the interest of clarity and simplicity. The power
supply 10 further includes a pulse gsnerator_lz for generating a
gating pﬁlSe gignal GP1 hsvihg an ON time and an OFF timef The
power aupply.lo_further includes a discharge detector 13 for
mqnitoring afvoltage VG at the gap G and supplylnd.an output
signal SP representative of an occurrence of electric discharges
to the bulse;generator 12. The pulse generator 12 supplies the

gating pulse signal GP1 to the transistors TRl and TR2 so that a



-3- tool ‘el ectrode spaced fromthe wor kpi ece and defining therewith a

machi ni ng gap—and—a pﬁmer—supply for supplying a nachrnruo___, _____ Pt~

machi ni ng gap. a dt Drising; a first conductor having f-ﬁ“ggyzammaéiﬁsEN

connect ed bety supply and the tool electrofle; a seroFE

conduct or conjjii ﬂﬂ che power supply and the wotlkpi-e ei n the

first and seco are so arranged to reduce the stray capaci t ance
-G

voltage from the power source 11 is applied across the gap G to
induce electric discharges and then a current flows through the
gap G for a'predefermined period of fima. The power supply 10
includes a terminal 5A, which is connected to the positive
terminal of the power source 11 through the.transistors TR1 and'
TR2 and the resistors Rl and R2, and a terminal 5B whicﬁiis
connectéd to the negative terminal of the power .source 1l.

Cables Ll and L2 are provided for carrying a current

: betweeﬁ the power supply 10 and the machine body. In the

illustrated embodiment, the cable L1 1s-connected to ﬁhe—terminal
5A of éha.power supply 10 at one end and connecfea.tb the
terminal 3A of the machine body at the othar end. The cable L2
is connected to- the termxnal 5B of the power aupply 10 at one end
and connacted to the terminal 3B of the macbine_hody at the other
end. Each of the cables Ll and L2 are constituted as individual
stranded. conductors, which are composed of a group of copper
wires of small diameters, to reduce tﬁe straf capacitance between
the cables Ll and ZZ, | .

Additionally, a coaxial cable,is.prov;ded for carrying
a current between the power supply 10 and the machine body.- The
coéxiél cable includes an inner-conductor L3 and a_conductive
shield L4 which is arranged coaxially with the inner-conductor L3
and insﬁiated therefrom by an appropriate insulator. Each of .the
conductors L3 and L4 are smaller in cross-sectional area than the
cables L1 and L2, for example, about half to reduce the atray
inductance of the conductors L3 and L4. In other words, each of

the conductors L3 and L4 are smaller in -ampacity than the cables



t her ebetween; a third conductor connected in parallel to the first
conduct or havi-hg—a seecend—anpacity smaller than the firs =ty
fourth conductor conngcted l'in grallel -to the second con uEHiSrSHYaY
third and fourt 1 BEE so arranged to reduce thp_i nduRERGE:
t hereof . Anot her .
nmet hod of machi ni using a tool. electrode spaced fromthe
wor kpi ece and defining therewith a nmachining gap a power supply from which
a machining current is intermttently §pr|ied to the nmachi ning gap and
conprising the steps of: connecting a first conductor between the power
supply - o . -

Ll and L2. In the illustrated embodiment, the inner-conductor L3

and a
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present invention is the provistoma=et-a.___ |

is connected to the terminal 5A at one end and connected to the
terminal 3A at the other end. The conductive shield L4 is
connected to the termiﬁal 5B at one end and connected to the
terminal 3B at the other end. In other words, the conductors L3
and L4 are connected in parallel with the cables Ll and L2,
respectively. |

As will @ow be appreciated by the'artiéan. the coaxial
cable is used to reduce the inductance of the conductars L3 and

- L4. Alternatively,.a twisted pair, which is composed of two -
insulated conductakg twisted together without a common covering,
may ba-qqed.

Operation of the machine ghown in PIG. I will now be
descrihed.with reference to FIGS. 3A, 38, 3C, 3D and 3B. FIGS. -
3a, 3B, 3C, 3D ahd 3E are illﬁstrative of waveforms of:the gating
pulsé signal'GPI, a voitage VG, a current il flowing through the
cables Ll and L2, a current i2 flowinglthrough the conductors L3
and LA,'and.a total current IG, i.e., a comhinaﬁion of currents
il and i2. N |

At the time t1, yhen the gating pulse signal GPl gaes
high, the trﬁnsistors'TRl and TR2 are turned on. A voltage from
the.power sodrce 11 is applied acrosé-the gap G. Thereby, at the

" time tz,-electric disénafges ate caused to start in the gap G and
a current 12 starts to flow through the gap G.: As shown in FIG.

. 3D, a cur:ent.iz sudéenly increases Hue to low inductdnge of the
conductors L3 and L4. As shown in FIG. 3C, a cur:entfil

gradually increases to its steady va;ue while a current i2



and the tool electrode; connecting a second conductor between the power
supply and the—merkpiece—%n such a manner as to red
EdﬁheCIrﬂg a &,

capaci tance betwee h RipiR0d second conductors;
conductor in pa mﬁ rst conductor: connediting &: four.t-h coldict or

in parallel to ctor in such a manner as T0“Feduce the. I

I nduct ance of th urth conductors; passing a first current
pul se fromthe power supply through thgfirst conductor, the nachining gap
and the second conductor; and passing a second current pulse havi ng a

decreases to its steady value, as shown in FIG. 3C. The steady .
value of current il is inversely proportional to the ﬁotai_
resistance of the cables L1 and L2 and the gaﬁ G. The steady
value of current i2 is inversely proportioﬂal to the total
resistance of'the conductors L3 and L4 and the gap d. -In the
illustrated embodiment, the cables Ll and L2 are larger in
cross—-sectional area than the conductors L3 and L4 so that thé
steady value of current 11 is larger tﬁan'that-of'current iz.
The cables L1 and L2 and the condﬁctors L3 and L4 are only
sufficiently large to pass meah currents il and 12, respectively.
The gating pulse.signal GP1 is in an ON st;te a predetermined
time after the generation of the signal SP. At the. time t3, when
| the gating'ﬁulse signal GP1 is turned off, a durrent 12 suddenly
drops. Wﬁlle, a .current il gradually decreases. .As shown in
FIG. 3E, a total-éurrent IG flowing through the gap G has a steep
slope on 1ts leading edge. _

FIG. 2 Lllustratés another embodiment of an electrxc
discharge'machine. which is suitable, for example, for the
machining of a cemented Earbide workpiece by mgans.df a copper
tungsten.électrdde or the machining of a steel workpiece by means
of a steel elect:ode. Similar elements are labelled with similar

reference numerals as used in FIG. 1. _ o
 In FIG. 2, a power supply 10A includes a first series
‘combination consisting of the d.c. power souréélll. a diode D1
for revérse-cﬁrrent-proteétion, the curreant limiting resistor Rl
and the switching transistor TR1, all of which are connected in

series to the terminal 5a. Though an additional combination of a



-4- steep slope | eadi ng edge'fron1the power supply through the third
conductor, the machining gap and the fourth conductor. duri at_least a

portion of afkeading—edgewof the first current pulse. The GepaPaRyLNg . —_—

il lustrate e e present invention and, toget with . the .

descrlptlon n the principles of the invention. In the
drawi ngs: Fl diagramillgustrating an enbodi nent of the
I nvention as used in an el ectric di scharge machi ne;

draw ngs, whicl %Wgt ed in and forma part of thej|specifi catlon ==

diodé, a current limiting resistor and a switching tramsistor may
be pgovided, they have been omitted from FI?. 2 in the interest
of clarity and éimpiicity.

The power supply 10A further ihcludes a second series
combination consisting of a variable véltage, d.c. power source
118, adjustable betweén approximately 100 volts and 300 volts,
and a switching transiator DTR. In addition, the power sﬁpply
10A.1ncludes a. te:m1na1 '5C to which the inner-conductor L3 is
connected at one end. The power source 11B is connected to.the
termznal 5C through the transistor DTR at its positive termlnal
and connected to the terminal 5B at its negative terminal. The
first and second series combinations are connected in parallel to
each other. The power supply 10A further includes a pulse
generator 14, which is provided connected to the discharge -
detector 13 for generéting a gating p@lse signal GP2 having an ON ‘
time and an OFF time. Foi_example; each of the pulse generators
1é and 14 may inciudé appropriate clock oséillater and counter. -
The pulse genérato; 14 turns on the transistor DTR so that a.high
peak current flows through the gap G a predetermined'short t;ma |
after an occuirepée of electric dischatges. A diode DR is |
provided between the cable Ll and the conductor L3 for preventing
a voltage from the power source 11 from being applied across a
spacxng between the conductors L3 and Ld.

Operatlon of the machine shown in FIG. 2 will now be
described with reference to FIGS. 4A, 4B, 4C, 4D 4E and 4F.

FIGS. 4A,_4B. 4c, 4D, 4E and 4F are illustrative of waveforms of
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FIG 2 is a block diagramillustrating another enbodi ment
r &5iS] Fring: ch”dr?‘-&:.

as used in an electric discharge machine; FIGS. 3A to 3E
iI'lustrating the— operation of the machine of FIG 1; and GS. = 4A to. 4B<sn |
are timng charts il yst atkqglt e operation of the machine © '?4{;\2\\69 ﬁ

enbodi nent of tR&S on e descri bed hereinafter in detail with -
reference to the I
di scharge nmachin

[N 1 illustrates an enbodi nent of an electric
the gating'pulse signal GPl, a voltage VG, the sign?l SP, a

power sujgly 10 and a machine

current il, a current i2, and a total current IG.

.At the time tl, when the gating pulse signals GP1l and -
GP2 go high, the transistors TR1 and DTR are turned on. The-
power sourées-ll and 11B apply a voltage acrossithe:gaﬁ G. |
Thereby, at the time t2, electric discharges are caused to start
in the gap G and a current i2 starts to flow through the gapné.'
‘At the time t2, a.dischérge detector detects drop of-ﬁ voltage VG -
and supplies the signal SP to the pulse geherntors 12 354_14;_
After a predetermined short time updn receipt of the signal SP
the pulse generator 14 turns off the transistor DTﬁ. Prefefahly,
the transistor DTR is closed at least about a half of the time
during which a- current‘il does not reach its staady valua though
a current flowa through the gap G. A peak value of current i2
can be set to a desired value by adjusting a voltage of the power
source 113. Alternatively, it may be set by varying an ON time
of the gating pulsé signal GP2. _'

The foregoing description of a'preferred'émbodimeht of’
the invention has beén'presentéd for purposes of illustiation and
description. It is not intended to be exhaustive or to 1imit’§he
invention to the precise form disclosed, and obviously many
modifications and variations are possible in the light of thg
above teaching. Eor éxaqple, a voltagé'ﬁay be applied across the
"gap G wiﬁh'the tool electrode l-being negativéiy poled and the
workpiece 2 Seing-positiveiy pdled. It is intended that the
scope. of the invention be defined by the claims appended hereto.‘



body,‘ whi ch includes a.tool electraode 1 and a workpi ece 2 bei paehi-ned
The tool electrode 1 is p03|t|oned spaced fromthe lgearer&deEEm nlng
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tank (not illustrated) “fillel with a d| electric fluid. The ITB.ChI ne body
further
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CLAIMS
1. An electric discharge machining apparatus for

machining a workpiece by means of electric discharge
having a tool electrode (1) spaced from said workpiece (2)
5 and defining therewith a machining gap (G) and a power
supply (10) for sﬁpplying a machining current to said
machining gap, said- apparatus comprising:
a first conductor (L1) having a first ampac1ty
(current carrying capac1ty) connected between said power

10 supply and said tool electrode; '

a second conductor (L2) connected between said
power supply and said workpiece; _ '

wherein said first and second conductors are so
arranged to reduce the stray capacitance therebetween;

15 _ a third conductor (L3) connected in parallel to
said first conductor and having a second ampacity (current
carrying capacity) smaller than said first ampacity '
(current carrying capacity); and
' a fourth conductor (L4) connected in parallel to

20 said second. conductor;

wherein'said third and fourth conductors are so
arranged to reduce the inductance thereof.
2. ~ An electric discharge machining apparatus
according to Claim 1, wherein said third and fourth

25 conductors form a coaxial cabie having an inner-conductor
and a shield insulated from said inner-conductor said
inner-conductor being connected between said power supply
and one_of said tool electrode and said workpiece, said
shield being connected between said power supply and the

30 other of said tool electrode and said workpiece.

3. | An electric discharge machining apparatus
according to Claim'lior_claim 2, wherein'said'power supply
includes a first power source {11), a first switching
means (TRl,TRZ)'connected in series with said first power

35 source and said machining gap for controlling the flow of

.
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includes a terminal 3A which is connected to the tool e eE—l“lS B-Ef HA&%@‘ﬂav -
terni nal 3B which.i-s-conmected to the workpiece 2. It isf

each of term nals 3A S|t|oned ‘cl ose to the gap G The power
supply 10 is prov uwg ﬂl tently supplying a train of successive

machi ni ng current a predetermned ONtine to the gap G The

r ef %Eﬂép Ehat

j

power supply 10 includes a d. c power source 11, current |limting resistors
Rl and R2 and switching transistors TRl and,JR2, all of which are connect ed
in series with the gap G Each one of the réSistors RL and R2 have

di fferent nagni tadesend thesiughaseéd Shdstaand iseamiheondyctars and said

10

15

20

25

30

35

machining gap, a second power source (1llb) and a second
switching means (DTR) connected in series between said
second power soufce and said machining gap for controlling
the flow of.currént through said third and fourth
conductors and said machining gap.
4. An electric discharge machining apparatus
according to Claim 3, wherein said power supply further
includes a discharge detector (13) for detecting the
occurrence of electric discharges, a first pulse generator
(12) for supplying to said first switching means a first
gating pulse signal having an ON time and an OFF time and
a second pulsé generator (14) responsive to said discharge
detector for suﬁplying a secon& gating pulse signal to
said second switching means, said secoﬁd pulse signal
having an ON time a predetermined time after an occurrence
of electric discharges. ‘
5. - " A method of machining a workpiece using a tool
electrode (1) spaced'from said workpiece (2) and defining
therewith'a machining gap (G) and a power supply (10) from
which a machining current is intermittently supplied to
said machining gap, comprising the steps of:
connecting a first conductor (L1l) between said
power supply and said tool electrode;
cohnecting,a second conductor {L2) between said
power supply and said workpiece in such a manner as to
reduce the stray capacitance'between said first and second
conducﬁors} ' '
" connecting a third conductor (L3) in parallel to
said first conductor; '
| connecting a fourth conductor- (L4) in parallel
to said second conductor in such a manner as to reduce the
inductance of said third and fourth conductors;
. paésing a first current pulse from said power
supply thréugh said first conductor, said machining gap

This Sheet Has Been Reﬂlaced




‘'series with a respective one of the transistors TR afdTARSHERTSHAS BEER
conbi nati ons of the-resi-stors RlL.and R2 and the transiist or SRERLAGBD TR2 fare
connected in parallel to each other between the power
tool electrode 1. [!l! Hmmulm&ﬂuonm conbination of a current limting
resistor and a s may be provided, they have been omtted
fromFIG 1 in -the interest of clarlty and sinplicity. The.power supply 10
further includes a pul se generator 12 for generating a gating pul se signal
GP1 having an ON tine and an OFF tine. The bbvwer supply 10 further includes

a di scharge detyefd @aik3 sfé@j’gr{a)@dr@’dd&;ﬁ) “9ld age VG at the gap G and
supplylng an out put

passing’ a second current pulse having a steep
slope leading edge from said power supply through said
third conductor, said machining gap and said fourth

5 conductor during at least a portion of a leading edge of
said first current'pulse; |
6. The method of Claim 6, wherein the step of
connecting further comprising arranging said third
conductor coaxially with said fourth conductor.
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"signal SP representative of an occurrehce of electri 'nm§ghgggﬁ§s@%ENh

pul se gener at or
signal GPl1 to the transistors TRL and TR2 so that a°

12. The pul se generator 12 suppliedjthe gEpiLagepul se

'the

power source 11 is applied across the gap Gto induce electric discharges
and then a current flows through the gap G for a predetermi ned period of
time. The power supply 10 includes a termnal 5A, which is connected to the

pOSI tive
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ABSTRACT
ELECTRIC DISCHARGE MACHINING APPARATUS

An electric discharge machining apparatus for

machining a workpiece by means of electric discharges
using a tool electrode (1) spaced from the workpiece (2)
and defininé therewith a machining gap (G), comprising a
pair of individual cables (L1,L2) with a low capacitance
and a coaxial cable (L3,L4) with a low inductance to carry
a train of successive current pulées from a power supply
to the machining gap. The pair - of cables are larger in
current-carrying capacity than the coaxial cable. A
current pulse flowing through the pair of cables is
combined with that flowing thfough the coaxial cable to
phereby obtain a total current pulse of a steep slope
leading edge while preventing undesirable stray

capacitance.

i
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termnal of the power source 11 through the transist
resistors Rl and-R2---and- a term-nal 5B which is conng
termnal of the p bles L1 and L2 ar
carrying a currenl(fmle “Fa

SQur ge %.-
wer supply 10 and the machi ne body. In the
i | lustrated enbodi m‘eﬁm }rﬁ L1 is connected to the -termnal 5A of
t he power supply 1 d connected to the termnal 3A of the
machi ne body at the other end. The cable L2 is connected to the term nal
5B of the power supply 10 at one end and connected to the term nal 3B of

the machi ne body at the other end. Each of the cables L1 and L2 are
constituted as individual ' 1/4
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‘stranded conductors, which are conposed of a .group | regféﬁ lsral |
di aneters, to reduce the. stray-capacitance between I8 ShiEsS H % )
Additionally, a coaxi al cable | ﬁﬁgﬁlded for carryiing a BERLAY n

t he power supply 101hn h ody. The coaxi aF—cabl e I ncludes an

| nner - conduct or L3 an shi-eld L4 which is arranged coaxially
with the inner-conduc ul ated therefrom by an appropriate

i nsul ator. Each of the conductors L3 and L4 are snaller in cross-sectional
area than the cables L1 and L2, for exanple, about half to reduce the stray
i nduct ance of the conductors L3 .and L4. In other words, each of.
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fhé conductors L3 and L4 are snmaller
and L2. In the il lustrated enbodi nent,

end. The conductive Shm&ﬂe&ﬁa&&eﬁf

and connected to the te
conductors L3 and L4 ar H

in anmpacity th
t he inner-con
to the terminal 5A at one end and- connected to the t
ected to the term na
I n ot her words,

e ot her end.

parall e
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respectively. As will now be appreciated by thef dfti$ SHHET A
is used to reduce the inductance of the conductih L BER A ceh.
Alternatively, a twisted pair, which is conposed o i
conductors tw sted together.wi-theut—a common covering, may be used.
Operation of the machine shown in FIG | will now be described with
‘reference to FIGS. TBjaSheagllas BeenReplecsdy 3F £ Gs. 3A, 3B, 3C, 3D and 3E are
illustrative of wave m‘l ating pulse signal GPl, a voltage VG a
current il flowng t les 'L1 and L2, a current i2 flow ng :
t hrough the conductors L3 '
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éhd lod, »w™® o total current 1G i.e., a conbination of currents i

and i 2.

At the tine t1, when the gating pul se signal GPI goes high,_the transistors

TR1 and TR2 are turned on. A voltage fromthe .power sourc ﬁépL&cgﬂE“*gﬁEﬁT

across- the gap G Thereby, at the tinme t2, electric discharges
to.start in the gap Gand a current i2 starts to flow thrqugh,
As shown in FIG 3D, a current i2 suddenly increases due

of the conductors L3 and L4. As shown_.yn FIG 3C, a current il gradually

increases to its steady value while a, current i2

ELECTRIC DISCHARGE MACHINING APPARATUS

The present invention relates to an electroerosion

machine. More specifically, the present invention relates to an

electric discharge machine ("EDM®) for performing electric

-discharge machining on a workpiece using a tool electrode in

: which a train of successive power pulaes are supplied from a

power supply to a machine body including a machining gap formed

between the tool eleotrode and the workpiece.

In éeneral, an electric discharge machine includes a

machine body having a machining gap formed between a tool

electrode and a workpiece being machined, a power supply for

supplying electric energy to the_machininj gap and a dielectric

sﬁpply device for supplying a dielectric fluid, such as kerosine

or water, to the machining gap. The power supply is necessarily

positioned with a physicel spacing from the machine body end

connected to the machine body by means of apéropriate conductors.

A train of successive voltage pulses from the power

supply are applied across the machining gap to induce electric

discharges across the machining gap so that a current starts to

flow through the machining gap, thereby resulting in the

machining of the workpiece.

It is well known to-ﬁee'a ecarial-cahle, which has an

inner-conductor and a conduct:.ve sh:.eld insulat:ed from the

inner—conductor, to reduce the undesirable self-inductance o: tne



-8- decr&dSes to its steady value, as shown in FIG 3C. The steady val ue of
current il is inversely proportional to the total resistange=ef—rfie-—¢cabres —

L1 and L2 and the gap G The steady value of current i2 is!li PRradigEnT BHEET

proportional to the total resistance of the conductors L3 #nd L4 and the

gap G In the illustrated embodi ment, the cables L1 and LY @&e:l g n1998 |
cross-sectional area than the conductors L3 and L4 so that‘Fﬁ§=§F%g%§£§gFUe'
of current i is larger than that of curkpent i2.

conductors connectaed between the power supply and the machine
body. However, the stray capacitance between the inner-conductor
and the shield adversely affects the quality of the machined
surface of the workpiece particularly when a relatively long

cable is used.

An object of the present invention is to provide an
electric discharge machine which can pasé current pulses having a
steep slope~1eadin§ edge through a machining gap, thereby
increasing machining épeed even when a powef supﬁly is positioned
at a 1ong distance from a machine bedy.

Another object of the present invention is to provide
an electric discharge m#chihe which prevents damages on the -
machined surface of a workpiece due t§ the stray capacitance .
between conductors connected between a:power'supply and a machine
body. .

Additional objects, advantages and nove; featﬁres of
the invention will be set forth in part in the description whicﬁ
follows, and in. part will become apparent to those skilled in the
art upon examination of the following, or may be learned by
practice of the invention. The objects and advantages of the
invention may bae realized and attained by means of the
instrumentalities and combinations particularly pointed out in
the appended claims.

A general aspect of the present invention is the
provision of an electric dyscharge mgchining apparatus for

. maqhining ; wo:kpiéce by means of e1e¢tric dxschatgea having_;

A



The cables L1 and L2 and the conductors L3 and L4 are only suff|C|entIy

farge to pass nean currents il and i2, respectively. The
signal GPI is in an ON state a predetern1ned time after t = BMEYT HIEET

the signal SP. At. the.tinme t3, when the gating pul se si GPl IS
off, a current i2 suddenly drops. Wile, a current il gra QPFN g0 4@@&3&%

As shown in FIG 3E, a total current 1G flowing through the gap G has =
steep slope on its |eading edge. .[FIG 23kl |ustrates another enbodi nent of
an electric discharge machine, which is suitable, for exanple, for the
machi ni ng of, a cemented carbi de workpi ece by neans of a copper

tool electrode spaced from the workpiece and defining therewith a
machining gap and a power supply for supplying a machining
current to the machining gap‘and comprising: a first conductor
having a first ampacity connected between the power supply and
the tool electrode; a second conductor connected between the
power supply and the workpiece, wherein the first and second
conductors are so arranged to reduce the stray capac1tance
therebetween; a third conductor connected in parallel to the
firet conductor having a second ampacity smaller_than the first
ampacity; and a fourth conductor connected in parallel to the
saecond conductor; wherein the third and fcurth condnccors are so
arranged to reduce the inductance thereof. |
Another.aspect of the present -invention is- the
nrovisicn of a method of machining a workpiece using & tool .
electtode.spaced from the workpiece and defining_thereﬁitn:a
machining gap a power supply from which a machining current is
intermittently aupplied to the machining gap .and comprising the
stepe of: connecting a first conductor between the‘bower supply
and the tool electrode; connecting a .second conductor between the
power supply and the workpiece in such' a manner as to reduce the
stray capacitance'between tne first and second coh@nctors:
connecting a third conductor in parallel to the first conductor:
connecting a fourth conductor in parallel to the second conductor
in such a manner as to reduce the inductance of the third and
fourth conductors- passinq a first current pulse from the power
.nsupply through the first conductor, the machining gap -and - the

second conductor: and passing ‘a second current pulse having




tungsten el ectrode or the machining of.a steel workpiece by—heans of a
steel electrode. Sinmlar elenents are labelled with sinila ﬁ@ﬁig.‘r nce““,%
numerals as used in FIG 1. In FIG 2, a power supply | QA jincludes a nJ$
aeries combination consisting of the d.c. power source 11, aq ofep U

reverse-current protection, the current limting resistor Ri—and fHE -
swtching transistor TR1, all of which are connected in series to the

term nal 5A. Though an additional conbgnation of a

steep slope leading edge from the power supply through the third
conductor, the machining gap and the fourth conductor during at

least a portion of a leading edge of the first current pulse.

The accompanying drawings, which are incorporated in
and form a part of the specification, illustrate embodiments of
the present invention and, together with the description, serve
to expiain the principies of the invention. 1In the drawings:

FIG. 1 is a block diagram illustrating an embodiment of
the invention as used in an elactric digcharge machiné;

FIG. 2 is a block diagram iliust;atipg another
‘embodiment of the invention as used in-gn electric-aisohazgq
machine;

FIGS. 3A to 3E are timing éharts illustrating the .
operation of the macﬂine of FIG. 1; dﬁd

FIGS. 4A to 4F are timing charts illustrating the

operation of the machine of FIG. 2.

An embodiment of the invention ié described hereinafter
in detail with reference to the drawings.

FIG. 1 lllustrates an embodiment of an electric
digscharge machine comprising a power supply 10 .and a machiﬁe
body, which includes a tool electrode 1 and a workpiece 2 being

machined.

.. The tool electrode 1 is positioned spaced from the
workpiece 2 and definlng therewith a machining gap G. The

workplece 2 is sacurely mounted on an appropriate work table (not,



-9- diode, a current limting resistor and a switching transistor
provi ded, they have been omtted fromFIG 2 in the inter
sinplicity. The power supply 10A further includes a secon
conbi nati on consisting of a variable voltage, d.c. power

adj ust abl e bet ween approxi mately 100 volts and 300 volts,

transistor DTR In addition, the power supply 10A |nclude
whi ch the inner-conductor L3 is connect®d at one end. The pomer source | 1B

S cpnnFcted to .the termnal 5C through the transistor DIR at its positive
term na

illustrated) and submerged in a work tank (not illustrated)
filled with a dielectric fluid. 'The machine body further
includes a terminal 3A, whigh'is connected to the tool electrode
1, and a terminal 3B which is connected to tlie workpiece 2. It
is-preferable that each of terminals 3A and 3B are positioned.
close to. the gap G. ‘
The power supply 10 is provided for intermittentlf

supplying a train of successive machinihé current pu;ses having a
predetermined ON time to the gap G. The power supply 10 includes
a d.c. power source il, current limiting resistors Rl and R2 and
switching transistors TR1 and TR2, all of which are'connected in
series with the gap G. Each one of the resistors Rl and R2 have
different magnitudes 6f-resistance, and each is. connected in
series”witﬁ a réspecﬁiva one of the transistors TRl and TR2. The
series combinations of the resistors Rl and R2 and the
transistors TR1 and TR2 are connected in parallel to each other
between the power source 11 and the tool electrode 1. Though an
additional combination of a current limiting resistor and_a
switching transistor may be provided, they hévg been omitted from
FIG. 1 in the interest of clarity and simplicity. The power
supply 10 furthér includes a pulse generator 12 for generating a
gating pulse signal GP1l having an ON time and an Oﬁ‘E t:l.me._ The
power supply 10 further includes a discharge detector 13 for
monitoring a voltage VG at the gap G and supply%né.an output
'signal SP representative of an occurrence of electric discharges
to the éulée generator 12. The pulse generator 12 supplies the

'/ ‘gating pulse signal GPl to'theﬁt#ansistors tR1 and TR2 8o that a



and connected to the termnal 5B at its negative term The first and
second series conbinations are connected in parallel t® gaGRceigT bH#%F-
power supply 10A further includes a pul se generator 1 mhlc 'S prov
connected -to the discharge detector 13 for generating ®a&@LLﬁE ~puli§el89%5

signal GP2 having an ON tinme and an OFF time. For exanpke;-each-of {H&
pul se generators 12 and 14 may i nclude appropriate cl ock oscillator and
counter. The pul se generator 14 turns-6m the transistor DIR so that a high
peak current flows through the gap G a predeterm ned short tine after an
occurrence of electric discharges. A diode DR is provided between the cable

L1 and t'WGVSPEQBQ“£¥5A4iﬁkoﬁoB£§V§%H£c2911 is applied across the gap G to

induce electric discharges and then a current flows through the

gap G for a predetermined period of time. The power supply 10
‘includes a terminal 5A, which is connected tc the positive
terminal of the power source 11 through the transistors TR1 and
TR2 and the resisto}s Rl and R2, and a terminal 5B which‘is
connected to the negative terminal of the power .source 11. .

Cables L1 and L2 are provided for carrying a current

- between the power supply 10 and the machine body. ln ohe.
illustrated embodiment, the cable tl is-connected to ﬁhe-terminal
5A of the power supply 10 at one end and connecﬁed.to nhe
terminal 3A of the machine body at the other end. The cable L2
is connected to- the termlnal 5B of the powar supply 10 at one end
and connected to the terminal 3B of the machine body at -the other
end. Each of the cables Ll and L2 are'constltuted as individual
stranded. conductors, which are composed of a group of ccpoer
wires of small diameters, to reduce ﬁﬁe straf capacitance between
the cables Ll and L2. .

Additionally, a coaxial cable.is‘provlded for carrying
a,current between the power supply 10 and the machine body. The
coaxial cable includes an inner-conductor L3 and a_condnctive
shield L4 which is arranged coaxially with the inner-conductor L3
and insulated therefrom by an appropriate insulator. Each of the
conductors L3 and L4 are smaller in cross-sectlonal area than the
cables L1l and LZ, for example, about half to reduce the stray |
lnductance of the conductors L3 and L4. In other worda, each of.

' the conductors L3 and L4 are smaller in ‘ampacity than the cables



a voltage fromthe power source 11 from being applied acr
bet ween the conductors L3 and L4. Operation of the machin ’
2 will now be described with reference to FIGS. 4A, 4B, 4(¢, 2.4 54

FI GS. 4A, 4B, 4C, 4D, 4E and 4F are illustrative of wavef rmaseqf _g‘-., mm" 19951
the gating pul se signal GPl, a voltage VG the signal SP, ~a current’
current 12, and a total current |G

-7

Ll.and L2, In the illustrated embodiment, the inner-conductor L3
is connected to the terminal 5A at one end and connected to the
terminal 3A at the other end. The conductive shield L4 is
connected to the terminal 5B at one end and connected to the
terminal 3B at the other end. In other words, the conductors L3
and L4 are connected in parallel with the cables L1 and L2,
regspectively. |

As will now be appreciated by the'artiéan. the coaxial
cable is used to reduce the inductance of the conductars L3 and

- L4. Alternatively, a twisted pair, which is composed of two -
ingulated conductors twisted together without a common covering,
may be used.

Operation of the machine shown-in FIG. 1 will now be
described with reference to FIGS. 3A, 3B, 3C, 3D and 3E. FIGS..
3a, 3B, 3C, 3D and 3E are illﬁstrativa of waveforms of the gating
pulse signal GPl, a voltage VG, a current il flowing through the
cables Ll and L2, a current i2 flowing through the conductors L3
and L4, and a total current IG, i.e., a combination of currehts
i1 and iz.

At the time t1, when the gating pulse signal GP1l goes
high, the transisfors TR1 and TR2 are turned on. A voltage from
the power source 11 is applied across the gap G. Thereby, at the
time t2, -electric discharges are caused to.start in the gap G and
a current i2 starts to flow through thg'gag G. As shown in FIG.
3D, a current i2 suddenly increases due to low inductance of the.

-_conductors L3 and L4. As shown in FIG. 3¢, a_cur:ent.il

'gradually increases to its steady value whilé-a burrgnt_12 



At the time t1, when the gating pulse signals GPl and GP2 go. hlgh,f
fransistors TRl and DIR are turned on. The power sources 11 gnd 11B’ ap “" l
vol tage across the gap G Thereby, at the tinme t2, electric dlsgharq P RU@'BQS
caused to start in the gap G and a current i2 starts to flom1through _ __J
gap G At the time t2, a discharge detector detects drop of a voltage VG R
and ‘supplies the S|gnal SP to the pul se generators 12 and 1.4. After a
predet erm ned short time upon receipt 68~the signal SP the pul se generator

14 turns off the transistor DTR Preferably, the transistor DIRis closed

at |east about a half of the time during which a current il does not reach

its steady ¥gLp&adidwUd its steady value, as shown in FIG. 3C. The steady
value of current il is inverself proportional to the total
resistance of the cables L1 and L2 and the gap G. The steady
value of current i2 is inversely_proportioeal to the total
resistance of the conductors L3 and L4 and the gap G. In the
illustrated embodiment, the cables L1 and L2 are largeF in
cross—sectional area than the conductors L3 and L4 so that the
steady value of current 11 is larger than that of current i2.
The cables L1 and L2 and the condectors'LB'hnd L4 are 6nly,
sufficiently large to pass mean currents i1 and i2, respectively.
The gating pulse signal GP1 ig in an ON state a predetermined
time after the generation of the signal SP. At the time t3, when
the gating pulse signal GPl is turned off, a eurrent 12 suddenly
drops. While, a .current il gradually decreases. .Ag_shown in
FIG. 3E, a total current IG flowing through-the gap G has a steep
slope on its leading edge. _

FIG. 2 illustrates another embodiment of an electric
discharge machine, which is suitable, for example, for the
machining of a cemented carbide workpiece by means of a copper
tungsten electrode or the machining of a steel workpiece by means
of a steel electrode. Similar elements are labelled with similar
reference numerals as used in FIG. 1.

In FIG. 2, a power supply l0A includes a first series
‘combination consisting of the d.c. power source 11, a diode D1
for reverse-current protection, the cerrent iimiting.reeistor'Rl
ahd the ewitching.tfansistor Tkl, ail of ﬁhich-are connected in

series to the teiminal 5A. Though an additional combination of ‘a



a current flows through the gap G A peak val ue of current[rgéggj 6 - Sy
AR

"a desired value by adjusting a vol tage of the power sourcej 6 “Eﬁ
Alternatively, it may be set by varying an ON tinme of the dnélng ﬁbﬁbép ___________
signal GP2. The foregoing description of a preferred enbodi'neff 6f fhHac——=:=

i nvention has been presented for purposes of illustration and description.
It is not intended to be exhaustive or to limt the invention to the
preci se form di scl osed, and obvi ousl y-fany nodifications and variations are
possible in the light of the above teaching. For exanple, a voltage may be
applied across the gap Gwith the tool electrode 1 being negatively poled

and the  gjode, a current limiting resistor and a switching transistor may
be provided, they have heen omit£ed from FIG. 2 in the interest
of clarity and simpiicity.

The power supply 10A further includes a second series
combination consisting of a variable voltage, d.c. power source
11B, adjustable betweén approximately 100 volts and 300 volts,
and a switching transistor DTR. In addition, the power aﬁpply
10A includes a terminal 5C to which the inner-conductor L3 is
connectéd at one end. The power source 1llB is connected to.the
terminal 5C through the transistor DTR at its’ poaltlve termlnal
and connected to the terminal SB at its negative terminal. The
first and second series combinations are connected in parallel to
each other. The powei supply 10A furthef includes a pulse
generator 14, which is provided connected -to the discharge
detector 13 for generﬁting a gating pﬁlse signal GP2 having an ON

time and an OFF time. For example, each of the pulse generators
12 and 14 may inciudé appropriate clock oséillater and counter. -
The pulse generator 14 turns on the transistor DIR so that a-high
peak current flows through the gap G a prgdetermined.short time
after an occurrence of electric discharges. A diode DR is
provided between the .cable L1 and the conductor L3 for preventing

a voltage from the power source 11 from being applied across a
spacing between the conductors L3 and L4.

. Operation of the machine shown in FIG..2 will now be
described with reference'to FIGS. 4A, 4B, 40;-4D 4E and 4F.

FIGS. 4A, 4B, 4C, 4D, 4E and 4F are illustrative of waveforms of



wor kpi ece 2 being positively poled. It is intended that the . of the
I nvention be defined by the clains appended hereto. CLAI
el ectric di scharge machini ng apparatus for nachining a wor _
of electric discharge having a-tool electrode (1) spaced frontsai

wor kpi ece (2) 5 and defining therewi th a machining gap :
supply (10) for supplying a machini ng cgérent to said =

the gating pulse signal GP1l, a voltage VG, the signai Sp, a
current il, a current i2, and a.total current IG.

At the time tl, when the gating pulse signals GP1l and
GP2 go high, the transistors TR1 and DTR are turned on. The
power sourées 11 and 11B apply a voltage across the gap G.
Thereby, at the time t2, electric discharges are caused to start
in the gap G and a current i2 starts to flow through the gap_G.
At the time t2, a discharge detector detects_drop of a voltage VG
and supplies the signal SP to the pulse éener;tors 12 th_14;
.After a prédetérmined short time upon receipt of the signal SpP
the pulse generator 14 turns off the transistor DTR. Prefefably,
the transistor DTR ig closed at least about a half of the time
duriag which a current il does not reach.its steady value though
a current flows through.the gap G. A peak value of current iz
can be set to a desired value by adjusting a voltaéa of the power
gsource 11B. Alternmatively, it may be set by varying an ON time
of the gating pulse signal GP2. |

The foregoiﬁg description of a'preferred_embodimeht of
the invention has been presented for purposes of illustiation and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and obviously many
modifications and variations are possible in the light of the
above teaching. For_example, a voltage may be applied across the
gap G with the tool electrode 1 being negatively polgd and the
workpiece 2'béing_poéitively'poled. It is intended that the

scope. of the invention be defined by the claims appended hereto.-



nachining gap, said apparatus conprising: a first conductor
first anpaci ty (cu‘—ent carrying capacity) connected betweeni|s

. PS

supply and said to r‘mﬁﬂ ﬂﬂcond conductor (L2) conndcted between: - :7
sai d power supply %{ Em wherein said first andisecond - Al ;995
conductors are so arranged td réduCe the stray capacitance therebetmeen

a third conductor (L3) connected in parallel to said first conductor and-—===

havi ng a second anpacity (current carrying cepacity) smaller than said
first anpacity CLAIMS

P

H———

1. An electric discharge machining apparatus for

machining a workpiece by means of electric discharge

having a tool electrode (1) spaced from said workpiece (2)
5 and defining therewith a machining gap (G) and a power

supply (10) for suppiying a machining current to said

machining gap, said apparatus comprising:

a first conductor (L1) having a first ampacity

(current carrying capacity) connected between said power

10 supply and said tool electrode;

a second conductor (L2) connected between said
power supply and said workpiece;

wherein said first and second conductors are so
arranged to reduce the stray capacitance therebetween;

15 a third conductor (L3) connected in parallel to
said first conductor and having a second ampacity (current
carrying capacity) smaller than said first ampacity
(current carrying capacity); and

a fourth conductor (L4) connected in parallel to

20 said second conductor;

| wherein said third and fourth conductors are so
arranged to reduce the inductance thereof.
2. | An electric discharge machining apparatus

_ according to Claim 1, wherein sdid third and fourth

25 conductors form a coaxial cable having an inner-conductor
and a shield insulated from said inner-conductor said
inner-conductor being'connected between said power supply
and one of said tool electrode and said workpiece, said
shield'being connected between said power supply and the

30 other of said tool electrode and said workpiece.

3. An electric discharge machining apparatus
according tQ'Claim 1 or Claim 2, wherein said power supply
includes a first power source (11), a first switching
means (TRl,Tﬁz) connected in series with said first power

35 ‘'source and said machining gap for controlling the flow of



(current carrying--capacity);. and a fourth conductor (L4) connected in

parallel to 20  said second conductor; wherein said t %fiﬁﬁ&ﬁéhéET
conductors are so Hmﬂ" ce the i nduct ance t herlp&GEPLS 5
el ectric di schargé? atus according to Caifnl, mherélﬂggg[ _____
third and fourth 25 conducfor’ forma coaxi al cable haW™Yy al """

i nner-conductor and a shield insulated fromsaid i nner-ccmductor said
i nner - conduct or bei ng connect ed between sat+dipower supply and one of said

tool electrode apehr$an¢ WALKRLACEai§3 I st and second conductors and said
machining gap, a second power source (11b) and a second
switching means (DTR) connected in series between said
second power source and said maéhining gap for controlling

5 the flow of current through said third and fourth

conductors and said machining gap.
4. An electric discharée machining apparatus
according to Claim 3, wherein said power supply further
includes a .discharge detector (13) for detecting the

10 occurrence of electric discharges, a first pulse generator
(12) for supplying to said first switching means a first
gating pulse signal having an ON time and an OFF time and
a éecond'pulse generator (14) responsive to said discharge
detector for supplying a second gating pulse signal to

15 said second switching means, said second pulse signal
having an ON time a predetermined time after an occurrence
of electric discharges.
5.° ' A method of machining a workpiece using a tool

" electrode (1) spaced from said workpiece (2) and defining

20 therewith a machining gap (G) and a power supply (10) from
which a machining current is intermittently supplied to
said machining gap, comprising the steps of:

connecting a first conductor (L1l) between said
power supply and said tool electrode;

25 ' connecting a second conductor (L2) between said
power supply and said workpiece in such a manner as to
reduce the stray capacitance between said first and second
conductors; _

connecting a third conductor (L3) in parallel to
30 said first conducto:;
connecting a fourth conductor: (L4) in parallel
to said second conductor in such a manner as to reduce the
inductance of said third and fourth conductors;
_ passing a first current pulse from said power
35 supply through séid_first conductor, said maghining gap



shi el d .bei ng connected between said pomer supply and the 30
‘sai d tool electr"ae and sai d wor kpi-ece. 3. An el ect

machi ni ng apparat a|n11 or daim2, where Qaﬁaid pome
supply incl udes a M&Ié&uﬁce (11), a first swtchi

(TR1, TR2) connecte |n Se said first power 35 I
machi ni ng gap for controlling the flow of 12 -

- 13 -

and said second conductor; and
passing a second current pulse having a steep

slope leading edge from said power supply through said
third conductor, said'machining gap and said fourth

5 conductor during at least a portion of a leading edge of
said first current pulse.
6. The method of Ciaim 6, wherein the step of
connecting further comprising arranging said third
conductor coaxially with said fourth conductor.



current through said first and second conductors and said ,gﬂg
. second power source (l1b) and a .second sw tchi ng neans (Dfﬁfﬁ%mmett V%?%
series between said second power source and said nmachinin dgap f Ub :
controlling 5 the flow of current through said third a Burth: NN
conductors and said machi ning gap. 4. An el ectric discharge

machi ni ng apparatus according to Caim3, wherein said power supply further

i ncludes a discharge detector (13) for deteeting the 10 occurrence of

el ectric dlscha§g§§RA@Tf|rst pul se generator (12) for supplying to said

first swtching nmeans a f
ELECTRIC DISCHARGE MACHINING APPARATUS

An electric discharge machining apparatus for

machining a workpiece by means of electric discharges

5 using a tool electrode (1) spaced from the workpiece (2)

- and defining therewith a machining gap (G), comprising a

pair of. individual cables (L1,L2) with a low capacitance
and a coaxial cable (L3,L4) with a low inductance to carry
a train of successive current pulses from a power supply

10 to the machining gap. The pair of cables are larger in
current-carrying capacity than the coaxial cable. A
current pulse flowing through the pair of cables is
combined with that flowing through the coaxial cable to
thereby obtain a total current pulse of a steep slope

15 leading edge while preventlng undesirable stray
capac1tance.

Figure 1

20



gating pul se signal having an ON tinme and an OFF time and
generator (14) responsive to said discharge detector for ﬁﬁptyt BY.:R

gating pul se signal to 15 said second swi tching neans,|j sai d secon
signal having an ON tine a predetermned tine after an o
el ectric discharges. 5. A met hod of machining a : ==
tool electrode (1) spaced from said workpiece (2) and deflnlng 20
therewith a machining gap (G and a power supply (10) from which a
machining current is intermttently supplied to said machining gap,

conprising the steps of:
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connecting a first conductor (L1) between said power supply and said tool

el ectrode; 25 connecting a second conduct or

power supply and said workpi ece in such a manner as to ref 5“* ra
capaci tance between said first and second conductors; con cting'a“thirdggs
conductor (L3) in parallel to 30 said first conductor; hecting g

fourth conductor (L4) in parallel to said second conductor 1 n such a manner
as to reduce the inductance of said third and fourth conductors;
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passing a’first current pulse fromsaid power 35 suppl y through sai d,
first conductor, said machining gap -

and passing a second current pul se having a steep sl ofe

13 - and sai ¢ ag onu conductor

sai d power supply through said third conductor,

sai d 1a§ inin
3

Fe‘a&ﬁ%‘-’éﬁé@ﬁﬁ

2 SN ¢

fourth 5 conductor during at |least a portion of a Png-
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sai d £ 1™ Cur rent pul se. _
of connecting further conprising arranging said third eeaduet-or—coaxially.

6.

with said fourth conductor.
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The nmethod of Claimé6, wherein the step
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