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When occurrence of the first or the fifth waveform involved in the area
shown by a slanting This invention relates to electric discharge ma-  line
is detected, it is required to reduce machining chines, in particular it
relates to an adaptive control  current by greatly extending the OFF time
or to method and apparatus for controlling the machining   5   rapidly stop
the machining operation. Further, when current in an electric discharge
machine. More     the occurrence of a waveform reaching ARC level
specifically, the present invention relates to an  like the third waveform
Is detected, it is required to adaptive control method and apparatus for
specify-  extend the OFF time of the pulse to prevent the ing the waveform
of discharge current accurately   unstable discharging state. Additionally,
when the and controlling the machining current pulse by   10  occurrence of
a favourable waveform like the third setting the OFF time of a pulse even
when the      or the fourth waveform is detected, the OFF time of setting
of the peak current value of the discharge  the pulse may preferably be
shortened. current is changed.                                    The first
to fifth discharge waveforms corre- In electric discharge machines,
electric dis-   spond to waveform A-E into Figure 2 which are charge
machining may be performed with cumula-  15  described later, although the
levels of discharge tive electric discharge craters formed by inducing
current may be different from that in Figure 2. The pulses of discharge
current at a high frequency. An  HZ level, the LZ level and the ARC level
in Figure electrode is positioned in an opposing relationship  2 are
detecting levels against which the waveform to a workpiece to be machined
across a gap of      of discharge current is compared. microns for example
via a machining liquid such as   20  To control discharge current, an
electric ma- kerosene or water. This pulsed discharge current   chining
apparatus has been disclosed in JP-B 47- has nearly constant peak value and
a pulse width   50276. In this apparatus, the detector detects a repeating
ON state and OFF state under the pre-    change of a gap voltage only
during discharging determined machining condition. The pulsed dis-    time.
In one embodiment, this detector comprises a charge current must be
optimised in accordance  25  resistor connected in series with a machining
elec- with material, hardness of the workpiece and dis-  trode and a
workpiece for sensing that start of charging state at the machining gap,
for example.  spark discharging, a transistor which responds to In general,
the discharge current waveform      the start of spark discharging and a
resistor con- across the gap formed between the electrode and    nected in
parallel with a gap to detect a gap the workpiece varies according to the
state in the   30  voltage at a certain portion of each discharge gap as
shown in Figure 2. For instance, when the   pulse. In another embodiment
this detector com- machining liquid is decomposed into gas, tar and
prises a resistor connected in series with a machin- carbon and the
decomposition products or metal     Ing electrode and a workpiece for
sensing the start sludges begin to intervene across the gap, con-    of
spark discharging, two transistors which re- centrated discharging during
the electric discharge   35  sponds to the start of spark discharging and
two machining reduces the impedance across the gap      resistors connected
in parallel with a gap and par- and leads to the first discharge waveform
having a  allel to each other to detect a gap voltage at a fairly sharp
rising edge and subsequent constant   certain two portions of each
discharge pulse. current level. Thus, the insufficient recovery of di-
Other examples of the conventional controller electric across the gap after
a discharge current  40  are those shown in JP-A 47-13795 and JP-A 51-
pulse may induce concentrated discharging and      119597. The former is
designed to detect a voltage constant arc discharge which tends to damage
variation slope, a mean voltage level and a high machining electrodes and
workpieces. Contrary to   frequency component as a detected signal accord-
expectation, to increase the machining current for  ing to a gap voltage,
only during discharging time an improved machining rate by shortening the
OFF   45  and to extract more than two detected signals out time of the
pulse, the machining rate is reduced   of three. The extracted detected
signals are used due to constant arc discharge. Concentrated dis-   to
display the machining state or used as a control charging when less
products lie across the gap     signal for controlling the pulse generator
or a servo leads to the second discharge waveform having a    device. The
latter discloses a control method in relatively favourable rising edge not
involved in the   50   which the discharge pulses repeated across the area
shown by a slanting line. A discharge         machining gap are detected to
decide the machin- waveform between LZ level for detecting low im-    ing
state based on multiple groups of the discharge pedance and HZ level for
detecting high imped-     pulses and to produce a control signal digitally.
A ance during discharging time indicates a stable    gap control device is
disclosed which comprises a discharging  state, as the  third  and  fourth
55  discriminator for discriminating discharge pulses waveforms shown.
Further, when discharging is      repeated across the machining gap, a
counter for made via an impurity of high impedance, the fifth  counting the
discriminated results and a control discharge waveform does not reach the
HZ level.    signal generator for generating a gap control signal 2    
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decrease the gap distance when the  pulse. count equals the reference
value.                    According to the present invention in a second To
control machining current more accurately,  aspect there is provided an
adaptive control meth- it is preferable to detect the waveform of the total
od for controlling a discharge current through a gap discharging current.
However, this is difficult since   5   formed between an electrode and a
workpiece In detecting must be changed greatly when the set-   an electric
discharge machine In which a voltage ting of the machining conditions,
especially peak  pulse having an on-time and an off-time Is applied
current, is changed according to machining needs.  across said gap,
characterized by the steps of: (a) When the discharge current is controlled
by    monitoring a discharge current passed through said measuring the
total discharge current, the detection   10  gap; (b) comparing the level
of said discharge level must be changed according to the selected   current
at least two predetermined times during peak value.
said voltage pulse with at least two predetermined An object of the present
invention is to provide  reference levels and thereby generating compari-
an adaptive control method and apparatus for      son output signals; (c)
selecting whether the dis- specifying the waveform of a discharge current
15  charge current falls into at least a first state or a accurately and
controlling the machining current by  second state based upon said
comparison output suitably setting the OFF time of a pulse even when
signals; and (d) increasing the off-time when said the setting of the peak
current value of the dis-  current is considered to be in said first state
and charge current is changed.                        decreasing said
off-time when said current is con- According to the present invention there
is  20  sidered to be in said second state. provided an adaptive control
apparatus for control-   Embodiments of the Invention will now be de- ling
a discharge current through a gap formed     scribed, by way of example
only, with reference to between an electrode and a workplece in an elec-
the accompanying drawings, in which: tric discharge machine having a
circuit for applying  Figure 1 is a block diagram showing an adaptive a
voltage pulse having an on-time and an off-time   25    controller for an
electric discharge machine in across said gap, characterised by: a
monitoring     an embodiment of the present invention; circuit, including
means for generating a detecting  Figure 2 is a timing chart showing
various dis- current for monitoring the discharge current; refer-  charge
current pulses for different states of im- ence level generating means for
generating at least  purities within the spark gap of the system a first
and a second current reference level, clock  30    shown in Figure 1; means
for generating at least a first and a second   Figure 3 is a block diagram
showing the reference sampling time during said voltage pulse;  ON/OFF
controller of the adaptive controller comparing means connected to said
monitoring         shown in Figure 1; circuit for comparing the level of
said discharge    Figure 4 is a timing chart showing the input current at
least with said first reference level at said  35    signals and output
signals to explain the opera- first reference time and with said second
reference  tion of the ON/OFF controller shown in Figure 3; level at said
second reference time and for gen-     Figure 5 is a logic circuit diagram
showing the erating respective comparison output signals; de-    peak
current controller of the adaptive controller tecting means connected to
the comparing means      shown in Figure 1; for receiving said comparison
output signals and   40  Figure 6 is a block diagram showing the clock for
providing at least a first predetermined output if  controller of the
adaptive controller embodiment a first predetermined set of conditions,
determined  shown in Figure 1; by the comparison output signals, is
present, and    Figure 7 is a timing chart showing the input to provide a
second predetermined output if a        signals and output signals to
explain the opera- second predetermined set of conditions is present,  45
tion of the clock controller shown in Figure 6; and; control means,
connected to receive said at     Figure 8 is a block diagram showing the
detect- least first or second predetermined outputs and     ing circuit of
the adaptive controller shown in connected to the voltage pulse applying
circuit to  Figure 1; increase the off-time when said first output is re-
Figure 9 is a logic circuit diagram showing the ceived and for decreasing
said off-time when said  60  discharge detector of the detecting circuit
shown second output Is received.                          in Figure 8; In
one example, the apparatus is adapted to      Figure 10 is a timing chart
showing the input decide whether a high impedance state exists or
signals and output signals to explain the opera- not at 5 microseconds
after the start of spark      tion of the discharge detector shown in
Figure 9; discharging, whether a low impedance state exists  55  Figure 11
is a chart showing the detection level or not at 15 microseconds after the
start of spark  which corresponds to the different peak current discharging
and whether an arc discharge state      on the basis of experimental data;
exists or not at the half time of discharge current 3    
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flowchart showing signal process-  clock controller 20 generates the ON
clock signal ing of the adaptive controller in an embodiment  S4 and the
OFF clock signal S5 based on the of the invention by focusing on operations
of the  signal S1, the signal S2 and the spark signal S3. discharge
detector;                             The ON/OFF controller 30 receives the
signal 84 Figure 13 is a graph showing reduction of ma-   5   and the
signal S5. The base signal SB, which is chining time by the adaptive
controller shown in  one of the control outputs of the ON/OFF controller
Figure 1 compared with that of a conventional   30, is supplied to the base
of the fourth transistor 8 controller;
causing the transistor 8 to turn ON. Also, the base Figure 14 is a flat
view showing the arc craters  signal SB is supplied to the peak current
controller or stains on the finished surface of a workpiece   10  40. The
output of the peak current controller is when the conventional adaptive
controller is     supplied to the respective base of the switching used;
and                                 transistor 5a, 5b and 5c whereby the
various peak Figure 15 is a flat view showing the satisfactory  values of
discharge current are selected in this finished surface of a workpiece when
the adap-  embodiment. tive controller shown in Figure 1 is used.  16
Further, the peak current data DIP is supplied In Figure 1, the reference
numeral "1" in-     to the peak current controller 40 and the detecting
dicates a machining electrode for electric discharge  circuit 10. In
addition to the base signal SB, the machining. The electrode 1 is mounted
in opposed  ON/OFF controller 30 generates and supplies ON relation to a
workpiece 2 through the gap G of    half signal S6, the ON end signal S8
and the OFF specified distance. In order to supply the machin-  20  end
signal S7 to the detecting circuit 10. Addition- ing current, a first
circuit is provided. The first  ally, the base signal S8 is supplied to the
clock circuit comprises a first power source 3, current  controller 20.
limiting resistors 4a, 4b and 4c, switching transis-  In Figure 2, the
different waveforms of the tors 5a, 5b and 5c, and the gap G formed between
current flowing at a junction point between the the electrode 1 and the
workpiece 2. On the op-  25  emitter of the transistor 8 and detecting
resistor 7b posite side of the gap G, the electrode 1 and the  corresponds
to the different discharging state after workpiece 2 are connected in
series through the   the start of the spark discharging. The waveforms
first power source 3. The current limiting resistors  are explained above.
4a, 4b and 4c giving a different current value are   The detailed
configuration of the detecting cir- connected in parallel between the
electrode 1 and   30  cult 10, the clock controller 20, the ON/OFF con- the
first power source 3. The switching transistors  troller 30 and the peak
current controller shown in 5a,  5b and 5c are connected in parallel to
each  Figure 1 are described referring to Figure 3, Figure other between
the respective resistor 4a, 4b and 4c  5, Figure 6, Figure 8 and Figure 9,
and their and the electrode 1.                              operations
referring to the timing charts shown in Gap voltage sensor circuitry 6 is
connected in  35  Figure 4, Figure 7 and Figure 10. parallel with the
series circuit of the electrode 1,  First, configuration of the ON/OFF
controller 30 the workpiece 2 and the first power source 3. The  is
described referring to Figure 3. gap voltage sensor circuitry 6 consists of
the resis-  The ON/OFF controller 30 consists of data se- tors 6a and 6b
which branch a gap voltage.        lector 31 which selects and processes
two major In order to indirectly monitor the waveform of  40  data of the
ON command data DN and the OFF discharge current flowing across the gap G,
a sec-  command data DF in response to a select signal ond circuit
connected in parallel with the gap volt-  described later, shifter 32 which
shifts the value of age sensor circuitry 6 is provided. The second    the
ON command data DN to half, three state circuit comprises a second DC power
source 9,     buffers 33a and 33b which output the ON clock current
limiting resistor 7a, fourth switching transis-  45  signal S4 and the OFF
clock signal S5 selectively tor 8, detecting resistor 7b, and the gap G.
The  in response to the base signal SB, counter 34 second DC power source 9
is connected between     which counts the selected signal S4 or signal S5,
the limiting resistor 7a and the workpiece 2. Base  comparator 35a which
generates a signal S9 to voltage and emitter output of NPN type transistor
8  reset the counter 34 when the count B of the are supplied to the
detecting circuit 10 for produc-  50  counter 34 equals to the value A of
the output data ing various signals. Further, the detecting circuit 10  of
the  data selector 31, comparator 35b which receives ON command data DN,
OFF command          generates an output signal S6 when the count B of data
DF, gap voltage VG branched by the resis-    the counter 34 equals the
value A of the output tance 6a and 6b of said gap voltage sensor cir-
data of the shifter 32, toggle flip-flop 36 which cuitry 6 and the clock
signal S1.            55  receives the signal S9 from the comparator 35b at
A detecting circuit 10 generates a signal S2  its input, invertor 37 which
inverts the output signal and a  spark signal S3 which are supplied to the
of the flip-flop 36 to produce a falling edge from Its clock controller 20
together with the data DS. The  rising edge, latch circuit 38a and 38b
which latch 4    
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of the flip-flop 36 at timing of  signal SB3. the clock signal S1, latch
circuit 38c and 38d which  As shown in Figure 6, the clock controller 20
latch into the falling edge of the f1ip-flop 36 at  consists of a binary
counter 21 which Is reset when timing of the clock signal S1, logic element
39a  receiving the clock signal S1 and the base signal of which
differentiates output signals of the latch cir-   5   "On", multiplexer 22
which selects the output data cult 38a and 38b to generate the OFF end
signal   from the binary counter 21 according to the data S7, and logic
element 39b which differentiates out-  DS, rate multiplexer 23 which
divides output signal put signals of the latch circuit 38c and 38d to
from the multiplexer 22 to ten, three state buffers generate the ON end
signal S8.                    24a and 24b which are selectively operable to
Operation of the ON/OFF controller 30 Is de-  10  supply the OFF clock
signal S5 to the ON/OFF scribed referring to the timing chart shown in Fig-
controller 30 according to the signal 82, and AND ure 4. This timing chart
illustrates an example of a  circuit 25 which supplies the ON clock signal
S4 to time relationship between a gap voltage VG, the   the ON/OFF
controller 30 when receiving both the ON clock signal S4, the OFF clock
signal S5       clock signal S1 and the spark signal S3. signal S9, the
base signal SB, the OFF end signal  15  The operation of the clock
controller 20 is S7, the ON end signal S8 and the signal S6 when   shown in
the timing chart of Figure 7. This timing the value of the ON command data
DN is 4 and the  chart illustrates an example of time relationship value of
the OFF command data DF is 2. The trace  between a gap voltage VG, the base
signal SB, the (a) illustrates a gap voltage VG sensed by the gap  clock
signal S1, the spark signal S3, the signal S2, voltage sensor circuitry 6.
Traces (b) and (c) illus-  20  the ON clock signal S4 and the OFF clock
signal trate waveforms on the ON clock signal S4 and the  S5. The trace (a)
illustrates the gap voltage be- OFF clock signal S5 which are supplied to
the     tween the machining electrode 1 and the workpiece three state
buffer 33a and 33b, respectively. The  2. When the base signal SB
illustrated in trace (b) trace (d) illustrates the output signal S9 of the
turns "on", no-load voltage occurs across the gap comparator 35a which is
supplied to the flip-flop 36   25  G resulting in dielectric breakdown and
subsequent and the counter 34. The trace (e) illustrates the  electric
discharging. The trace (c) illustrates the base signal SB as the output
signal of the flip-flop  clock signal S1. The traces (d) and (e)
illustrates 36 which is supplied to the data selector 31 and  the spark
signal S3 indicative of the start of spark the buffer 33a and 33b and also
supplied to the   discharging and the signal S2 generated in the peak
current controller 40 and the transistor 8. The  3o  detecting circuit 10,
respectively. The ON clock traces (f) and (g) illustrate waveforms of the
OFF  signal S4 illustrated in trace (f) is the clock signal end signal S7
and the ON end signal S8 from the   S1 which generates only when the spark
signal S3 logic element 39a and 39b, respectively. The trace  is "on". The
OFF clock signal S5 illustrated in trace (h) illustrates the output signal
S6 of the compara-  (g) is the clock signal of the frequency calculated tor
35b.                                     35  according to the data DS and
the signal S2 which In the timing chart shown Figure 4, the data
generates only when the base signal SB is "off". selector 31 selects the
OFF command data at time     As shown In Figure 8, the detecting circuit 10
tO. At time t1 when the counter 34 counts two OFF  consists of the
discharge detector 11, the check clock signals, the comparator 35a
generates output  clock generator 12 and the counter 13. The dis- signal S9
to cause the base signal SB to turn "on".  40  charge detector 11 for
detecting the discharging The data selector 31 selects the ON command
state across the gap G receives the peak current data in response to the
base signal SB of "on" as  data DIP, the signal IS, the gap voltage VG, the
select signal. At time t2 when the count of the   base signal SB, the ON
end signal S8, the OFF counter 34 equals to the value of output data of the
end signal 87, the signal S6 and the clock signal shifter 32, the
comparator 35b generates output  45  S1 as well as the signal t5 and t15
from the check signal S6. At time t3 when the counter 34 counts  clock
generator 12. The signal IS indicates the four ON clock signals, the
comparator 35a gen-    current flowing at the point IS. The check clock
erates output signals S9 to cause the base signal  generator 12 supplies
the signal t5 and the signal SB to turn "off". Then, time tl to t3 are
repeated.  t15 to the discharge detector 11 according to the Figure 5 shows
the configuration of the peak  50  spark signal S3 from the discharge
detector 11 and current controller 40. This peak current controller  the
clock signal S1. The signal t5 represents 40 consists of AND circuit 41 a
to 41n which sup-  elapse of 5 microseconds after the start of spark plies
output signals SB1 SB2 and SB3 to the      discharging and the signal t15
represents elapse bases of the transistors 5a, 5b and 5c, respectively,  15
microseconds after the start of spark discharg- when receiving both of the
base signal SB and the   65  ing. The counter 13 counts up or counts down
signal based on peak current data DIP. Since three  responding to the
signal SCU and the signal SCD transistors are provided in Figure 1 the AND
circuit  from the discharge detector 11, respectively. Fur- 41n is the AND
current 41c which supplies output  ther, the clock controller 20 receives
the signal 82    9                 EP 0 507 560B1                      10 



and the spark signal S3 from the discharge detec-      An example of levels
for detecting the machin- tor 11 and the data DS from the counter 13.
ing state such as HZ level, LZ level and ARC level Detailed configuration
of the discharge detector  which corresponds to peak current data DIP is 11
is shown in Figure 9. The comparator 101       shown in the table of Figure
11. All levels are supplies the significant output signal level, eg level
5   based on the experimental results. As peak current "1" when the gap
voltage VG Is lower than the      on the left of the table increases, the
voltage value reference voltage. The AND circuit 102 generates   at
respective level are selected in reverse propor- the spark signal S3 when
receiving both the output  tion as illustrated. signal of "1" from the
comparator 101 and the          Adaptive control apparatus and a method for
base signal SB.                                10  controlling discharge
current in electric discharge ROMs l11a, 111b and 111c provide the data
machines is described referring to the flow chart indicative of voltage
value corresponding to the   shown in Figure 12. The adaptive controller
starts peak current data DIP. D/A converters 112a, 112b   the processing
operation and machining conditions and 112c provide the LZ level signal
indicative of  including peak current are entered at step ST1. At low
impedance, the HZ level signal Indicative of  15  step ST2, detecting
voltage levels are set shown In high impedance and the ARC level signal
based on   Figure 11, as an example, according to peak cur- the data from
the ROMs 111a, 111b and 111c,        rentdataDIP. respectively.
Then at step ST3, it is decided whether electric The comparator 113a
generates "1" when the      discharging has taken place at the gap G
between LZ signal level is lower than the voltage level of the   20  the
electrode 1 and the workpiece 2. The steps are signal IS while the
comparator 113b generates 1"  looped until the electric discharging takes
place. If when the HZ signal level is lower than the voltage  it is decided
that the electric discharging has taken level of the signal IS. The
comparator 113c gen-   place, processing stops for 5 microseconds at step
erates "1" when the ARC signal level is lower than  ST4. Then at step ST5,
it is decided whether the the voltage level of the signal IS.            25
voltage level of the signal IS is higher than the LZ Further, the converter
114 converts output sig-  level or not. If yes, the signal S2 is generated
at nal of the comparator 113a. The D-latch circuit    step ST6. Then, at
step ST7, processing stops for 115a latches into output signal of the
converter 114  15 microseconds. If the voltage level of the signal with the
signal t5 and is reset by the OFF and     IS is lower than the LZ level,
step ST6 is skipped signal S7. The D-latch circuit 115b latches into  30
to step ST7 and processing stops for 15 micro- output signal of the
comparator 113b with the sig-  seconds. nal t15 and is reset by the OFF and
signal S7. The    Then, at step ST8, it is decided whether the D-latch
circuit 115c latches into output signal of the  voltage level of the signal
IS is lower than the HZ comparator 113c with the signal S6 is reset by the
level or not. If yes, the process proceeds to next OFF end signal S7. OR
circuit 116 makes the   35  step ST9 and the signal S2 is generated. If the
logical sum of output from the D-latch circuit 115a  voltage level of the
signal IS is higher than the HZ and the D-latch circuit 115b to generate
the signal  level at step ST8 or when the signal S2 is gen- S2. The AND
circuit 117a generates the signal      erated at step ST9, the process
proceeds to next SCD when receiving both of output of the D-latch   step
ST17. circuit 115c and the ON end signal S8, while the   40  Generation of
the select data DS in the detect- AND circuit 117b generates the signal SCU
when     ing circuit 10 shown in Figure 8 is now described receiving both
of the inverted output of the D-latch  referring to the steps ST 11 to
ST16. circuit 11 5c and the ON end signal S8.                First, the
process stops for 1 microsecond at Operation of the discharge detector 11
is de-   step ST1 1. Then, at step ST1 2 it is decided wheth- scribed
referring to the timing chart shown in Fig-  46  er the voltage level of
the signal IS is higher than ure 10. The timing chart illustrates an
example of  the ARC level or not. If yes, the count up signal time
relationship between a gap voltage VG (a), the  SCU is generated at next
step ST13. If the voltage voltage level (b) of the signal IS, the signal T5
(c),  level of the signal IS is lower than the ARC level at the signal T15
(d), the base signal SB (e), the ON  step ST12, the count down signal SCD
is gen- end signal S8 (f), the OFF end signal S7 (g), the   50  erated at
next step ST14. When the signal SCU is signal S6 (h), the spark signal S3
(i), the signal  generated at step ST3, "n" is counted up by one SCD (J),
the signal SCU (k) and the signal S2 (I).  at the next step STI 5. When the
signal SCD is The voltage level of the signal IS is illustrated in
generated at step ST13, "n" is counted down by respect to the HZ level, the
LZ level and the ARC  one at the next step ST16. Following respective
level. The discharge detector 11 generates the   55   processing at steps
ST8, ST9, ST15 and ST16, the signals illustrated in trace (i) to (I) on the
basis of  process proceeds to step ST17. At step ST17, it is the operation
of logic elements shown in Figure 9.  decided whether the ON end signal S8
Is received or not. It it is decided that the ON end S8 Is not 6    11
EP 0 507 560 B1                    12 



received, the process loops until the signal S8 is    monitoring the
discharge current; received. When it is determined that the signal S8
reference  level  generating   means is received at the next ST18 it is
decided whether    (111,112) for generating at least a first and a the
signal S2 is received or not. When it is decided  second current reference
level (LZ,HZ), clock that the signal S2 is received at step ST18, the   5
means (12) for generating at least a first and a OFF end signal S7 is
generated with the OFF time      second reference sampling time (t5,t15)
during interval on the basis of the equation "S7 = S7 x 2 x  said  voltage
pulse;  comparing  means 10" at step ST19. When it is decided that the
(113a,113b,113c) connected to said monitoring signal S2 Is not received at
step ST18, the OFF       circuit for comparing the level of said dis- end
signal S7 Is generated with the OFF time   10     charge current at least
with said first reference interval on the basis of the equation "S7 = S7 x
2"   level at said first reference time and with said at step ST20. In this
way, in Figure 12, operation of  second reference level at said second
refer- the discharge detector 11 shown in Figure 9 is        ence time and
for generating respective com- described.
parison output signals; Figure 13 to 15 illustrate the performance of  15
detecting means (10) connected to the the above described embodiment
compared to that       comparing means for receiving said compari- of
previously available technology.                   son output signals and
for providing at least a Experimental data shown in Figure 13 indicates
first predetermined output if a first predeter- a machining rate in
electric discharge machining      mined set of conditions, determined by
the under the machining condition shown below. Fig-  20   comparison output
signals, is present, and to ures 14 and 15 shown the surface condition of a
provide a second predetermined output if a workpiece with the conventional
adaptive controller   second predetermined set of conditions is and the
adaptive controller of the above embodi-      present; and; ment. The
machining condition is selected to have         control means (20,30),
connected to re- an ON time of 80 microseconds, OFF time of 20   25
ceive said at least first or second predeter- microseconds, the peak
current data DIP of 4 am-      mined outputs and connected to the voltage
pere (A) and the machining voltage applied to the     pulse applying
circuit to increase the off-time gap of 90 volts (V). Further, the positive
polarity is  when said first output Is received and for de- selected on the
side of machining electrode (so-      creasing said off-time when said
second output called "reverse polarity"). The workpiece is made   30  is
received. of rigor, while the tubular machining electrode has a diameter of
5 mm and is made of copper tung-     2. An adaptive control apparatus as
claimed in sten alloy (CuW) to cut ten 0.5 mm deep holes in a    Claim 1,
wherein said comparing means com- line under the above condition which is
apt to        prises first comparison means (113a) connect- induce the
unstable discharging state.        35      ed to receive said discharge
current and the As apparent from the machining rate shown in      first
reference level (Lz) and providing an out- Figure 13 and the surface
conditions shown in         put if the discharge current is greater than
the Figures 14 and 15, the conventional controller        first reference
level to indicate a low imped- takes nearly double the time in any cut out
of 10,    ance across the gap; second comparison while exhibiting arc
craters, scars and stains at the   40  means (113b) connected to receive
said dis- bottom of cut holes due to unstable machining         charge
current and the second reference level state. On the other hand, the
controller of the       (Hz) and providing an output if the discharge
present invention reduces conventional machining      current is less than
the second reference level, rate down by about half with little arc
craters, scars  to indicate a high impedance across the gap; and stains on
the surface of the workpiece indicat-  45 . and third comparison means
(113c) connected Ing excellent performance.                            to
receive said discharge current and a third reference level (ARC) and
providing an output Claims
if the discharge current is greater than the third reference level, to
indicate arcing at the gap; 1. An adaptive control apparatus for
controlling a   so  wherein the first predetermined set of con- discharge
current through a gap (G) formed         ditions is when there is low
impedance, high between an electrode (1) and a workpiece (2)      impedance
or arcing across the gap. in an electric discharge machine having a cir-
cuit (3,4,5) for applying a voltage pulse having  3  An adaptive control
apparatus as claimed in an on-time and an off-time across said gap,  55
Claim 2, wherein the second predetermined characterised by:
set of conditions is when there Is not low a  monitoring  circuit (7,8,9),
including      Impedance, high impedance or arcing across means for
generating a detecting current for      the gap and wherein the off-time is
decreased 7    11                EP 0 507 560 B1                   12 



C   L  M   S* received, the process loops until the signal S8 is
monitoring the discharge current; received. When It is determined that the
signal S8       reference  level  generating   means is received at the
next ST18 it is decided whether   (111,112) for generating at least a first
and a the signal S2 is received or not. When it is decided  second current
reference level (LZ,HZ), clock that the signal S2 is received at step ST18,
the   5  means (12) for generating at least a first and a OFF end signal S7
is generated with the OFF time      second reference sampling time (t5,tl5)
during interval on the basis of the equation "S7 = S7 x 2 x  said  voltage
pulse;  comparing  means 10" at step ST19. When it is decided that the
(113a,113b,113c) connected to said monitoring signal S2 is not received at
step ST18, the OFF       circuit for comparing the level of said dis- end
signal 87 is generated with the OFF time   10     charge current at least
with said first reference interval on the basis of the equation 'S7=S7 x 2"
level at said first reference time and with said at step ST20. In this way,
in Figure 12, operation of  second reference level at said second refer-
the discharge detector 11 shown in Figure 9 is        ence time and for
generating respective com- described.
parison output signals; Figure 13 to 15 illustrate the performance of  15
detecting means (10) connected to the the above described embodiment
compared to that       comparing means for receiving said compari- of
previously available technology.                   son output signals and
for providing at least a Experimental data shown in Figure 13 indicates
first predetermined output If a first predeter- a machining rate In
electric discharge machining      mined set of conditions, determined by
the under the machining condition shown below. Fig-  20   comparison output
signals, is present, and to ures 14 and 15 shown the surface condition of a
provide a second predetermined output if a workpiece with the conventional
adaptive controller  second predetermined set of conditions is and the
adaptive controller of the above embodi-      present, and; ment. The
machining condition is selected to have        control means (20,30),
connected to re- an ON time of 80 microseconds, OFF time of 20   26
ceive said at least first or second predeter- microseconds, the peak
current data DIP of 4 am-      mined outputs and connected to the voltage
pare (A) and the machining voltage applied to the     pulse applying
circuit to increase the off-time gap of 90 volts (V). Further, the positive
polarity is  when said first output is received and for de- selected on the
side of machining electrode (so-      creasing said off-time when said
second output called "reverse polarity"). The workpiece is made   30  is
received. of rigor, while the tubular machining electrode has a diameter of
5 mm and is made of copper tung-    2. An adaptive control apparatus as
claimed in sten alloy (CuW) to cut ten 0.5 mm deep holes in a    Claim 1,
wherein said comparing means com- line under the above condition which is
apt to        prises first comparison means (113a) connect- induce the
unstable discharging state.       35       ed to receive said discharge
current and the As apparent from the machining rate shown in      first
reference level (Lz) and providing an out- Figure 13 and the surface
conditions shown in         put if the discharge current is greater than
the Figures 14 and 15, the conventional controller       first reference
level to indicate a low imped- takes nearly double the time in any cut out
of 10,    ance across the gap; second comparison while exhibiting arc
craters, scars and stains at the   40  means (113b) connected to receive
said dis- bottom of cut holes due to unstable machining         charge
current and the second reference level state. On the other hand, the
controller of the       (Hz) and providing an output if the discharge
present invention reduces conventional machining      current is less than
the second reference level, rate down by about half with little arc
craters, scars  to indicate a high impedance across  the gap; and stains on
the surface of the workpiece indicat-  45  and third comparison means
(113c) connected ing excellent performance.                            to
receive said discharge current and a third reference level (ARC) and
providing an output Claims
if the discharge current is greater than the third reference level, to
indicate arcing at the gap; 1. An adaptive control apparatus for
controlling a   so  wherein the first predetermined set of con- discharge
current through a gap (G) formed        ditions is when there is low
impedance, high between an electrode (1) and a workpiece (2)      impedance
or arcing across the gap. in an electric discharge machine having a cir-
cuit (3,4,5) for applying a voltage pulse having  &  An adaptive control
apparatus as claimed in an on-time and an off-time across said gap,  55
Claim 2, wherein the second predetermined characterised by:
set of conditions is when there is not low a  monitoring  circuit (7,8,9),
including      impedance, high impedance or arcing across means for
generating a detecting current for      the gap and wherein the off-time is
decreased 7    
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111111111111111111111111111 in order to increase a machining rate.
ther comprises comparing the level of said discharge current at a first
predetermined time 4. An adaptive control apparatus as claimed in        to
a first predetermined level to determine Claim 1, wherein said circuit for
applying a      whether said gap has a low impedance, com- voltage pulse
comprises a power source (3), a   5  paring the level of said discharge
current at a current limiting means (4a,4b,4c) and a switch-    second
predetermined time to a second pro- ing means (5a,5b,5c) in series with
said gap.      determined level to determine whether said gap has a high
impedance, comparing the 5. An adaptive control apparatus as claimed in
level of said discharge current at a third pre- Claim 4, wherein said
monitoring circuit com-   10  determined time to a third predetermined
level prises a power source (9), a switching means      to determine
whether arcing is occurring at (8) arid a current detecting means (7b),
said gap, and said discharge current is se- wherein the switching means of
said monitor-     lected as being in said first state when said ing circuit
is operable to connect the power       gap has said low impedance, said
high imped- source of the monitoring circuit to said gap,  15  ance, or
said arcing. whereby said detection current is generated. 9. An adaptive
control method as claimed In 6.  An adaptive control apparatus as claimed
in         Claim 8, wherein said discharge current is se- any one of the
preceding claims, including         lected as being in said second state
when said means for detecting the peak current dis-  20      gap does not
have said low impedance, said charged across the gap, memory means
high impedance, or said arcing and said step (111a, 111 b, 111 c) storing a
plurality of values  of increasing decreases said off-time in order for
each of at least the first and second refer-   to increase a rate of
machining. ence levels, each value being associated with a corresponding
value of the peak current,  25  10. An adaptive control method as claimed
in each respective memory means being adapted         Claim 7, further
comprising the step of chang- to output a particular reference level
selected   ing at least two predetermined reference levels from the stored
levels dependent on the peak       in accordance with a peak current
discharged current, which respective reference level is       across said
gap. used as the corresponding reference level  30 which is compared
against the discharge cur-   Patentansprtche rent. . Adaptives Steuergerdt
zurn Steuern eines Ent- - 7. An adaptive control method for controlling a
ladestromes Uber einen Spalt (G) zwischen discharge current through a gap
(G) formed   36    einer Elektrode (1) und einem Werkstflck (2) in between
an electrode (1) and a workpiece (2)       einer Funkenerosionsmaschine,
mit einem In an electric discharge machine in which a        Schaltkreis
(3, 4, 5) zum Anlegen sines eine voltage pulse having an on-time and an
off-        Eln-Zeit und eine Aus-Zeit besitzenden Span- > -~ time is
applied across said gap, characterized         nungsimpulses Ober dem
Spalt, gekennzelch- by the steps of:                          40       net
durch: ;-*        (a) monitoring a discharge current passed       Einen
Oberwachungsschaitkreis (7, 8, 9) mit through said gap;
Mitteln zum  Erzeugen sines Abtaststromes *(b) comparing the level of said
discharge      zum Oberwachen des Entladestromes; current at least two
predetermined times        elnen Bezugspegel erzeugende Mittel (1l1, during
said voltage pulse with at least two   45  112) zum Erzeugen mindestens
eines ersten predetermined reference levels and thereby      und sines
zweiten Strombezugspegels (LZ, generating comparison output signals;
HZ); Taktmittel (12) zum Erzeugen mindestens (0) selecting whether the
discharge current     elner ersten und einer zweiten Bezugabtastreit falls
into at least a first state or a second   (t5, ti5) wlhrend des
Spannungsimpulses; state based upon said comparison output  50
Vergleichermittel (113a, 113b, 113c), die mit signals; and
dem  Oberwachungsschaltkreis zum  Verglel- (d) increasing the off-time when
said current   chen des Pegels des Entladestroms zumindest is considered to
be in said first state and     mit dem  ersten Bezugspegel an der ersten
decreasing said off-time when said current      Bezugszeit und mit dem
zweiten Bezugspegel is considered to be in said second state.  55   an der
zweiten Bezugszelt verbunden ist, und zum Erzeugen von
Vergleichsausgangssignar 8  An adaptive control method as claimed in
len; Claim 7, wherein said step of comparing fur-       Abtastmittel (10),
die mit den Vergleichermit- 8    
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1B11111I11111! I I! teln zum Empfangen der Vergleichsausgangs-
Spannungsquelle (3), strombegrenzende Mittel signals und zum Vorsehen
zumindest sines          (4a, 4b, 4c) und Schaltermittel (5a, 5b, 5c) in
ersten vorbestimmten Ausgangssignals dann,        Reihe mit dem Spalt
aufweist. wenn ein erster vorbestimmter Satz an Bedin- gungen, die durch
die Vergleichsausgangssi-   s   5. Adaptive Steuervorrichtung nach Anspruch
4, gnale bestimmt sind, vorhanden ist, und urn       dadurch
gskennzeichnet, daB der Oberwa- ein zweites vorbestimmtes Ausgangssignal
chungsschaltkreis elne Spannungsquelle (9), dann vorzusehen, wenn ein
zweiter vorbe-          Schaltermittel (8) und Stromerfassungsmittel
stfmmter Satz an Bedingungen vorhanden ist,       (7b) aufweist, daB die
Schaltermittel des Ober- verbunden sind, und;                      tO
wachungsschaltkreises betntigbar sind, urn die Steuermlttel (20, 30), die
zurn Empfangen min-    Spannungsquelle des Oberwachungsschaltkrei- destens
der ersten oder zweiten vorbestimm-       se mit dem Spalt zu verbinden,
wodurch der ten Ausgangssignale elngebracht sind und die      Abtaststrom
erzeugt wird. mit dem den Spannungsimpuls liefemden Schaitkreis verbunden
sind, urn die Aus-Zeit  i5  6. Adaptive Steuervorrichtung nach einem  der
dann zu erhohen, wenn das erste Ausgangssi-       vorhergehenden Anspriche,
dadurch gekenn- gnal empfangen wird, und urn die Aus-Zeit         zeichnet,
daB sie Mittel zum Abtasten der Uber (%     c dann herabzusetzen, wenn das
zweite Aus-         dem  Spalt vorhandenen Entladestromspitze gangssignal
empfangen wird.                       und Speichermittel (111a, 111b, 111c)
zum 20      Speichern einer Vielzahl von Werten fOr jeden 2. Adaptive
Steuervorrichtung nach Anspruch 1,        des zumindest ersten odor zweiten
Bezugspe- dadurch gskennzeichnet, daB die Vergleicher-      gels aufweist,
wobei jeder Wert einem entspre- mittel erste Vergleichermittel (113a), die
zum    chenden Wert der Stromspitze zugeordnet ist, Empfangen des
Entladestrorns und des ersten       wobel das betreffende Speichermittel an
den Bezugspegels (L,) eingebracht sind und die  25    Ausgang eines
speziellen Bezugspegels ange- sin Ausgangssignal dann schaffen, wenn der
palt ist, der aus den gespeicherten Pegeln in Entladestrom groBer ist als
der erste Bezugs-     Abhangigkeit von der Stromspitze ausgewghIt pegel,
urn sine geringe Impedanz Ober dem         ist, welcher betreffende
Referenzpegel als ent- Spalt anzugeben; zweite  Vergleichermittel
sprechender Referenzpegel, der mit dern Ent- (113b), die zum Empfangen des
Entladestro-  30    ladestrom verglichen wird, verwendet wird. mes und des
zwelten Bezugspegels (He) ein- gebracht sind und ein Ausgangssignal dann
7. Adaptives Steuerverfahren zum Steuern sines schaffen, wenn der
Entladestrom kleiner Ist als   Entladestromes Ober einem Spalt (G) zwischen
der zweite Bezugspegel, urn eine hohe Impe-       einer Elektrode (1) und
einem WerkstUck (2) in danz Uber dem Spalt anzugeben; und dritte  36
einer Funkenerosionsmaschine, bei welchem Vergleichermittel (1 13c)
aufweist, die zurn      sin Spannungsimpuls mit einer Ein-Zeit und
Empfangen des Entladestromes und des drit-        einer Aus-Zeit Ober dem
Spalt angelegt wird, ten Bezugspegels (ARC) eingebracht sind und
gekennzeichnet durch folgende Schritte: sin Ausgangssignal dann schaffen,
wenn der           (a) Oberwachen sines durch den Spalt file- Entladestrom
grdBer iSt als der dritte Bezugs-  40   Benden Entladestromes; pegel, um
einen Lichtbogen Ober dern Spalt          (b) Vergleichen des Pegels des
Entladestro- anzeigen; wobei der erste vorbestimmte Satz          mes
zumindest zu zwei vorbestimmten Zei- an Bedingungen dann vorliegt, wenn
eine ge-         ten wahrend des Spannungsimpulses mit ringe Impecdanz,
eine hohe Impedanz oder ein        zurnindest zwei vorbestimmten Bezugspe-
Uchtbogen Uber dern Spalt anliegt.        45        geln und dadurch
Erzeugen von Vergleichs- ausgangesignalen; S. Adaptive Steuervorrichtung
nach Anspruch 2,          (c) AuswAhlen, ob der Entladestrom in zu- dadurch
gekennzeichnet, daB der zwelte vor-          mindest einen ersten Zustand
oder einen bestimmte Satz an Bedingungen dann gege-            zweiten
Zustand, basierend auf den Ver- ben lst, wenn sine geringe Impedanz, sine
5o      gleichsausgangssignalen, fllt; und hohe Impedanz odor ein
Lichtbogen Ober dem          (d) Erhohen der Aus-Zeit dann, wenn der Spait
nicht vorhanden ist und daB die Aus-Zeit      Strom  als in den ersten
Zustand fallend herabgesetzt ist, um die Bearbeltungsrate zu
betrachtet wird und Herabsetzen der Aus- erhdhen.
Zeit dann, wenn der Strom als in den zwei- 55        ten Zustand fallend
betrachtet wird. 4. Adaptive Steuervorrichtung nach Anspruch 1, dadurch
gekennzeichnet, daB der Schaitkreis    8. Adaptives Steuerverfahren nach
Anspruch 7, zum  Anlegen eines Spannungsimpules esne          dadurch
gekennzelchnet, daB der Schritt des    17                EP 0 507 560 B1
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Vergleichens desweiteren das Vergleichen des      rence, audit premier
instant de ref~rence, et Pegels des Entladestromes zu einer ersten
audit second niveau de r~ference, audit so- vorbestimmten Zeit mit einem
ersten vorbe-        cond instant de r6ference, et pour g~n~rer des
stimmten Pegel, urn zu bestimmen, ob der          signaux de sortie
respectifs de comparalson; Spalt eine niedrige Impedanz besitzt; das Ver-
6   un moyen de d~tection (10) connect4 au gleichen des Pegels des
Entladestromes zu         moyen de comparaison pour recevoir lesdits einer
zwelten vorbestimmten Zeit mit einem        signaux de sortie de
comparalson et generer zweiten vorbestimmton Pegel, um zu bestim-        au
moins une premiere sortie predeterminee si men, ob der Spalt eine hohe
Impedanz besitzt;     un premier jeu de conditions priddtermin6, das
Vergleichen des Pegels des Entladestro-  10  fixe par les signaux de sortie
de comparalson, mes zu elner dritten vorbestimmten Zelt mit       est
present, et generer une seconde sortie einem dritten vorbestimmten Pegel,
um zu be-      pred~termin~e si un second lou de conditions stimmen, ob ein
Lichtbogen Uber dem Spalt         pr~determinf est present; et, auftritt,
autwelst, und dsIl der Entladestromn       un moyen de commando (20, 30)
connec- dann, wenn der Spalt eine niedrige Impodanz,  15  t pour recovoir
au moins lesdites premlbre ou die hohe Impedanz oder den Llchtbogen be-
seconde sorties pr6d~tormindes, et connect4 sitztm als sich im ersten
Zustand befindet aus-   au circuit d'application de l impulsion do ten- t
gewAhlt wird.                                  sion pour augmenter la
periode non active h reception de ladite premibre sortie et- pour .
Adaptives Steuerverfahron nach Anspruch 8,  20      diminuor ladite pdriode
non active a r~ception dadurch gekennzeichnet, daB der Entladestrom      de
ladite seconde sortie. dann, wenn der Spalt die niedrige Impedanz, die hohe
Impedanz odor den Lichtbogen nicht   2. Appareil de commando adaptative
selonr la re- aufweist, als sich Im zweiten Zustand befin-      vendication
1, dans lequel ledit moyen de dend ausgewahit wird und dael der Schritt des
25  comparaison comporte un premier moyen de Erhohens die Aus-Zeit
vermindert, um die Be-      comparaison (113a) connecte pour recevoir le-
arbeitungsrate zu erh$hen.                        dit courant de d~charge
et le premier niveau de ref~rence (LZ) ot g~n~rer un signal de 10.
Adaptives Steuerverfahren nach Anspruch 7,       sortie si le courant de
d~charge est superieur dadurch gekennzeichnot, daB es den Schritt,  30   au
premier niveau de rdf~rence pour indiquer zumindest zwei vorbestimmte
Bezugspegel           le4tat de basse imp~dance dans l'cartement
entsprechend einer Entladestromspitze Ober        (G); un douxieme moyen de
comparalson dem Spalt zu andern, aufweist.                    (113b)
connect4 pour recevoir ledit courant de d~charge et le deuxibme niveau de
reference Revendicatfons                               35      (HZ) et
gdneror un signal de sortie si le cou- rant de decharge est inferieur au
second ni- 1. Appareil de commande adaptative d'un courant      veau de
r~ference pour indiquer l'etat de haute de d~charge dans un 6cartement (G)
s~parant      imp~dance dans I14cartement (G); et un trolslb- une electrode
(1) d'une pibce h usiner (2) dans   me moyen de comparaison (113c) connect4
une machine d'usinage par electro-erosion   4o    pour recevoir ledit
courant de d~charge et un ayant un circuit (3, 4, 5) pour appliquer dans
troisibme niveau de reference (ARC) et g~n6- ledit ecartement une impulsion
de tension         rer un signal de sortie si le courant de d~char- ayant
une p6riode active et une periode non       ge est superieur au troisibme
niveau de r~f6- active, caracterisd par:                          rence
pour indiquer la formation d'un arc au un circuit de contr8le (7, 8, 9),
compronant  45  niveau de lecartement (G); dans loquel le pro- un moyen de
generation d'un courant de de-        mier jeu de conditions predetermin4
corres- tection pour contr8ler le courant de d~charge;    pond a la
pr~sence d'une basso imp~danceo un moyen de gendration de niveaux de
d'une haute imp~dance ou de la formation ref~rence (111, 112) pour g~n~rer
au moins un     d'un arc au niveau de I 4cartement (G). premier et un1
second nivoaux de reference do   50 courant (LZ, HZ) , un moyen d'horloge
(12)    3. Appareil de commande adaptative selon !a re- pour g6n~rer au
moins un premier et un se-        vendication 2, dans lequel le deuxibme
jeu de -~    cond instants d'4chantillonnage do r~f~rence       conditions
pr~d~termind correspond k lIabsen- (t5 t15) pendant la duree de ladite
impulsion     ce d'une basse impedance, d'une haute lmp6- de tension; un
moyon de comparalson (113a,   a    dance ou de la formation d'un arc au
niveau - 113b, 113c) connect4 audit circuit de contr8le  de r'cartement
(G), et dans loquel la p~riode pour comparer le niveau dudit courant de dd-
non active est r~duite afin d'augmenter la vi- charge au moins audit
premier niveau de rtf6-     tesse d'usinage. 10    19                EP 0
607 580 B1                  20                11111 111 J1i 



4. Appareil de commando adaptative selon la re-        de la p6riode non
active quand ledit courant vendication 1, dans loquel ledit circuit
d'appli-   est considere comme etant dans ledit so- cation d'une Impulsion
de tension comporte          cond 6tat. une alimentation (3), un moyen de
limitation de courant (4a, 4b, 4c) et un moyen de commuta-   5   a  Proc6d6
de commando adaptative selon la re- tion (5a, 5b, 5c) connectes en serie
avec lWdit  vendlcatlon 7, dans lequel ladite dtape de 6cartement (0).
comparalson comporte en outre la comparal- son, a un premier Instant
preddtermind, du 5. Apparell de commando adaptative selon la re-
niveau dudit courant de d6charge a un premier vendication 1, dans lequel
ledit circuit de   lo  niveau predetermine, pour determiner si ledit
contr8le comporto une allmentation (9), un       ecartement (G) s. trouve
en etat de basso moyen de commutation (8) et un moyen de
Imp~dance; la comparalson, a un deuxieme d6tection de courant (7b), dans
loquel lo        Instant predetermine, du niveau dudit courant moyen de
commutation dudit circuit de contr8-    de d6charge A un deuxibme niveau
predeter- le assure la connexion de l'alimentation du  it   mine, pour
determiner si ledit ecartement (G) circuit de contr8le audit ecartement
(0), ce qui  se trouve en 6tat de haute impedance; la com- permet de
generer ledit courant de dotection.     paraison, & un troisieme instant
preddtormind, du niveau dudit courant de d6charge a un 6. Appareil de
commando adaptative selon l'une      troisibme niveau pr~determin6, pour
determi- quelconque des revendications prec~dentes,  20    nor si un arc
est en formation au niveau dudit comprenant un moyen de d6tection du
courant      ecartement (6); et ledit courant de d6charge de cr~te d6charg4
dans l'4cartement (G), un       est d6termin6 comme 6tant dans ledit
premier moyen de mdmoire (111a, 111b, 111c) pour         etat en presence
de ladite basso impedance, m6moriser une pluralit6 de velours correspon-
de ladite haute impedance ou de ladite forma- dant a chacun des premier et
douxieme ni-  25    tion d'un arc au nilveau de l'Mcartement (G). veaux de
r6f6rence, chaque valeur etant asso- ci6e I une valeur correspondante du
courant   9. Proced4 de commande adaptative solon la re- de cr8te, chaque
moyen de m~moire 6tant           vendication 8, dans lequel ledit courant
de respectivement capable de g6nerer un niveau       decharge est determind
comme etant dans de r6ference particulier s6lectionne parmi lOs  30  ledit
second etat en l'absence de ladite basse niveaux memorises dependants du
courant de        impedance, de ladite haute impedance ou de crete, loquel
nlveau de r6ference sort de ni-    ladite formation d'un arc au niveau de
l'carte- veau de r~fdrence correspondant qui est corn-     ment (G), et
ladite etape de diminution diminue par6 au courant de d6charge.
Ia periode non active afin d'augmenter la vites- 36      se d'usinage. 7.
Proc6d6 de commando adaptative d'un cou- rant de ddcharge dans l'ecartement
(G) sepa-  10. Proc~dd de commando adaptative solon la re- rant une
4lectrode (1) d'une pikce & usiner (2)  vendication 7, comportant en outre
l'4tape de dans une machine d'usinage par 6lectro-6ro-       modification
d'au moins deux niveaux de r~f4- sion, dans lequel est. appliqu~e dans
ledit dcar-  40  rence pr~ddtermines en en fonction du courant tement une
impulsion de tension ayant une         de cr8te d6charg6 dans ledit
dcartement (G). periode active et une pdriode non active, ca- ract6ris6 par
les 6tapes de: (a) contr8le d'un courant de d~charge tra- versant ledit
6cartement (G);          45 (b) comparaison, & au moins deux instants
predetormin~s, du nlveau dudit courant de decharge, pendant la duree de
ladite impul- sion de tension, A au moins deux niveaux de rdfdrence
prdddterminds, puis gdn~ratlon   5o de signaux de sortie de comparaison;
(c) determination d'au moins un premier dtat ou un second 6tat dans lequel
tombo le courant de ddcharge en fonction desdits signaux de sortie de
comparaison; et   55 (d) augmentation de la periode non active quand lWdit
courant est consid~rd comme 6tant dans ledit premier etat, et diminution


