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voltage signal) sent from the gap .G formed be- tween the workpiece W  and
the electrode E, (Technical Field)                                 dividers
111 and 112 divide the respective clock pulses. ON time and OFF time are
controlled by This invention relates to a device for generating   5   means
of the respective divided clock pulses. electric machining pulses in a
power supply device    Fig. 10 (3) shows a conventional circuit dia- for
electric machining In the electric discharge ma-  gram of the above pulse
generator to control OFF chining apparatus, the electrolytic machining ap-
time only. paratus, etc.                                         The pulse
generator 300 is provided with ROM 10  301 and 302 between CPU and
comparator 102 (Conventional Technology)                         and 104.
ROM 301 selects ON time data to be sent to the comparator 102, depending on
the initial In the conventional power supply device for    value of ON time
while ROM 302 selects OFF time electric machining, ON time and OFF time of
the   data to be sent to the comparator 104, depending electric machining
pulse are preset, on which the   15  on the initial value of OFF time. The
divider 303 pulse generator generates the electric machining  divides the
clock pulses according to detection pulses successively.
data and sends divided clock pulses to the OFF Fig 10 (1) is a circuit
diagram of the conven-  time counter 103. tional basic pulse generator.
In the conventional pulse generators shown in In this basic pulse generator
100, the counter  20  Fig. 10 (2) and (3), comparators 102 and 104 send 101
counts ON time clock pulses, and its count is  output signals depending on
initial values of ON compared with ON time data (data specifying ON    time
and OFF time and output signals of counters time as length) by the
comparator 102. When both  101 and 103. Depending on these output signals,
are identical, the comparator 102 sends the iden-  the flip-flop 105
generates a pulse having a speci- tification signal, which is used to reset
the RS flip-  25  fied pulse width. flop 105. On the other hand, the
counter 103         In the above conventional example, required counts OFF
time clock pulses, and its count is    designations as to which data is to
be selected for compared with OFF time data (data specifying OFF
evaluation and analysis machining (which data is to time as length) by the
comparator 104. When both  be selected  as detection data), and how to
evaluate are identical, the comparator 104 sends the iden-  30  and analyze
selected detection data (how to di- tification signal, which is used to set
the RS flip-  agnose machining state and output. ON time data flop 105.
Output signal of the flip-flop 105 is used   and OFF time  data on the.
basis of the diagnosis as a signal to enable the counter 101 and the
result) however, are implemented in a dedicated output signal of the
flip-flop 105 is inverted by the  circuit. inverter 106 to be used as a
signal to enable the   35  Depending on the kind of the electric machin-
counter 103.                                      ing method, hardware
configuration differs and the Thus, when time specified with OFF time data
volume of hardware which can be accommodated elapses, the OFF time counter
103 stops counting,  in a single IC is limited. This  makes difficult to
the ON time counter 101 starts counting and output  create an IC.
compatible with all or multiple electric pulse of the RS flip-flop 105 is
turned ON. When   40   machining methods and to make a hardware com- time
specified with ON time data elapses, the ON  mon to.multiple electric
machining methods. time counter 101 stops counting, the OFF. time
Further, when making both rough machining counter 103 starts counting, and
output pulse of the  and finish machining, It is desirable to establish RS
flip-flop 105 is turned OFF. With this operation  different criteria in
determining acceptance of  the repeated, output signal of the flip-flop 105
becomes  45  voltage across a gap formed between an electrode output pulse
of the pulse generator 100.  .       and a workpiece.  In the past, however
hardware Fig 10 (2) shows a circuit diagram of the above  configuration for
rough and finish machining was conventional pulse generator used in the
electric  made common to follow  a policy to. make the discharge machining
apparatus.                    hardware configuration common as far as
possible. Components same as those described above   50  Therefore, it is
restricted to select and  output the are shown with same numbers but their
description  data of ON time and OFF time  of pulse according is omitted
hereafter.                             to machining state. In the pulse
generator 200 based  on the above    Additionally  in the electrical
discharge machin- pulse generator 100, its ON time clock pulses are  ing,
arc voltage is normally  10 to 15V for copper- generated in the divider 111
and its OFF time clock  55  titanium machining and  20  to 25V  for
copper-steel pulses are generated in the divider 112, and initial
machining. In case that the pulse control method value of ON time and
initial value of OFF time are  for copper-titanium machining isapplied to
copper- provided by CPU. According to detection data (gap  steel machining,
even normal machining state is 2   
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discharging so that pulse is   controller. This selects conditions, such as
pulse controlled excessively and the OFF time is short-   current, pulse
width duty cycle or working fluid ened to a value smaller than required,
preventing   pressure, to meet required conditions such as re- progress of
the machining. In short, failure decision  quired surface roughness,
workpiece material, etc. criteria depends on the combination of electrode
5   Optimised values are stored for parameters such and workpiece material,
and this makes it difficult  as conditions such as fluid pressure, pulse.
current, to decide properly whether discharging state is     etc and on the
basis of these machining conditions abnormal.
are automatically obtained. The process does not Further, in the
copper-steel and copper tung-   adaptively change pulses generating
conditions. sten-steel machining, the [err] time (time. when no   10  An
object of the present invention is to provide discharge takes place even
with voltage applied     a pulse generator for electric machining in. which
across a gap) in cutting through hole with the help  ON time., OFF time and
peak current of pulse can of fluid flushing is different from that in
cutting  bechangedwith much flexibility, in which optimum bottom-closed
cavity. In short, in cutting bottom-  evaluation and analysis of detection
data is made closed cavity, short [err] causes abnormal discharg-   15
according to the progress of machining, in which ing and chips residing.
This prevents deionization  hardware on pulse control can be used in common
and subsequent electric discharges. On the other    irrespective of
electrical machining methods such hand, in cutting through hole with the
help of fluid  as diesinking electric discharge machining, wire-cut
flushing, short [err] causes no problem. Consequent-  electric discharge
machining, electrolytic machining ly, when ON time and OFF time of pulse
are  20  etc. and in which an abnormal discharging state is controlled by
detecting the [err] time, designation of  properly decided even when the
decision criterion control method for cutting through hole is likely to  of
abnormal discharging should be changed due to cause abnormal discharging in
cutting bottom-       different electrode and workpiece materials. closed
cavity, while designation of control method for cutting bottom-closed
cavity prevents progress  25  (Disclosure of Invention) of machining in
cutting through hole due to exces- sive pulse control.
According to the present invention there is The above problems occur on
controlling the      provided a method for generating a train of succes- ON
time data and OFF time data of pulse but also    sive pulses for effecting
a process, wherein, a pro- on controlling of the peak current lp data of
pulse.    30  cessing means stores a plurality of sets of pulse
FR-A-2443712 discloses a microprocessor -       generating conditions and
sets one of  the plurality controlled electrical discharge machining
system   of sets of pulse generating conditions each  time a adapted to
optimally perform a plurality of control  set of process  information
required for carrying out operations, wherein machining  parameters such as
said   process is received, and  wherein a detector machining pulse on time
and off-time  are  con-  35  generates a detection data signal indicative
of the trolled. However, only a fixed set of criteria are  condition of at
least one characteristic of the pro- used to process signals indicative of
electrical ma-  cess to which said  pulses are applied, character- chining
performance.                      .         ized by the steps of:
GB-A-2166269 discloses a method of,  and an        (i) storing a plurality
of sets of initial ON time apparatus for, controlling an electric discharge
ma-  40  values, initial OFF time values and program data chine, wherein
the off-time is controlled In- depen-  .    including diagnostic criteria
for processing said dence upon the conditions in the working gap.. A
detection data signal and ON time/OFF time fixed (not programmable) logic
circuit is used to     calculation criteria; process data to control the
machine.      .           (ii) inputting a set of the process information
JP-A-59-169717 discloses an apparatus for  45    required for carrying out
said process to said changing the setting of machining conditions using
processing means; a predetermined program. Machining conditions in-
(iii) outputting one of the plurality   of sets of cluding electrical
characteristics such  as polarity,  initial ON time values, initial OFF
time values peak current and ON and OFF times of a machin-        and
program data from said processing means, ing pulse are changed when process
information,  60    to a pulse generating device; such as required surface
roughness, required ma-      (iv) generating a pulse having an ON time set
in terlal removal rate and required.dimensional accu-    accordance with
said initial .ON time value and racy  is changed. In one example, seven
sets of       an OFF time set in accordance with said initial machining
conditions are set, according to different  OFF time value; process
requirements.                          (v) providing said detection data
signal to said JP-A-57-89522 discloses an electric discharge      pulse
generating device; machining apparatus capable  of automatically  set-
(vi) processing said detection data signal in ac- ting machining pulse
conditions using a program       cordance with said program data including
said 3  
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criteria to thereby generate a diag-      Fig. 3 (1) to (4) shows examples
of program nostic signal;                                   data, etc. in
the above embodiment. (vii) varying the duration of ON time from said
Fig. 4 (1) to (10) show circuit diagrams detail- initial ON time value or
the duration of OFF time  ing key components in the above embodiment. from
said initial OFF time value responsive to   5   Fig. 5 shows the flowchart
of the above em- said diagnostic signal using said program data   bodiment.
Including said ON time/OFF time calculation cri- .   Fig.  6 is a time
chart showing the generating teria; and
process of check pulse, inhibit signal and F-signal (viii) generating a
pulse in accordance  with  var-  and B-signal inside decision means 25, for
electric led said ON time duration and said OFF time   10 discharge
machining in the above embodiment duration.
Fig. 7 is a time chart showing operation of ON According to the invention
in a second aspect   time control decision means 50 for electric dis- there
is provided a pulse generating apparatus      charge machining in the above
embodiment comprising a pulse generating device for generat-       Fig. 8
is a time chart showing an example of ing a train of successive pulses
having an ON time   15   ON time control in ON/OFF time calculation means
and an OFF time, said pulses being applied to       30 in the above
embodiment. effect a process, a processing means having            Fig. 9
(1) and (2) illustrate an example of data means for storing a plurality of
sets of initial ON  setting in the logic circuit for the pulse width time
values, initial OFF time values and means for  change shown in Fig. 2.
providing one of the plurality sets of initial ON time   20  Fig. 10 shows
conventional pulse generators. values and initial OFF time values each time
a set     Fig. 11 is a block diagram showing the addi- of process
information required for carrying out the  tional embodiment provided with
the function to process is received, and a detector for generating  control
the peak current lp in the embodiment a detection data signal indicative of
the condition of  shown in Fig. 1. at least one characteristic of the
process to which   25  Fig. 12 (1) to (3) shows examples of. program said
pulses are applied, characterised in that  said  data added for controlling
the peak current Ip. processing means further stores a plurality of sets
Fig. 13 (1) and (2) are circuit diagrams respec- of program  data including
diagnostic criteria  for  tively showing an example of detection data
selec- processing said detection data signal and ON        tion means .21i
and check pulse generation means time/OFF time calculation criteria and
further pro-  30  23i, Fig. 13 (3) is a circuit diagram showing an vides
one of the plurality of sets of program data  example of  the. switching
circuit  in the additional each time a set of the process information  is
re-  embodiment in which the peak  current Ip can be ceived, and wherein
said pulse generating device    controlled as well. comprises: means for
storing one of the plurality of sets of initial ON time values, initial OFF
time   35  (Best Mode of invention) values and program  data from said
processing means; programmable means for processing said          Fig. 1 Is
a block diagram showing an embodi- detection data signal in accordance with
said pro-  ment of the present invention. gram  data, including said
diagnostic criteria, to     In this embodiment, the pulse generator 2 is
thereby generate a diagnostic signal; programma-  40  used for electric
machining in electric discharge ble means, responsive to said diagnostic
signal, for  machining apparatus, electrolytic machining appa- varying the
duration of said ON time from said     ratus and etc., having storage means
10 for storing initial ON time value and/or the duration. of said  data
from external device, diagnosis unit 20 for OFF time from said initial OFF
time value in accor-  diagnosing machining state by evaluating detection
dance with said program data, including said ON   45  data in the gap,
ON/OFF time calculation means 30 time/OFF time calculation criteria; and
pulse gen-  which can change.the logic circuit for changing the erating
means, responsive to said programmable      pulse width based on diagnosis
results with pro- means for varying ON time and OFF time, for         gram
data and pulse generation means 40 for generating a pulse having an ON time
and an OFF     generating electric machining pulses successively. time.
50      The pulse generator 2 receives receives ad- dress, data and write
enable signal from CPU 1 (Brief Description of Drawings)
(e.g., 87C196KB available from  INTEL) and detec- tion data from sensors to
provide pulse waveform Fig. 1 is a block diagram showing one embodi
corresponding to the detection  data,.Definite exam- ment of the Invention.
55  ple of the address and corresponding data Is Fig. 2 is a drawing
showing diagnosis unit 20   shown.in Fig. 3. The pulse generator 2 is
provided and ON/OFF time calculation means 30  in the       with storage
means  10, diagnosis. unit 20, ON/OFF above embodiment.
time calculation means 30 and pulse generation 4 



7                 EP 0 491 958 B1                   8 means 40, and the
diagnosis unit 20 is provided   selected according to the setting of
program data. with detection data selection means 21, threshold  Also,
though ON/OFF time calculation means 30 Is setting means 22, check pulse
generation means    virtually a single logic circuit for changing the pulse
23, inhibit signal generation means 24 and decision  width, in view of
function it is provided with multiple means 25.
5   logic circuits as shown in Fig   2 and one logic Storage means 10
comprise multiple registers   circuit is selected according to the setting
of pro which store initial value of On time, initial value of  gram data.
OFF time and program data from CPU 1 when             Therefore, the pulse
generator 2 contains var- receiving write enable signal.
ious combinations of the logic circuit for diagnosing Detection data
selection means 21 selects one  10  and the logic circuit for changing the
pulse width in of multiple detection data entered from outside of  spite of
a single circuit configuration, and one of the pulse generator 2. The
detection data shows   optimum  combination can be selected according to
the information on machining state.               machining information.
Threshold setting means 22 set a threshold        Fig. 3 (1) illustrates an
example of initial values (detection criterion value) of detection data se-
75  of ON time and OFF time and program data sent to lected as above and
provide an evaluation signal  ON/OFF time calculation means 30 from CPU 1
which indicates good (or no good) when detection  through storage means 10
in the above embodi- data is larger than the threshold.
ment. Check pulse generation means 23 control tim-      The above "Program
data" is data which CPU ing from a given position, for example, rising edge
20  sets on the basis of machining information. The of gate signal to
positions where ON time check   above "Machining information" covers the
electric pulse and OFF time check pulse are generated      machining
methods, workpiece materials, electrode respectively so as to generate ON
time check      materials, characteristics of machining fluid, state pulse
and OFF time check pulse which show posi-   of fluid flushing and
operator's requests. The. above tions for extracting the evaluation signal.
25  "Operator's requests" include surface roughness, Inhibit signal
generation means 24.generates   removal rate and electrode ware rate.
Operator inhibit signal which inhibits extracting the evaluation  may set
the desired machining information at the signal for a specified duration
from rising edge of  start of the machining and change ..it in the gate
signal.                                      progress of the machining or
may program so that Decision means 25 generate diagnosis signals  30  such
machining information  is changed with the for ON time control and OFF time
control indepen-  progress  of the machining. Operator may  set initial
dently indicating diagnosis results based on the  values of ON time and OFF
time at the start or in evaluation signal, check pulse and inhibit signal..
the progress of the machining  and  it can be han- ON/OFF time calculation
means 30 provide ON    died as   one of  program data being set in accor-
time data and OFF time data based on diagnosis  35  dance with machining
data. signal.                                              In  program data
shown in Fig. 3 (1), program Pulse generation means 40 generate electric
data  associated with Address  00 HEX is a 16-bit machining pulses
successively according to ON     setting of initial value of ON.time and
data asso- time data and OFF time data.          ciated with Address 02 HEX
is a 16-bit setting of In the above embodiment, all of detection data  40
initial value of OFF time. selected by detection data selection means 21,
Other program data is provided to set the in- threshold set by threshold
setting means 22, the  crement, the decrement,  the upper limit  the lower
duration of inhibit  set by inhibit signal generation  limit and presence
or absence of ON time control means 24, check pulse generation timing set
by    of the pulse generated by the pulse generator 2. check pulse
generation means 23, diagnosis signal  45  For example, data associated
with Address 08 HEX by decision means 25 and the data of ON time and  is a
16-bit setting of, the increment of ON time, and OFF time provided by
ON/OFF time calculation      data associated with Address 24 HEX is a
16-bit means 30 are programmable.         .              setting of the
increment of OFF time.  1-bit data Fig. 2 shows diagnosis unit 20 and
ON/OFF      associated with Address 5E [err]is a setting of time
calculation means 30 in the above embodi-  5o  control effectiveness of ON
time Turning the bit to ment.
"0" sets execution of ON time controls   while turn- Though diagnosis unit
20 is virtually a single  ing it to "1" sets non-execution of   ON time
con- logic circuit for diagnosing, in view of function it is  trols  Other
program data  Is set similarly. provided with multiple logic circuits  such
as logic  Fig. 3. (2) shows  an  example of pulse circuit for diagnosing
copper-steel machining, that  55  waveforms generated by pulse generation
means for diagnosing copper-titanium machining, that for  40 with ON time
and OFF time according to the diagnosing copper tungsten-steel machining as
initial values. Initial values of ON time and OFF shown Fig. 2 and one of
these logic circuits is   time may be selected in 100ns within the range of
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6553.7/[err], although they may be selected  the above embodiment. For
example, F-signal indi- in a different time unit in different time range by
cative of good may be provided when the value of modifying the clock signal
generator (not shown)    detection data is smaller than the threshold or
which sends clock pulses to the pulse generator 2.  otherwhile. Similarly,
the B-signal indicative of no Fig. 3 (3) and (4) show an example of program
5   good may be provided when the value of detection data transferred from
CPU 1 to diagnosis unit 20    data is larger than the threshold or
otherwhile; through storage means 10 in the above embodi-          In
setting of program data associated with Ad- ment.
dress 1CHEX , for instance, the above "F-signal Program data shown in Fig.
3 (3) is provided to  contitinuous-valued decision mode"  is a mode to set
control mode, continuous-value of F-signal,  10 increase ON time when
continuous F-signals reach continuous-value of B-signal, sampling times in
ac-  a specified value, and the above "B-signal continu- cumulated value
decision mode, value of accu-       ous-valued decision  mode" is a mode to
increase mulative F-signals, value of accumulative B-signals,  ON time when
continuous B-signals reach a speci- decision mode in the increment control,
decision    fled value;  Also, in setting of program data asso- mode in the
decrement control, decision mode in  15  ciated with Address 1 CHEX for
instance, the above the reset control and check pulse position.
"F-signal accumulating decision mode" is a mode The next paragraph details
the settings shown   to increase ON time when according to the ratio In
Fig. 3 (3).                                      between occurrence times
and sampling times of Program data associated with Address 10 HEX
F-signal and the above "B-signal accumulating de- is "Setting of ON time
control mode", in which   20  cision mode" is a mode to increase ON time
when "Control" consists of "Increment control", "Decre-  according to the
ratio between occurrence times ment control" and "Reset control", "Control
mode"   and sampling times of B-signal comprises the combinations of above
three con-         Setting "00", "10", "01" and "11". as data trols. The
"Increment control" increases a. present  associated with Address [err]
selects "F-signal ON time by a specified time interval.The "De-  25
continuous-valued decision mode", "B-signal con- crement control" decreases
a present ON time by    tinuous-valued decision mode", "F-signal. accumu- a
specified time interval. The "Reset control" re-  lating decision mode" and
"B-signal. accumulating sets a present ON time to initial condition.
decision mode" Program data "00", "01" and "10" associated         Also,,
setting data associated, with Address with Address 00 HEX respectively
indicate the set-  3o  [err] and  Address 20 HEX can select "F-signal ting
of "ON time decrement and reset mode" as a     continuous-valued decision
mode", "B-signal con- combination of the decrement control and the reset
tinuous-valued decision mode", "F-signal accumu- control In controlling ON
time, the setting of "ON  lating decision mode" and "B-signal accumulating
time increment and reset mode" as a combination     decision mode" about
increment control  of ON of the increment control and the  reset control
and   35  time and  decrement control of ON time, respec- "ON time
increment, decrement and reset mode"      tively. as a combination of the
Increment control, de-          Setting data  associated with Address [err]
crement control and reset control.                  Address  14 HEX ,
Address [err] sets the continu- Program data associated with Address [err]
ous value of F-signal, the continuous value of B- [err] and [err] is
setting of decision mode each   40  signal and the sampling times in
accumulating de- in the ON time increment, decrement and reset       cision
mode, respectively. controls. This decision mode consists of "F-signal
Setting of 16-bit data associated with Address continuous-valued decision
mode", "F-signal accu-   22 HEX selects position of...the check pulse for
ON mulating decision mode", "B-signal continuous-val-  time control. This
check pulse specifies position for ued decision mode" and "B-signal
accumulating   45  extracting the evaluation signal by  taking the timing
decision mode".                                     from the rising edge of
gate signal to the position In the above embodiment, "F-signal" is pro-
where check pulse for ON time control is gen- vided to indicate the good
when the value of detec-  erated. tion data Is larger than the threshold
while "B-       Setting data associated with addresses 2C HEX signal" is
provided to indicate no good when the   so  through 3EHEX selects
parameters for OFF time value of detection data is smaller than the above
control similarly with those for ON time control threshold.
Program data shown in Fig. 3 (4) is used to set The F-signals and B-signals
are generated in-   the. threshold, selection of detection data and the
side decision means 25 according  to evaluation     evaluation of value
larger  than the threshold re- signal from  threshold setting means  22,
check  55  spectively in ON time control and OFF time control pulse from
check pulse generation means 23  and     as well as use or non-use of ON
clamp operation, inhibit signal from inhibit signal generation means.  use
or non-use of inhibit signal and the width of 



Therefore, they may have wider meaning than  in    inhibit signal. When ON
clamp operation is used, 6    11                 EP 0 491 958 B1
12 check pulse is generated after a given time period  of 1V. The gap
voltage signal may be selected for from the falling edge of machining start
signal     either the ON time control and OFF time control. instead of the
rising edge of gate signal. Machining   Though the detection data selection
means 21 start signal is a signal which indicates the start of  shown in
Fig. 1 and Fig. 4 (1) has two input electric machining, for example, by
detecting  the   5   terminals of Port A and Port B, at  least one input
voltage drop across the gap formed between the     terminal may be added to
receive additional detec- electrode and the workpiece.
tion data as signals indicative of  detection informa- The next paragraph
details settings of program  tion such as temperature of machining fluid,
ma- data shown in Fig. 3 (4).                          chining  frequency
in electric machining, high fre- Setting 8-bit data associated with Address
AE   10  quency component in electric discharge and bright- HEX to a given
value selects a desired threshold for  ness, color tone and sound of
electric spark. More ON time control. Setting of 1-bit data associated
than two detection data may be taken simulta- with Address BA HEX to "O"
selects detection data  neously to generate more than two evaluation sig-
of Port A for ON time control, setting this data to   nals. Such
configuration can be easily implemented "1" selects detection data of Port
B for ON time   15  by preparing required number of threshold  setting
control. When 1-bit data associated with Address    means and address
registers. C4 HEX is set to "0 , value larger than the thresh-    In the
above configurations, each desired sig- old indicates good, while when this
data is set to  nal of detection data for ON time control and OFF "1",
value larger than the threshold indicates no  time control can be selected
independently through good.                                          20   a
single hardware (detection data selection means The above setting
procedures for ON time con-   21). trol are also available to program data
for OFF time   In Fig 4 (1), threshold setting means 22 is control.
provided with comparators 22a and 22c and selec- In addition, setting 1-bit
data associated with  tors 22b and 22d Address 64 HEX to "O" and "1"
selects use and   25     The comparator 22a compares detection data non-use
of the ON clamp, respectively. Setting 1-   (in the above embodiment, gap
voltage) sent from bit data associated with Address 74[err]to "0" and  the
detection data selection. means .. 21 with a "1" selects use and non-use of
the inhibit. signal,  threshold (data associated with Address  AE HEX )
respectively. Setting 10-bit data associated with  for ON time control and
then provides "1" when Address A2 HEX to a given value sets a desired   30
value of the detection data is larger than the duration of the inhibit
signal.                    threshold. The comparator 22c compares detection
Fig. 4 is a circuit diagram showing an example  data (in the above
embodiment gap. voltage) with a of the detection data selection means 21
and       threshold (data associated with Address BO [err] threshold
setting means 22 in the above embodi-    for -OFF time control and then
provides "1".when ment;.                                             value
of the detection data is larger than the Detection data selection means 21
consists of   threshold. selectors 21 a and 21 b. The selector 21 a selects
The selector 22b provides an "1" state evalu- and provides detection data
at Port A or Port B for  ation signal indicative of good or a "0" state
evalu- ON time control according to data (select signal)  ation signal
indicative of no good according to data associated with Address BA HEX in
the program   40  associated with Address C4 HEX when  ap voltage data
shown in Fig. 3 (4).                          is larger than a threshold
for ON time control. Ports A and B are input terminals which re-        The
selector 22d provides an "1" state evalu- ceive detection data indicative
of machining state.  ation signal indicative of good or a "0" state evalu-
The selector 21b selects and provides detec-    ation signal indicative of
no good according to data tion data at Port A or Port B for ON time control
45  associated with Address C6 HEX when gap. voltage according to data
(select signal) associated with  is larger than a threshold for ON time
control. Address BC HEX in the program data shown In Fig.       In the
above configurations, each  desired 3 (4). If select signals are "0" and "1
", the selector  threshold on  detection data and each desired eval- 21 b
provides detection data at Port A and detection  uation on detection data
for ON time  control and data at Port B, respectively.                  so
OFF time control can be selected independently When the above embodiment is
applied to an      through a single hardware (threshold setting means
electric discharge machining apparatus, for in-     22). stance, detection
data at Port A may be a gap          Fig. 4 (2) is a circuit diagram
showing  an voltage signal in the gap formed between the elec-  example  of
check pulse generation means 23 in trode and the workpiece, and detection
data at Port  55  the above embodiment. B may be a gap current signal.. The
gap voltage        Check pulse generation means 23 receives 



signal at Port A is a digital signal converted by an  gate signal (output
pulse provided by pulsegenera- A/D converter (not illustrated) with lower
limit value  tion means 40) andmachining start signal (output 7    13
EP 0 491 958 B1                    14 pulse provided by threshold setting
means 22) to       Fig. 4 (4) shows that decision means 25 con- select
either of them according to ON clamp data   sists of ON time control
decision means 50 and associated with Address 64 [ERR] . When ON clamp
OFF time control decision means 60. operation is selected, the data is set
to "0"  and the  Fig. 4 (5) is a circuit diagram  showing an selector 23a
provides the machining start signal.   5   example of the ON time control
decision means 50 When ON clamp operation is not selected, the data  in the
above embodiment. is set to "1" and the selector 23a provides  the gate
The ON time control decision means 50 con- signal. Counters 23b and 23d
start counting of      tains the F/B signal generator 51 which generates
clock pulses when signal sent from the selector     F-signal and B-signal,
accumulation value signal 23a turns to "1".                              10
generator 52, which generates F accumulation sig- The comparator 23c
provides the check pulse     nal and B accumulation signal, F/B continuous-
for ON time control when the count of the counter   value signal generator
53 which generates F con- 23b becomes identical with position data (data
as-  tinuous-value signal and B continuous-value signal; sociated with
Address 22[ERR]of the check pulse  the select circuit 54 and UP/DO/RE
signal gener- for ON time control. The comparator 23e provides   is  ator
55 which generates UP, DO and RE signals as the check pulse for OFF time
control when the      the diagnosis signals. count of the counter 23b
becomes identical with        The "F accumulation signal" is provided when
position data (data associated with Address [ERR]   occurrence times of
F-signal reach a given value. of the check pulse for OFF time control.
The "B accumulation signal" is provided when oc- In the above
configurations, each desired posi-  20  currence times of B-signal reach a
given value. The tion data for ON time control and OFF time control  "F
continuous-value signal" is provided when a can be set independently
through a single hard-     given series of F-signals are generated continu-
ware (check pulse generation means 23), and the     ously. The "B
continuous-value signal" is provided control with ON clamp and without ON
clamp can      when a given series of B-signals are generated be selected.
25  continuously. Fig. 4 (3) is a circuit diagram  showing an         The
"UP signal" increases ON or OFF time. example of inhibit signal generation
means 24 in    The "DO signal" decreases ON or OFF time. "RE the above
embodiment.                    '          signal" return ON time or OFF
time to respective inhibit signal generation means 24 contains the  initial
value. counter 24a, comparator 24b, differentiating circuit  30  The F/B
signal generator 51 contains the OR 24c with an one-shot multivibrator, RS
flip-flop 24d  circuit 51a, AND circuits 51b and 51c and inverters and
selector 24e. The counter 24a starts counting   51d and 51e. The generator
51 provides F signal or clock pulses when gate signal sent from the pulse
B-signal on the basis of the evaluation signal sent generation means 40 is
turned "1" and is reset     from threshold setting means 22, check pulse
sent when the gate signal is turned "0". The comparator   35  from check
pulse generation means 23 and Inhibit 24b provides "1" when the count of
the counter      signal from inhibit signal generation means 24... 24a
becomes identical with the width of Inhibit        In the above embodiment,
F-signal is an "1" signal (data associated with Address A2 HEX.). The
state output signal which generates if the evalu- inhibit signal inhibits
the operation for extracting the  ation signal is 1 " state when the check
pulse  is evaluation signal for its width. This inhibit signal  40
received. B-signal is an "1" state output signal makes the check pulse
Ineffective for the duration  which generates if the evaluation signal is
"0" state when  the gate signal reaches a given value from its  when the
check pulse is received. But, if inhibit rising edge. As a result,
reliability of diagnosing the  signal is "1" state even when the check
pulse is machining state is increased.                      received, AND
circuits 51b and 51c do not gen- The differentiating circuit 24c provides
one   45  erate "1". pulse when the gate signal is turned ON. The RS
The accumulation value signal generator 52 flip-flop 24d is set when
receiving a pulse sent    generates F accumulation signal and B accumula-
from the differentiating circuit 24c and is reset   tion signal on the
basis  of F-signals and B-signals when receiving "1" sent from comparator
24b. Se-    send from F/B signal generator 51 according  to the lector 24e
sends inhibit signal to decision means   50  value of  accumulative
F-signals (data associated 25 only when data associated with Address 74 is
with Address [err] sampling times (data asso- "1" .                   .
ciated with Address [err] and the value of accu- In the inhibit signal
generation means 24 de-   mulative B-signals (data associated with Address
scribed above, the inhibit signal is generated from  [err] rising edge of
the gate signal as noted at bottom of  55  The counter 52a counts F-signal.
When the 



Fig. 4 (3) and the desired width of the signal can  counts are identical
with the value of accumulative be selected.
F-signals, the comparator 52b. generates an "1 state F accumulation signal.
The  counter 52e 8    15                 EP 0 491 958 B1
16 counts B-signal. When the count is identical with a  be provided
independently to increment, decre- given value of accumulative B-signals,
the com-    ment and reset its time to initial condition through a parator
52h generates an "1 " state B accumulation  single hardware (decision means
25). signal.                                                Fig. 4 (7)
shows the ON/OFF time calculation Further, the counter 52d counts F-signal
and B-   5   means 30 in the above embodiment consists of the signal sent
through OR circuit 52c. When the count  ON time calculation circuit 70 and
the OFF time is identical with a given sampling times, the corn-
calculation circuit 80. parator 52e generates signals to reset counter 52a,
Fig. 4 (8) is a concrete example of the ON time 52d and 52g.
calculation circuit 70 in the above embodiment. For example, if sampling
times is set to 10 by   10  Based on UP signal, the selector 71 selects the
setting data associated with Address [err] and the  data on the increment
or the data on the de- value of accumulative F-signals is set to 4 by
crement, of ON time. In short, the selector 71 setting data associated with
Address 18 HEX , F     provides data on the increment of ON time when
accumulation signal turns "1" when more than four   the UP signal is "1"
state, and data on the de- F-signals are contained in ten samplings.
15  crement of ON time when the UP signal is "0" The continuous-value
signal 53 generates F      state. continuous-value signal and B
continuous-value         The increment of ON time is set by setting signal
on the basis of F-signals and B-signals ac-  data associated with Address
[err] and the de- cording to the continuous-value of F-signal (data
crement of ON time is set by setting data asso- associated with Address
12[err] and the continu-  20  ciated with Address OA . ous-value of
B-signal (data associated with Address    ALU 72 adds a given increment to
a present 14 [err]                                            ON time when
UP signal is "1" state, and subtracts The counter 53a, which counts
F-signal, is re-  a given decrement from a present ON time when set when
receiving B-signal to obtain the continu-  DO signal is "1"  state.
ous-value of F-signals. When the count is identical  25  The selector 23
selects and generates one out with a given continuous-value of F-signals,
the     of the data sent from ALU 72, data on the lower comparator 53b
generates an "1" state F continu-   limit associated with Address OE HEX
and the upper ous-value signal. The counter 53c, which counts B-  limit
associated with Address 0C . Signal, is reset when receiving F-signal to
obtain     The subtracter 74a subtracts a given decre- the continuous-value
of B-signals. When the count  30   ment from a present ON time, and sends
the is identical with a given continuous-value of B-    difference data to
the comparator 74. The adder signals, the comparator 53d generates an "1"
state  75a adds a given decrement to a present ON time, B continuous-value
signal.                         and sends the sum data to the comparator
75. The select circuit 54 consists of selectors 54a,    The comparator 74
compares the difference 54b and 54c, which select and generate F accu-  35
data with data on the lower limit and generates "1" mutation signal, B
accumulation signal, F continu-  when the former is smaller than the
latter. The AND ous-value signal and B continuous-value signal.     circuit
77c runs AND operation on DO signal and Each operation of selectors 54a,
54b and 54c are   the signal sent from the comparator 74. The AND based on
select signal indicative of decision mode  circuit 77d runs AND operation
on UP signal and in ON time control shown in Fig. 3 (3). Select  40  the
signal sent from the comparator 75. This pre- signals "00", "01", "10" and
"11" indicate "F-      vents time data larger than data on the upper limit
signal continuous-valued decision mode", "F-signal   and smaller than data
on the lower limit from being accumulating decision mode", "B-signal
continu-     sent to pulse generation means 40. ous-valued decision mode"
and "B-signal accu-          The OR circuit 77a passes a signal (data asso-
mulating decision mode".                       45  ciated with Address 5E
HEX ) inverted by the in- UP/DO/RE signal generator contains selector
verter 77b and RE signal. 55a, OR circuits 55b and 55c and AND circuit 55e
The selector 78 provides initial value of ON and 55f and generates UP
signal for increment       time (data associated with Address [err] when
control, DO signal for decrement control and RE     receiving signal from
OR circuit 77a, and otherwise signal for reset control.
50  data sent from the selector 73. Fig. 4 (6) shows an example of decision
means       Fig. 9 is a circuit diagram showing an example 60 for OFF time
control in the above embodiment.    of the OFF time calculation circuit 80
in the above The decision means 60 for OFF time control      embodiment.
has a configuration similar with the decision means    Basically, the OFF
time calculation circuit 80 



50 for ON time control, except for its elements  55  has, a configuration
similar with the ON time cal- numbered with 60s instead of 50s.
culation circuit  70, except for its elements num- In the above
configurations, each desired sig-  hered with 80s instead of 70s. nals for
ON time control and OFF time control can    17                EP 0 491 958
B1                  18 In the above configurations, each desired data   2.
Machining state is diagnosed program data. ON time data and OFF time data
can be provided       3. ON time data and OFF time data are con-
independently through a single hardware (ON/OFF      trolled according to
program data on the basis time calculation means 30).
of the resultant diagnosis signal. Fig. 4 (10) is a circuit diagram showing
an   5  4. Program data may be changed if necessary. example of pulse
generation means 40 in the           These points are also features of this
invention. above embodiment.                                   Fig. 6 is a
time chart which shows a process of The pulse generation means 40 contains
coun-   electric discharge machining as an example in the ters 41 and 43,
comparators 42 and 44, RS flip-flop  above embodiment covering generation
of check 45 and inverter 43a.                         10  pulse, generation
of inhibit signal and generation of The counter 41 counts 10 MHz clock
pulses. It  F-signal and B-signal inside decision means 25. starts counting
at rising edge of an output pulse    In this time chart, program data shown
in Fig. 3 sent from the RS flip-flop 45 and the count is reset  (4) . is
set to given values. A gap  voltage signal at its falling edge. The
comparator 42 sends a    through Port A is selected as detection data for
reset pulse signal when ON time data (binary sig-  is  both of ON time
control and OFF time control and nal) sent from ON/OFF time calculation
means 30   thresholds for ON time control and OFF time con- is identical
with a count of the counter 41.      trol are set to 25V and 1 9V
respectively. A value The counter 43 counts 10 MHz clock pulses. It  larger
than the threshold is evaluated as good. ON starts counting at falling edge
of an output pulse  clamp is used. The inhibit signal having a given sent
from the RS flip-flop 45 and the count is reset  20  duration is provided
as illustrated. at its rising edge. The comparator 44 sends a set     The
position of check pulse is set to CTon time pulse signal when OFF time data
(binary signal)   and CToff time following the machining start signal sent
from ON/OFF time calculation means 30 is     by setting data associated
with addresses 22  [err] identical with a count of the counter 43.
and 3E HEX to given values. The RS flip-flop 45 provides an "1" state out-
25  Based on the above given setting, the next put pulse to start ON time
when receiving a set   paragraph describes about processes of generating
pulse signal and provides "0" state output pulse to  each signal. start OFF
time when receiving a reset pulse signal.   When gate signal sent from
pulse generation in the above configuration, the pulse generation  means 40
rises, a gap voltage signal is also rises. means 40 generates electric
machining pulses hav-  3o  A gap voltage takes a given time to reach
no-load ing ON time and OFF time corresponding to time    voltage level due
to the delay of signalling rate data sent from ON/OFF time calculation
means.     inside the circuit As it is not desirable to decide Next
paragraph describes operations of the     with evaluation signal for a
given duration after the above embodiment.
rise of the gate signal, inhibit signal generation Fig. 5 is a flowchart
showing operations of the   36  means 24 provides inhibit signal. While the
inhibit above embodiment.                                 signal is being
generated, both F-signal  and B- In Fig. 5, initial value of ON time and
OFF time  signal are not generated even when a check pulse and program data
according to machining require-  is received. Therefore, reliability of the
diagnosis of ments are written into registers of storage means  electric
discharge machining is enhanced. 10 (S10), the initial value and program
data is sent  40  After elapse of a specified time (CTon time) to ON/OFF
calculation means 30 (S20), and  the    following the start of electric
discharge, check program data is sent to diagnosis unit 20 (S30).  pulse
generation means generates check pulse for Then detection data is entered
into the diagnosis  ON time control. unit 20to diagnose machining state
according to       When the check pulse for ON time control is program
data, diagnosis signal thus generated is  45  generated, the threshold for
ON time control is sent to ON/OFF time calculation means 30 (S40),
compared with the gap voltage inside the thresh- ON/OFF time calculation
means 30 control the data  olds setting  means 22 to evaluate a gap
voltage. In of ON time and OFF time on the basis of the       a time chart
shown in Fig. 6, when the check pulse diagnosis signal according to program
data to send  for ON time control is generated, evaluation signal the time
data to pulse generation means 40 (S50).  50  for ON time control is "1 "
state  so that F-signal is Pulse generation means 40 generates electric
dis-  provided. Similarly, when the check  pulse for OFF charge pulses
according to according to ON time   time control is generated, evaluation
signal for OFF data and OFF time data (S60).                     TIme
control is "0" state so that B-signal is pro- In view of operations, the
above embodiment is  vided. 



different from prior art shown in Fig. 10 (2) and (2)  55  State  of
electric discharge machining can be as follows.
evaluated more properly by providing check pulse 1. Program data is used
according to machining  for ON time control and check, pulse  for OFF time
requirements.                                   control independently. 10
19                EP O 491 958 B1                     20 Fig. 7 is a time
chart operation of ON time         Fig. 9 (1) shows an example of program
data control decision means 50 in electric discharge     settings required
to implement the logic circuit "1" machining, as an example, in the above
embodi-    (logic circuit for copper-steel machining), and Fig. 9 ment.
(2) shows an example of program data settings In this time chart, program
data shown in Fig. 3   5   required to Implement the logic circuit "2"
(logic (3) and (4) is set to given values. Initial ON time is  circuit for
copper-titanium machining); set to 30[err] the increment and the decrement
to       In  Fig. 9, "Address" is  an address which is [err]and [err]
respectively, the time duration of    associated with program data and
expressed with a inhibit signal to [err] and the upper. limit and the
hexadecimal digit. "Set" is content of datawhich is lower limit to [err]
and [err], respectively.   10  associated with address and expressed with a
decl- Further, a gap voltage is selected as detection  mal digit, time is
100ns per data, the number of data , the inhibit signal having a given
duration is  times is one per data, and the threshold of one provided as
illustrated and a value larger than the  data corresponds to 1V. A  gap
voltage signal is threshold is evaluated as good, similarly with Fig.
provided through Port A as detection data. 6. "ON time increment, decrement
and reset  15 .    In logic circuit for copper-steel machining mode" is
selected as the control mode. "F-signal    shown in Fig. 9 (1), for
instance, initial ON time is continuous-valued decision mode" is selected
in    set 7us, initial OFF time is set to 7, both ON time increment control
"B-signal continuous-valued de-  control and OFF time control to
"Existence", the cision mode" is selected in decrement control and
increment of ON time to 200ns and the increment "B-signal accumulating
decision mode" is selected   20  of OFF time to 500ns. in reset mode.
In logic circuit for copper-titanium machining Also, with data associated
with addresses       shown in Fig  9 (2), setting is made as well. [err]to
given values       Although definite set-up values are not indi-
continuous-value of F-signal is set to 1, continuous  cated, setting of
program data necessary to imple- value of B-signal to 1, sampling times to
10, and   25   ment other logic circuit such as the logic circuit for value
of accumulative B-signals to 3.              the copper tungsten-steel
machining can be made Consequently, if a gap voltage is higher than   as
well. the threshold when check pulse is generated, F-        Fig. 9 (1) and
(2) show examples of  program signal is generated and UP signal is
generated with  data setting required to implement two logic circuit every
generation of the F-signal. If a gap voltage is  30  (1) and (2), but
multiple logic circuits are not in- lower than the threshold when check
pulse is gen-  tegrated into a single pulse generator 2. In  short, erated,
B-signal is generated and  DO signal is     one pulse generator 2 contains
a single hardware, generated with every generation of the. b-signal.
which functions similarly with the logic circuit "1", Additionally, when
B-signal is generated 3 times in  logic circuit  "2" or other logic circuit
according to 10 samplings, RE signal is generated.          35  setting of
program data  Needless to say,  it op- Fig. 7 shows an example of the ON
time con-     erates similarly with a same logic circuit when trol, which
similarly applies to the OFF time control.  program data is maintained to
same values. Fig. 8 is a time chart showing an example of       As it Is
apparent from the illustration, the types the ON time control by ON/OFF
time calculation      of pulse control according to parameters (machin-
means 30 in the above embodiment. According to  40  ing requirements) may
be added by adding pro- program data shown in Fig. 3 (1), the increment is
gram data and its table. Thus, in spite of a single set to 10us, the
decrement to 7[err] the upper limit  hardware configuration, the above
embodiment of- to 55[err] and the lower limit to 5[err] in view of ON  ,
ers effects of numerous logic circuits. time control.
Therefore, the above embodiment may be ap- Consequently, when UP signal is
generated,  45  plied to a different machining method by just in- the
increment of 10[err] is added to the present ON    stalling one external
hardware of  control logic cir- time. When DO signal is generated, the
decrement    cuit (LSI) for pulse control and multiple circuits of 7[err]
is subtracted from the present ON time.      different in hardware
configuration are  not required. When RE signal is generated, ON time is
reset to    Further, it provides optimum pulse control accord- initial
condition. Also ON time iS set to the lower  50  ing to materials of the
electrode, and  workpiece or limit when the difference is lower than  the
lower  fluid flushing state to improve  the machining rate. limit.
In conventional device, when machining state is Fig. 8 shows an example of
the ON time con-     not good, OFF time is extended holding  ON time to 



trol, which similarly applies to the OFF time control.  initial condition
and then the ON time is shortened Fig. 9 Illustrates an example of program
data  55   when the OFF time reaches the upper limit. settings, which
implement two logic circuits  for     in short, the conventional system
controls un- pulse width control shown in Fig. 2.               favorable
machining state first  by  extending OFF time only  and then by shortening
ON time only    21                EP 0 491 958 B1                  22 when
OFF time reaches the upper limit. ON the         The pulse generator 21
receives address, data other hand, in the embodiment shown in Fig. 9, ON
and write enable signal from CPU 1i. Examples of time and OFF time are
controlled independently so  the address and program data are shown in Fig.
3 that both can be controlled alternately or simulta-  and Fig. 12. Fig. 12
(1), (2) and (3) show examples neously, enabling more appropriate pulse
control.  5   of additional program data to control Ip. The storage means
10 may store program data       Storage means 10i comprise multiple
registers which is modified when a machining requirement is  which store
initial condition of On time, OFF time changed during machining, as well as
the program  and Ip and program data from CPU 1i when receiv- data
described above. For instance, if the NC ma-  ing write enable signal.
chining program is programmed so that a machin-  10  The diagnosis unit 201
is provided with detec- ing requirement can be changed when a specified
tion data selection means 21i, threshold setting block of the machining
program ends, new pro-     means 22i, check pulse generation means 23i, in-
gram data according to changed machining re-      hibit signal generation
means 24 and decision quirement is stored in storage means 10. With the
means 25i. process of machining, NC detects a machining   15     Detection
data selection means 21i selects one depth, fluid flushing state, etc. and
changes a ma-  of multiple detection data entered from outside of chining
requirement properly according to the de-  the pulse generator 2i. The
detection data shows tected parameters and new program data accord-    the
information on machining state. The concrete ing to changed machining
requirement is stored in  example is shown in Fig. 13 (1). storage means
10. When operator modifies a ma-  20    Threshold setting means 22i set a
threshold chining requirement himself in the process of ma-  detection
criterion value) of detection data se- chining, new program data according
to changed    lected as above and provide evaluation signal machining
requirement is stored in storage means  which indicates good (or no good)
when detection 10. Further, when a diagnosis result requires exten-  data
is larger than the threshold.. The concrete sion of OFF time continuously,
the virtual machin-  25  example is shown in Fig. 13 (1). ing requirements
may not match the diagnosis          Check pulse generation means 23i
control.tim- results. In this case, program data may be modified  ing from
a given position, for example, rising edge by feeding back the diagnosis
results to CPU 1, .to  of gate signal to positions where ON. time check
store new program data into storage means .10. .  pulse, OFF time check
pulse and Ip check pulse This feedback may be done with standard feed-  3o
are generated respectively so as. to generate. check back control or fuzzy
control.                    pulses which  show positions for checking. The
con- Although, the above embodiment relates to      crete example is shown
in Fig. 13 (2). electric machining, this invention, may  apply to
Decision means 25i generate diagnosis signals pulse generator. in other
applications such as laser  for ON time control and OFF time control
indepen- machining and motor control.                 35  dently indicating
diagnosis results based on  evalu- The next paragraph describes the
embodiment    ation signal, check pulse and inhibit signal. to control peak
current 1p additionally.             In the above embodiment, all of
detection data Fig. 11 is a block diagram showing the em-     selected by
detection data selection .means 21 i, bodiment which adds a function  to
control peak   threshold set by threshold setting means 221,. the current
1p in electric discharge machining to the   40  duration of inhibit set by.
inhibit signal generation embodiment shown in Fig. 1.
means 24, check pulse generation timing set by In Fig, 11 and subsequent
figures, "i" suffixed  check pulse generation means 23i, diagnosis signal
to a code indicates that function to control peak  by  decision means 25i
and data of ON time and current Ip is provided, and elements expressed
OFF time and lp provided by calculation means 30i with a code suffixed with
"i" are same as those not  45  are programmable. suffixed with "I" in
respect ON time control and      In Fig. 12 (1), program data  associated
with OFF time control.                     .           Address 40HEX is the
initial value of peak current Ip. The pulse generator 2i is basically same
as the  This inital value is fixed to a  12-bit digit. Other pulse
generator 2 but different in respect that  it is  program data covers
presence or absence   the provided with an additional function to control
peak   so  increment, the decrement, the upper limit and the current Ip.
Storage means 10i provides initial value  lower limit for lp control  For
instance, data asso- of peak current Ip, and the diagnosis unit 20i pro-
ciated with Address 42 [err] is the increment of lp vides the diagnosis
signal for Ip control  The cal-  which is fixed to a 16-bit digit. 1 -bit
data associated 



culation means 301 contains the logic circuit for  with Address 76 [err] Is
data to set presence or pulse control to change lp data as well as ONtime
55  absence of Ip control  Setting the bit to "0" in- data and OFF time
data. Pulse generation  means   dicates use  of peak current lp control
while setting 40 which generates electric machining pulses suc-  the bit to
"1 "indicates non-use of the lp control cessively is same as that shown in
Fig. 1.        Other program data is also set  as  well. 12    23
EP 0 491 958 B1                    24 Fig. 12 (2) and (3) are examples of
program         The decision means 25i consists of ON time data transferred
to the diagnosis unit 20i from CPU  control decision means 50, OFF time
control de- 1i through the storage means 10l in the above      cision means
60 and lp control decision means (not embodiment.
illustrated), which has a circuit configuration same Program data
concerning Ip control shown in   5   as that of ON time control decision
means 50. Fig. 12 (2) is provided to set control mode, continu-
Calculation means 30i consists of ON time ous-value of F-signal,
continuous-value of B-signal,  calculation circuit 70, OFF time calculation
circuit sampling times in accumulated value decision        80 and Ip
calculation means {not illustrated), which mode, value of accumulative
F-signals, value of     has a circuit configuration same as that of ON time
accumulative B-signals, decision mode in the incre-  10  calculation
circuit 70. ment control, decision mode in the decrement con-      Fig. 13
(3) shows an example of the switching trol, decision mode in the reset
control and check  circuit which forms electrical discharge pulse on pulse
position.                                     the basis of pulse
transmitted from pulse generator Program data concerning lp control shown
in     2i and lp data. Fig. 12 (3) is provided to select detection data and
15  In short, this circuit contain the decoder D set a threshold and the
evaluation of detection data  which decodes Ip data, multiple AND circuits
which larger than the threshold. Settings in Fig. 12 (3) are  receives one
of signals provided by the decoder D, basically same as those in Fig. 3
(4).             i.e. Ip1, 1p2, 1p3, ... 1pn signals and pulse waveform
Fig. 13 (1) is a circuit diagram showing an     signal, transistor which
are turned ON with signals example of detection data selection means 21i
and   20  received from AND circuits, and one resistor which threshold
setting means 22i which control peak     are connected to the collector of
the transistor. current lp additionally in the above embodiment.   Series
circuit each consisting of one transistor one Detection data selection
means 21i is the de-   resistor are connected in parallel each other and
tection data selection means 21 provided with the   connected to series
with the electric discharge selector 21c additionally. The selector 21c
selects  25  loop. The  value of above resistors are specified and provides
detection data at Port A or Port B for  according to associated lp signals
to restrict the Ip control according to data (select signal) asso-  value
of lp. ciated with Address BE [err]in the program data         The next
paragraph describes operation of the shown in Fig. 12 (3).
embodiment to control the peak current Ip addition- Port A and B are input
terminals which receive   30  ally (embodiment shown  in Fig. 11 through
Fig. detection data indicative of machining state.       13). Threshold
setting means 22i is the threshold        The embodiment is basically same
as that setting means 22 provided with the comparator 22e   shown in the
flowchart of Fig. 5, except that Ip data and the selector 22f additionally.
The comparator   is also sent to the pulse generation means 40 in 22e
compares detection data (in the above em-   35  addition to ON time data
and OFF time data in S50 bodiment, gap current) sent from the detection
data  of Fig.  5. And the pulse generation means 40 selection means 211
with a threshold  (data asso-   generate the pulse according to ON time
data, OFF ciated with Address B2[err] for Ip control and then  time data
and lp data to control the lp value by provides "1" when value of the
detection data  is   means of switching circuit shown in Fig  13 (3).
larger than the threshold. The selector 22f provides   40  An example of ON
time control shown in Fig. 8 an "1" state evaluation signal indicative of
good or  is similarly available with the embodiment for con- a "0" state
evaluation signal indicative of no good  trolling the peak current lp
additionally. according to data associated with Address [err] when gap
current is larger than a threshold for lp  Claims control.
45 Fig. 13 (2) is a circuit diagram showing an     1. A method for
generating a train of successive example of check pulse generation means
23i            pulses for effecting a process,  wherein a pro- which
control peak current Ip additionally in the      cessing means (1) stores a
plurality of  sets of above embodiment.
pulse generating conditions and sets one of Check pulse generation means
23i  is the check   50  the plurality of sets of pulse generating con-
pulse generation means 23 provided with the coun-      ditions each time a
set of process information ter 23f and the comparator 23g additionally
required. for carrying out said process is re- 



The comparator 23g provides the check pulse         ceived, and wherein a
detector generates a for lp control when the count of the counter 23f
detection data signal indicative of the condition becomes identical with
position data (data asso-   55  of at least one characteristic of the
process to ciated with Address 5C [err] of the check pulse for     which
said pulses are applied, characterized lp control.
by the steps of 13    23                EP 0 491 958 B1
24 Fig. 12 (2) and (3) are examples of program        The decision means
25i consists of ON time data transferred to the diagnosis unit 20i from CPU
control decision means 50, OFF time control de- 1i through the storage
means 10 in the above      cision means 60 and ip control decision means
(not embodiment.                                       illustrated), which
has a circuit configuration same Program data concerning Ip control shown
in   5   as that of ON time control decision means 50. Fig. 12. (2) is
provided to set control mode, continu-  Calculation means 30i consists of
ON time ous-value of F-signal, continuous-value of B-signal,  calculation
circuit 70, OFF time calculation circuit sampling times in accumulated
value decision        80 and Ip calculation means (not illustrated), which
mode, value of accumulative F-signals, value of    has a circuit
configuration same as that of ON time accumulative B-signals, decision mode
in the incre-  10  calculation circuit 70. ment control, decision mode in
the decrement con-     Fig. 13 (3) shows an example of the switching trol,
decision mode in the reset control and check  circuit which forms
electrical discharge pulse on pulse position.
the basis of pulse transmitted from pulse generator Program data concerning
Ip control shown in    2i and Ip data. Fig. 12 (3) is provided to select
detection data and   15  In short, this circuit contain the decoder D set a
threshold and the evaluation of detection data  which decodes lp data,
multiple AND circuits which larger than the threshold. Settings in Fig. 12
(3) are  receives one of signals provided by the decoder D, basically same
as those in Fig. 3 (4).             i.e. Ipl, lp2, lp3, ... lpn signals and
pulse waveform Fig. 13 (1)' is a circuit diagram showing an   signal,
transistor which are turned ON with signals example of detection data
selection means 21i and   20  received from AND circuits, and one resistor
which threshold setting means 22i which control peak   , are connected to
the collector of the transistor. current Ip additionally in the above
embodiment.   Series circuit each consisting of one transistor one
Detection data selection means 21i is the de-   resistor are connected in
parallel each other and tection data selection means 21 provided with the
connected to series with the electric discharge selector 21c additionally.
The selector 21c selects  25  loop. The value of above resistors are
specified and provides detection data at Port A or Port B for  according to
associated Ip signals to restrict the Ip control according to data (select
signal) asso-  value of Ip. ciated with Address BE HEX in the program data
The next paragraph describes operation of the shown in Fig. 12 (3).
embodiment to control the peak current Ip addition- Port A and B are input
terminals which receive   30  ally (embodiment shown in Fig. 11 through
Fig. detection data indicative of machining state.      13). Threshold
setting means 22i is the threshold       The embodiment is basically same
as that setting means 22 provided with the comparator 22e  shown in the
flowchart of Fig. 5, except that Ip data and the selector 22f additionally.
The comparator  is also sent to the pulse generation means 40 in 22e
compares detection data (in the above em-   35  addition to ON time data
and OFF time data in S50 bodiment, gap current) sent from the detection
data  of Fig. 5. And the pulse generation means 40 selection means 21i with
a threshold (data asso-       generate the pulse according to ON time data,
OFF ciated with Address [err] for Ip control and then  time data and Ip
data to control the Ip value by provides "1" when value of the detection
data is   means of switching circuit shown in Fig. 13 (3). larger than the
threshold. The selector 22f provides   40  An example of ON time control
shown in Fig. 8 an "1," state evaluation signal indicative of good or  is
similarly available with the embodiment for con- a "0" state evaluation
signal indicative of no good  trolling the peak current lp additionally.
according to data associated with Address [err] when gap current is larger
than a threshold for lp  Claims control.
45 Fig. 13 (2) is a circuit diagram showing an     1. A method for
generating a train of successive example of check pulse generation means
23i            pulses for effecting a process,  wherein a pro- which
control peak current Ip additionally in the      cessing means (1) stores a
plurality of sets of above embodiment.
pulse generating conditions and sets one of Check pulse generation means
23i is the check   so  the plurality of sets of pulse generating con- pulse
generation means 23 provided with the coun-      ditions each time a set of
process information ter 23f and the comparator 23g additionally
required for carrying out said process is re- 



The comparator 23g provides the check pulse        ceived, and wherein a
detector generates a for Ip control when the count of the counter 23f
detection data signal indicative of the condition becomes identical with
position data (data asso-  55  of at least one characteristic of the
process to ciated with Address 5C [err] of the check pulse for     which
said pulses are applied, characterized Ip control.
by the steps of: 13    25                 EP 0 491 958 B1
26 (i) storing a plurality of sets of initial ON    or more machining
parameters from the group time values, initial OFF time values and
consisting of: the method of machining used program  data including
diagnostic criteria      the material used as a workpiece the material for
processing said detection data signal        used as a tool electrode, the
type of flushing and ON time/OFF time calculation criteria;  5    used, the
type of fluid used, the desired ma- (ii) inputting a set of the process
information  terial removal rate, the desired electrode wear required for
carrying out said process to        rate, and the desired surface
roughness. said processing means; (iii) outputting one of the plurality of
sets of  5. A method as claimed in Claim 3, wherein said initial ON time
values, initial OFF time val-  10  program data for each  of said
evaluation re- ues and program data from said processing        suits
causes said step of processing said eval- means, to a pulse generating
device (2);         uation result to be performed by counting ei- (iv)
generating a pulse having an ON time        ther the continuous number of
evaluation re- set in accordance with said initial ON time      suits which
are desirable  or the continuous value and an OFF time set in accordance
15     number of evaluation results which are un- with said initial OFF
time value;                desirable, or the number of accumulated evalu-
(v) providing said detection data signal to      ation results which are
desirable, or the num- said pulse generating device;                    ber
of accumulated evaluation results which (vi) processing said detection data
signal in    are undesirable. accordance with said program data includ-  20
ing said diagnostic criteria to thereby gen-  6. A method as claimed in
Claim 4, wherein said erate a diagnostic signal;
detection data signal comprises a signal indi- (vii) varying the duration
of ON time from       cative of current across a gap formed between said
initial ON time value or the duration of    a tool electrode and a
workpiece and a signal OFF time from said initial OFF time value   25   of
the voltage across said gap. responsive to said diagnostic signal using
said  program  data including  said  ON       7. A method as claimed in
Claim 4 or Claim 6, time/OFF time calculation criteria; and
wherein said step (i) comprises the step of (viii) generating a pulse In
accordance with     storing a plurality of sets  of initial   peak current
varied said ON time duration and  said OFF   30  values and program data
including peak cur- time duration.                                   rent
calculation criteria; wherein said step (iii) comprises the step 2. A
method as claimed in Claim 1, wherein said        of outputting one of the
plurality  of sets of step (v) comprises the step of providing at
initial peak current values and program data least two detection data
signals indicative .of  36  from  said processing means to  said pulse gen-
the condition of at least two characteristics of  erating device; the
process to which said pulses are applied           wherein said step (iv)
comprises the. step and selecting at least one of said detection        of
allowing current having the magnitude of data signals.
peak current set in accordance with said initial 40      peak current value
to  pass across. a gap 3  A method as claimed in Claim 2, wherein said
formed between said tool electrode and said step (vi) comprises the steps
of                    workpiece during each ON time of said pulses;
generating an evaluation result by compar-          wherein said step (vii)
comprises the step ing said at least one detection data signal with    of
varying the magnitude of peak current re- a threshold set in accordance
with said di-  45     sponsive to said diagnostic signal using said
agnostic criteria;                                  program data including
said peak current cal- reading said evaluation result at a time
culation criteria; and determined in accordance with said diagnostic
wherein, said step (viii) comprises the step criteria; and
of  allowing  current having the  varied magni- processing said evaluation
result in accor-  50  tude of peak current to pass across said gap dance
with said diagnostic criteria to generate     during  each ON time of. said
pulses. said diagnostic signal. 



8. A pulse generating apparatus comprising a 4. A method as claimed In any
one of the preced-       pulse generating device (2) for generating  a ing
claims, wherein said process information   55  train of successive pulses
having an ON time relates to electroerosion machining conditions      and
an OFF time, said pulses being appied to and said step of Inputting a set
of the process    .  effect a process, a processing means (1) hav-
information comprises the step of inputting one     ing  means  for storing
a plurality of sets of 14    27                 EP 0 491 958 B1
28 initial ON time values, initial OFF time values         inhibit signal
generating means (24) for and means for providing one of the plurality
generating an inhibit signal during the time set sets of initial ON time
values and initial OFF      in accordance with said diagnostic criteria;
and time values each time a set of process in-              further
processing means (25) for generat- formation required for carrying out the
process   5  ing said diagnostic signal by reading said eval- is received,
and a detector for generating a         uation result at a time determined
by said detection data signal indicative of the condition    check pulse
and said inhibit signal and pro- of at least one characteristic of the
process to     cessing said evaluation result in accordance which said
pulses are applied, characterised in      with said diagnostic criteria.
that: said processing means further comprises       10. A pulse generating
apparatus as claimed In means for storing a plurality of sets of program
Claim 9, wherein said pulse generating means data including diagnostic
criteria for processing    (40) comprises means for generating a train of
said detection data signal and ON  time/OFF          successive pulses for
effecting an  electroero- time calculation criteria and means for provide
15  sion machining on a workpiece using a tool Ing one of the plurality of
sets of program data     electrode and wherein said process information
each time a set of the process information is        relates to
electroerosion machining conditions received, and wherein said pulse
generating          and is selected from the group consisting of: device
comprises:                                   the method of machining used,
the material means (10) for storing one of the. plurality   20  used as a
workpiece, the material used as a of sets of initial  ON time values,
Initial OFF     tool electrode, the type of flushing used, the time values
and program data from said pro-          type of fluid used, the desired
material removal cessing means;                                       rate,
the desired electrode wear rate, and the programmable means (20) for
processing           desired surface roughness. said detection data signal
in accordance with  25 said program data, including said diagnostic     11.
A pulse generating apparatus as claimed In criteria, to thereby generate a
diagnostic sig-      Claim  9 or Claim 10, wherein said further pro- nal;
.  .              cessing means is responsive to said program programmable
means (30), responsive to           for each of said evaluation results to
generate said diagnostic signal, for varying the duration   30  said
diagnostic signal by counting either in a of said ON time from said initial
ON time value     first mode the continuous number of evaluation and/or the
duration of said OFF time from said       results which are desirable, in a
second mode initial OFF time value in accordance  with said     the
continuous  number of evaluation results program  data, including said   ON
time/OFF           which are undesirable in a third. mode the time
calculation criteria; and              35       number of  accumulated
evaluation  results pulse generating means (40), responsive          which
are desirable, or in a fourth mode  the to said programmable means for
varying.ON            number of accumulated  evaluation results time and
OFF time, for generating a pulse            which are undesirable. having
an ON time and an OFF time 40   12. A pulse generating apparatus as claimed
in 9. A pulse generating apparatus as claimed in            any one of
Claims 9 to 11, wherein said detec- Claim 8, wherein said programmable
means            tion data signal comprises a signal indicative of for
processing said detection data signal fur-       current across a gap
formed between said tool ther comprises:
electrode  and said workpiece and a signal of detection data selecting
means (21) for  45      the voltage across said gap. selecting, in
accordance with said  diagnostic criteria, at least one signal of detection
data  13. A pulse generating apparatus  as claimed in out of a plurality of
detection data signals,        any one of Claims 9 to 12, each being
indicative of the condition of a             wherein said processing means
comprises characteristic of the process to which said   50     means for
storing a plurality of sets of initial pulses are applied;             .
peak current values and program data includ- 



threshold setting means (22) for generating      ing peak current
calculation criteria; and an evaluation result by comparing the selected
wherein said pulse generating device fur- signal of detection data with a
threshold set in    ther comprises; accordance with said diagnostic
criteria      55        means (10) for storing  one of the plurality check
pulse generating means (23) for            of sets of initial  peak
current values and pro- generating a check pulse at the time set in
gram data including peak current calculation accordance with said
diagnostic  criteria            criteria  from said setting  and processing
de- 15    29                EP 0 491 958 B1                    30
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Dauer der Ausschaltzeit aus dem Anfangs- programmable means (30),
responsive to            ausschaltzeitwert in Abhangigkeit vom Dia- said
diagnostic signal, for varying the mag-.        gnosesignal unter
Verwendung. der die Ein- nitude of peak current from said initial peak
schaltzeit/Ausschaltseitberechnungskriterien current value in accordance
with said program    6   enthaltenden Programmdaten; und data, including
said peak current calculation        (viii) Erzeugen eines Impulses
entsprechend criteria; and                                        der
geanderten Einschaltzeitdauer und der pulse generating means (40),
responsive           geanderten Ausschaltzeitdauer. to said programmable
means for varying the, magnitude of peak current, for allowing current  io
2. Verfahren nach Anspruch 1, dadurch gekenn- having the varied magnitude
of peak current to     zeichnet, daB der Schritt (v): den Schritt- auf-
pass across said gap during each ON time of        weist, mindestens zwei
Nachweisdatensignale said pulses.                      -                zu
erzeugen, die die Bedingung von minde- stens zwei Charakteristiken- des
Prozesses an- Patentansprlche                               15
zeigen, auf die die Impulse angewendet wer- den und die mindestens eines
der Nachweis- 1. Verfahren zum Erzeugen einer Kette aufeinan-
datensignale auswahlen. derfolgender Impulse zum Bewerkstelligen ei- nes
Prozesses, bei dem ein Verarbeitungsmit-   3. Verfahren nach Anspruch 2,
dadurch gekenn- \,,    tel (1) eine Vielzahl von Sgtzen von Impulser-  20
zeichnet, daB der Schritt (vi) folgende Schritte zeugsbedingungen speichert
und einen der           aufweist: Vielzahl von Satzen von
Impulserzeugungsbe-        Erzeugen   eines   Auswertungsergebnisses
dingungen jedes Mal festsetzt, wenn ein Satz       durch  Vergleichen  des.
mindestens einen der zum Ausflhren des Prozesses erforderli-
Nachweisdatensignals mit einer .entsprechend chen Prozelfinformation
erhalten wird, und bei  25  den Diagnosekriterlen festgesetkten.Schwelle;
dem ein Detektor ein Nachweisdatensignal er-       Lesen des.
Auswertungsergebnisses zu einer zeugt, das die Bedingung wenigstens elner
entsprechend den Diagnosekriterien bestimm- Charakteristik des Prozesses
anzeigt, auf die     ten Zeit; und die Impulse angewendet werden, gekenn-
Verarbeiten des Auswertungsergebnisses. ent- zelchnet durch folgende
Schritte: .        30      sprechend den Dlagnosekrlterien, um das Dia- (i)
Speichem einer Vielzahl von Satzen von      gnosesignal zu erzeugen.
Anfangseinschaltzeltwerten,   Anfangsaus- schaltzeltwerten und
Programmdaten,. die     4. Verfahren nach einem der vorhergehenden An-
Diagnosekriterien  zum  Verarbeiten . des       sprUche, dadurch
gekennzeicltnet, daB sich die Nachweisdatensignals   und   Einschalt-  35
Prozeeinformation auf Funkenerosionsbearbei-
zeitJAuschaltzeitberechnungskriterien enthal-   tungsbedingungen bezieht
und daB der Schfitt, ten;                                             einen
Satz der Prozeffinformation einzugeben, (Ii) Eingeben eines Satzes der zum
AusfUh-       den Schritt des Eingebens. eines.oder mehre- ren des
Prozesses erforderlichen ProzeBin-       rer  Bearbeitungsparameter  der
folgenden formation in das Verarbeitungsmittel;   40       Gruppe aufweist:
(iii) Ausgeben eines der Vlelzahl von Satzen     Das verwendete
Bearbeitungsverfahren, das der Anfangseinschaltzeitwerte, Anfangsaus-
als WerkstUck verwendete Material, das als schaltzeitwerte und
Programmdaten  aus          Werkzeugelektrode verwendete Material, die dem
Verarbeltungsmittel an ein Impulser-         Art der verwendeten Spllung,
die Art des ver- zeugungsgerat (2);                      45       wendeten
Fluid, die gewUnschte Materialentfer- (iv) Erzeugen eines Impulses mit
elner.ent-      nungsrate, die gewUnschte Elektrodenhaltbar- sprechend  dem
Anfangseinschaltzeitwert         keitsrate.und die.gewUnschte
Oberflachenrau- festgesetzten Einschaltzeit und elner ent-       higkeit.
sprechend  dem  Anfangsausschaltzeitwert 



festgesetzten Ausschaltzeit;       . .   o   5. Verfahren. nach Anspruch 3,
dadurch .gekenn- (v) Erzeugen des Nachweisdatensignals fUr        zeichnet,
daS die Programmdaten far jedes der das Pulserzeugungsgerat         .
Auswertungsergebnisse den. Schritt der Verar- (vi) Verarbeiten des
Nachwelsdatensignals       beitung des Auswertungsergebnilsses bewirkt,
entsprechend den die Diagnosekriterien ent-      der durch Zahlen entweder
einer kontinulerli- haltenden Programmdaten, um dadurch ein  56     chen
Anzahl erwUnschter Auswertungsergeb- Diagnosesignal zu erzeugen;
nisse oder der kontinuierlichen Anzahl uner- (vii) Varlieren der Dauer der
Einschaltzeit      wlnschter Auswertungsergebnisse oder. der aus dem
Anfangseinschaltzeitwert oder der        Anzahl. angesammelter
.erwUnOschter Auswer- 16    31                EP 0 491 958 B1
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der Anzahl angesammel-        zeichnet, daB ter  unerwtnschter
Auswertungsergebnisse          das Verarbeitungsmittel ferner ein Mittel
zum durchgefflhrt werden soil.                         Speichern einer
Vielzahl von Saizen von Pro- grammdaten, die Diagnosekriterien zurn Verar-
6. Verfahren nach Anspruch 4, dadurch gekenn-   5      beiten des
Nachweisdatensignals und . Ein- zeichnet, daB das Nachweisdatensignal es
Si-      schaltzeit/Ausschaltzeitberechnungskriterlen gnal, das den Strom
Ober einem zwischen der        besitzen, und ein Mittel zurn Erzeugen eines
Werkzeugelektrode und einem Werkstack aus-         der Vlelzahl von Satzen
von Programmdaten gebildeten Spalt anzeigt, und ein Signal flr die  jedes
Mal, wenn ein Satz der Prozelinforma- Spannung Ober dem Spalt autweist.
10     tion empfangen wird, aufweist und da3 das Impulserzeugungsgerat
folgendes aufweist: 7. Verfahren nach Anspruch 4 oder 6, dadurch
Mittel (10) zum Speichern: eines der Vielzahl gekennzeichnet, daB der
Schritt (I) den Schritt    von S~tke von Anfangseinschaltzeitwerten, von
des Speicherns einer Vielzahl von Satzen von
Anfangsausschaltzeitwerten: und Programmda- Anfangsspitzenstromwerten und
Spitzenstrom-   15  ten aus dem Verarbeitungsmittel; berechnungskriterien
enthaltenden Programm-        programmierbare Mittel (20) zum. Verarbeiten
daten aufweist;                                    des Nachweisdatensignals
entsprechend den daB der Schritt (iii) den Schritt des Ausgebens    die
Diagnosekriterien enthaltenden Programm- eines der Vielzahl der Satze der
Anfangsspit-      daten, um dadurch ein Diagnosesignal zu er- zenstromwerte
und der Programmdaten des   20       zeugen; Verarbeitungsmittels  an  das
Impulserzeu-        programmisrbare Mittel (30), die auf das Die-
gungsgerat aufweist;                               gnosesignal ansprechen,
um die Dauer der daS der Schritt (iv) den Schritt autweist, der
Einschaltzeit aus dem Anfangseinschaltzeitwert zuldft, daB der Strom mit
der Grol3e des ent-      und/oder die Dauer der Ausschaltzeit aus dem
sprechend dem Anfangsspitzenstromwert fest-  26    Anfangsausschaltzeitwert
entsprechend  den gesetzten Spitzenstroms den zwischen der           die
EinschaltzeiVAusschaltzeitberechnungs- Werkzeugelektrode und dem Werkstlck
aus-           kriterien enthaltenden Programmdaten. zu -tn- gebildeten
Spalt wahrend jeder Einschaltzeit       dern; und der Impulse quert,
lmpulserzeugungsrnittel (40), die auf .die pro- daB der Schritt (vii) den
Schritt aufweist, die  30  grammierbaren Mittel zum Andern der Ein- GroBe
des Spitzenstroms in Reaktion auf. das       schaltzeit und Ausschaltzeit
ansprechen und Diagnosesignal unter Verwendung der die Spit-      einen
.Impuls mit einer Einschaltzeit und einer zenstromberechnungskriterien
enthaltenden       Ausschaltzeit zu erzeugen.. Programmdaten andern; und
daB der Schritt (viii) den Schritt autweist: der  35  9.
Impulsarzaugungsvorrichtung. nach Anspruch zulalt, daB der Strom mit der
gegnderten Gro-      8, dadurch gekennzeichnet, .daB die program- Be des
Spitzenstroms wahrend jeder Einschalt-      mierbaran. Mittel zum
Verarbeiten des Nach- zelt der Impulse Ober den Spalt quart.
weisdatensignals ferner aufweisen: Nachweisdatenmittel (21) zum Auswahlen
min- 8  lmpulserzeugungsvorrichtung mit einem  Im-   4o     destens aines
Signals der Nachweisdaten ent- pulserzeugungsgerdt (2) zum Erzeugen einer
sprechend den DiagnQsekriterien aus der.Vial- Kette aufeinanderfolgender
Impulse mit einer       zahl von Nachweisdatensignalen, von denen
Einschaltzelt und ainer Ausschaltzelt, wobel die  jedes die Bedingung einer
Charakteristik des Impulse zum Bewerkstelligen eines Prozesses
Prozesses anzeigt, auf den die Impulse ange- angewendet werden, mit einem
Verarbeitungs-  4s    wendet warden; mittel (1), das ean Mittel zum
Speichern einer     Schwellenfestsetzungsmittel (22) zum Erzeu- Vielzahl
von S~tzen von Anfangseinschaltzeit-      gen eines Auswertungsergebnisses
durch Ver- 



werten, Anfangsausschaltzeitwerten und ain         gleichen des
ausgewghlten Signals der Nach- Mittel zum Erzeugen aines der Vielzahl von
weisdaten mit einer entsprechend den Diagno- Stzen der
Anfangseinschaltzeitwerte und An-  60   sekriterien festgesetzen Schwelle;
fangsausschaltzeitwerte jedes Mal, wenn ein
PrUfimpulserzeugungsmittel (23) zurn Erzeu- Satz einer zum  Durchflhran des
Prozesses          gen aines PrUfimpulses zur entsprechend den
erforderlichen Verarbeitungsinformation emp-       Diagnosekriterien
festgesetzten Zeit; fangen wird, aufweist, und.mit einem Detektor
Sperrsignalerzeugungsmittel (24) zum Erzeu- zurn Erzeugen aines
Nachweisdatensignals,  5s      gen aines Sperrsignals wihrend einer
entspre- das die Bedingung mindestens einer Charakte-       chend  den
Diagnosekriterien  festgesetzten ristik des Prozesses anzeigt, auf den die
im-      Zelt; und pulse angewendet warden, dadurch gakann-
ferner Verarbeatungsmittel. (25) zum Erzeugen 17    33                 EP O
491 958 B1                    34   ||1l1ll         i l, l11 des
Diagnosesignals durch Lesen des Auswer-        folgendes aufweist:
tungsergebnisses zu elner durch den PrOfim-         Mittel (10) zum
Speichern eines der Vielzahl puls und das Sperrsignal bestimmten Zeit und
der Satze. der Anfangsspitzenstromwerte und Verarbeiten des
Auswertungsergebnisses ent-         die die
Spitzenstromberechnungskriterien ent- sprechend den Diagnosekriterien.
5        haltenden Programmdaten aus der Festset- zungs- und der
Vorarbeitungsvorrichtung; 10. lmpulserzeugungsvorrichtung nach Anspruch
programmierbare Mittel (30), die auf das Dia- 9, dadurch gekennzeichnet,
daB die Impulser-        gnosesignal zum Andern der GroBe des Spit-
zeugungsmittel (40) Mittel zum Erzougen einer       zenstroms beziglich der
Anfangsspitzenstrom- Kette von aufeinanderfolgenden Impulsen zum   10
werte entsprechend den die Spitzenstrombe- Bewerkstelligen einer
Funkenerosionsbearbei-       rechnungskriterien enthalteriden Programmda-
tung an elnem Werkstlck unter Verwendung            ten ansprechen; und
einer Werkzeugelektrode aufweisen und daB           Pulserzeugungsmittei
(40),; die auf die* pro- die ProzeBinformation sich auf Funkenero-
grammierbaren Mittel zum Andern der Grile sionsbearbeitungsbedingungen
bezieht und   15      des Spitzenstroms ansprechen, urn zuzulas- aus der
Gruppe ausgewdhlt wurde, die aus            son, daB der Strom mit der
geanderten Gro~e folgendem besteht: dem Verfahren der verwen-        des
Spitzenstroms w~hrend jeder Einschaltzeit deten Bearbeltung, dem  als
Werkstick ver-          der Impulse den Spalt quert. wendeten Material, dem
als Werkzeugelektro- A~    de verwendeten Material, der Art der verwen-  20
Revendlcatlons deten SpOlung, der Art des verwendeten Fluids, der
gewInschten Materialentfernungs-    1. Procede de generation d'un train
d'impulsions rate, der gewtnschten Elektrodenhaltbarkeits-      successives
pour executer un processus, dans rate und der gewOnschten
Oberflachenrauhig-         lequel un moyen de..traitement (1) stocke une
keit.                                      26       pluralite de jeux de
conditions de g~n6ration d'impulsions et etablitfl'un.des joux de la plu-
11. lmpulserzeugungsvorrichtung nach Anspruch 9        raIite de joux de
conditions de gen~ration.d'im- oder 10, dadurch gekennzeichnet, daB das
pulsions chaque fois qu'est regu un jeu d'infor- weitere
Verarbeitungsmittel auf. das Programm       mations de traitement
n~cessaires a la realisa- flr jedes der Auswertungsergebnisse  an-  30
tion dudit traitement, et dans lequel un d~tec- spricht, um das
Diagnosesignal durch. ZAhlen       tour gdnbre un signal de donnde- de
detection ontweder in elnem ersten Modus der kontinu-         donnant la
condition d'au moins .une caaracte- ierlichen Anzahl der gewilnschten
Auswer-          ristique du traitement auquel sont appliqu6es
tungsergebnisse, in eonen zweiten Modus der         lesdites impulsions,
caract6ris6 par les 6tapes: kontinuierlichen  Anzahl der unerwUnschten   35
(i) de stockage d'une pluralite de jeux de Auswertungsergobnisse, in elnem
dritten Mo-          . valeurs initiales-des. dures d'activation et dus der
Anzahl der angesammelten erwOnsch-            de desactivation et de
.donndes de program- ten Auswertungsorgobnisse oder in einem vier-
me, comprenant des critbres de. diagnostic ten Modus der Anzahl der
angesammelten un-            pour le traitement desdits signaux de don-
erwOnschten Auswertungsergebnisse zu erzeu-   40      n6es de detection et
des criteres de calcul gen.
des dureos d'activafion/ddsactivation; *ii) d'application audit moyen de
traitement 12. Impulserzeugungsvorrichtung nach. einern der          d'un
jou dWinformations de traitement neces- AnsprUche 9 bis 11, dadurch
gekennzoichnet,           saires & la r~alisation dudit traitement; daB das
Nachweisdatensignal ein Signal, das   46      (iii) de sortie vers un
dispositif de g6n~ra- den Strom tiber dem zwischen der Werkzeug-
tion d'impulsions d'un. des jeux de Ia plurali- 



elektrode und dem WerkstUck gobildeten Spalt         .t6 de jeux de valeurs
initiales des dur6es angibt, und ein Signal der Spannung Ober dem
d'activation et de d6sactivation et de don- Spalt aufweist.
n6es  de  programmes  provenant dudit 50         moyen de traitement; 13.
lmpulsorzeugungsvorrichtung nach. elnem. der         (iv) .de g6ndration
d'une impulsion dont la AnsprUche 9 bis 12, dadurch gekennzeichnet,
duree d'activation est fix6e on fonction de daB das Verarbeitungsmittel sin
Mittel zum- ladite valeur initiale de.oa durde d'activation Spoichem einer
Vielzahl von Satzen der.An-.           et. Ia dur6e de desactivation est
tixme. en iangsspitzenstromwerte und die die SpitzZen-.  55     fonction
deoladite valeur]initiale de la dur~e stromberechnungskriterien
enthaltenden Pro-           de desactivation; grammdaten aufweist; und
(v) d'application dudit signal de donn6e de daB die
Impulserzougungsvorrichtung forner            d~tection  audit. dispositif
de. generation 18    35                 EP 0 491 958 B1
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cun desdits r6sultats d'evaluation provoque (vi) de traitement dudit signal
de donnee de     lPexecution de ladite dtape de traitement dudit detection
en fonction desdites donnees de         risultat d'evaluation par comptage
solt du programme comprenant lesdits crithres de          nombre de
r6sultats devaluation favorables diagnostic pour generer ainsi un signal de
5    successifs, soit du nombre de rdsultats d'eva- diagnostic;
luation defav6rables.successifs, soit du nom- (vii) de modification de la
duree de la p6rio-    bre de resultats d'6valuation favorables cumu- de
d'activation par rapport a ladite valeur       16s, soit du nombre. de
resultats d'evaluation initiale de la duree d'activation ou de ia
d6favorables cumul6.s. duree de la periode de desactivation par  io rapport
& ladite valeur initiale de la duree de  6. Proced6 selon la revendication
4, dans lequel d6sactivation, en reponse audit signal de         ledit
signal de donhnee de dMtection comporte diagnostic, & partir de donnees de.
program-      un signal indiquant le courant qui circule dans me comprenant
lesdits criteres. de calcul         I'espace intermediaire ontre
l'6iectrode-outil at des dur6es d'activation/desactivation; et  16     la
piace & usiner et un signal de tension dans (viii) de gqn6ration d'une
impulsion en fonc-     ledit espace. tion desdites dur6es modifiees des
periodes d'activation at de desactivation.              7. Proc~de selon la
revendication 4 ou la revendi- cation 6, uf.  2. Procede selon la
revendication 1, dans lequel  20        dans loquel 1'6tape (i) comporte
l'6tape de l'6tape (v) comporte l'etape de foumiture d'au       stockage
d'une pluralite de jeux de valeurs moins deux signaux de donn6es de
d6tection          initiales de courant de crete et de donnees de donnant
la condition d'au moins deux caracte-        programme comprenant des
criteres de calcul ristiques du traitement auquel sont appliquees       de
courant de crate; lesdites impulsions, et de selection d'au moins   26
dans lequel l'etape. (iii) comporte l'etape un desdits signaux de donnees
de detection.          de sortie vers ledit dispositif, do generation
d'impulsions d'un des jeux de Ia pluralit6 de 3. Procede solon la
revendication 2, dans lequel         jeux de valeurs initiales de. courant
de crete et 16tape (vi) comporte les etapes de:    .            de donn6es
deo programme* provenant dudit - gen6ration d'un resultat d'evaluation par
30   moyen de traitement; comparaison d'au moins un signal de
dans lequel l'6tape (iv) comporte l'etape donnee de d6tection a un seuil.
fix6 en         d'autorisation pour le courant. de. crte dont fonction
desdits criteres de diagnostic;        I'ampiitude Ad  courant de crate:
est fix~e en - lecture dudit resultat d'evaluation & un        fonction de
ladite valeur initiale de courant de moment determine en fonction desdits
3s        crete de circuler :dans -'espace intermediaire criteres de
diagnostic; ot                      entre l'4lectrode-outil et la plice a
usiner pen- - traitement dudit resultat d'evaluation en       dant chaque
p6riode d'activation desdites im- fonction desdits criteres de diagnostic
pulsions; pour gdndrer ledit signal de diagnostic.           dans lequel
l'etape (vii) comporte l'etape 40      de modification de l'amplitude du
courant de 4. Procede solon l'une quelconque des revendi-
cr.te.en rdponse audit signal de diagnostic en cations pr6cedentes, dans
loquel lesdites. infor-    utilisant lesdites donnees de programme com-
mations de traitement se rapportent..& des           prenant lesdits
criteres de calcul de courant do conditions d'usinage par electro-6rosion
et- la-     crate; et 



dite etape d'application d'un jeu d'informations   45    dans lequel
l'etape (viii) comporte .I'6tape de traitement comporte N'tape.
d'application         d'autorisation pour le courant de crete dont d'un  ou
plusieurs  parametre(s) . d'usinage       l'amplitude de courant de crate a
ete modifide choisi(s) dans le groupe de parambtres consti-       de
circuler dans ledit espacp intermddiaire tu : du procede d'usinage utilise,
du materiau       pendant chaque periode d'activation desdites utilis4
comme place a usiner, du mat6riau utili-  o5  impulsions. se comme
lectrode-outil, du type d'aspersion utilis6, du type de fluide utilise, du
taux d'enle-  a  Appareil de generation d'impulsions compor- vement de
matiere souhaite, du taux d'usure         tant un dispositif do .genration
(2) d'un train d'6lectrode souhait, et de la rugosite de surfa-
drimpulsions successives ayant une.. p6riode ce souhait6e.
-        5       d'activation et une. p6riode de d6sactivation, Ieadites
impulsions. etant appliqu~es pour exe- 5  Procede solon la revendication 3,
dans loquel         cuter un processus, un moyen de traitement ladite
donnde de programme associ6e & cha-           (1) comportant un moyen do
stockago d'une ::     -.                   ..               5 .     . .
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durees  signaux de donndes de detection, chacun indi- d'activation et de
d6sactivation, et un moyen     quant l'etat d'une caracteristique du
processus d'etablissement de l'un des jeux de la pluralite  auquel sont
appliqu6es les impulsions; de joux de valeurs initiales de durees d'actlva-
un moyen de fixation de #ojil (22) pour tion et de dbsactivation chaque
fois qu'est   5   gbnerer un rdsultat d'evaluation en comparant regu un jou
d'informations de traitement n6-      le signal de donn6e de detection
selectionne a cessaires a la realisation du traitement et un    un seull
fix6 en fonction desdits criteres de detecteur pour generer un signal de
donn6e de     diagnostic; detection donnant la condition d'au moins une
un moyen de generation (23) d'impulsions caracteristique du traitement
auquel sont.appli-  10  de contr8le pour gbn6rer una impulsion de quees
lesdites impulsions, caracteris. on ce      contr8le a un moment fixe en
fonction desdits quo:                                              criteres
de diagnostic; le moyen de traitement comporte en outre          un moyen
de gbn6ration (24) de signal un moyen de stockage d'une pluralite de jeux
d'invalidation pour g6nerer un signal d'invalida- de donnees de programme
comprenant des   16       tion pendant une duree fixee en fonction des-
critbres de diagnostic destines au traitement     dits criteres de
diagnostic; et du signal de donnee de detection et des crite-        un
moyen suppldmentaire de traitement res  de  calcul  des  dur~es  d'activa-
(25) pour gen6rer ledit signal de diagnostic par tion/d~sactivation, et un
moyen d'etablisse-      lecture dudit resultat d'evaluation A un moment
ment d'un des jeux de la pluralite de jeux. de   20  d6terminb par ladite
impulsion de contr8le et donnees de programme chaque fois qu'est
ledit signal d'invalidation, et pour traiter ledit regu un jeu
d'informations de traitement, et      signal d'evaluation on fonction
desdits criteres dans loquel ledit dispositif de gb6nratlon d'im-  de
diagnostic. pulsions comporte: un moyen de stockage (10) d'un jeu. de la
25  10. Appareil de generation d'impulsions selon la pluralite de jeux de
valeurs Initiales des dur6es  revendication 9, dans lequel le moyen de ge-
d'activation et de disactivation et de donn6es    n6ration d'impulsions
(40) comporte.un moyen de programme provenant du moyen de traite-        de
gen6ration d'un train d'impulsions successi- ment;        .
ves pour rbaliser .un usinage par dlectro-6ro- un moyen programmable (20)
de traite-  30      sion sur.une piece en utilisant une electrode- mont
dudit signal de donnee de detection en       outil, et dans lequel les
informations de traite- fonction desdites donnbes de programme
mont. se rapportent aux conditionr. d'usinage comprenant lesdits criteres
de diagnostic pour    par 4lectro-4rosion et sont selectionnees dans
generer ainsi un signal de diagnostic;            le groupe d'informations
constitub: du procede un moyen programmable (30) de modifica-  35
d'usinage utilis6, du materiau utilis6 comme tion, en rdponse au signal de
diagnostict de.la   piece & usiner, du matkriau utilis6 .comme duree de
ladite periode d'activation par rapport  6lectrode-outil, du type
d'aspersion utilise, du a la valour initiale de la duree d'activation et/ou
type de fluide utilisb, du taux d'enlevement de de la dur~e de ladite
periode de d6sactivation    matiere souhait6, du taux. d'usure d'blectrode
par rapport a la valeur initiale de la durbe de   40  souhaite, et de la.
rugositb de surface souhai- d6sactivation en fonction des donnees de pro-
tbe. gramme comprenant les criteres de calcul des 



durees d'activation/desactivation; et          11. Appareil de g6neration
d'impulsions selon la un moyen de gbn6ration d'impulsions (40),
revendication 9. ou la revendication 10, dans en reponse audit moyen
programmable de   45       lequel le moyen suppl6mentaire de traitement
modification des dur6es d'activation et de des-   rdagit au programme
associ6 a chacun des activation, pour genbrer une impulsion ayant
resultats d'6valuation pour gen6rer le signal de une p6riode d'activation
et une p6riode de        diagnostic par comptage soit, dans un premier
ddsactivation.                      :             mode, du nombre de
r~sultats d'evaluation fa- so      vorables successifs, soit, . dans un
second 9. Appareil de g6nbration d'impulsions selon la       mode, du
nombre de resultats d'4valuation de- revendication 8, dans lequel le moyen.
pro-       favorables successifs,. soit, dans un troisibme grammable de
traitement dudit signal de don-      modei du nombre -de rdsultats
d'6valuation fa- nbe do d~tection comporte en outre:  .            vorables
cumulbs, soit, dans: un quatribme *  un moyen de sblection (21) deodonn6es
de   55  mode, du nombre de r6sultats d'4Ovaluation de- d~tection pour
s6lectionner, en fonction des      favorables cumul6s. criteres de
diagnostic, au momns un signal de o- donnee de detection parmi une
pluralite. de 20    39                EP 0 491 958 B1                   40
1111111! 111111 1111   1 12; Appareil de g~n~ration d'impulsions selon
l'une quelconque des revendications 9 a 11, dans lequel le signal de donn~e
de ddtection comporte un signal indiquant le courant qui circule dans un
espace interm~diaire entre   5 i electrode-outil et la piece a usiner, et
un signal de tension dans ledit espace. 13. Appareil de g6neration
d'impulsions salon I une quelconque des revendications 10 A 12,    lo dans
lequel le moyen de traitement corn- porte un moyen de stockage d'une
pluralite de jeux de valeurs initiales de courant de crate et de donnbes de
programme comprenant des criteres de calcul de courant de crate; et  15
dans loquel le dispositif de g~ndration d'impulsions comporte en outre: un
moyen (10) de stockage de I'un des jeux de la pluralite de jeux de valeurs
initiales de courant de cr~te et de donnaes de pro-  20- gramme comprenant
des criteres de calcul de courant de crtte provenant du dispositif d'eta-
blissement et de traitement; un moyen programmable (30) reagissant au
signal de diagnostic pour modifier l'amplitu-  25 de du courant de crate on
fonction des don- ndes de programme comprenant les criteres de calcul de
courant de crete; et un moyen de gen6ration d'impulsions (40) reagissant au
moyen programmable de modifl-  30 cation de l'amplitude du courant de crate
pour autoriser le courant dont l'amplitude. de courant de crate a 6t6
modifiee A circuler dans l espa- ce intermddialre pendant chaque periode
d'ac- tivation des impulsions.       -35 40 46 50 21    


