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diesinking type EDMs or wire type EDMs; it will also occur when a printed
circuit board used in a This invention relates to a pulse control appara-
diesinking type EDM is used in a wire type EDM, us for supplying machining
pulses to electric dis-  and vice versa. charge machines according to the
preamble of   5 claim 1.
SUMMARY OF THE INVENTION In prior-art electric discharge machines (EDM) a
switching element supplies machining pulses to        In  order to
overcome  these  and  other the gap formed between a machining electrode
and     drawbacks of the prior art, the present invention is a workpiece.
This switching element is controlled   10  directed to a pulse control unit
for an EDM where by gate signals.                                    the
control unit has the flexibility of achieving dif- However, control of the
pulse width of these     ferent logic circuit functions within one hardware
gate signals, i.e., off-time control and on-time con-  package and where
the control unit is cost-effec- trol, generally differs between diesinking
type      tive, minimized in size and, when necessary or EDMs and wire type
EDMs.                        15  desired, can be quickly and easily
modified. Therefore, combining circuits for diesinking        According to
the present invention, a program- type EDMs and wire type EDMs on the same
mable IC is provided to define a specified logic hardware is not
cost-effective. Such a combination   circuit according to a ROM, which
stores circuit also has the drawback of increasing the size of the
function definition data for defining specified logic hardware. Another
drawback of combining such   20  circuits related to discharge machining.
By provid- circuits is that any change to the assembled hard-  ing
different logic circuit functions in the same ware would require changes in
the printed circuit    hardware, the hardware is more effective and com-
boards from the design level. This is time consum-   pact. In addition, the
configured hardware can be ing and could take on the order of at least one
changed easily because this invention provides ex- month.
26  ternal storage means to store the circuit function Similar problems are
encountered if diesinking   definition data for defining specified logic
circuits type EDMs and wire type EDMs are used in corn-       and a CPU to
supply the circuit function definition bination. Two different logic
circuits (for different  data stored in this external storage means to the
combinations of processing materials and condi-      programmable IC in
place of the above ROM. tions) would have to be designed into the hard-
30 ware, and both of the logic circuits would have to   BRIEF DESCRIPTION
OF THE DRAWINGS be configured to enable changing from one logic circuit to
the other.                                   Fig. 1 shows a circuit
representing an embodi- For example, in Fig. 10, a circuit including an
ment of the invention. OR-gate 1 and counter 1 is used for generating an
35  Fig. 2 is a block diagram  illustrating a CLB NGP (no good pulse),
indicative of a bad discharge   (Configurable Logic Block), which forms the
basis when any one of three pulses (NGiP, NGvP, or         of the
programmable IC of Fig. 1. [err]) are present,for counting the NGPs, and
for       Fig. 3A is an example of a screen display controlling the
off-time interval according to the   which may be used with the embodiment
of Fig. 1. count value..                                   40      Figs. 3B
and 3C are diagrams of circuits which An NGiP pulse is generated when the
gap          can be used with the embodiment of Fig. 1 when a current is
higher than a specified value; an NGvP    circuit is configured to
correspond for example to pulse is generated when the gap voltage is lower
the OR-gate 1 shown in Fig. 10. than a specified value; and an [err] pulse
is            Fig. 4A is an example of a screen display generated when the
time ([err]) between applying the   45   which may be used with the
embodiment of Fig. 1. voltage to the gap until discharge starts is shorter
Figs. 4B and 4C are diagrams of circuits which than a specified time.
can be used with the embodiment of Fig. 1 when a In Fig. 11, an AND-gate 3,
OR-gate 4 and         circuit is configured to correspond for example to
counter 2 are used to control the off-time interval  the AND-gate OR-gate 4
circuit of Fig. 11. according to a count value based on the number of  50
Fig. 5 is a more detailed circuit diagram of a NGP counts corresponding to
the condition where      portion of the circuit shown in Fig. 1. both the
NGiP and NGvP pulses are present or            Fig. 6A is an example of a
screen display when an [err] pulse is generated.                     which
may be used with the embodiment of Fig. 1. Figs. 10 and 11 show relatively
simple logic         Figs. 6B and 6C are diagrams illustrating a circuits.
However, if the logic circuit shown in Fig.  55  partial configuration of
IC 21 of Fig. 5 for generat- 10 must be changed to that shown in Fig. 1 1,
the   ing the gate signal. printed circuit board must be redesigned,
resulting     Fig. 6D is a timing diagram corresponding to in a lengthy
delay. This problem will occur in either  the circuits of Figs. 6B and 6C.
2 



3                  EP 0 436029 B1                      4 Fig. 7A is a
diagram which represents a partial  X, flip-flop Q, input D, and clock
input K are not configuration of IC 22 of Fig. 5 for generating on/off
used. If "NGiP", "NGvP", "[err]" and "NGP" are clocks pulses.
entered into "A", "B", "C" and "Y" at the center Figs. 7B and 7C are
diagrams of circuits which   portion of Fig. 3(A), this causes NGiP, NGvP
and may be used with the embodiment of Fig. 1 when    5   [err], to be
input to inputs A, B, and C respec- the circuit is configured to correspond
for example  tively and NGP to be supplied to output Y. NGiP to the OR-gate
1 of Fig. 10.                         (No Good Current (i) Pulse) is an
output pulse Fig. 7D is a timing diagram corresponding to     which occurs
when a gap current value is higher the circuits of 7B and 7C.
than a specified value. NGvP (No Good Voltage Fig. 8 is a circuit diagram
representing a gate  10   Pulse) is an output pulse which occurs when a gap
signal generating circuit (GP) in the embodiment of  voltage is lower than
a specified value. [err] (No Fig. 5.
Good [err] Pulse) is an output pulse which occurs Fig. 9 is a circuit
drawing representing an alter-  when time ([err]), which corresponds to a
time be- native embodiment of the present invention.          tween
applying a voltage to the gap until the start Figs. 10 and 11 illustrate
prior art circuit con-   is  of a discharge, is shorter than a specified
time. figurations.                                         NGP (No Good
(machining) Pulse) is an output pulse that indicates a discharging state
that is DETAILED DESCRIPTION OF THE PREFERRED                nonacceptable.
Further, in the case where many EMBODIMENTS
CLBs are provided in one LCA the designation 20  "HC" to the right of "BIK"
in the "Note" section In Fig. 1, there is shown a ROM 10, an IC 20, a
indicates that the CLB being edited in Fig. 3(A) is switching transistor
80, a gap G formed between a    positioned at a position (H, C), eg, row H
(from machining electrode and a workpiece, a diode D, a    the top) and
column C (from the right). The des- resistance R and a power source B. The
ROM 10       ignation "Gate Circuit" indicates the name of the is a memory
that stores circuit function definition   25   LCA. Internal connections
between blocks (i.e., in- data which defines specified logic circuits
relating  terconnection between CLBs) are made in accor- to electric
discharge machining. The IC 20 is a      dance with a switching matrix
containing path tran- programmable IC that defines specified logic cir-
sistors controlled by programs. Internal connections cuits in accordance
with circuit function definition  for CLB inputs/outputs are made by other
path data stored in ROM 10.                          30  transistors. The
programmable IC 20 is a type of gate             Fig. 3(B) is a CLB
internal connection diagram array and is basically the same as a PA[err],
e.g, an     defined by the block editor screen of Fig. 3(A). Fig. XC2000
series or XC3000 series LCA (Logic Cell       3(C) illustrates an
equivalent circuit of the CLB. The Array) manufactured  in the United
States by         operation for editing CLBs described above is de- XILINX
Inc.                                     35  tailed in "The Programmable
Gate Array Data In Fig. 2, a, configurable logic block (CLB)     Book",
published by XILINX Inc. and "XACT Logic which forms the basis for the IC
20 of Fig. 1 is     Cell Array Development System VOL. 1 to VOL. 3
illustrated. The CLB includes. four variable logic   of U.S.A. XILINX Inc.
Development", published by inputs (A, B, C and D), an exclusive clock input
K,  the Electronic System  Dept. of Okura Shoji Co., two outputs (X and Y),
combinable function blocks   40   Ltd. on November 10, 1988, both
incorporated by (F and G), and storage elements that can be re-
reference herein. alized as a flip-flop Q of the transparent-latch type
Procedures other than the above for editing or edge-trigger type. This CLB
is used to configure  CLBs can be adopted, e.g., a CLB can be edited a
required logic network by user-programmable        by a compiler called APR
(automatic placement interconnection. However, the CLB input/output in-  45
and routing) after drawing a logic circuit diagram terface is realized by
an I/O block (IOB).           on the screen. Figs. 3A-C are illustrative
drawings for configur-   After a CLB is edited, the circuit function
defini- ing a circuit corresponding to the OR-gate 1 shown    tion data is
written into ROM 10 of Fig. 1 (in the in Fig. 10. Fig. 3(A) is a block
editor screen of the  form of a PROM) by using a specified compiler. CLB to
be used for editing the CLB. An entry of  50   Execution of these steps,
programs the ROM 10 "G" (positioned to the right of "Y" in the upper left
that stores the circuit function definition data for of Fig. 3(A)) defines
extraction of the G function   defining specified logic circuits relating
to electric block output using output Y. The entry of G = A +    discharge
machining. B + C at the lower left defines that signal output      Figs.
4(A)-(C) are explanatory drawings for con- as a logical low when any one of
A, B and C inputs  55  figuring circuits corresponding to AND-gate 3 and
are at logical level 1. In this case, nothing is     OR-gate 4 shown in
Fig. 11. Fig. 4(A) is a block 



entered to the right of "F =", "X", "Q", "D", or    editor screen for the
CLB. "K". This indicates that the F function block, output 3    5
EP 0 436 029 B1                      6 The editing procedure for CLB in
Fig. 4(A) is    gap and the pulse control unit (pulse power sup- basically
the same as that shown in Fig. 3(A). A   ply). Resistances having the same
or different re- difference exists in entry of "A * B + C" to the
sistance values are connected in series with tran- right of "G =  at the
lower left of Fig. 4(A). The   sistors. Current Ip (peak value of discharge
machin- definition of "G  = A * B + C" outputs a CLB    5   ing current)
flowing to the gap can be controlled by defined in Fig. 4(B) when signals
are received by    gating one or more of the transistors ON. Also, a inputs
A and B or when a signal is received by       transistor may be set to ON
according to the Ip input C. Fig. 4(B) is an internal connection diagram
setup signal. for a CLB when CLB is edited as shown in Fig. 4-        The
IC 23 for Ip control is a logic circuit that (A). Fig. 4(C) shows the
equivalent circuit of the   10  determines the Ip setup signal. It is also
a circuit CLB of Fig. 4(B).                                  for
controlling Ip according to the gap voltage. That As alluded to above, the
IC 20 shown in Fig. 1   is, IC 23 determines, according to the basic data
is a type of gate array. What the gate array actually  on threshold value,
etc. and gap voltage data from consists of is determined by the circuit
function    decoder 32, whether or not a discharge state is definition data
transferred to IC 20. This data is  15  acceptable, and outputs detection
data that indi- previously stored in the ROM 10 of Fig. 1(B). For    cates
the result of the determination. example, data is transferred to the IC 20
from the      The IC 22 for on/off clock generation is a logic ROM 10 when
power is supplied to the electric        circuit that determines the width
of an ON-pulse discharge machine. The IC 20 is configured to
(on-time) and the width of OFF-pulse (off-time) assume various types of
logic circuits according to  20  according to detection data from IC 23.
The IC 22 the transferred circuit function definition data. If  outputs
clock signals (hereinafter "clock") having a circuit function definition
data stored in ROM 10 is  frequency for controlling the on/off time
interval changed or if a removable ROM 10 is replaced         corresponding
to the above-mentioned detection with another ROM  in which new circuit
function      data. The pulse frequency of this clock depends on definition
data is stored, the logic circuit configured   25  the detection data. The
on-time clock has a lower in the IC 20 will change. Thus, the design of the
pulse frequency as the discharge state gets better, logic circuit may be
changed without changing        while the off-time clock has a lower pulse
fre- wiring and parts arranged on the printed circuit     quency as a
discharge state becomes worse. The board.
basic data supplied from decoder 32 to IC 22 for Because new control
systems can be intro-   30   generating on/off clock pulses specifies the
initial duced without modifying hardware, less time is       clock
frequency at which the on/off time is con- consumed and research and
development cycles        trolled. Initially, the on-time clock is at its
lowest can be shortened. However, the IC 20 is preferably   pulse frequency
and the off-time clock at its high- designed for specific applications, and
the logic    est pulse frequency. circuits configured in IC 20 are
preferably for dis-  35  IC 21 for gate signal generation is a logic charge
pulse generation circuits or discharge pulse  circuit that generates a gate
signal according to the control circuits.
output data of IC 22. This gate signal is supplied to Fig. 5 is a circuit
drawing illustrating an em-  the drive circuit that drives switching
elements con- bodiment of the circuit of Fig. 13. Fig. 5 is an     nected
in series to gap G. The IC 21, which gen- example of the circuit in which
an Ip setup signal  40  erates the gate signal, includes a comparator which
and gate signal are generated. This example com-   receives a predetermined
number of clock pulses prises a ROM 11 for storing circuit function defini-
(basic data) fob on-time control/off-time control tion data and for
defining multiple types of logic  from the decoder 32 and clock pulses
having a circuits relating to electric discharge machining; a  frequency
corresponding to on/off time interval programmable IC 21, IC 22 and IC 23;
a CPU 31   45  from IC 22. The comparator compares clock pulses and a
decoder 32. The IC 21, IC 22 and IC 23 are   having the frequency
corresponding to the on-time examples of programmable ICs that define logic
interval with the predetermined number of pulses to circuits according to
circuit function definition data  count for on-time control. When both
match, the defined by logic circuits stored in ROM 11. The      on-time
control is completed. The comparator then bank selection signal selects
circuit function defini-  50  compares clock pulses having a frequency cor-
tion data that is stored in ROM  11 for defining     responding to the
off-time interval with the pre- multiple logic circuits. Therefore, ROM  11
corre-   determined number of pulses to count for off-time sponds to ROM 10
of Fig. 1 and the programmable      control. When both match, off-time
control is com- 



IC 21, IC 22 and IC 23 correspond to the IC 20 of    pleted. Gate signals
generated by the above proce- Fig. 1. The IC 23 for Ip control generates
the Ip  55  dure are output by IC 21. setup signal according to gap voltage
data ob-          Therefore, when the detection data is indicative tained
from the machining gap. Preferably, multiple  of an acceptable gap state,
the frequency of on- transistors are connected in parallel between the
time clock from IC 22 becomes lower, and the on- 4    7                 EP
0 436029 B1                       8 time interval of the output gate signal
grows longer.   Figs. 7(A)-(D) represent an example of a part of When the
detection data is indicative of an unac-   the IC 22 of Fig. 5 for on/off
clock generation. This ceptable gap state, the frequency of off-time clock
example comprises a circuit used to switch be- from  IC 22 for on-off-clock
generation becomes     tween a 1-MHz clock and a 100 KHz clock output.
lower, and the off-time interval of the output gate    5   For example, if
the counter counts a 1-MHz clock signal gets longer. In this circuit, the
decoder 32  and then the comparator compares this count value supplies
predetermined Ip values and base data for   with an 8-bit signal to control
on/off time, on- the on/off clock to IC 21, IC 22 and IC 23 according
time/off-time up to 256 usec can be controlled. to the data and address
given by CPU 31. Circuit     However, the diesinking type EDM  requires ap-
function definition data to define the specified logic  10  proximately
2-msec time width (on-time/off-time in- circuit relating to electric
discharge machining is  terval). If the diesinking type EDM uses 8-bit sig-
supplied by the ROM 11 to the IC 21, IC 22 and IC    nals, it will require
a 100-KHz clock. Switching 23. Data from ROM 11 is supplied to the
datainput   clock frequencies between a 1-MHz clock and a port Din of IC
21. If IC 21 is filled, data is then  100-KHz clock, for instance, requires
(as an exam- supplied, in series, to the input port Din of IC 22   15  ple)
the system shown in Fig. 7(A). The input SEL via the input port Din of IC
22 and the output port  is a selection signal that switches between a 1-MHz
Dout of IC 21. If IC 22 is filled, data is then     clock and 100-KHz
clock. The input SYSCK is a supplied from input port Din of IC 23 for Ip
control  clock for synchronization and is set in the example to IC 23 via
IC 21 and IC 22. The addresses          to 10 MHz. transferred from IC 21
for gate signal generation to   20  Fig. 7(A) shows a CLB block editor
screen. Fig. ROM 11 are necessary for reading the circuit func-   7(B)
illustrates a CLB internal connection diagram tion definition data written
in ROM 11. These ad-    where CLB editing is made in accordance with Fig.
dresses are incremented one by one. Decoder 32       7(A). Fig. 7(C)
illustrates the equivalent circuit can be replaced with a ROM. If so, CPU
31 can be     drawing. omitted                                         25
In the block editor screen shown in Fig. 7(A), Fig. 6(A) is an example
representing a part of   CLB is edited as follows: The output of the
flip-flop IC 21 shown in Fig. 5 for gate signal generation.    Q is used as
output Y, the flip-flop Q being config- This example illustrates a circuit,
in which a GATE  ured as a flip-flop, and the K input clock is used as
signal is generated according to Off End and On      a clock for flip-flop
Q. The logical expression (Bool- End pylses. An Off End pulse is generated
when   30  ean algebra) used at the F function block indicates the off-time
count is completed. An On End pulse     a logical sum which results from
adding a logical is generated when the on-time count is completed.
product of the reverse signal of input B and input C Fig. 6(A) is a block
editor screen for the CLBs. Fig.  to a logical product of input B and input
A. In this 6(B) is an internal connection diagram for CLBs      example, a
1-MHz clock, SEL, 100-KHz clock and edited according to Fig. 6(A). Fig.
6(C) is the equiv-   35   SYSCK clock are respectively entered as inputs
for alent circuit diagram of a circuit configured accord-  A, B, C and K,
and the signal name of output Y is ing to Fig. 6(b), Using the block editor
spreen      defined as Out. shown in Fig. 6(A) the following editing is
made.       After editing as above, if SEL is set to "1,", a 1- The output
of flip-flop 0 is extracted using output Y  MHz clock, as shown in Fig.
7(D), is extracted and flip-flop Q is used as a flip-flop (flip-flop Q may
40   using output Y. If SEL is set to "O", a 100-KHz also be used as a
latch and, if so, "L" is entered to  clock is extracted using output Y. the
right of "Q" instead of "FF"). An output signal     An example illustrating
the function of IC 23 for from the G function block is used as a clock of
flip-  Ip control is set forth in Fig. 5. flop Q, and the output of
flip-flop Q is reversed in    Fig. 8 illustrates an example of the gate
signal the F function block (symbol "-" is the same as   45   generation
circuit GP shown in the above embodi- symbol "bar" and indicates that a
signal shown      ment and peripheral circuits. The gate signal gen- next
to symbol "-" is reversed). The logical ex-    eration circuit GP comprises
the following: ROM 51 pression (Boolean algebra) at the G function is G
which stores software for CPU 56; ROM 52 and (A + B), "Gate" (gate signal)
is entered as       ROM 53 which store circuit function definition data
output Y, and "Off End" as input B. The input D   60  for defining
specified logic circuits; RAM 54; bank 



terminal of flipsflop Q is always connected to the   selection circuit 55;
dual port RAM 57; clock gener- output of the F function block. In other
words, use  ator 58; and IC 60 for generating programmable of flip-flop Q
requires use of the F function. When  gate signals. IC 60 for gate signal
generation is an CLB is edited as above and implemented, a gate
example representing a programmable IC that de- signal, having the on-time
interval from Off End to  55  fines specified logic circuits according to
circuit On End and the off-time interval from On End to    function
definition data of ROM 52 and ROM 53. Off End, is output as shown in Fig. 6
(D).              In addition, Fig. 8 shows master CPU 70, drive circuit
81, switching transistors 82 and 83, resis- 5    9                  EP 0
436 029 B1                      10 tances 84 and 85, A/D conversion circuit
91, and      three or more logic circuits that independently current sensor
92. The example shown in Fig. 8        adopt different methods for
controlling electric dis- assumes that ROM 52 stores circuit function
defini-   charge machining. If a board has many ROMs, tion data which
defines a logic circuit for e.g.  a     more space is taken. Alternately, a
master CPU graphite electrode and that ROM 53 stores circuit   5   which
stores multiple circuit function definition data function definition data
which defines logic circuit  for defining logic circuits that carry out
multiple for e.g. a copper machining electrode and for           control
methods can be used. This master CPU 70 iron as a workpiece.
transfers the data to CPU 56 via dual port RAM 57. When performing electric
discharge machining       The circuit function definition data is
temporarily by using a graphite electrode as in the above   10  stored in
RAM 54 and is then transferred to IC 60 example, a signal for indicating
use of graphite      for gate signal generation. This reduces ROM in-
electrode is input using an operation panel (not      stallation space on
the gate signal generation cir- illustrated). This signal goes to CPU 56
which        cuit GP. transfers the circuit function definition data stored
The voltage and current data is directly trans- in ROM 52 to IC 60 for gate
signal generation via   15  ferred to IC 60 from A/D conversion circuit 91
and bank selection circuit 55. The CPU 56 supplies a      is also
transferred to CPU 56. Based on the logic reset signal and D/P signal at
the same. Thus, the    circuit architected in IC 60 according to the
circuit logic circuit is defined in IC 60 for gate signal     function
definition data directly transferred from generation according to the
circuit function defini-  A/D conversion circuit 91 to IC 60, gate signals
are tion data stored in ROM 52. From  a functional   20   quickly
transferred to drive circuit 81 and machin- viewpoint, this definition
indicates that logic circuit  ing operation is carried out at a high speed.
On the is configured in IC 60 according to the circuit       other hand,
the voltage and current data transferred function definition data stored in
ROM 52.            from A/D conversion circuit 91 to CPU 56 are used If an
abnormal condition occurs in the course     in CPU 56 for calculating
machining energy, the of electric discharge machining, the IC 60 controls
25  result of the calculation is transferred to IC 60, and, a quick
operation for lengthening the off-time inter-  based on the logic circuit
architected in IC 60, the val of the gate signal, shortening the on-time
inter-  pulse width and Ip values are adjusted according to val of the gate
signal, or reducing the Ip value.     the result of the calculation. The
calculation meth- These quick operations are carried out because
ods, the data to be calculated and calculation inter- use of graphite
electrode may easily result in an   30   vals are determined by CPU 56
itself. arc when an abnormal condition occurs.                    Fig. 9 is
a circuit drawing representing another When a signal indicating, that e.g.,
copper is     embodiment of this invention. In the embodiment in used as a
machining electrode and iron is used as     Fig. 1, the circuit function
definition data for defin- a workpiece is input using the operation panel,
the   ing the circuits of IC 20 is stored in ROM  10. signal is transferred
to the CPU 56 which then   35   However, in the embodiment of Fig. 9, the
circuit specifies ROM 53 via bank selection circuit 55 and    function
definition data is transferred from external transfers circuit function
definition data stored, in  storage (not illustrated) via CPU 30.
Therefore, the ROM 53 to IC 60. The CPU 56 supplies the reset
external storage and CPU 30 effectively correspond signal and the D/P
signal at the same time, and the   to ROM 10 of Fig. 1. logic circuit for
gate signal generation is defined, in  40  The above preferred embodiments
are applica- IC 60 according to circuit function definition data   ble to
diesinking type EDMs, wire type EDMs, stored in ROM 53., From a functional
view point,      small-hole drilling machines and welding machines. this
definition indicates that a logic circuit is config-  The invention is not
limited to the foregoing, but is ured in IC 60 according to the circuit
function      only limited by the claims appended hereto. definition data
stored in ROM 53. In the above   45 state, if an abnormal condition occurs
in the course  Claims of electric discharge machining, IC 60 performs 



control of g gradual operation for lengthening the   1. A pulse control
apparatus in an electric dis- off-time interval of the gate signal,
shortening the     charge  machine, comprising  programmable on-time
interval of the gate signal, or reducing the   50  circuit means (20)
comprising logic circuits Ip value. Such gradual operations are acceptable
having a desired circuit definition configuration because it is less likely
for arcing to occur when        and pulse control means (80) responsive to
copper is used as a machining electrode and iron          said desired
circuit configuration for providing is used as a workpiece.
control pulses to said electric discharge ma- The above example provide two
ROMs con-   55          chine (G), characterized by storage means (10;
taining circuit function definition data that defines     11; 51 - 53)
capable of storing selectable data IC 60 for gate signal generation.
However, three or      that indicate a desired circuit configuration, more
ROMs can be used for IC 60 to configure             said programmable
circuit means (20) being 6    9                  EP 0 436 029 B1
10 tances 84 and 85, A/D conversion circuit 91, and     three or more logic
circuits that independently current sensor 92. The example shown in Fig. 8
adopt different methods for controlling electric dis- assumes that ROM 52
stores circuit function defini-  charge machining. If a board has many
ROMs, tion data which defines a logic circuit for e.g. a     more space is
taken. Alternately, a master CPU graphite electrode and that ROM 53 stores
circuit   5   which stores multiple circuit function definition data
function definition data which defines logic circuit  for defining logic
circuits that carry out multiple for e.g., a copper machining electrode and
for        control methods can be used. This master CPU 70 iron as a
workpiece.                                 transfers the data to CPU 56 via
dual port RAM 57. When performing electric discharge machining      The
circuit function definition data is temporarily by using a graphite
electrode as in the above   10  stored in RAM 54 and is then transferred to
IC 60 example, a signal for indicating use of graphite     for gate signal
generation. This reduces ROM in- electrode is input using an operation
panel (not     stallation space on the gate signal generation cir-
illustrated). This signal goes to CPU  56 which      cuit GP. transfers the
circuit function definition data stored   The voltage and current data is
directly trans- in ROM 52 to IC 60 for gate signal generation via  15
ferred to IC 60 from A/D conversion circuit 91 and bank selection circuit
55. The CPU 56 supplies a     is also transferred to CPU 56. Based on the
logic reset signal and D/P signal at the same. Thus, the   circuit
architected in IC 60 according to the circuit logic circuit is defined in
IC 60 for gate signal    function definition data directly transferred from
generation according to the circuit function defini-  A/D conversion
circuit 91 to IC 60, gate signals are tion data stored in ROM 52. From a
functional   20   quickly transferred to drive circuit 81 and machin-
viewpoint, this definition indicates that logic circuit  ing operation is
carried out at a high speed. On the is configured in IC 60 according to the
circuit      other hand, the voltage and current data transferred function
definition data stored in ROM 52.           from A/D conversion circuit 91
to CPU 56 are used If an abnormal condition occurs in the course     in CPU
56 for calculating machining energy, the of electric discharge machining,
the IC 60 controls  25  result of the calculation is transferred to IC 60,
and, a quick operation for lengthening the off-time inter-  based on the
logic circuit architected in IC 60, the val of the gate signal, shortening
the on-time inter-  pulse width and Ip values are adjusted according to val
of the gate signal, or reducing the Ip value.    the result of the
calculation. The calculation meth- These quick operations are carried out
because       ods, the data to be calculated and calculation inter- use of
graphite electrode may easily result in an   30   vals are determined by
CPU 56 itself. arc when an abnormal condition occurs.
Fig. 9 is a circuit drawing representing another When a signal indicating,
that e.g., copper is    embodiment of this invention. In the embodiment in
used as a machining electrode and iron is used as    Fig. 1, the circuit
function definition data for defin- a workpiece is input using the
operation panel, the  ing the circuits of IC 20 is stored in ROM  10.
signal is transferred to the CPU 56 which then   35   However, in the
embodiment of Fig. 9, the circuit specifies ROM 53 via bank selection
circuit 55 and   function definition data is transferred from external
transfers circuit function definition data stored  in  storage (not
illustrated) via CPU 30. Therefore, the ROM 53 to IC 6.0. The CPU 56
supplies the reset      external storage and CPU 30 effectively correspond
signal and the D/P signal at the same time, and the  to ROM 10 of Fig. 1.
logic circuit for gate signal generation is defined, in  40  The above
preferred embodiments are applica- IC 60 according to circuit function
definition data  ble to diesinking type EDMs, wire type EDMs, stored in ROM
53., From a functional view point,     small-hole drilling machines and
welding machines. this definition indicates that a logic circuit is config-
The invention is not limited to the foregoing, but is ured in IC 6.0
according to the circuit function     only limited by the claims appended
hereto. 



definition data stored in ROM  53. In the above   45 state, if an abnormal
condition occurs in the course  Claims of electric discharge machining, IC
60 performs control of a gradual operation for lengthening the   1. A pulse
control apparatus in an electric dis- off-time interval of the gate signal,
shortening the   charge machine, comprising  programmable on-time interval
of the gate signal, or reducing the   50  circuit means (20) comprising
logic circuits Ip value. Such gradual operations are acceptable
having a desired circuit definition configuration because it is less likely
for arcing to occur when       and pulse control means (80) responsive to
copper is used as a machining electrode and iron         said desired
circuit configuration for providing is used as a workpiece.
control pulses to said electric discharge ma- The above example provide two
ROMs con-   55          chine (G), characterized by storage means (10;
taining circuit function definition data that defines    11; 51 - 53)
capable of storing selectable data IC 60 for gate signal generation.
However, three or      that indicate a desired circuit configuration, more
ROMs can be used for IC 60 to configure             said programmable
circuit means (20) being 6    11             EP0436029B1
12 operatively connected to said storage means       2. Vorrichtung nach
Anspruch 1, dadurch gekenn- (10; 11; 51 - 53) to receive said data
therefrom      zeichnet, dass der Speicher (10) durch einen and capable of
structuring said logic circuits        alternativen Speicher ersetzbar ist,
der Daten into said desired circuit configuration specified     enthdlt,
die eine alternative Schaltungskonfigu- by said circuit configuration data.
5       ration angeben. 2. The apparatus of claim 1, characterized in that
3. Vorrichtung nach Anspruch 1, dadurch gekenn- said storage means (10) is
replacable with an         zeichnet, dass ein Satz von Definitionsdaten
alternate storage means which stores data for         fur
Schaltungsfunktionen in den Speichern (51 indicating an alternate circuit
configuration.  10    - 53) speicherbar ist, und dass Mittel (55) zur
Auswahl von Definitionsdaten fUr Schaltungs- 3. The apparatus of claim 1,
characterized in that        funktionen aus dem Satz von Definitionsdaten a
set of circuit function definition data is stor-    fUr
Schaltungsfunktionen vorhanden sind. able in said ,torage means (51 - 53)
and that means (55) are provided capable to specify   15  4. Vorrichtung
nach einem der AnsprUche 1 bis circuit function definition data from said
set of     3, dadurch gekennzeichnet, dass der Speicher circuit funtion
definition data.                      (10) in einem  Abstand von der
Impulssteue- rung angeordnet ist. 4. The apparatus of any one of claims 1
to 3, characterized in that said storage means (10)   20   5. Vorrichtung
nach einem der AnsprUche 1 bis is located remote from  said pulse control
4, dadurch gekennzeichnet, dass der Speicher means.
eine programmierbare Zentraleinheit (30) auf- weist. 5. The apparatus of
any one of claims 1 to 4, characterized in that said storage means com-
25   6. Vorrichtung nach einem der Ansprlche 1 bis prises a programmable
CPU (30).                      5, dadurch gekennzeichnet, dass das Auswahl-
mittel in der Lage ist, die gewUnschte Schal- 6. The apparatus of any one
of claims 1 to 5,            tungskonfiguration entsprechend der Art der
characterized in that said specifying means is        durchzufUhrenden
Bearbeitung zu definieren, capable to define said desired circuit configu-
3o  und die programmierbare Schaltung (20) in der ration according to the
type of machining that        Lage ist, die Logikschaltungen gem~ss der ge-
will be performed and said programmable cir-          wUnschten
Schaltungskonfiguration zu struktu- cuit means (20) is capable of
structuring said        rieren. logic circuits into said desired circuit
configura- tion.                                        35   Revendlcations
Patentansprtlche                                      1. Unit6 de commande
d'impulsions dans une machine d'usinage par dlectroerosion, compre- 1.
Impulsregelungsvorrichtung in einer Elektroero-        nant des circuits
programmables (20) compre- sionsmaschine, mit programmierbaren Schal-  40
nant des circuits logiques ayant une configura- tungen (20), welche
Logikschaltungen aufwei-          tion definie de circuits ddsirds, et des
moyens sen, die einelgewwUnschte Schaltungskonfigura-        de commande
d'impulsions (80) repondant a tion definiereqn, und mit
Impulssteuernjitteln        ladite configuration des circuits afin de
fournir 



(80), die auf die gewUnschte Schaltungskonfi-         des impulsions de
commande a la machine gyration @nsprechen, um Steuerimpulse an die   45
d'usinage par dlectro~rosion (G), caracterisde Ellektroerosionsmaschine (G)
abzugeben, ge-           par des moyens de memoire (10; 11; 51 - 53)
kennze.ichrnet durch Speicher (10; 11; 51- 53),       capables de mettre en
memoire des donnees welche w~hltIare Daten speichern konnen, die
s6lectables indiquant une configuration desir~e eine gewninschtq
Schaltungskonfiguration an-         des circuits, lesdits circuits
programmables geben, wobhoi die programmierbaren Schaltun-   50     (20)
6tant op~rativement connectes auxdits gen (20) operativ mit den Speichern
(10; 11;          moyens de m6moire (10; 11; 51 - 53) afin de 51- 53)
verbunden sind, um die Daten von              recevoir les donnees de ces
derniers, et capa- diesan zu empfangen und die Logikschaltun-
bles de structurer lesdits circuits logiques se- gen gemass der gewOnschten
Schaltungskon-             Ion la configuration des circuits desiree,
spdci- figuration, welche von den Schaltungskonfigu-   5s    fide par
lesdites donndes de configuration des rationsdaten vorgegeben ist,
strukturieren k6n-       circuits. non. *
I 1||1||1~~~~ ~~ 111|11 llE1  11111 1111    13                 E-P 0 436
029 B1                     14 Z. Unit6 selon la revendication 1,
caracterisee en ce que lAii~t m~moire (10) est remplagable par une m6moire
alternative qui memorise des donne-es indiquant Uri9 configuration
alternative des circuits.  .                             5 3. Unit6 selon
la revendicetion 1, caracterisee en ce qu'un ensemble de donnees de
d6finition pour fonctions de circuits peut 8tre mdmorisd dans lesdites
memoires (51 - 53), et que des   10 moyens (55) sont prevus qui sont
capables de speOifier des donnees de dEfinition pour fonc- tionS de
circuits dons ledit ensemble de don- neeS de dEfinition potur fonctions de
circuits. i                      ~~~~~~~~~~15 4. Unit4 selon l'une
quelconque des revendica- tions 1 A 3,  aract6risOe en ce que lesdites
m6moires (10) sont situees A une distance desdits moyens de commando
d'impulsions. 20 5. Unit6 selon l'une quelconque des revendica- tions 1 A
4, caractdriste en ce que lesdites m6moires comprennent une unit6 centrale
(30) programmable. 25 6. Unite selon 'ube quelconque des revendica- tions 1
a 5, caract6risoe en ce que ledit moyen de specificaetion est capable de
d6finir ladite configuration de circuits dOsir~e selon le type d'usinage
qui sera effectu4, et quo ledit circuit  30 programmable (20) est capable
de structurer lesdits circuits logiques conformement A ladite configuration
de circuits d4;iree. 36 40 45 50 55 8    


