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Background of the Invention An electric discharge machine ("EDM , such as

t hat described in Japanese Patent No. 58-40225, has a
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POWER SUPPLY CIRCUIT FOR AN ELECTRIC DISCHARGE MACHINE

Technical Field

The present invention relates generally to a power
supply circuit for an electric discharge machine. More
particularly, the present invention relates to a power

5 supply circuit for an EDM machine which reduces machining
current cutoff without degrading the machining current

wavefornm.

Background of the Invention

An electric discharge machine ("EDM"), such as
10 that described in Japanese Patent No. 58-40225, has a
transistor switch placed between the gap and the power
source. The transistor switch is periodically turned on and
off for short predetermined periods which defines a
machining cycle. Within the "on" time of a machining cycle,
15 the transistor may be intermittently triggered on and off.
The intermittent turning on and off of the switching

transistor maintains a generally continuous machining

current. -
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transi stor switch placed between the gap and the .power -source.. The . _
transistor switch is periodically turned on and off r short predeterm ned

peri ods *whi ch defines a machining cycl e. Wthin the fon" time of a Ny
mechi ning cycle, the transistor may be intermttently triggered on and off.
The intermttent turning on and off of the switching transistor maintains a

general ly continuous machi ning current.
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When conditions are such that the machining
current should be lowered during the predetermined "on®
time, the current is cutoff. Therefore, the actual “on*
time during a machining cycle is less than the predetermined

5 value of "on" time. This premature cutting-off of the
machining current results in reduced -machining speed and in
faster wear down of the electrodes.

Japanesg Patent No. 62-5733, discloses a circuit
where the machining current cutoff can be eliminated by the

10 insertion of an inductor in series with the gap. Although
this inductor reduces the machining current cutoff, it also
increases the time constant of the circuit. The increased
time constant causes the rise time of the machining current
to increase. This in turn causes a drastic reduction in the

15 machining speed, which is the exact opposite of the desired

effect.

Summary of the Invention

It is an object of the present invention to
provide a power supply circuit for an EDM machine which

20 reduces machining current cutoff without increasing the rise

time of the machining current.
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-2- When conditions are such that the machining current. should be.lowered. ...
during the predeterm ned "on" time, thgq current is catoff. Therefore, the
actual *on" tine during a machining cycle is |less tHan the predeterm ned
val:ue of "on" time. This premature cutting-off of the machining current .
results”in reduced nmachining speed and in faster wear down of the

el ectrodes. Japanese Patent No. -62-5733, discloses a circuit where the
machi ni ng current cutoff can be elimnated by the insertion of an inductor

in series with the gap. Al though 3
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_ It is a further object of the present invention to
provide an EDM power supply circuit which minimizes
machining current cutoff without causing an undesirable
increase in machining current rise time due to an

5 inductance.

These and other objects of the present invention
are accomplished by the present invention which generally
relates to a power supply circuit for an electric discharge
machine that periodically turns on a switching element

10 connected between the gap and the power source. An
inductor, placed in series with the gap and the power
source, is shorted out of the power supply circuit during
the rise time of the machining current. After the machining
current rise time period is over, the inductor is switched

15 into the circuit to reduce machining current cutoff.

Additional objects, advantages and novel features
of the invention will be set forth in part in the
description which follows, and in part will become apparent
to those skilled in the art upon examination of the

20 following or may be learned by practice of the invention.
The cobjects and advantages of the invention may be realized
and attained by means of the instrumentalities and

combinations particularly pointed out in the appended

clainms.
_—
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this inductor. reduces the machining current. cutoff, it al.so .ifcreases:.the. .
time constant -of the circuit. The increased-time congtant causes the rise
time of -the machining current to increase. This in tlurn causes a drastic
reduction in the machining speed, which is the exact opposite of the
desired ‘effect. Summary of the Invention It is an gbject of the present

I nvention to provide a power supply circuit for an EDM machi ne whi ch
reduces machining current cutoff without increasing the rise tinme of the
machi ning current. -4 -
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Brief Description of the Drawings

The accompany drawings, which are incorporated in
and form a part of the specification, illustrate an
embodiment of the present invention and, together with the

5 description, serve to explain the principles of the
invention. In the drawings:

FIGURE 1 is a circuit diagram showing one
embodiment of the invention; and

FIGURE 2 illustrates signal wave forms at

10 principal points in Figure 1.

Detailed Description of the Preferred Embodiment

Reference will now be made in detail to the
present preferred embodiment of the invention, an example of
which is illustrated in the accompany drawings.

15 As shown in Fig. 1, a transistor TRl which serves
as a first switching element, is connected between the power
source B and gap G. A resistor Rl, connected between the
transistor TR1 and gap G is used for measuring the current

20 flowing through the gap G. An inductor L is also connected
in series with the gap G. A transistor TR2, which serves as
a second switching element, is connected in parallel with
the inductor L. A transistor TR3, diode D, and resistor R3
are connected in parallel with the combination of the

\\
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-3 - 1t is a further object of the present invention to provide an EDM ........ .
power supply circuit which mnimzes maghining curre cutof f w t hout
causi ng *an undesirable increase in machining current/rise tinme due to an

i nduct ance. These and ot her objects of the present invention are
acconpl i shed by the present invention which generaljy

PATENT APPLICATION

current measuring resistance Rl, gap G, and the parallel
combination of inductor L and transistor TR2. The
transistor TR3 serves as a third switching element.
Transistor TR2 is just one example of a means for shorting
5 - out inductor L during the rise time of the machining current
and for placing the inductor L into the c¢ircuit after the
rise time.
The gates of the transistors TR1, TR2 and TR3 are

raspectively connected to gate signals 1, 2 and 3.

10 Fig. 2 jllustrates the timing diagram for various
signal wave forms which appear at principal points in Fig.
1. The operation of the aforementioned embodiment will now
be described with reference to Fig. 2. |

When the first gate signal goes high or "on" at

15 to' the base voltage of transistor TR1 goes high, thereby
switching on transistor TR1. At that time, since the
interpole gap resistance is high, the gap voltage VG is
approximately equal to the power source B voltage. Also at
time to, the third gate signal goes high, i.e., to the "on"

20 state, thereby switching on transistor TR3 which is
connected opposite to the transistor TR1 in the sense of
direction of current flow. At time tl' a certain time after

to, the gap G begins to break down or ionize and the
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relates to a power supply circuit for. an el ectric di scharge nmachire.-t:hat...
periodically turns on a swtching el emegt..connected et ween the gap and the
power source. An inductor, placed in series with the/gap and the power
source, is shorted out of the power supply circuit during the rise time of
the machining current. After the machini-ng current jrise tine period is
over, the inductor is switched into the circuit to reduce machining current
cutof f. Additional objects, advantages and novel features of the invention
will be set forth in part in the description which follows, and in part

1 ne a ar ent
will beco pp PATENT APPLICATION

discharge current begins its rise time as current starts to
flow in the gap G. The rise time of the discharge current
is completed at time t,.
As illustrated in Fig. 2, the transistor TR2 is
5 turned on by the second gate signal a predetermined time td

after the start of the rise time. During this period the
transistor TR2 is switched on and the inductor L is thereby
shorted out of the circuit. The indugtor L is again brought
back into the circuit at a time t3’ at which time the

10 transistor TR1 is gated off and the discharge current begins
its fall time.

As alluded to above, the transistor TR3 is turned
on at approximately the same time as the transistor TRl is
turned on. However, the transistor TR3 is turned off a

15 predetermined time t; after transistor TRl is turned off.
When transistor TR1 is off and transistor TR3 is on, the
electromotive force ("emf") generated by the inductor L
causes current to flow through transistor TR3 and gap G. 1In
this manner the current efficiently generates a discharge

20 machining current.

Turning again to Fig. 1, the value of the Qoltage
VG is indicative of the current flowing through current
measuring resistance Rl and also through the gap G. The

comparator C compares the gap voltage VG to a reference
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to those skilled in the art upon exam nati.egx0f..the..fal.l.owi.ng or nmay.be

| earned by practice of the invention. The objects—anfi-advantages—of—the-....
i nvention may be realized and attai ned by neans of
and conbi nations particularly pointed out in the appended cl ai ns. Bri ef
Descrlptlon of the Drawi ngs The acconpany draw ngsy wWhich are incorporated
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voltage (schematically indicated by a battery) for the
comparing the gap current to a predetermined value of
current. The comparator C outputs a high signal when the
gap voltage VG is higher than the reference voltage, which
corresponds to the gap current‘being below the predetermined
current. The output of the comparator C and the first gate
signal are input to an AND gate 10. The output of the AND
gate 10 drives the base of the transistor TRl for switching
the transistor on and off. Thus, when the AND gate 10
receives a high first gate signal, but the gap voltage VG is
lower than the reference voltage, the AND gate 10 outputs a
gate signal to switch off transistor TR1. Only when the
first gate signal is high and the gap voltage VG exceeds the
reference voltage, corresponding to the gap current being
below the predetermined value of current, will the gate
output a high gate signal to the base of transistor TR1.
During the discharge current rise time ty
(td = tz-tl), the transistor TR2 is turned on and inductor L
is shorted out of the circuit. Therefore, during the time
td inductor element L does not add to the time constant of

the circuit. Consequently, it does not effect the rise time

of the discharge current. —_—
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and forma part of the specification, illustrate an enbodinent of the
present invention and, together with thg descrlpt|0n7 serve to explain the
principl'es of the invention. In the drawings: FIGURE'1 is a circuit diagram
showi ng one .enbodi nent of the invention; and FIGURE 2 illustrates signal
wave forns at principal points in Figure 1. Detailed Description of the
Preferred Enbodi ment Reference will now be made in detail to the present
preferred enbodi nent of the invention, an exanpl e of

-8 -
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At the end of the discharge current rise time,
i.e. at t = tz, the second gate signal is turned off,
thereby turning off transistor TR2. At this time, the
inductor L is connected in series with the gap G and the
5 power supply B. With the inductor L in the circuit, the
discharge current (machining current) tends to smooth out,
thereby preventing current spikes which cause the machining
current to cutoff.
When the first gate signal goes to the "off" state
10 at time t3, the second gate signal is switched "on" so that
transistor TR2 is turned "on". By turning "on" transistor
TR2, the inductor L is effectively removed from the circuit,
thus allowing the discharge current to fall rapidly. The
third gate signal is switched to the "off" state after a
15 time delay td following the transition of the first gate
signal to the "off" state. The transistor TR3 is kept on
during this time delay period td in order to prevent damage
to the transistor TR1 from a reverse enmf.
As should now be understood by the artisan, during
20 the "on" time of the machine, i.e., between the times t2 and
t3, the transistor TR1 is repeatedly switched “on" and “off"
at high speeds, by the signal from the AND gate 10 in order
to maintain an almost constant flow of discharge current .

through the gap G. Also during this time, an emf is
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which is illustrated in the acconpany draw ngs...As shown in Fig. L @< -
transistor TR which serves as a-first ;swtchi-fng el nt, is connected

bet ween-the power source B and gap G A resistor Rl/ connected betweén the
ttansistor TRL and gap Gis used for nmeasuring the current flow ng through
the gap G An inductor L is also connected in serigs with the gap G A
transi stor TR2, which serves as a second switching elenent, is connected in
parallel wth the inductor L. A transistor TR3, di ode D, and resistor R3
are connected in parallel with the conmbingtion of the :

PATENT APPLICATION

developed across inductor element L whenever the transistor
TR1 is switched "off". With the transistor TRl off,
discharge current flows through resistor R3, diode D,
transistor TR3, current measuring resistor R1l, and gap G.

5 Thus, even when transistor TRl is switched off, discharge
current still flows through gaé G. The emf developed across
the inductor L is another reason why the discharge current
does not cutoff.

Various modifications to the embodiment of Fig. 1
10 may be made without departing from the scope and spirit of
the invention. For instance, other types of current
measurement means may be used in place of the current
measuring resistance Rl for measuring the gap current.
Alsc, other types of switching elements may be used in place
15 of transistors TR1, TR2 and TR3. Additionally, transistor
TR3 may be deleted from the embodiment of Fig. 1.
Through the power supply circuit of the present
invention, the machining current is prevented from being
cutoff without increasing the rise time of the current while

20 maintaining machining speed.
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-5- current neasuring resistance Rl, gap G and the parallel combination. of
i nductor L and transistor TR2. The trangistor TR3.seffves as a.third

switching elenment. Transistor TR2 is just one exanpl g of a nmeans for

shorting, out. inductor L during the rise time of the nachlnlmﬁ curremnt—and

for placing the inductor L into the circuit after the lmm m'""',ﬁmﬁt es

of the transistors TR1, TR2 and TR3 are
PATENT APPLICATION
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We Claim:

1 1. A powver supply circuit for an electric

2 discharge machine having a first switching element connected
3 between a power source and a gap, means for intermittently

4 switching the first switching means between an on and off

5 condition, said circuit further comprising:

6 an inductive element connected in series with said
7 gap:; and

8 means for electrically bypassing said inductive

9 element during a rise time of the gap current, and for
10 restoring said inductive element to said circuit after said
11 rise time is completed.

1 2. The power supply circuit of claim 1, wherein

2 said power source causes said current to flow in said gap

3 and further including means for causing a discharge current
4 created by an emf developed across said inductive element to
5 flow through said gap when said first switching element is

6 turned off. .

1 . 3. The power supply circuit of claim 1, further
2 comprising means for measuring a current flowing in said gap
3 and wherein said means for intermittently switching,
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timng diagramfor various S|ggglng¥ﬁeig¥ﬂgﬂﬂ@Lgh pear .at. prlnCLpaI
points in Fig. 1. The operati r i o ed—enbudrﬁﬁﬁf_ﬁTTT#HBW
be described with reference to F| ﬁ mgﬁﬁﬁﬂl rst g g QJBeg,p@e%b&ugh
or "on""at t[err], the bass voIt ‘

iTRL go
swtching on transistor TR1L. At that %lhe since the |nte1 “ “
r

resi stance is high, the gap voltage VG is approximtely e
source B voltage. Also at tine t[err],_t{fajlﬂ rd gate signal goes high,

=FF_‘E

i.e., tothe "on PATENT APPLICATION
4 switches said first switching means to said off condition
S when said gap current is greater than a predetermined
6 current.

1 4. The power supply circuit of claim 3 wherein
2 said means for intermittently switching switches said first
3 switching means to said on condition when said gap current
4 is less than said predetermined current.

1 5. A power supply circuit for an electric

2 discharge machine which has a first switching element

3 connected between a power source and a gap and means for

4 intermittently switching the first switching means between

5 its on and off condition, said circuit further comprising:

6 means for measuring a gap current flowing in said
7 gap:;

8 an inductive element connected in series with said
9 gap; and

10 a second switching element connected in parallel

11 with said inductive element and operable to be switched

12 between an on and off condition, and wherein said second

13 switching element is in its on condition during a rise time

14 of said gap current and in its off condition after




-

state, thereby switching on transistor TR3 whi.ch is connected opposite to
the transistor TRL in the sense of d|r ction of .curgent—flow Al tinme
t[err],-a certain tinme after T err], tne gap—6-begi hs to break down or

e e v e o AR 5 g%ﬂﬁﬂﬁﬁﬁllr

conpleted at tine t[err].

PATENT APPLICATION
15 completion of said rise time, said second switching element’
16 remaining in said off condition until after said first
17 switching element is turned off.

6. The power supplylcircuit of claim 5, further
comprising a third switching element connected in parallel
with the series combination of said gap and said inductive
element and operable to be switched between an on and off

condition, wherein said third switching element is switched

D N B W N

to its on condition at approximately the same time as said
first switching element is switched to its on condition and

wherein said third switching element is switched to its off

O o o~

condition a predetermined time after said first switching

10 element is switched to its off condition.

7. The power supply circuit of claim 5 wherein

said intermittent switching means comprises means for

R SR

comparing said gap current to a predetermined current,

4 wherein said comparing means switches said first switching

W

means to its said off condition when said gap current is

<)

greater than said predetermined current and switches said

first‘switching means to its on condition when said gap

[ - B

current is less than said predetermined current.

T 7 TTUiUET HAS BEEN
R REPLACED
LM“‘WM



As illustrated in Fig. 2, the transistor TR2 is turned on hy.the second . .
gate signal a predetern1ned time td after the start S the rise tine.
During this period the transistor TR2 i's switched o and the inductor L is
thereby.-shorted out of ‘the circuit. The inductor L is again brought back
into'the circuit at a tinme t3, at which time the tgansistor TRl is gated
of f and the discharge current begins its fall tinme. As alluded to above,
the transistor TR3 is turned on at approximtely the sanme tinme as the
transistor TRl is turned on. However, thesgtransistor TR3 is turned off a

PATENT APPLICATION

ABSTRACT
In a power supply circuit for an electric

discharge machine, an inductive element is placed in circuit
with the power supply and the gap. During the rise time of
the machining current, the inductor element is shorted out

5 by a switéhing element TR2 preéenting it from affecting the
time constant of the circuit. After the machining current’s
rise time, the inductive element is reinseried in series
with the power supply and the gap in order to minimize the

machining current cutoff and maintain a continuous flow of

“ - - . C . ~

10 machining current.
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predeterm ned time td after transistor TRL is turned-afd..\i@QLransistor
TR1 is off and transistor TR3 iS on, the electronoti force ("enf")
gener.at ed by the inductor L causes current to flow through transistor TR3
and gap G In this manner the current efficiently generat es a discharge
machining current. Turning again to Fig. 1, the valjue of the voltage VGis

I ndi cative of the current flow ng through current nmeasuring resistance Rl
and al so through the gap G The corrpar ator C conpares the gap voltage VG to
a reference
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-7-

voltage (schematically indicated by a battery) for the corparing the
gap current to a predetermned value qf current. The conparator

C outputs a

hi gh ‘skgnal when the gap voltage VG is higher than/the reference voltage,
whi.ch” corr.esponds to the gap current being bel ow the predetermined current.

The*out put of the conparator C and the first gat ef si gnal

are input to an

AND gat e 10. The output of the AND gate 10 drives the base of the

transi stor TRL for sw tching

Fig,2
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N.he transistor on and off. Thus, when the AND gate 10 receives a high first

» gate signal, but the gap voltage VG is |lower than the reference vol tage, ___
the AND gate 10 outputs a gate signal to switch off trangi st RL....On )
when the first gate signal is high and the gap voltage V| '
ref erence voltage, corresponding to the gap current bei ng
predeterm ned val ue of current, will the gate output a Hi Yat g@lg al
the base of transistor TR1. During the discharge currentf rjise ti
(t[err] =t[err]-t[err]), the transistor TR2 is turned TEHAC
shorted out of the circuit. Therefore, during the tine

POWER SUPPLY CIRCUIT FOR AN ELECTRIC DISCHARGE MACHINE

Technical Field

The present invention relates generally to a power
supply circuit for an electric discharge machine. More
particularly, the present invention relates to a power
supply circuit for an EDM machine which reduces machining

current cutoff without degrading the machining current

waveform.

Background of the Invention

An electric discharge machine ("EDM"), such as
that described in Japanese Patent No. 58-40225, has a
transistor switch placed between the gap and the power
source. The transistor switch is periodically turned on and
off for short predetermined periods which defines a
machining cycle. Within the "on" time of a machining cycle,
the transistor may be inturmittently triggered on and off.
The intermittent turning on and off of the switching

transistor maintains a generally continuous machining

current.



o N

®d inductor elenent L does not add to the tine constant of]
* Consequently, it does not effect the rise time of the disg
- 8- At the end of the discharge current rise tine, i.e. at {t
second gate signal is turned off, thereby turning off trau3|sfhg gﬁp
this tinme, the inductor L is connected; n series wth the th

When conditions are such that the machining
current should be lowered during the predetermined “on"
time, the current is cutoff. Therefore, the actual “on"
time during a machining cycle is less than the predetermined
value of "on" time. This premature cutting-off of the
machining current results in reduced:machining speed and in
faster wear down of the electrodes.

Japanesg Patent No. 62-5733, discloses a circuit
where the machining current cutoff can be eliminated by the
insertion of an inductor in series with the gap. Although
this inductor reduces the machining current cutoff, it also
inicreases the time constant of the circuit. The increased
time constant causes the rise time of the machining current
to increase. This in turn causes a drastic reduction in the

machining speed, which is the exact opposite of the desired

effect.

Summary of the Invention

It is an object of the present invention to
provide a power supply circuit for an EDM machine which
reduces machining current cutoff without increasing the rise

time of the machining current.



power supply B. Wth the inductor L in the circuit, the ‘ h&GQQE%bﬁV%Ht
*(machining current) tends to snooth out, thereby preventfng§ CUTTENt spi

whi ch cause the nachining current to cutoff. Wen the fils§ daf SEF G
goes to the "off" state at time t[err], the second gate §ignal is swtched
“on" so that transistor TR2 is turned "on". By turning "en™ transistor TR2
the inductor L is effectively renoved-fgomthe circuit, thus aIIOMAngﬁ?ﬁ

di scharge current to fall rapidly. The third gate signal Is swtched to the

"of f" state after a tinme delay t[err] following the transition of the first
gate

It is a further object of the present invention to
provide an EDM power supply circuit which minimizes
machining current cutoff without causing an undesirable
increase in machining current rise time due to an

inductance.

These and other objects of the present invention
are accomplished by the present invention which generally
relates to a power supply circuit for an electric discharge
machine that periodically turns on a switching element
connected between thg gap and the.power source. An
inductor, placed in series with the gap and the power
source, is shorted out of the power supply circuit during
the rise time of the machining current. After the machining
current rise time period is over, the inductor is switched
into the circuit to reduce machining current cutofr.

Additional objects, advantages and novel features
of the invention will be set forth in part in the
description which follows, and in part will become appareﬁt
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 be realized
and attained by means of the instrumentalities and

combinations particularly pointed out in the appended

claims.



S|gnal to the "off" state. The transistor TR3 is kept on duo
delay period td in order to prevent danage to the transis oﬁﬁmﬂghxi
reverse enf. As should now be understood by the artisan, ¢urtRg-

time of the machine, i.e., between the tines t2 and t[err ”

TRL is repeatedly switched "on" and "off" at high speeds,

Brief Description of the Drawings

The accompany drawings, which are incorporated in
and form a part of the specification, illustrate an
embodiment of the present invention and, together with the
description, serve to explain the principles of the
invention. In the drawings:

FIGURE 1 is a circuit diagram showing one
embodiment of the invention; and

FIGURE 2 illustrates signal wave forms at

principal points in Figure 1.

Detailed Description of the Preférred Embodiment

Reference will now be made in detail to the
present éreferred embodiment of the invention, an example of
which is illustrated in the accompany drawings.

As shown in Fig. 1, a transistor TRl which serves
as a first switching element, is connected between the power
source B and gap G. A resistor Rl, connected between the
transistor TR1 and gap G is used for measuring the current
flowing through the gap G. An inductor L is also connected
in series with the gap 6. A transistor TR2, which serves as
a second switching element, is connected in parallel with
the inductor L. A transistor TR3, diode D, and resistor R3

are connected in parallel with the combination of the



*"off". Wth the transistor TRl off, discharge current fI,
resistor R3, diode D, transistor TR3, current measuring f
gap G Thus, even when transistor TRl is switched off, g
still flows through gap G The enf devel oped across the‘lnductor
anot her reason why the di scharge curr~emst <does not cutof I ‘ J
nodi fications to the enbodi ment of Fig. 1 nay be made w t hout departl“:f*“
fromthe scope and spirit of

current measuring resistance R1l, gap G, and the parallel
combination of inductor L and transistor TR2. The
transistor TR3 serves as a third switching element.
Transistor TR2 is just one example of a means for shorting
out inductor L during the rise time of the machining current
and for placing the inductor L into the circuit after the
rise time.

The gates of the transistors TR1, TR2 and TR3 are
respectively connected to gate signals 1, 2 and 3.

Fig. 2 illustrates the timing diagram for various
signal wave forms which appear at principal points in Figq.
1. The operation of the aforementioned embodiment will now
be described with reference to Fig. 2.

When the first gate signal goes high or "on" at

tc,

switching on transistor TR1. At that time, since the

the base voltage of transistor TR1 goes high, thereby

interpole gap resistance is high, the gap voltage VG is
approximately equal to the power source B voltage. Also at
time tor the thira gate signal goes high, i.e., to the "on"
state, thereby switching on transistor TR3 which is
connected opposite to the transistor TR1 in the sense of
direction of current flow. At time tl, a certain time after

t,, the gap G begins to break down or ionize and the



the invention. For instance, other types of current neasurenent means may
*be used in place of the current neasuring resistance Rl for neasuring the

gap current. Al so, other types of switching el enents may $ﬁ§ﬁ2§§wﬁ @|§Hé§

of transistors TR1, TR2 and TR3. Additionally, transistor §

del eted fromthe enbodi nent of Fig. 1. Through the power gu ﬁ{ cireul
0

the present invention, the machining cugrent is preventedjfr Beb o

wi t hout i ncreasing the rise tinme of the current while maigt I_ning machininhg
speed.
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discharge current begins its rise time as current starts to
flow in the gap G. The rise time of the discharge current
is completed at time t,.

As illustrated in Fig. 2, the transistor TR2 is
turned on by the second gate signal a predetermined time td
after the start of the rise time. During this period the
transistor TR2 is switched on and the inductor L is thereby
shorted out of the circuit. The inductor L is again brought
back into the circuit at a time t,, at which time the
transistor TR1 is gated off and the discharge current begins
its fall time.

As alluded to above, the transistor TR3 is turned
on at approximately the same time as the transistor TRl is
turned on. However, the transistor TR3 is turned off a
predetermined time td after transistor TR1l is turned off.
When transistor TR1 is off and transistor TR3 is on, the
electromotive force ("emf") generated by the inductor L
causes current to flow through transistor TR3 and gap G. In
this manner the current efficiently generates a discharge
machining current.

Turning again to Fig. 1, the value of the Qoltage
VG is indicative of the current fioﬁing through current
measuring resistance R1 and also through the gap G. The

comparator C compares the gap voltage VG to a reference



We Claim 1. A power supply circuit for an electric discharge machine.
*having-a first swtching el enent connected between a power; SQUIGE SREER
gap, neans for intermttently switching the first sw tichLng. neans_betweg
an on and off condition, said circuit further conprisijng ?g%kﬁﬁygﬁ've

el enment connected in series with said gap; and neans fjpr{ ellé i'C y
bypassi ng said i nductive -7 -
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voltage (schematically indicated by a battery) for the
comparing the gap current to a predetermined value of
current. The comparator C outputs a high signal when the
gap voltage VG is higher than the reference voltage, which
corresponds to the gap current being below the predetermined
current. The output of.the comparator C and the first gate
signal are input to an AND gate 10. The output of Ehe AND
gate 10 drives the base of the transistor TR1 for switching
the transistor on and off. Thus, when the AND gate 10
receives a high first gate signal, but the gap voltage VG is
lower than the reference voltage, the AND gate 10 outputs a
gate signal to switch off transistor TR1. Only when the
first gate signal is high and the gap voltage VG exceeds the
reference voltage, corresponding to the gap current being
below the predetermined value of current, will the gate
output a high gate signal to the base of transistor TR1.
During the discharge current rise time ty
(td = tz—tl), the transistor TR2 is turned on and inducter L
is shorted out of the circuit. Therefore, during the time
ts inductor element L does_not add to the time constant of

the circuit. Consequently, it does not effect the rise time

of the discharge current.



el ement during a rise tinme of the gap current, and for | '
i nductive-element to said circuit after said rise tine IﬁﬁﬁﬂﬁﬁbﬁﬁmédSﬁﬁE? The
power supply circuit of claim1, wherein said power soygrGge—eauses—sai-d
current to flowin said gap and further including neang fto a
di scharge current created by an enf devel oped across sai(g Lg %5?3@9
to flow through said gap when said fi*s8 <sw tching elede t—t-s—t-vrtred

3. The power supply circuit of claiml1, further conprising neans for
measuring a current flowing in said gap '

| £mént
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At the end of the discharge current rise time,
i.e. at t = tz' the second gate signal is turned off,
thereby turning off transistor TR2. At this time, the
inductor L is connected in series with the gap G and the
power supply B. With the inductor L in the circuit, the
discharge current (machining current) tends to smooth out,
thereby preventing current spikes which cause the machining
current to cutoff.

When the first gate signal goes to the “off" state
at time t3, the second gate signal is switched "on" so that
transistor TR2 is turned "on". By turning "on" transistor
TR2, the inductor L is effectively removed from the circuit,
thus allowing the discharge current to fall rapidly. The
third gate signal is switched to the "off" state after a
time delay ty following the transition of the first gate
signal to the "off" state. The transistor TR3 is kept on
during this time delay period ty in order to prevent damage
to the transistor TR1 from a reverse emf.

As should now be understood by the artisan, during
the "on" time of the machine, i.e., between the times t2 and
tsy, the transistor TR1 is repeatedly switched "on" and “off"
at high speeds, by the signal from the AND gate 10 in order
to maintain an almost constant flow of discharge current

through the gap G. Alsc during this time, an emf is



and wherein said neans for internittently switching, switches said first .
:sW tching 'nmeans to said off condition when said gap current is greater than

a predetermned current. 4. The power supply circuit aqf~ctarm L el |
said neans for intermttently switching switches said f RER i?%éﬁ@ﬂgﬁ ;ﬁ

to said on condition when said gap currgnt Is less than rad—predet er m

current.
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developed across inductor element L whenever the transistor
TR1 is switched “off". With the transistor TRl off,
discharge current flows through resistor R3, diode D,
transistor TR3, current measuring resistor Rl1, and gap G.
Thus, even when transistor TRl is switched off, discharge
current still flows through gap G. The emf developed across
the inductor L is another reason why the discharge current
does not cutoff.

Various modifications to the embodiment of Fig. 1
may be made without departing from the scope and spirit of
the invention. For instance, other types of current
measurement means may be used-in place of the current
measuring resistance Rl for measuring the gap current.

Also, other types of switching elements may be used in place
of transistors TR1, TR2 and TR3. Additionally, transistor
TR3 may be deleted from the embodiment of Fig. 1.

Through the power supply circuit of the present

invention, the machining current is prevented from being

cutoff without increasing the rise time of the current while

maintaining machining speed.



5. A power supply circuit for an electric, discharge machi ne which has a

“first -switching el enent connected between a power souriC

means for

and off conditiom, ﬂ EM““Erther conprising: ngarf Tor measuri fig ja
gap current fl owi ‘jm““l ﬂm u n inductive el enent jcanng@t 8P §98eli ds
with said gap; an |

said inductive elenent and operable to be switched
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|nteLnLLLen%+y—smrtChT—‘ the first swtching %gfis‘“f

*a sedond s tthi ng a@lobement connectdd §in parallel wjtt

We Claim:

1. A power supply circuit for an electric
discharge machine having a first switching element connected
between a power source and a gap, means for intermittently
switching the first switching means between an on and off
condition, said circuit further comprising:

an inductive element connected in series with said
gap: and

means for electrically bypassing said inductive
element during a rise time of the gap current, and for

restoring said inductive element to said circuit after said

" rise time is completed.

2. The power supply circuit of claim 1, wherein
said power source causes said current to flow in said gap
and further including means for causing a discharge current
created by an emf developed across said inductive element to

flow through said gap when said first switching element is

turned off.

3. The power supply circuit of claim 1, further
comprising means for measuring a current flowing in said gap

and wherein said means for intermittently switching,



between an on and off conditi on, second swi tchi ng el enent
Is inits on condition durlng aﬂﬂ I H gl gap current ang-+m-Tt s
of f condition after i se tlnE Qamdlsdﬁﬁﬁd

swi tchi ng el enent renalnlng in said off condltlon until . r$t
switching elenent is turned off. 6. The power supply C|rc t b
furfher -1 - 5 y% S%P'%g? |

wﬁ@fﬁ

switches said first switching means to said off condition

when said gap current is greater than a predetermined

current.

4. The power supply circuit of claim 3 wherein
said means for intermittently switching switches said first
switching means to said on condition when said gap current

is less than said predetermined current.

5. A power supply circuit for an electric
discharge machine which has a first switching element
connected between a power source and a gap and means for
intermittently switching the first switching means between
its on and off condition, said circuit further comprising:

means for measuring a gap current flowing in saiad
gap:

an inductive element connected in series with said
gap:; and

a second switching element connected in parallel
with said inductive element and operable to be switched
between an on and off condition, and wherein said second
switching element is in its on condition during a rise time

of said gap current and in its off condition after

-



conprising a third smﬁtching nnected‘ln parallel with the series.
conbi-nation of said gap and s ﬂﬁﬂ ment ?ndnopepabLe—k9~be
swi t ched between an on and of f ei n sai W&M[ME&W&Wn

elenment is switched to its on condltlon at apprOX|nﬂt A t-Re—-safre m

J
GUTTL L é as
said first swtching elenent is swtched to its on gond 0 Brein
said third switching element is swittl&to its off icdn fg SEPI@%?M]
predetermned tine after said first switching el enent t-s—sw-tehed—t0 kts

off condition. 7. The power supply circuit of claiim5 wherein said
intermttent switching neans conprises means for

completion of said rise time, said second switching element

remaining in said off condition until after said first

switching element is turned off.

6. The power supply circuit of claim 5, further
conprising a third switching element connected in parallel
with the series combination of said gap and said inductive
element and operable to be switched between an on and off
condition, wherein said third switching element is switched
to its on condition at approximately the same time as said
first switching element is switched to its on condition and
wherein said third switching element is switched to its off
condition a predetermined time after said first switching

element is switched to its off condition.

7. The power supply circuit of claim 5 wherein
said intermittent switching means comprises means for
comparing said gap current to a predetermined current,
wherein said comparing means switches said first switching
means to its said off condition when said gap current is
greater than said predetermined current and switches said
firstlswitching means to its on condition when said gap

current is less than said predetermined current.



conmparing said gap current to a predetermni ned current R@%&@EM%&S&%EH
- conparing nmeans switches said first swtching neans to its=sa&td o

condi tion when said gap current is greater than said r=ck¥srﬁ?%éﬁ%buir
and switches said first swtching nmeans,fo its on condi tji on
current is |less than said predeternined*turrent. - b

POWER SUPPLY CIRCUIT FOR AN ELECTRIC DIS

ABSTRACT
In a power supply circuit for an electric

discharge machine, an inductive element is placed in circuit
with the power supply and the gap. During the rise time of
the machining current, the inductor element is shorted out
by a switching element TR2 preventing it from affecting the
time constant of the circuit. After the machining current’s
rise time, the inductive element is reinserted in series
with the power supply and the gap in order to minimize the
machining current cutoff and maintain a continuous .flow of

machining current.

FIGURE 1
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