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increases are prevented, thus resulting in the above- noted problem in that
the machining rate is reduced. The invention relates to a control circuit
for the  In the example disclosed in Japanese Patent No.62- machining
current of an electroerosion machine accord-  27928, the magnitude of each
of the currents in the dis- ing to the preamble of claim 1.               5
charge current waveform is depressed due to the effect Electroerosion
machines and/or electric discharge  of circuit inductance. 'In particular,
when the peak machines(EDM)arewellknown.Furtheritisknown,that   machining
current is 10 A or less, the machining rate the power supply for such a
machine has an improved  becomes extremely low. response to short-circuit
conditions at the machining  In order to reduce the energy required,
attempts gap.                                          10 have been made to
pass the machining current through In conventional EDM equipment, a current
limiting  the machining gap while the voltage level is reduced. resistance
is positioned in series with the gap to prevent  Thus, the no-load voltage
is reduced, and the machining excess current through the gap. However, when
the gap  waiting time, [[err]], is extended. The waiting time is the
experiences a short-circuit condition, a current which is    time between
the instant when voltage is applied to the greater than the normal
machining current passes  15 machining gap and the time when a discharge
current through the gap, usually causing an arcing condition.  starts to
flow. it is best illustrated in the left-hand part of In order to prevent
arcing, a chopper circuit, i.e. a  the gap voltage depiction in Fig. 2(B).
As a result of circuit in which current is intermittently passed through
longer waiting times, the machining rate is reduced. the gap during a
single discharge period to lower the  In EDMs which use water as a
dielectric, an electro- average power, has been used. An example of such a
20 lytic current passes through the gap during the waiting conventional
chopper circuit is shown in Fig. 1. Fgs. 2(B)  time so that the gap voltage
is reduced, sometimes caus- through 2(D), are timing charts which
illustrate the gap  ing a problem in that discharge does not occur. voltage
and current behavior in the circuit of Fig. 1 in  Further, it is
conventionally recognized that when response to the gate signal of Fig.
2(A). In Fig. 1, a cur-    selecting machining conditions for EDMing, the
machin- rent sensing resistance 251, a coil 252, a switching tran- 25 ing
rate is reduced when electrode consumption is lim- sistor 253 and the
machining gap 240, are connected in    ited, but that generally electrode
consumption is high series with a power supply 250. A current sensor 254
when the machining rate is high. Therefore, the user detects the current
passing through the gap 240 via the  must decide whether to emphasize
electrode consump- current sensing resistance 251 and outputs a gate 1 sig-
tion or the machining rate in setting machining condi- nal which, when it
is high, i.e., a digital 1, switches the 30 tions. In the above-mentioned
prior art example, there is transistor 253 to an ON position. The time
during which  a problem in that the discharge conditions for achieving the
signal from the sensor 254 is high, determines the  minimal electrode
consumption and high machining rate so-called ON period of the machining
pulse or the period  cannot be achieved. during which machining power is
applied to the gap.   In conventional systems, the generation of a step- In
the chopper circuit of Fig. 1, a coil 252 is used in 35 like machining
current waveform required use of a large order to produce a smooth
machining current. However,  number of transistors to pass the current. The
entire sys- the coil 252 acts to delay the start of discharge current
tern became large and complicated. flow through the gap; thus the
integrated value of the dis-  Further, as shown in Fig. 2(D), when a
short-circuit charge current through the gap is reduced and the EDM
condition exists at the gap, in conventional power sup- machining rate is
reduced. As is known to one of skill in  40 plies the waveform of the
discharge current takes on an the art, as the discharge current pulse width
is short-  exaggerated zigzag shape, resulting in unexpected ened, the
machining rate is reduced. The gap current,  machining processes. For
example, electrode consump- for large and small values of coil 252
inductance (L), is    tion becomes extremely high, and the working rate is
illustrated in Figs. 2(C) and 2(D), respectively.  extremely low. As shown
in Japanese Patent No.62-27928, a signal 45  From the patent US-A-4 447 713
a power supply unit having a considerably higher frequency than that of the
for an electroerosion machine of the described kind is gate signal (as
shown in Fig. 2(A), the gate signal is a  known. Two DC sources are
employed, and the output signal which stays high or at an ON-position
during a  of these sources are applied to the machining gap, by period
corresponding to the time during which voltage is  way of a main and an
auxiliary switching circuit. The out- applied to the machining gap) is
supplied to a switching  50  put of the first DC source is applied
initially, and a dis- transistor, such as the transistor 253 in Fig. 1.
When the  crimination device operates to detect whether normal current
waveform is smoothed byan inductance section,  electric discharge takes
place. The second DC source is such as the inductance 252 of Fig. 1, a
relatively constant  applied in dependence upon the operation of the main
current is supplied to the gap. This generally constant  switching circuit.
The operation of the main switching cir- current type of circuit is well
known and, since the differ- 55  cuit in turn is dependent upon the output
of the discrim- ence between the short-circuit currant and a machining
ination device and of a delay pulse derived from an current is small, can
usually prevent the induction of a  oscillator, which initiates the closure
of the auxiliary short-circuit arc. Due to the current sensing resistance
switching circuit 251 and the inductance of the coil 252, steep current 2
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29 454 a method for elec-  rent to flow intermittently during the entire
discharge troerosing a worked piece is known. The current pulses  period.
at the machining gap during the ON periods are not     Additional objects,
advantages and novel features of equal. One or more of the pulses each time
have a much  the invention will be set forth in the description which fol-
higher power than the other pulses. The higher power is  5  lows and in
part will become apparent to those skilled in given by a higher current
flow and/or by an enlarged  the art upon examination of this disclosure.
pulse length. A control circuit adjusts the process via a  The drawings
illustrate various embodiments and pulse power detector and a pulse emitter
unit.     explain the principles of the invention: Considering the prior
art described it is an object of the invention to provide a power supply
for EDM equip- 10  FIG. 1 is a schematic drawing of a prior art chopper
ment in which the machining current provided to the    circuit. machining
gap is improved and in which the induction of  FIG. 2(A) through (D)
represents various voltage an arc during gap short-circuit condition is
prevented and  and current waveforms for the circuit of Fig. 1 under which,
despite a lower gap voltage during abnormal gap  varying conditions.
conditions, maintains a relatively high machining rate.   15  FIG. 3 is a
schematic circuit diagram of a first Another object of the invention is to
provide an EDM  embodiment of the invention. power supply which, when used
with a water-based       FIGS. 4(A) through (C) represents gate voltage and
machining fluid, causes an electrolytic current to be  current waveforms as
a function of time during oper- shifted in order to ensure discharge
machining.        ation of the circuit of Fig. 3. Anotherobjectof the
invention is toprovideapower 20  FIG. 5 is a schematic circuit diagram of
another supply for die-sinking or hole drilling EDMs which exhib-
embodiment of the invention. its minimal electrode consumption.
FIG. 6 is a schematic circuit diagram of a circuit illus- lt is also an
object of the invention to create a step-  trating another embodiment of
the invention. like machining current waveform in which the machining  FIG.
7 is a schematic circuit diagram illustrating still current is easily
divided into several steps.  25      another embodiment of the present
invention. It is a further object of the invention to minimize or  FIG. 8
is a schematic circuit diagram illustrating yet eliminate the inductive
component of the conventional  another embodiment of the invention. prior
art chopper circuit.                             FIG. 9 is a schematic
diagram illustrating a current It is yet a further object of the invention
is provide a  waveform controller for the circuit of Fig. 8. system for
supplying discharge current for EDM equip- 30  FIG. 10 is a timing chart
illustrating the operation of ment in which stable machining is performed
without    the current controller of Fig. 8. reducing the machining rate.
FIG. 11 is a tirning chart illustrating the operation of These as well as
other objects and advantages are  the circuit of Fig. 8. achieved in the
invention by providing a switching ele-  FIG. 12 is a timing chart
illustrating one mode of ment which controls the discharge current in the
gap. 35  operation of the current controller of Fig. 9. The value of the
discharge current is compared with a  FIG. 13 is a timing chart
illustrating another mode of reference voltage. The signal based on this
comparative  operation of the current controller of Fig. 9. result is
provided to a logic gate, advantageously an  FIG. 14 is a schematic circuit
diagram of another "AND"gate, whose output signal is applied to the control
embodiment of the invention. electrode of a switching element. Therefore,
not only is 40  FIG. 15 in a schematic circuit diagram illustrating an
induction of an arc during short circuit of the gap pre-  example of a
current controller for the circuit of Fig. vented, but the total current
through the gap is increased  14.
eventhoughthegapvoltageislow.Asaresult,thereduc-       FIGS. 16(A) through
(E) comprise a timing chart tion in machining rate experienced with the
conventional  illustrating the operation of the circuit of Fig. 14. chopper
circuit is avoided.                    45      FIG. 17 is a schematic
circuit diagram illustrating a In another aspect of the invention,
electrode con-  variation of the circuit of Fig. 5. sumption is reduced and
the machining rate is increased  FIG. 18 is a timing chart illustrating the
operation of by increasing the duty ratio in a section of a step-type  the
circuit of Fig. 17. current waveform signal having a relatively larger mag-
FIG. 9 is a schematic diagram of another variation nitude. In addition,
with the invention, the discharge cur- 50  of the circuit of Fig 5. rent
waveform during the discharge period may be controlled to more closely
approximate a square wave   Ref erencewill nowbe made in detail
tothepresently discharge current so that shifting to a faster machining
preferred embodiments of the invention, examples of rate can be easily
accomplished by accepting some sac-  which are illustrated in the
accompanying drawings. In rifice in electrode consumption rate.
55  thevariousfigures, parts which perform similarfunctions In another
aspect of the invention, a device is  are identified by similar reference
numerals. described for ensuring stable machining without suffer-  Turning
first to the example of Fig. 3, there is illus- ing a loss in machining
rate. Preferably, two or more  trated a power source V1, a diode D1, a
switching tran- switching and gating devices are used to permit gap cur-
sistor TR1, a resistance for current detection R1, and a 3    
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connected in series. The machining  Fig. 4(C) corresponding gap current
waveforms for each gap G is formed between a tool electrode, E, and a work
of those gap conditions are illustrated. piece, WP,.
In the above-mentioned example, a generally con- A comparator C1 compares
the voltage across the  stant current circuit is formed so that in spite of
the occur- resistor R1 with a reference voltage source VR1 and out- 5
rence of a short circuit in the gap G. as illustrated in the puts a high or
"1" signal when the current through the  right hand side of Fig. 4(B) and
(C), the difference resistor R1 creates a voltage drop below that of the
ref-    between the short current and the normal discharge cur- erence
voltage VR1. An AND gate Al takes the output    rent, as illustrated on the
left-hand side of Fig. 4(C), is signal from the comparator Cl, and a gate
signal (a sig-  extremely small, and the induction of an arc discharge is
nal which is ON, i.e. at a logical high level, during a period  l0
prevented. In addition, in the above-mentioned example, corresponding to
the time during which power should be  since the time constant of the gap
circuit can be set to applied to the gap G) and produces an AND signal
which  be low and because the output of the comparator Cl is drives the
gate of switching transistor TRl.      directly applied to the AND gate Al,
the response time The operation of the circuit of Fig. 3 will now be  of
the entire circuit is excellent and unnecessary inter- explained with
reference to Figs. 4(A) through (C). Fig. 15 ruptions of the discharge
current are prevented. 4(A) illustrates the gate signal which, as alluded
to  In the embodiment of Fig. 5 another power source, above, is a signal
having a high value or a value corre-  VO, which has a higher voltage than
the voltage of the sponding to a digital "1"during the time in which
voltage  power source V1, and whose current capacity Is lower should be
applied to the gap . This gate signal is input    than that of V1, is used.
The voltage source V1 in Fig. 5 toone of the inputs of the AND gate Al of
Fig. 3. When  20 correspondstothepowersourceV1 of Fig.3.Aswitching the
transistor TR1 is switched off, no current is passed  transistor TRO,
driven bythe gate signal, controls thetim- through the resistor R1, so that
no voltage drop occurs    ing of the application of the power source VO to
the gap across it. As a result, the comparator Cl outputs a "1"  G. signal.
On receiving that output from the comparator, the  In the circuit of Fig.
5, the voltage during the waiting transistor TR1 is turned on. However, at
the instant when  25 time [err], see Fig. 4(B), can be increased and the
per- the transistor turns on, the amount of current through the  formance
of each discharge can be ensured. This resistor R1 is low, so that the
voltage drop across R1 is  embodiment is particularly effective when the
imped- also low. Thus, the output of the comparator Cl stays at  ance of
the gap is reduced, as in the case of a discharge "1".
machining in a water-based machining fluid. After the transistor TR1 is
turned on and the gap cur- so    In the embodiment of Fig. 6, a first
circuit comprising rent increases, the voltage drop across the resistor Rl
a diode D1, a transistor TR1, resistance for current eventually exceeds the
voltage of the reference voltage  detection R1, a comparator C1, a
reference voltage source VR1, and the output of the comparator Cl goes
source VR1 and an AND gate A1 are used in a manner low, i.e. to a logical
"0". Thereupon, the AND gate Al  similar to that described above with
reference to Fig. 3. outputs a logical "0" signal so that the transistor
TR1 is 35 Another circuit comprising a diode D2, a transistor TR2, turned
off. In other words, the transistor TR1 only main-  a resistance for
current detection R2, a comparator C2, tains an ON-state for a very short
time after it is turned  a reference voltage source VR2 and an AND gate A2,
on.                                               which correspond in
structure and function to the corre- As described above, when the
transistor TR1 is    sponding parts of the first circuit, are connected in
par- turned off currentflow through the gap current stops and  40 allel
with the first circuit. The resistance value of resistor the voltage drop
across the resistor R1 goes low, so that  R2 can be the same or different
from that of the resistor the comparator C1 again outputs a "l signal.
Thereupon  R1. The voltage level of the reference voltage source the AND
gate A1 also outputs a "1 " signal turning the  VR2 can be the same or
different from that of the refer- transistor TR1 ON again. As the
above-mentioned oper-  ence voltage source VR1. ation is repeated, the AND
gate intermittently generates 45    In Fig. 6, the current path for
supplying the voltage a series of pulses having an extremely narrow pulse
from the power source V1 to the gap G is divided into width compared to the
pulse width of the gate signal and  two loops, and the impedance of the
total discharge cur- sends them to the base of the transistor TR1.     rent
path is the synthesized resistance of R1 and R2. If the time constant for
the current path for turning  Since these are parallel paths, the discharge
current can transistor TR1 on is adjusted to be very low (for example, 50
be increased. if the switching timing is shifted (by chang- if the
inductance previously used is removed or mini-    ing the values of
resistances R1 and R2, or by changing mized, the standing current waveform
in the gap G is tre-    the voltages of reference voltage sources VRl and
VR2) mendously improved and the period from the OFF state  ripples in the
discharge current waveform can be con- of the transistor TR1 to its next ON
state is shortened so  trolled and minimized. that interruption in the
discharge current can be either 55  For example, if in the example of Fig.
6, any partic- almost eliminated or minimized.                   ular
discharge current peak is high, a reduction in that In Fig. 4(B), gap
voltage waveforms for a normal dis-  peak can be made by changing one of
the resistors R1 charge, open circuit and short circuit are illustrated. In
or R2, or by increasing one of VRl or VR2 in order to improve the current
waveform to more nearly approxi- 4    
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mateasquareorrectangularwavesothatthemachining    IP data, and one for
starting time control data. These rate is improved, thus conserving energy.
inputs are generated by a CPU 70. The controller 10, As alluded to above,
in the embodiment of Fig. 6,    together with the D/A convertor 20, outputs
a step-type two discharge current loops are connected in parallel. As
waveform signals as shown in Fig. 10(I). will be apparent to the artisan,
three or more discharge 5  The comparator 31, gate 32 switching transistor
40 current loops can also be connected in parallel. In other  and the
current detecting resistor 41 form a type of oscil- words, plural discharge
current loops, each consisting of    lator to realize a chopper circuit
with the reference volt- a switching device, a discharge current detecting
device,  age to the comparator 31 being the output of the D/A a comparator
device, and a gating device, or equivalent  converter 20, i.e., a value
which varies according to the structures, can be connected in parallel. In
this manner, lo analog output voltage of D/A 20. As will be appreciated
current ripples can be minimized.                 bythe artisan on reviewof
the above, in this embodiment In the EDM systemswhich use water-based
machin-  and in the embodiments discussed above, power can be ing fluids,
an electrolytic current may pass through the  intermittently supplied to
the gap using any circuit which gap during the waiting time [err]. As a
result, the gap volt-    provides appropriate intermittent power. The
comparator age is reduced and no discharge occurs. In the circuit of 15 33
detects discharge timing by comparing the signals Figs. 5 and 6, a voltage
from the voltage source VO is    from the current detecting resistor 41,
with a reference applied across the gap during the waiting period, i.e.,
no-  voltage VR. The flip-flop 35 detects the discharge timing load
condition. This will ensure that, despite the ten-  along with the
comparator 33 and its output is used to dency of the electrolytic current
to lower the gap voltage,  control the current waveform controller 10. the
gap will break down so that any electrolytic current 20  As In the
embodiments described above, the tran- flowing during the waiting period
will continue during the  sistor 40 is a switching device for controlling
the dis- subsequent discharging process and, as a result, high-  charge
current to the gap and repeatedly shuttles speed machining can be realized.
between its ON andOFFstatesduringasingledischarge In the embodiment of Fig.
7, a resistor, RO, for cur-  period as defined by the gate signal. The
transistor 40 rentdetectionisconnectedinserieswithatransistorTRO  25 may be
advantageously operated to increase the duty and a voltage source VRO, a
comparator CO, and an AND  ratio between the portion of the current
waveform of FIG. gate AO. A type of oscillator comprising the resistor RO,
10(l) having the larger magnitude from that having the the comparator CO,
the AND gate AO, and the transistor  smaller magnitude. TR is formed by
this loop. In other words, as explained  The voltage drop across the
resistor 41 is applied as above, the transistor TRO is caused to shuttle
between  30 an input to the comparator 31. A resistance, condenser its ON
and OFF states. Thin controls the gap current dur-  and diode, collectively
identified by the reference ing the waiting time to prevent excess gap
current The  numeral S, are connected in parallel to the transistor 40 two
current loops which include voltage source V1 are  to form a circuit for
surge absorption. similar to the corresponding current loops of Fig. 8.
The CPU 70, which forms no part of the present As will be appreciated by
the artisan, in the above- 35 invention, outputsdatatothecurrentcontroller
10tocon- mentioned examples, a Schmidtt trigger can be substi-    trol the
discharge current waveform which has a gener- tuted for the comparators C1,
C2 and CO.          ally square, rectangular or step type waveform.
According to the examples of Figs. 3,5, 6 and 7, the  Equivalent
information can be input directly by the oper- induction of an arc when the
gap experiences a short    ator or calculated and input by means other than
a CPU. circuit condition can be prevented and, in addition, the  40  An
illustrated in Fig. 9, the current controller 10 of current waveforms in
the gap can be controlled to more  Fig. 8 preferably includes a counter 11,
a comparator 12, closely approximate an ideal discharge current, i.e.,  a
dock generating circuit 13, a frequency dividing circuit steep rise and
absence of peaks indicative of short cir-  14, an AND circuit 15, and
inverters 16 and 17. cult, in spite of a lower gap voltage.
The counter 11 readsthe initial IPdatafromtheCPU Inthe embodimentof Fig. 8,
a currentwaveform con- 45 70 when the Q outputs of the flip-flop 35 are
set. Then, troller 10 is connected to provide a digital input to a D/A
after the Q output of the flip-flop 35 is reset, i.e., goes converter 20.
The D/A convertor 20 is a circuit in which  low, the counter 11 starts to
count clock pulses. The time digital signals are converted to analog
signals. The ana-  during which the output of the flip-flop 35 is low
corre- log output of D/A convertor 20 is connected to compara-    sponds to
the discharge period. tors31 and 33. An AND gate 32 hasasinputstheoutput 50
The comparator 12 compares the outputs of the of the comparator 31 and the
gate signal. The output of  counter 11 with the final IP data from the CPU
70. When the AND gate 32 drives the transistor 40. The gate signal    the
outputs of the counter 11 are equal to the final IP data
isalsoinputtoaninverter34,whoseoutputisconnected  set in the comparator 12,
a digital signal is fed back to to the set input of flip-flop 35. The reset
input of flip-flop  the counter 11 from the A-B output of the comparator 12
35 is controlled by comparator 33. The machining power 55 via an inverter
17 and an AND circuit 15. circuit includes a resistor for current detection
41, a gap  A frequency dividing circuit 24 controls the fre- 50 and a
voltage source 60, all connected in series.  quency dividing ratio
according to a start time control sig- Preferably, the current waveform
controller 10  nal (START TIME) from the CPU 70. The AND circuit 15
includes three inputs: one for initial IP data, one for final  supplies a
clock STCK signal (Fig. 10(H)) for counting 5    
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whenever there is no agreement in the  those signals are prevented from
reading the STCK input comparator 12 between the final IP data and the Q
out-  of the counter 11. Thus, the D/A circuit 20 will continue puts of the
counter 11 during the discharge period, i.e.,    to generate a "3" output
until the discharge described when the Q outputs of the flip-flop 35 are at
a logical low  above is completed, i.e., until the gate signal (FIG 1 0(A))
or "O" level. The counter will then count dock signals of 5  goes to L a
frequency determined by the frequency divider 14.    When the gate signal
goes from H to L, the flip-flop The operation of the circuit of Figs. 8 and
9 will now  35 is set, and the counter 11 again loads the initial value be
explained by reference to Fig. 10.              of IPdata,
inthisexamlplea"1". Consequently, onlywhen Preferably, the CPU 70 supplies
the gate signal. It    one or more of the outputs of the counter 11, for
example may, of course, be supplied from a printed circuit board  10 QA,
goes high, i.e, outputs an H during the next gate or by other conventional
means. When the gate signal is    signal, will the D/A circuit 20 again
output a "1". Thus, as atalogical ", i.e., L, nodischarge is generated
because  illustrated in Fig. 10(0, the output of the D/A circuit 20 the AND
gate 32 outputs an L signal, thereby turning off  will have a step function
wave shape. the transistor 40. Consequently, no voltage is impressed
However, during the discharge (when the flipflop 35 across the gap 50. At
that time, since no current flows  15 is reset), the transistor 40 shuttles
between its ON and through resistor 41, the comparator 31 outputs an H sig-
OFF conditions. That is, even during the counting of tim- nal.
ing pulses from the dock 13 and frequency divider 14, When the gate signal
goes high, i.e., to H (assuming  during the interval while the output level
of the D/A circuit initial lowcurrent in resistor R41), the AND circuit 32
out-    if fixed, for example at "1", or "2" or "3", the comparator puts an
H signal and the transistor 40 is turned ON, 20 31 generates H and Lsignals
continuously in the manner thereby impressing the voltage of the voltage
source 60  described above according to signals sent from the cur- across
the gap 50. Initially, there is no discharge across  rent detecting
resistor 41. The transistor 40 is thereby the gap and no current flows
through the resistor 41. At  switched ON and OFF repeatedly. that time,
comparators 31 and 33 generate H signals,   Inotherwords, if little or no
current isflowing through thereby setting the flip-flop 35.              25
the resistor 41, the comparator 31 generates an H signal At the time t1, as
shown in Fig. 10, i.e., the instant  and switches the transistor 40 ON, so
that current flows when discharge begins, current begins to flow through
through the resistor 41. As the input to the negative side the resistor 41.
The voltage drop thereacross causes the  of the comparator 31 increases
beyond a predetermined comparator 33 to output an L signal, thereby
resetting  value established by the output of the D/A convertor 20, the
flip-flop 35.                              30 the comparator 31 generates
an L signal, thereby turning For example, assume a "1" is set as the
initial IP data  the transistor 40 OFF and stopping the flow of electric
and a "3" is set as thefinal IP data in the current controller  current
through the resistor 41. At that time, the compa- of Fig. 9. Then the
initial IP data "1"is loaded in the coun-  rator 31 will again output an H
signal, turning the transis- ter 11 when the Q output of the flip-flop 35
is at H (when  tor 40 ON causing current to again flow through the set). At
this setting, only the output QA of the counter 11 35 resistor 41. By
repeating this action, pulses of a prede- is H, while the other outputs,
QB, QC and QF, are at L.    termined frequency (and of a predetermined
amplitude) Only when QA is at H and QB, QC and QF are at L will    are fed
to the base of the transistor 40. the output signal of the D/A converter
circuit 20 become  As the output of the D/A circuit 20 increases, the a
"1".                                             duration of output of the
H signal by the comparator 31 At time t2, the next STCK pulse from the
frequency  40  is prolonged (i.e. the duty ratio is increased); and the ON
circuit 14 arrives at the counter 11 through the AND cir-    time of the
transistor 40, per unit of time, is increased. In cult 15. As this pulse
represents an up count of one, it
short,thechoppercircuitformedbythetransistor40, and will cause the QB
output of the counter 11 to go high and  the current detecting resistor 41;
together with the cur- output an H. This causes the D/A converter 20 to
output  rent controller 10, the D/A circuit 20 and the gate 32 func- a "2".
Since the output of the counter 11, i.e., a "2, does  45 ton as a duty
ratio control circuit. not equal the setting of the comparator "2", no A =
B sig-  Fig. 11 is a timing chart illustrating the operation of nal is
generated and, as long as the FF 35 output Q  the circuit of Fig. 8 as
described above. Fig. 11 (D) illus- remains low, the gate 15 will continue
to pass clock  trates the output of the D/A converter 20 of Fig. 8, as a
pulses from the frequency divider 14. When the next  step waveform, while
Fig. 11 (E), illustrates the actual STCK arrives, the counter 11, will
count up one and will 50 discharge current and how it increases in
accordance generate H outputs at QA and QB, i.e., a "3".      with the step
function output of D/A converter 20. The At this time, when the comparator
12 compares the  signal driving base of the transistor TR 40 results in the
output of the counter 11 with the final IP data, since both
characteristically wavy discharge current pattern. agree, an H signal is
output from the A = B terminal of  Since the initiation of the discharge
current in Fig. comparator 12, thereby closing the gate 15. At this time,
55  11 (E) is steep, the working or machining speed is fast, the D/A
convertor will output a "3" indicative of the count  while the consumption
of the electrode is minimized. of the counter 11 which is now equal to the
final IP data.  Moreover, aswill be known by one of skill in the EDM art,
Since the clock pulses are now gated off, even if the fre-  when the
initiation of the discharge current waveform is quency circuit 14 generates
additional cock pulses,  steep, the "biting" of the discharge is good and
machin- 6    
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Moreover, with thepresent inven-  the transistor 122 ON during the gate 1
signal OFF tion the electrode consumption characteristic is as good
period. as in conventional power supplies which do not enjoy the  The
current controller 110 receives a signal from a increased machining speed
of the present invention.  current-detecting resistor R11  connected in
series with Figs. 12 and 13 are timing charts illustrating the  5  the
transistor 121. According to this detection signal, the operation of the
current wave controller of Fig. 9 and the  controller 110 outputs either a
gate 1 or a gate 2 signal. circuit of Fig. 8 under different operating
conditions. In  Fig. 15 is a schematic circuit diagram illustrating an
Figs. 12 and 13 an example is illustrated where dis-  example of a current
controller for the circuit of Fig. 14. charge current of one discharge
cycle is made to approx-  In the example of Fig. 15 current is
intermittently passed iamte a square wave by equalizing the values of the
initial 10 through the gap 140 through a type of oscillating circuit IP
date and the final IP data.                     formed by the resistor R11,
the comparator 111, Schmidt In this example, once the counter 1 1 of Fig.
9, takes  trigger 1 12 and an AND gate 113. As will be apparent to the
initial IP data (in this example "3") and as soon as  the artisan on review
of this specification one may devise comparator 12, outputs an A = B signal
(signal of coin-  a circuit other than the above oscillating circuit to
repet- cidence) the AND gate 15 closes i.e. goes low, the coun- 15 itively
switch current into the gap 140. ter 11 can no longer count up.
Consequently, the current  As alluded to above, the control 110 includes a
com- controller 10 continuestooutputthesamedata(theinitial  parator 111, a
Schmidt trigger circuit 112 connected to IP data and the final IP data)
i.e., a "3").        the comparator 111, an AND gate 113 which receives As
shown in Fig. 13 (E), when the output of the D/A  the output of the Schmidt
trigger as one of its inputs, an convertor is "3", i.e., at t1, the gap
discharge current  20 invertor 114 connected to the output of the AND gate,
a increases steeply. In this example, if the duration of dis-
one-shot-multvibrator 115 connected to be triggered by charge is relatively
short (e.g. 1 to 10 micro second),    the outputof the invertor 114, and an
amplifier 116 con- even though electrode consumption is increased, the
nected to the one-shot 115 to amplify the output thereof. processing speed
is accelerated and good finish quality  The negative input terminal of the
comparator 111 can be obtained.                               25  receives
a signal from the resistor R11, while the positive As will be understood by
one of skill in the art on  input terminal receives a reference voltage
input. reading this disclosure, one may use switching elements  The
one-shot-multivibrator 115 includes a con- other than the transistor 40
mentioned above, for exam-  denser Cl1, and variable resistor R12, in one
timing cir- ple an FET or other switching device can be advanta-  cuit, and
a condenser C12, and variable resistor R13, in geously employed. Further,
although in the above  30  another timing circuit. The timing circuit
comprising con- example, the inputto output frequency ratio "1" is applied
denser C11, and resistor R12, is used to setthe time t11 to the frequency
dividing circuit 14, other frequency ratio  (e.g. 1,500 ns) from the going
low of the puise of the gate such as 1/2 or 1/4 can be used. By doing this,
the dura-  1 signal to the going low of the pulse of the gate 2 signal tion
of each step in the current waveform can be altered  as illustrated in Fig.
16. The timer circuit comprising the to a desired value.
35 condenser C12, and resistor R13, is used to setthe pulse Fig. 14 is the
schematic diagram of another embod-  width t12 of the gate 2 signal of Fig.
16. iment of the invention. In Fig. 14 a discharge circuit com-  The
operation of the circuit of Fig. 15 will now be prising a transistor 121,
and the power source 150, are  explained with reference to Fig. 16.
connected in series with the machining gap 140. As     Assuming the gate 0
signal Fig. 16 (A) is high, if the explained above the transistor 121 is
only an example of 40 transistor 121 (Fig. 14) is OFF, no current will flow
to the a switching device for intermittently turning ON during  resistor
R11 and the negative input to the comparator the prescribed period from the
start of discharge.  111 becomes smaller than the positive input. The com-
Another transistor 122 is connected between the  parator 111 thereby
generates an H signal. This H signal power source 150 and the gap 140. The
transistor 122  is, after a slight delay set at the output side of the com-
is connected essentially in parallel to the transistor 121. 45 parator 111,
sent to the AND gate 13 through a Schmidt The transistor 122, is used as a
switching device to per-    trigger circuit 112. At this time the gate 0
signal is high mit current to flow through the gap during the time when
and the AND circuit 113 generates an H signal. Conse- transistor 121 is
OFF. Other types of switching devices  quently, the transistor 121 is
turned ON. e.g. an FET can also be advantageously employed.       When the
transistor 121 is turned ON as described In the embodiment of Fig. 14, an
electric current con- 50  above, since a current flows through the resistor
R11, troller 110, receives a signal designated as the gate 0  the negative
input of the comparator 111 becomes signal from a CPU or other device. As
explained above,  higherthanthe positive input andthe comparatoroutputs the
gate 0 signal determines the duration of the machin-  a L signal. The L
signal, slightly delayed by the delay cir- ing pulse ON time. The
controller 110 outputs a gate 1  cuit on the output side of the comparator
111, is sent to signal and a gate 2 signal. The gate 1 signal is a control
55 the AND circuit 113 through the Schmidt trigger circuit signal which
controls the transistor 121 to pass current  112 and the AND circuit 113
thereon generates an L sig- to the gap 140 as appropriate. The gate 2
signal isa con-  nal. Consequently the transistor 121 is turned OFF. trol
signal which controls the transistor 122 so as to turn  These operations
are repeated during the time the gate 0 signal remains high. In otherwords,
while the gate 7    
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thecomparator 111, the Schmidt  inputtothebaseofthetransistorTRO.
Otherthanitsuse trigger circuit 112, the AND circuit 113, and the
transistor  of the gate signals g1 and g2, the circuit of Fig. 17 is 121,
constitute a type of the oscillator, and the transistor  similar to the
circuit of Fig. 5. 121, which Is driven bythegate 1 signal, repeatedlyturns
Fig. 18 is a timing chart illustrating the operation of ON and OFF. The ON
time and OFF time of the gate 2  5  the circuitof Fig. 17. The gate signals
gl and g2 are illus- signal aredetermined according tothe reference voltage
trated in Fig. 18 (A) and (B), respectively. Fig. 18 (C) and on the
positive input terminal of the comparator 111, the  (D) illustrate the gap
voltage and the gap current, respec- fixed time of the set in the RC
circuit on the output side  tively, obtained during operation of the
circuit of Fig. 17. of the comparator 111, and the Schmidt trigger circuit
Since with the circuit of Fig. 17 a power source having 112. The gate 2
signal turns ON while the gate 1 signal 10 greater current capacity can be
used as the separate if OFF. The duration t11, from the transition down of
the  power source VO, the power source VO is not limited to gate 1 signal
to the transition up of the gate 2 signal, is    those having low current
capacity. determined by the condensor Cl1, and the resistor R12  Fig. 19 is
a schematic circuit diagram of another var- and the duration of each pulse
of the gate 2 signal is    iation of the circuit of Fig. 5. In Fig. 19, the
emitters of the determined by the condensor C12 and resistor R13.    15
transistors TRO and TR1 are connected. Therefore the Since the transistors
121, and 122, are turned ON  gap current from power supply VO (as well as
Vl) flows and OFF sequentially, the time during which the power  through
current detecting resistor R1. The operation of source 150 is not connected
gap 140 is shortened, and,  the circuit of Fig. 19 is similar to that of
the circuit of Fig. as shown in Fig. 16 (E), the conventional zig-zag char-
17 except that in the circuit of Fig. 19, since gap current acteristic in
the waveform of the gap current is drastically  20 due to either VO or V1
is detected, the ability of the circuit reduced. Subsequently, undesirable
machining charac-    to stabilize the gap current is improved. In other
words, teristics such as accelerated electrode consumption, etc.  even
though TR1 is the only switch controlled in the is avoided.
embodiment of Fig. 19, that switch is controlled in Further, in the example
of Figs. 14 and 15, since  response to gap current from VO during the time
interval there is no need for a coil between the power source 150  25
defined by gate signal g2 as well as In the manner and the gap 140, the
rise of the discharge current in the  described above with regard to the
embodiment of Fig. gap 140 is steeperthan in the prior art and the
integrated  17. value of the discharge current is larger resulting in
increased machining speed. Further, in the example of  Claims Figs. 14 and
15, even using a resistance between the  so power source and the gap, the
discharged current wave-  1. A control circuit for the machining current of
an elec- form is generally smooth, see Figs. 16 (E).           troerosion
machine, As will be apparent to the artisan on reading this dis-  said
electroerosion machine having a power source closure, although in the
example of Fig. 14 two transis   (V1, 150) and having a machining gap (0,
50, 140) tors are used, each turned ON and OFF by a different 35    formed
by a tool electrode (E) and a workpiece elec- gate signal, one may increase
the number of such gate  trode (WP), and signals and the number of the
transistors. That is, one  said control circuit comprising a switch means
(TRO, may use more switching elements. Further, one may use  TR1, 40, 121)
connected in series with the machin- switching elements other than
transistors such as FETs,  ing gap (G. 50, 140) and the powersource (V1,
150), etc. It will also be appreciated that the above switching  40  and
signal means (110) generating a gate signal elements can be controlled by a
control device other than  indicating of machining pulse on time and of
machin- the controller 110 of Fig. 15.                         ing pulse
off time, The switching ON and OFF of current through the    characterized
by at least: transistor 121, and the use of a gate signal such as the gate
0 signal to control a transistor is similar to that of 45  -  one machining
current detecting means (R1, the conventional chopper circuit shown in Fig.
1. How-    41, R11) for detecting the magnitude of said ever, the use of
the gate 1 signal to drive the switching  machining current flowing through
the machin- transistor ON and OFF and the one-shot multivibrator      ing
gap (G, 50 ,140), 115, which is triggered by the invertor gate 1 signal to
-  one gating means (Al, 32, 113) responsive to a generate the gate 2
signal have no counterpart in the  50  comparator means (C1, 31, 111) and
to said chopper circuits.                                         gate
signal, and operating the switch means Fig. 17 is a schematic circuit
diagram illustrating a  (TR1), variation of the circuit of Fig. 5. In this
variation, by using  -  wherein the switch means (TR1) is closed when a
gate signals gl and g2, in the place of the gate signal  said machining
current is below a reference used in Fig. 5. a power source VO having less
current 55  value (VR1, D/A out, VR) and said gate signal capacity than the
power source VO of Fig. 5 may be        is indicating a said machining
pulse on time. used. The gate signal gl, is input to one of the input ter-
2. Control circuit according to claim 1, characterized in minals of the AND
gate Al, while the gate signal g2, is  that 8    
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level, the comparator 111, the Schmidt  inputto the base of the transistor
TRO. Other than its use triggercircuit 112, theAND circuit 113,
andthetransistor  of the gate signals g1 and g2, the circuit of Fig. 17 is
121, constitute a type of the oscillator, and the transistor  similar to
the circuit of Fig. 5. 121, which isdriven bythe gate 1 signal,
repeatedlyturns  Fig. 18 is a timing chart illustrating the operation of ON
and OFF. The ON time and OFF time of the gate 2  5  the circuit of Fig. 17.
The gate signals g1 and g2 are illus- signal `are determined according to
the reference voltage  trated in Fig. 18 (A) and (B), respectively. Fig. 18
(C) and on the positive input terminal of the comparator 111, the  (D)
illustrate the gap voltage and the gap current, respec- fixed time of the
set in the RC circuit on the output side  tively, obtained during operation
of the circuit of Fig. 17. of the comparator 111, and the Schmidt trigger
circuit  Since with the circuit of Fig. 17 a power source having 112. The
gate 2 signal turns ON while the gate 1 signal 10  greater current capacity
can be used as the separate if OFF. The duration t11, from the transition
down of the  power source VO, the power source VO is not limited to gate 1
signal to the transition up of the gate 2 signal, is    those having low
current capacity. determined by the condensor Cl1, and the resistor R12
Fig. 19 is a schematic circuit diagram of another var- and the duration of
each pulse of the gate 2 signal is    iation of the circuit of Fig. 5. In
Fig. 19, the emitters of the determined by the condensor C12 and resistor
R13.    15 transistors TRO and TR1 are connected. Therefore the Since the
transistors 121, and 122, are turned ON  gap current from power supply VO
(as well as V1) flows and OFF sequentially, the time during which the power
through current detecting resistor R1. The operation of source 150 is not
connected gap 140 is shortened, and,  the circuit of Fig. 19 is similar to
that of the circuit of Fig. as shown in Fig. 16 (E), the conventional
zig-zag char-  17 except that in the circuit of Fig. 19, since gap current
acteristic in the waveform of the gap current is drastically  20 due to
either VO or V1 is detected, the ability of the circuit reduced.
Subsequently, undesirable machining charac-  to stabilize the gap current
is improved. In other words, teristics such as accelerated
electrodeconsumption, etc.  even though TR1 is the only switch controlled
in the is avoided.                                        embodiment of
Fig. 19, that switch is controlled in Further, in the example of Figs. 14
and 15, since  response to gap current from VO during the time interval
there is no need for a coil between the power source 150  25 defined by
gate signal g2 as well as in the manner and the gap 140, the rise of the
discharge current in the  described above with regard to the embodiment of
Fig. gap 140 is steeper than in the prior art and the integrated  17. value
of the discharge current is larger resulting in increased machining speed.
Further, in the example of  Claims Figs. 14 and 15, even using a resistance
between the  so power source and the gap, the discharged current wave-  1.
A control circuit for the machining current of an elec- form is generally
smooth, see Figs. 16 (E).           troerosion machine, As will be a.
pparent to the artisan on reading this dis-  said electroerosion machine
having a power source closure, although in the example of Fig. 14 two
transis-  (V1, 150) and having a machining gap (G, 50, 140) tors are used,
each turned ON and OFF by a different 35  formed by a tool electrode (E)
and a workpiece elec- gate signal, one may increase the number of such gate
trade (WP), and signals and the number of the transistors. That is, one
said control circuit comprising a switch means (TRO, may use more switching
elements. Further, one may use  TR1, 40,121) connected in series with the
machin- switching elements other than transistors such as FETs,  ing gap
(G,50,140) and the power source (V1, 150), etc. It will also be appreciated
that the above switching  40  and signal means (110) generating a gate
signal elements can be controlled by a control device other than
indicating of machining pulse on time and of machin- the controller 110 of
Fig. 15.                        ing pulse off time, The switching ON and
OFF of current through the    characterized by at least: transistor 121,
and the use of a gate signal such as the gate 0 signal to control a
transistor is similar to that of 45  -  one machining current detecting
means (R1, the conventional chopper circuit shown in Fig. 1. How-    41,
R11) for detecting the magnitude of said ever, the use of the gate 1 signal
to drive the switching  machining current flowing through the machin-
transistor ON and OFF and the one-shot multivbrator       ing gap (G. 50,
140), 115, which is triggered by the invertor gate 1 signal to  -  one
gating means (Al, 32, 113) responsive to a generate the gate 2 signal have
no counterpart in the  50  comparator means (Cl, 31, 111) and to said
chopper circuits.                                         gate signal, and
operating the switch means Fig. 17 is a schematic circuit diagram
illustrating a  (TR1), variation of the circuit of Fig. 5. In this
variation, by using  -  wherein the switch means (TR1) is closed when a
gate signals g1 and g2, in the place of the gate signal  said machining
current is below a reference used in Fig. 5, a power source VO having less
current 55  value (VR1, D/A out, VR) and said gate signal capacity than the
power source VO of Fig. 5 may be        is indicating a said machining
pulse on time. used. The gate signal g1, is input to one of the input ter-
2. Control circuit according to claim 1, characterized in minals of the AND
gate Al, while the gate signal g2, is  that 8    
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(TR1) comprises an electronic    to said gate signal and to the machining
current switch having a control electrode.                 caused by said
second power source (VO). 3. Control circuit according to claim 1,
characterized in  11. Control circuit according to claim 6, characterized
in that                                        5      that said machining
current detecting means comprises   said second switch means is controlled
by a second a resistor (R1) connected in series with the machin-  gate
signal (g 2). ing gap (G) and the power source (V1). 12. Control circuit
according to claim 1 , characterized by 4. Control circuit according to
claim 2, characterized in  10    further first and second control means
(10,20) con- that                                               nected to
the gating means (Al, 32, 113), said gating means comprises a logic gate
(Al) hav-  wherein the further control means (10, 20) control ing an output
connected to the control electrode of  said machining current in such a
way, that said cur- said switch and having one input for inputting said
rent increases according to a step function during gate signal and having
another input connected to  15  each of said machining pulse on time. an
output of a said comparator means (Cl). 13. Control circuit according to
claim 12, characterized 5. Control circuit according to claim 4,
characterized in  in that that
said further control means (10,20) control the switch sad logic gate (Al)
is an AND gate.         20     means (TR1, 40) to provide a relatively
higher duty ratio during the portions of said step function having 6.
Control circuit according to claim 1, characterized by  a relatively higher
magnitude. further comprising a second power source (VO) and a second
switch means (TRO) connected in series  14. Control circuit according to
claim 13, characterized with the machining gap (G).                 25
in that further comprising a further comparator means (33) 7. Control
circuit according to claim 6, characterized in  responsive to said
detecting means (41) and to a that
fixed reference value (VR) for generating an output the second power source
(VO) has a higher voltage  signal, and comprising logic means (35),
responsive than the first mentioned power source (V1) and the  so    to
said output signal and to said gate signal for gen- second switch means
(TRO) is responsive to said    erating a variable said reference value
(VR1). gate signal. 15 Control circuit according to claim 12, characterized
8. Control circuit according to claims 1 or 7, character-  in that ized by
further comprising a second switch means 35    the second further control
means is a digital to ana- (TR2) connected in series with the power source
log convertor (20) for determining said variable ref- (V1) and the gap (G)
in a current flow path separate  erence value (VR1). from the current flow
path of said first mentioned switch means (TR1), the second switch means
16. Control circuit according to claim 14, characterized (TR2) having
associated a second gating means  40    in that (A2) responsive to said
gate signal and to said mag-  the first further control means (10) is
connected to nitude of said machining current.                  the digital
to analog convertor (20) for determining said variable reference value
(VR1) in accordance 9. Control circuit according to claims 1 or 7,
character-  with preset input parameters (initial [err] Final [err] Start
ized by                                     45     Time). comprising a
plurality of further switch means (TRO) connected in series with the second
power source  17. Control circuit according to claim 16, characterized (VO)
and the gap (G), the further switch means (TRO)  by having associated
further gating means responsive  further comprising means
(13,14,15,16,33,34,35, to said gate signal and to said magnitude of said
50  36) for controlling the intervals between increases in machining.
said step function. 10. Control circuit according to claims 1 or 7,
character-  18. Control circuit according to claim 17, characterized ized
by                                            in that further comprising a
second current detecting  55    the further means (13, 14, 15, 16, 33, 34,
35, 36) means (RO), a second comparator means (C0) and     comprising a
variable frequency clock (13, 14) for a second gating means (AD) for
controlling said fur-  controlling the intervals between increases in said
ther switch means (TRO), whereby said further      step function. switch
(TRO) means opens and closes in response 9    17               EP 0 369949
B1                  18 19. Control circuit according to claim 12,
characterized  Pa     nsiche 



in that said step function assumes a single level for the  1.
Steuerschaltung fOr den Bearbeitungsstrom elner machining pulse on time of
said gate signal.      Funkenerosionsmaschine, 5           wobel de
Funkenerosionsmaschine sine 20. Control circuit according to claim 12,
characterized  Energiequelle (Vi, 150) sowie einen Bearbei- in that
tungsspalt (G, 50, 140) bestehend aus einer
saidstepfunctionassumesapluralityofdiscretelev-   Werkzeugelektrode (E) und
einer Werkstackele- els for the machining pulse on time of said gate sig-
ktrode (WP) autweist, und nal.                                       10
die Steuerwchaltung Schaltmittel (TRO, TR1, 40, 121), welche mit dem
Bearbeitungespalt (G, 50, 21. Control circuit according to claim 14,
characterized  140) und der Energiequelle (V1, 150) in Serie in that
geschaltet sind, und Signalerzeugungsmittel (110) the comparator means (31)
compares the level from  zur Erzeugung eines Gate-Signals aufweist, said
detecting means (41) with the level of said step  15  welches do
Einschaltzeit des Bearbeitungsim- function, and
pulses und die Ausschaltzeit angibt, wherein the duty ratio of the output
to said switch     gekennzeichnet durch mindestens means (40) varies
according to the level of said step function.
-  einen Detektor (R1, 41. RI 1) zur Erfassung des 20
Bearbeitungsstroms, welcher den Betrag des 22. Control circuit according to
claim 1, characterized by  durch den Bearbeitungsspalt (G, 50,140) flies-
further comprising a second switch means (121)       senden
Bearbeitungs6troms erfasst, connected in serieswith the power source (150)
and  -  eine Gate-Steuerung (Al, 32, 113), welche auf the gap (140) in a
current flow path separate from    ainen Komparator (Cl, 31, 111) und auf
das the current flow path of said first mentioned switch 25  Gate-Signal
anspricht und das Schaltmittel means (122), and
(TR1) betatigt, in that said control circuit controls the second switch
wobel das Schaltmittel (TRI) geschlos- means (121) to pass said machining
current during    sen ist, wenn der Bearbeitungsstrom unter at least a part
of said machining pulse off time.    einem Referenzwert (VR1, D/A out, VR)
liegt 30        und das Gate-Signal eine Einschaltzeit des 23. Control
circuit according to claim 22, characterized  Bearbeitungsstroms anzeigt.
in that said first (122) and second switch means (121) are  2.
Steuerschaltung nach Anspruch 1, dadurch geken- driven by first (GATE 1)
and second (GATE 2) gate  nzeichnet, dass des Schattmittel (TRI) einen
elekt- signals, respectively, of said signal means (110).   36    ronischen
Schalter mit einer Steuerelektrode aufweist. 24. Control circuit according
to claim 23, characterized in that                                       3.
Steuerschaltung nach Anspruch 1, dadurch geken- said second gate signal
(GATE 2) is generated in  nzeichnet, dass der Bearbeitung     ektor
responsetoachangebetweensaidmachiningpulse  40    einen Widerstand (Ri)
aufweist, der mit dem Bear- on time and said machining pulse off time of
said  beitungsspalt (G) und der Energiequelle (Vi) in first gate signal
(GATE 1).                       Serie geschaftet ist. 25. Control circuit
according to claim 24, characterized  4. Steuerachaitung nach Anspruch 2,
dadurch geken- in that                                    45     nzeichnet,
dass die Gate-Steuerung ein logisches said second gate signal (GATE 2) is
generated     Tor (Al) aufweist mit einem Ausgang, der mit der delayed in
response to said change.               Steuerelektrode des Schalters
verbunden ist, einem Eingang fOr die Eingabe des Gate-Signals und 26.
Control circuit according to claim 22, characterized  emnem weiteren
Eingang, der mit einem Ausgang by                                        so
des Komparators (Cl) verbunden st. a timing means (C 11, C 12) for
controlling the dura- tion of said part of said machining pulse off time.
5. Steuerschaltung nach Anspruch 4, dadurch geken- nzeichnet dass das
Logikelement (Al) ein UND-Tor 27. Control circuit according to claim 26,
characterized  ist. in that                                    55 the
timing means (C 11, C 12) are connected to a  6. Steuerschaltung nach
Anspruch 1, dadurch geken- monostable multivibrator (115).
nzeichnet, dass sie weiterhin eine zweite Ener- giequelle (VO) und einen
zweiten Schalter (TRO) 10    19               EP0369 949 B1
20     I IIIIIIJ IIII I II   ! aufweist, der mit dem Bearbeitungsspalt (G)
in    gelegten Soliwert (VR) abhAngiges Ausgangssignal Reihe liNge.
erzeugt und Logikelemente (35) autweist, welche einen von diesem
Ausgangssignal und vom Gate- 



7. Steuerechaltung nach Anspruch 6, Wadurch geken-   Signal abhangigen
variablen Referenzwert (VR1) nzeichnet, class die zweite Energiequelle (VO)
sine 5  erzeugen. hohere Spannung autweist als die erste Ener- giequelle
(VI) und der zweite Schalter (TRO) auf das    1. Steuerschaltung nach
Anspruch 12, dadurch geken- Gate-Signal anspricht.
nzeichnet, dass der zwelte zusatzliche Steuerung sin Digital-Analog-Wandler
(20) zur Bestimmung 8. Steuerschaltung nach Anspruch 1 oder 7, dadurch  to
des variablen Sollwerts (VR1) ist. gekennzeichnet, dams sie weiterhin einen
zweiten Schalter (TR2) aufweist, der mit der Energiequelle  16.
Steuerschaltung nach Anspruch 14, dadurch geken- (VI) und dem
Bearbeftungsspalt (G) in einem vom   nzeichnet, dams die erste zusatzliche
Stbuerung Stromkreis des ersten Schalters (TR1) getrennten  (10) mit den
Digital-Analog-Wandler (20) verbun- Stromkreis in Serie geschaltet ist,
wobei dem  16  den ist, um den variablen Soliwert (VR1) gemas6 zweiten
Schalter CTR2) sine zweite Gate-Steuerung  vorgewahiten Eingangsparametern
(Initial-lp. End- (A2) zugeordnet ist, die auf das Gate-Signal und auf  lp,
Startzelt) zu bestimmen. den Betrag des Bearbeitungsstrom6 anspricht. 17.
Steuerschaltung nach Anspruch 16, gekennzeich- 9. Steuerschaltung nach
Anspruch 1 oder 7, dadurch  20  net durch weitere Mittel (13. 14, 15, 16,
33, 34, 35, gekennzeichnet, dams sie sine Anzahl weiterer     36) zur
Steuerung der Zeitraume zwischen Stufen Schalter (TRO) aufweist, die mit
der zweiten Ener-  der gestuften Funktion. giequelle (VO) und dem
Bearbeitungsspalt (G) in Reihe geschaltet sind, wobei den zusatzlichen  18.
SteuerechaltungnachAnspruch17,dadurchgeken- Schaltern (TRO) zusatzliche
Gate-Steuerungen  25  nzeichnet, dams die weiteren Mittel (13, 14, 15, 16,
zugeordnet sind, die auf das Gate-Signal und den  33, 34, 35, 36) einen
Taktgeber mit variabler Frequ- Betrag des Bearbeitungestroms ansprechen.
enz zur Steuerung der Zeitraume zwischen Stufen der gestuften Funktion
autweisen. 10. Steuerschaltung nach Anspruch 1 oder 7, dadurch
gekennzeichnet dams sie weiterhin einen zweiten  3o  19.
SteuerschaltungnachAnspruch 12, dadurch geken- Stromdetektor (RO), einen
zweiten Komparator (CO)  nzeichnet, dass die gestufte Funhtion for die Ein-
und sine zweite Gate-Steuerung (AO) zur Steuerung  schaltzeit  des
Bearbeitungsimpulses  sinen des zusatzlikhen Schalters (TRO) aufweist,
wodurch  einzelnen Wert annimmt. der zusatzliche Schalter (TRO) in
Abhangigkeit vown Gate-Signal und vom  Bearbeiltungsstrom  der 3s 20.
Steuerschaltung nach Anspruch 12, dadurch geken- zweiten Energiequelle
Offnet und schliesst.       nzeichnet, dass die gestufte Funhtion for die
Ein- schaltzeit des Bearbeitungsimpulses sine Anzahl 11. Steuerschaltung
nach Anspruch 6, dadurch gehen-  dislreter Werte annimmt. nzeichnet, dass
der zweite Schalter von einem zweiten Gate-Signal (g 2) gestsuert wird.  40
21. Steuerschaltung nach Anspruch 14, dadurch geken- nzeichnet, dass der
Komparator (31) den Wert des 12. Steuerschaltung nach Anspruch 1,
gekennzeichnet  Detektors (41) mit dem Wert der gestulten Funktion durch
weitere erste und zweite Stsuermittel (10,20),  verglelcht, und dass das
Tastverhaltnis des Aus- die mitderGate-Steuerung (Al, 32,113) verbunden
gangs zum Schalter (40) is nach dem Wert der sind, wobei die weiteren
Steuermittel (10, 20) den  45  gestuften Funktion andert. Bearbeitungsetrom
derart steuem, dass der Strom wAhrend jeder Einschaltzeit gemlss einer
gestuften  22. Steuerschaltung nach Anspruch 1, gekennzeichnet Funktion
anstsigt.                                durch einen zusatzlichen zweiten
Schalter (121), der in einem vom Stromrreis des ersten Schalters 13.
SteuerschaltungnachAnspruch 12, dadurchgeken- so    (122) getrennten
Stromkreis mit der Energisquelle nzeichnet, dams die weiteren Steuermittel
(10, 20)  (150) und dem Bearbeitungsspalt (140) in Reihe die Schalter (TRI,
40) derart steuern, dams diese  geschaltet ist, und dadurch, dams dieser
Steuerkreis wahrend der Abschnitte der gestuften Funktion mit  den zweiten
Schalter (121) derart stbuert dass die- vergleichsweise hoherem Betrag sin
vergleichs-    ser den Bearbeitungsstrom wahrend mindestens weise hoheres
Tamtverhaltnis aufweisen.    55     sines Teils der Ausschaltzeit des
Bearbeitungsim- pulses durchlasst. 14. Steuerschaltung nach Anspruch 13,
weiterhin gekennzeichnet durch einen weiteren Komparator  23
Steuerschaltung nach Anspruch 22, dadurch geken- (33), der sin vom Detestor
(41) und von einem fest-  nzeichnet, dass der erste (122) und der zweite 11
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iii  11! Schalter (121) durch erste (GATE 1) bzw. zweite    3. Circuit de
commande selon la revondication 1, cara- (GATE 2) Gate-Signale der
Gate-Steuerung (110)   cterise en ce que ledit detecteur du courant d'usi-
gesteuert werden.                                nage comprend une
resistance (RI) connect6e en 



serie avec Is gap d'usinage (G) et la source d'ener- 24.
SteuerschaltungnachAnspruch23,dadurchgeken- 5   gie (VI). nzeiczhnet, dass
das zweltb Gate-Signal (GATE 2) abhangig von einer Anderung zvischen der
Ein-  4. Circuit de commands selon la revendication 2, cara- schaltzeit des
Bearbeitungsimpulses und der Auss-  cterisi en ce quo ladite commande de
grille corn- chalkzeit des Bearbeitungsimpulses des ersten    prend une
porte logique (Al) ayant une sortie reliee Gate-Signals (GATE 1)
erzeugtwird.        10     A li'lectrode de commande dudit commutateur et
une entree a laquelle est applique le signal de grille, 25. Steuerschaltung
nach Anspruch 24, dadurch geken-  ainsi qu'une autre entree reliee A une
sortie du corn- nzeichnet, dass das zweite Gate-Signal (GATE 2)  parateur
(C1). abhangig von der Anderung verzogert erzougt wird. 15 5. Circuit de
commande selon la revendication 4, cara- 26. Steuerschaltung nach Anspruch
22, gekennzelch-  cterise en ce que ladite porte logique (Al) est une net
durch einen Zeitgeber (C 11, C 12) zur       porteET. Steuerung der
DauerdesTells derAusochaltzeitdes Bearbeitungimpulses.
6  Circuit de commande selon ls revendication 1, cara- 20    cterise en ce
qu1l comprend en plus une deuxidme 27. Steuerschaltung nach Anspruch 26,
dadurch geken-  source d'enorgie (VO) et un deuxiLme commutateur nzelchnet,
dass die Zestgeber (C 1, C 12) mit sinem  (TRO) connecte en sine avoc le
gap d'usinage (G). monostabilen Multivibrator (115) verbunden sind. 7.
Circult de commando selon Ia revendication 6, cars- Revendlcatlons
as     cterise en co que a deuxime source d'energie (VO) a une tension plus
elevee que la premiere source 1. Circuit de commande pour le courant
d'usinage    denergie(V1) mentionnie, etque ledeuxidmecom- d'une machine
d'ilectroirosion,                  mutateur (TRO) repond audit signal de
grille. ladito machine d'olectrodrosion ayant une source d'nergle (Vi, 150)
ainsi qu'un gapd'usinage  9o 8. Circuit de commando melon la revendication
1 ou 7, (G. 50, 140) forme par une ilectrode (E) de loutil et  caracterise
en ce qu'il comrprend en plus un deux- une ilectrode (WP) de la piece A
usiner, et     ieme commutateur (TR2) connecte en serie avec la ledit
circuit de commando comprenant un    source d'6nergie (VO) et le gap (G)
dans une circuit commutateur(TRO, TRI, 40,121)connectienserie
dlectrique sipar6 du circuit electrique dudit premier avec le gap d'usinage
(G, 50, 140) et la source 35    commutateur (TR1), le deuxibme commutateur
d'inergie (Vi, 150), ainsi qu'un genirateur de signal  (TR2) syant uns
deuxibme commando de grille (A2) (110) produisant un signal de grille qui
indique le  associee repondant audit signal de grille et A la temps
d'ouverture de limpulsion d'usinage et Is  valeur du courant d'usinage.
temps de coupure, caracterisi par au mains:           40 9. Circuit de
commando selon la revendication 1 ou 7, caractirisi en ce qu'il comprend
une pluralite de -  undetecteur(R1,41, R11)ducourantdusinage
commutateurs (TRO) additionnels connectis en pour ditecter la valeur de ce
courant d'usinage  serie avec la deuxibme source d'energie (VO) et le
passant par le gap dusinage (G, 50, 140),    gap (G), lee commutateurs
additionnels (TRO) ayant -  une commande de grille (Al, 32, 113) repon- 45
des commandes de grille addbtionnelles associies danta un comparateur (C1,
31, 111) etauditsig-  repondant audit signal de grille et a Ivaleurdu cour-
nal de grille, et qul commando  ledit        ant dusinage. commutateur
(TR1), ledit commutatbur itant fermi lorsque le    10. Circuit de commando
selon la revendication 1 ou 7, courant dusinage eat infirieur A une valour
de 50    caracterise en ce quil comprend en plus un deux- reference (VR1,
D/A out, VR) et que le signal  ieme ditecteur de courant (RO), un deuxieme
corn- de grille indique un temps d'ouverture de    parateur (CO) et une
deuxOme commande de gille l'impulsion dusinage.                        (AO)
pour la commando desdits commutatburs addi- tionnels (TRO), de sorte que
ledit commutateur addi- 2. Circuit de commands selon la revendication 1,
cara- 55    tionnel (TRO) ouvre et ferme en rdponse audit signal ctirise en
ce quo ledit commutateur (TRI) com-   de grille et au courant d'usinage
produit par la deux- prend un commutateur 6lectronique ayant une      ieme
source d'nergie (VO). electrode de commands. 12    23               EP 0
369 949 B1                 24   1 WIN11 ll I1111ii 1111 11. Circuitdde
commande selon b revendication 6, cara-  prend un soul niveau pour le tomps
douverture de cteris6 en ce quo ledit deuxieme commutateur eat  limpulsion
d'usinage. comrnande par un deuxdime signal de grille (g 2). 20. Circuit de
commando selon la revendication 12, 



12. Circuit de commando selon la revendication 1, car- 5  caracterise en ce
quo ladite fonction echelonnee cteris6 par des prerniers et deuxiemes
moyens de  prend une pluralit de niveaux discrets pour le commando
additionnels (10, 20) connectes a la   temps douverture de 'impulsion
d'usinage. commando de grille (Al, 32, 113), lesdits moyens de commando
additionnels (10, 20) commandant le    21. Circuit de commando selon la
revendication 14, courant d'usinage de telle maniere quo co courant 10
caract6ris6 en ce quo le comparateur (31) compare augments selon une
bonction 6chelonn6e a chaque  le niveau fourni par ledit detecteur (41) au
niveau de temps douverture de l1mpulsion d'usinage.        ladite fbnction
echelonnee, et quo le taux dimpul- sions de la sortie dudKt commutateur
(40) varie selon 13. Circuit de commando selon la revendication 12,  le
niveau de la fonction 6chelonn6e. caracteris6 en ce quo lesdits moyons de
commando  t6 additionnels (10, 20) commandent lo commutateur  22. Circuit
de commando selon la revendication 1, care- (TRI, 40) de manirs a fournir
un tauxdd1mpulsions  ctrse on ce qul comprend on plus un deuxieme
relativement plus lev6e pendant lee segments de  commutateur (121) connocte
en serie avoc la la fonction 6chelonnee ayant un niveau relativement
source d'nergie (150) et le gap (140) dane un circuit plus eleve.
20    electrique separe du circuit 6lectrique du premier commutateur
mentionn6 (122), etque ledit circuitcde 14. Circuit de commando selon la
revendication 13,  commando commando le deuxieme commutatour caract6rie6 en
co qu'il comprend en plus un compa-  (121) de maniere a laisser passer le
courant d'usi- rateur additionnel (33) rdpondant audit d6toctour  nage
pendant au moins unepartiedu tempsde cou- (41) et a une valour de r&f6rence
fixe (VR) pour 25  pure de l'impulsion d'usinage. fournir un signal de
sortie, et compronant des 416- ments logiques (35) rdpondant audit signal
de sortie  23. Circuit de commando selon la revendication 22, et audit
signal de grille afin de g6n6rer une valeur  caracterise en ce quo le
premier (122) et le deux- de r6ffrence variable (VRI).
ieme (121) commutateur sont commandes par des so    signaux de grille
premiers (GATE 1) et deuxiemes 15. Circuit de commando selon la
revendication 12,  (GATE 2), respectivement, du g6n6rateur de signal
caract6rie6 en ce quo le deuxieme moyen de corn-  (110). mando additionnel
eat un convertisseur num6rique- analogique (20) deiterminant ladite valour
de  24. Circuit de commando selon la revendication 23, r&f6rence variable
(VR1).                 35    caracteris6 en ce quo leditdeuxiime signal de
grille (GATE 2) eat gen6r6 en r6ponse a un changement 16. Circuit de
commando selon la revendication 14,  entre le temps d'ouverture et le temps
de coupure caracteris6 en ce quo le premier moyen de corn-  de limpulsion
d'usinage du premier signal de grille mande additionnel (10) set connectb
au convertis-  (GATE 1). sour num6rique-analogique (20) pour d6terminer 4o
ladite valour de rf6rence variable (VR1) selon des  25. Circuit de commando
selon la revendication 24, pararmtres d'entree prdeslectionnes (lp initial,
Ip  caracteris6 en ce quo le deuxieme signal de grille final, temps de
depart).                        (GATE 2) est gen6re de maniere retardee en
reponse audit changement. 17. Circuit de commando selon la revendication
16, 45 caracterisb on co qu'il comprend en plus des moy-  26. Circuit de
commando selon la revendication 22, ens (13, 14, 15, 16, 33, 34, 35, 36)
pour la corn-  caracterisb par des moyens temporisateurs (C 11, mande des
intervalles entre accroissements de    C 12) pour commander la dur6e de
ladie partse du ladite fonction fchelonn6e.                      temps de
coupure de l'impulsion d'usinage. 50 18. Circuit de commande selon la
revendication 17,  27. Circuit de commande selon la revendication 26,
caractersis en ce quo lee moyens additionnels (13,  caracteris6 en ce quo
les moyens temporisateurs (C 14,15,16,33,34,35,36) comprennent une horloge
11, C 12) sont connectbs a un multivibrateur mon- (13,14) & frequence
variablepour la commando des  ostable (115). intervalles entre
accroissoments de ladie fonction  55 echelonn6e. 19. Circuit de commando
selon la revendication 12, caractbrisb en ce quo ladite fonction echelonneo
13    


