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PATENT APPLICATION 

POWER SUPPLY CIRCUIT FOR AN ELECTRIC DISCHARGE MACHINE 

Technical Field 
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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 degradinq the machining current 

waveform. 

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 

machininq cycle. Within the "on" time of a machining cycle, 

15 the transistor may be intermittently triqqered on and off. 

The intermittent turning.on and off of the switching 

transistor maintains a generally continuous machining 

current. 
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When conditions are such that the machininq 

current should be lowered durinq the predetermined "on" 

time, the current is cutoff. Therefore, the actual "on" 

time durinq a machininq cycle is less than the predetermined 

5 value of 11on11 time. This premature cuttinq-off of the 

machininq current results in reduced·machininq speed and in 

faster wear down of the electrodes. 

Japanese Patent No. 62-5733, discloses a circuit 

where the machininq current cutoff can be eliminated by the 

10 insertion of an inductor in series with the qap. Altbouqh 

this inductor reduces tbe machininq 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 machininq 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 increasinq the rise 

time of the machininq current. 
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It is a further object of the present invention to 

provide an EDM power supply circuit which minimizes 

machininq current cutoff without causinq an undesirable 

increase in maehininq current rise time due to an 

S inductance. 

These and other objects of the present invention 

are accomplished by the present invention which qenerally 

relates to a power supply circuit for an electric discharge 

machine that periodically turns on a switchinq element 

10 connected between the gap and the power source. An 

inductor, placed in series with the qap and the power 

source, is shorted out of the power supply circuit durinq 

the rise time of the machininq current. After the maehininq 

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 followinq or may be learned by practice of the invention. 

The objects and advantaqes of the invention may be realized 

and attained by means of the instrumentalities and 

combinations particularly pointed out in the appended 

claims. 
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Brief Description of the Drawings 

The accompany drawinqs, _which are incorporated in 

and form a part of the specification, illustrate an 

embodiment of the presen~ invention and, toqether with the 

5 description, serve to explain the principles of the 

invention. In the drawings: 

FIGURE 1 is a circuit diagram showinq one 

embodiment of the invention; and 

FIGURE 2 illustrates signal wave forms at 

10 principal points in Figure 1. 

15 

Detailed Description of the Pref erred 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. 

As shown in Fig. 1, a transistor TR1 which serves 

as a first switching element, is connected between the power 

source B and gap G. A resistor Rl, connected between the 

transistor TRl and gap G is used for measurinq the current 

20 flowing through the qap 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 RJ 

are connected in parallel with the combination of the 
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current measurinq resistance Rl, qap 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 

........ : ; ;. =· ;,:r.. : . ~. 

5 out inductor L during the rise.time of the machining current 

and for placing the inductor L into the circuit after the 

rise time. 

10 

15 

The gates of the transistors TRl, TR2 and TRJ are 

respectively connected to qate signals 1, 2 and J. 

Fig. 2 illustrates the timinq diaqram for various 

siqnal 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 qate signal goes hiqh or "on" at 

t
0

, the base voltage of transistor TRl qoes high, thereby 

switching on transistor TRl. At that time, since the 

interpole gap resistance is high, the gap voltage VG is 

approximately equal to the power source B voltaqe. Also at 

time t
0

, the third qate siqnal qoes hiqh, i.e., to the "on" 

20 state, thereby switching on transistor TRJ which is 

connected opposite to the transistor TRl in the sense of 

direction of current flow. At time t 1 , a certain time after 

t
0

, the gap G beqins to break down or ionize and the 
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discharge current beqins its rise time as current starts to 

flow in the gap G. The rise time of the discharqe current 

is completed at time t 2 • 

As illustrated in Fiq. 2, the transistor TR2 is 

5 turned on by the second qate 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 3 , at which time the 

10 transistor TRl is qated off and the discharge current begins 

its fall time. 

15 

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 TR1 is turned off. 

When transistor TR1 is off and transistor TRJ 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 

20 machining current. 

Turning again to Fig. 1, the value of the voltaqe 

VG is indicative of the current flowinq through current 

measuring resistance Rl and also throuqh the qap G. The 

comparator c compares the qap voltage VG to a reference 
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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 

qap voltage VG is higher than the reference voltage, which 

5 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 ANO 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 

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 TRl. Only when the 

first qate siqnal is high and the gap voltage VG exceeds the 

reference voltage, corresponding to the gap current being 

15 below the predetermined value of current, will the gate 

output a high gate signal to the base of transistor TRl. 

Durinq the discharqe current rise time td 

(td = t 2-t
1
), the transistor TR2 is turned on and inductor L 

is shorted out of the circuit. Therefore, during the time 

20 td inductor element L does not add to the time constant of 
' the circuit. Consequently, it does not effect tbe rise time 

of the discharqe current-. 
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At the end of the discharqe current rise time, 

i.e. at t = t 2 , the second qate siqnal is turned off, 

thereby turninq off transistor TR2. At this time, the 

inductor L is connected in series with the gap G and the 

s power supply B. With the inductor L in the circuit, the 

discharqe current (machining current) tends to smooth out, 

thereby preventinq current spikes which cause the machininq 

current to cutoff. 

When the first gate signal qoes to the "~ff" state 

10 at time t 3 , the second qate siqnal 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 allowinq the discharqe 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 TRJ is kept on 

during this time delay period td in order to prevent damage 

to the transistor TRl from a reverse emf. 

As should now be understood by the artisan, during 

20 the "on" time of the machine, i.e., between the times t 2 and 

t 3 , the transistor TR1 is repeatedly switched "on" and "off" 

at hiqh speeds, by the siqnal from the AND qate 10 in order 

to maintain an almost constant flow of discharge current . 

throuqh the qap G. Also durinq this time, an emf is 
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developed across inductor element L whenever the transistor 

TRl is switched "off". With the transistor TRl off, 

discharge current flows throuqh resistor RJ, diode D, 

transistor TR3, current measurinq resistor R1, and qap G. 

s Thus, even when transistor TRl is switched off, discharqe 

current still flows throuqh qap G. The emf developed across 

the inductor L is another reason why the discharge current 

does not cutoff. 

Various modifications to the embodim~nt of Fiq. l 

10 may be made without departinq 'from the scope and spirit of 

the invention. For instance, other types of current 

measurement means may be used in place of the current 

measurinq resistance Rl for measuring the qap current. 

Also, other types of switchinq elements may be used in place 

15 of transistors TRl, TR2 and TR3. Additionally, transistor 

TRJ may be deleted from the embodiment of Fiq. l. 

Throuqh the power supply circuit of the present 

invention, the machining current is prevented from beinq 

cutoff without increasinq the rise time of the current while 

20 maintaining machining speed. 
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We Claim: 

1 1. A power supply circuit for an electric 

2 discharqe machine havinq a first switchinq element connected 

3 between a power source and a qap, means for intermittently 

4 switchinq the first switchinq means between an on and off 

5 condition, said circuit further comprisinq: 

6 an inductive element connected in series with said 

7 qap; and 

8 means for electrically bypassinq said inductive 

9 element durinq a rise time of the qap current·, and for 

10 restorinq 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 qap 

3 and further includinq means for causinq a discharge current 

4 created by an emf developed across said inductive element to 

5 flow throuqh said gap when said first switching element is 

6 turned off. 

1 J. 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, 

Tl!iS St!'.'.ET HAS BEEN 
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4 switches said first switching means to said off condition 

5 when said gap current is qreater 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 switchinq means to said on condition when said qap current 

4 is less than said predetermined current. 

1 s. A power supply circuit for an electric 

2 discharge machine which has a first switchinq element 

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

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 qap; 

8 an inductive element connected in series with said 

9 qap; 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 
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15 completion of said rise time, said second switchinq element· 

16 remaininq in said off condition until after said first 

17 switching element is turned off. 

1 6. The power supply circuit of claim 5, further 

2 comprising a third switcbinq element connected in parallel 

3 with the series combination of said qap and said inductive 

4 element and operable to be switched between an on and off 

S condition, wherein said third switchinq element is switched 

6 to its on condition at approximately the same.time as said 

7 first switching element is switched to its on condition and 

8 Wherein said third switchinq element is switched to its off 

9 condition a predetermined time after said first switchin~ 

10 element is switched to its off condition. 

l 7. The power supply circuit of claim 5 wherein 

2 said intermittent switchinq means comprises means for 

3 comparinq said gap current to a predetermined current, 

4 wherein said comparing means switches said first switching 

5 means to its said off condition when said gap current is 

6 greater than said predetermined current and switches said 

7 first switching means to· its on condition when said gap 

8 current is less than said predetermined current. 


