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to hinder the progress of the electric discharge machining. Further, the
electrode or work may be The present invention generally relates to an
damaged by arc scars resulting from continuous electric discharge machining
apparatus. More spe-  arc discharge. cifically, the present invention
relates to an electric   5  For this reason above, in the conventional pre-
discharge machining apparatus which is equipped    ventive method, an
operator visually observes car- with preventive functions for damages to an
elec-  bide formation on the surface of the electrode and trode and a work
with undesired arc scars.         work during electric discharge machining
operation. Generally in electric discharge machining ap-   If the operator
recognize the carbide formation in paratus, an electrode and a workpiece to
be   10  the observation, he stops a series of the electric machined
(hereafter, referred to as work) are op-  discharge machining operations.
posed to each other with a gap of microns or 1Os       However, the
judgement of the carbide forma- microns (um) in machining fluid such as
kerosene   tion depends on the operator's skill. In other words, and water
stored in a machining tank. Electricity is  some operators may stop the
electric discharge fed to generate pulse-like discharge current of high
15  machining operation after the carbide is formed repetition across the
gap, thereby machining is    and normal electric discharges have shifted to
the made with cumulative electric discharge craters    continuous arc
discharges. On the other hand, the formed on the work by said discharge
current. The  others may stop it before the carbide is formed. In
above-mentioned pulse-like discharge current has a  the former case, the
electrode and work may be nearly-fixed peak current value and time width
and   20  irrevocably damaged by arc scars resulting from flows
intermittently through the gap while repeating  continuous arc discharge.
On the other hand, in the ON state (a logical level of "H") and OFF state
(a  latter, the electric discharge machining operation is logical level of
"L"). To successfully deal with this  frequently stopped and work
efficiency is exces- principle, control in the optimum condition is re-
sively decreased. quired for the above-mentioned pulse-like dis-  25    In
the consideration of the above circum- charge current according to the
material and hard-  stances, an object of the present invention is to ness
of the work, electric discharge state at the  provide an electric discharge
machining apparatus above machining gap. This optimum control pre-     in
which the detection accuracy of the carbide vents the abnormal discharge
such as concentrated  formation is improved and electric discharge ma-
electric discharge on a particular point and continu-  30  chining
operation can be stopped Immediately be- ous arc discharge from occurring
at the machining  fore the occurrence of undesired continuous arc gap.
Consequently, the optimum electric discharge  discharge when an carbide
formation is detected machining is ensured so that a larger crater on a  so
that work efficiency is improved and the dam- particular point formed by
the concentrated electric  ages to the electrode and work is minimized.
discharge does not cause a defect on the other  35     To achieve above
object, two detecting means surface or the electrode or work is not damaged
by  are provided for cutting off an electrical supply arc scars resulting
from the the continuous arc    when undesired carbide formation on a
workpiece discharge.                                         or a machining
electrode is detected. The first Above-mentioned optimum control of
pulse-like   detecting means detects the carbide formation by discharge
current is performed by making the con-  40  comparing a discharge voltage
with reference volt- trol means control the electricity supply mechanism
age. The second detecting means detects the car- for feeding electricity to
the machining gap based  bide formation by counting discharge pulses with a
on detected discharge voltage waveform or dis-     discharge waiting time
shorter than the reference charge current waveform  across the machining
time period. The first detecting means is effective gap.
45  when copper or graphite is used as a machining As explained above, in
an electric discharge    electrode while the second detecting means is ef-
machining apparatus, the occurrence of the ab-     fective when copper
tungsten is used as a machin- normal discharge is prevented by optimally
control-  ing electrode. ling the pulse-like discharge current generating
Further, first detecting means comprises a pre- across the machining gap.
However, the optimum   50  cursory phenomenon detecting means for compar-
control varies depending on condition differences  ing a discharge voltage
with a first reference volt- such as flushing conditions of machining
fluid, work  age when the discharge waiting time is longer than shapes and
electrode jump function in which the    the reference time value to provide
output signal electrode moves upward further from the opposed    when the
discharge voltage is lower than the first work and then immediately return
downward to the   55  reference voltage, and first carbide formation de-
position close to the work. Accordingly, in the    tecting means for
comparing a discharge voltage above optimum control, carbide formation may
oc-   with a second reference voltage greater than said cur depending on
the conditions described above    first reference voltage in response to
said output 2 



3                 EP 0526 089 B1                     4 signal from the
precursory phenomenon detecting        Fig. 9 is a timing chart showing
operation of means to cut off an electrical supply of said power  the
second carbide formation detector 40 shown in supply means when the
discharge voltage is higher  Fig. 8. than said second reference voltage.
Fig. 10 is a flow chart showing the operation of Thus, according to the
present invention there   5   precursory phenomenon detector 20. is
provided an electric discharge machining ap-        Fig. 11 is a flow chart
showing the operation of paratus comprising: power supply means for sup-
first carbide formation detector 30. plying a succession of voltage pulses
to produce a     Fig. 12 is a flow chart showing the operation of discharge
across a gap formed between an elec-     second carbide formation detector
40. trode and a workpiece; gap voltage sensing means   10  Fig. 1 is a
block diagram showing entire con- for sensing a gap voltage across the gap
and       figuration of the electric discharge machining ap- generating a
gap signal representative of said gap  paratus in an embodiment of the
present invention. voltage; characterised  by discharge detecting     The
electric discharge machining apparatus shown means responsive to said gap
signal for generat-   in Fig. 1 is roughly divided into machine and elec-
ing: a) a first signal indicative of when said gap   15  tric systems. The
machine system  includes the voltage is less than a first reference level
during a  machining tank storing machining fluid such as discharge produced
by one of said pulses; b) a     kerosine and water, work holding table
which fixed- second signal indicative of when said gap voltage  Ly holds
the work 2 which is submerged in the exceeds a second reference level
during a dis-     machining fluid, and the machining electrode 1 charge
produced by one of said pulses; and c) a   20   which opposes to the work 2
with discharge gap G third signal indicative of when a discharge waiting
of a given distance. The machining electrode 1 is time is not more than a
reference time period; first  supported by the arm mechanism incorporated
with carbide formation detecting means, responsive to   the servo motor 7
and is movable in the horizontal said first signal and said second signal
and ar-   direction as shown in Fig. 1. In Fig. 1, the machin- ranged to
generate a signal to cut off said pulses   25  ing tank and the work table
of the machine system when said gap voltage is below said first reference
are omitted. The work 2 and work table (not illus- level during a discharge
for a predetermined num-  trated) are the discharge electrode which equiv-
ber of pulses and then above said second refer-    alently forms the
discharge gap G between them ence level during a discharge for a
predetermined  and the machining electrode 1. In other words, the number of
pulses; second carbide formation de-  30   machining electrode 1 is
connected to the anode of tecting means, responsive to said third signal
and  the D.C. power source 3 through the switching arranged to generate a
signal to cut off said pulses  element 5 and current limiting resistance 4.
While when the discharge waiting time is not more than   the work 2 and and
work table are connected to the said reference time period for a
predetermined     cathode of the D.C. power source 3. Details are number of
pulses.                             35  provided later for the D.C. power
source 3, current Fig. 1 is a block diagram showing entire con-  limiting
resistance 4, and the switching element 5. figuration of the electric
discharge machining ap-     The electric system includes the D.C. power
paratus in an embodiment of the present invention.  source 3, the current
limiting resistance 4, the Fig. 2 is a block diagram  showing internal
switching element 5, voltage sensing circuit 6, ser- configuration of the
discharge detector 10 shown in  40  vo motor 7, servo motor drive circuit
8, the OR Fig. 1.                                            circuit 9,
discharge detector 10, precursory phe- Fig. 3 is a timing chart showing
operation of   nomenon detector 20, first carbide formation detec- the
discharge detector 10 shown in Fig. 2.         tor 30, second carbide
formation detector 40, NC Fig. 4 is a block diagram  showing internal
circuit 50, and pulse controller 60. The following configuration of the
precursory phenomenon detec-  45  describes the above configuration in more
detail. tor 20 shown in Fig. 1.                                The servo
motor drive circuit 8 drives the servo Fig. 5 is a timing chart showing
operation of   motor 7 to perform the jump motion of the machin- the
precursory phenomenon detector 20 shown in     ing electrode 1 based on the
jump command signal Fig. 4.
which NC circuit 50 provides when it is required to Fig. 6 is a block
diagram  showing internal  so  discharge the sludges out of the machining
gap. configuration of the first carbide formation detector  The servo motor
7 and the arm mechanism makes 30 shown in Fig. 1.
the machining electrode 1 move upward further Fig. 7 is a timing chart
showing operation of   from the opposed work and then immediately re- the
first carbide formation detector 30 shown in   turn downward to the
position close to the work. Fig. 6.
55   Further, the servo motor drive circuit 8 drives the Fig. 8 is a block
diagram  showing internal     servo motor 7 to perform a series of electric
dis- 



configuration of the second carbide formation de-  charge machining
operations using the machining tector 40 shown in Fig. 1.
electrode 1 based on the machining command 3    EP 0 526 089 B1
6 signal provided from the NC circuit 50. Conse-     given signal
processing, supplies the set signal quently, the servo motor 7 and the arm
mechanism   SET to the first carbide formation detector 30. The move the
machining electrode 1 thereby various     details will be described later
for the way of the types of electric discharge machining are per-
signal processing by the precursory phenomenon formed on the work 2 as
program-preset in the NC    5   detector 20 and the set signal SET. circuit
50.                                            Both of the first carbide
formation detector 30 The voltage sensing circuit 6 detects a gap     and
the second carbide formation detector 40 are voltage Vg generated at the
machining gap G        provided to send an arc stop signal to the NC formed
between the machining electrode 1 and the   circuit 50 through the OR
circuit 9 to stop the work 2. The one end of the circuit 6 is connected
10  electric discharge machining operation when they to the machining
electrode 1 and the other to the  judge that maintaining the electric
discharge ma- work 2 and work table (not illustrated), respectively.
chining operation is likely to cause the continuous The voltage sensing
circuit 6 consists of the volt-  arc discharge at the machining gap G. age
dividing resistance 6a and 6b and is designed      In other words, the
first carbide formation de- so that outputs to the discharge detector 10
the   15  tector 30 receives the control signal, the jump voltage applied
across both ends of the resistance  command signal and the timer signal
from the NC 6b as the gap voltage Vg.                          circuit 50,
and the discharging state signal S2, the The pulse controller 60 generates
a gate signal  high level clock signal S4 and the infinitesimal Si based on
the control signal from the NC circuit  discharge waiting time signal S5
from the dis- 50 and supplies it to the switching element 5 to  20  charge
detector 10 and performs the given signal turn it ON and OFF. The gate
signal S1 is also sent  processing. When the detection circuit 30 stops the
to the discharge detector 10. The switching ele-   electric discharge
machining operation, as a result ment 5 turns ON and OFF according to the
gate      of the given signal processing, it supplies the arc signal S1
from the pulse controller 60 to allow the  stop signal to the NC circuit 50
through the OR D.C current from the D.C. power source 3 through   25
circuit 9. The details will be described later for the the current limiting
resistance 4 to intermittently  way of the signal processing by the first
carbide flow to the machining electrode 1.                 formation
detector 30 and the arc stop signal which The discharge detector 10 for
detecting the    is sent from the detection circuit 30 to the NC discharge
state in the machining gap G receives    circuit 50. the gap voltage signal
Vg from the voltage sensing   30  The second carbide formation detector 40
re- circuit 6, the gate signal S1 from the pulse control-  ceives the
control signal, the jump command signal ler 60 and control signals from the
NC circuit 50  and the timer signal from the NC circuit 50, and the and
performs the given signal processing. The      infinitesimal discharge
waiting time signal S5 from detection circuit 10, as a result of the given
signal  the discharge detector 10 and performs the given processing,
supplies discharging state signal S2   35  signal processing. When the
detection circuit 40 and low level clock signal S3 to the precursory
stops the electric discharge machining operation, phenomenon detector 20,
discharging state signal   as a result of the given signal processing, it
sup- S2, high level clock signal S4 and infinitesimal   plies the arc stop
signal to the NC circuit 50 discharge waiting time signal S5 to the first
carbide  through the OR circuit 9. The details will be de- formation
detector 30, respectively. The details will  40  scribed later for the way
of the signal processing be described later for the way of the signal pro-
by the second carbide formation detector 40 and cessing by the discharge
detector 10, and the      the arc stop signal which is sent from the
detection discharging state signal S2, the low level clock   circuit 40 to
the NC circuit 50. signal S3, the high level clock signal S4 and the
The NC circuit 50 controls each section in- infinitesimal discharge waiting
time signal S5.  45  cluded in the machine and electric systems ac- The
precursory phenomenon detector 20 de-       cording to the preset programs.
The NC circuit 50 tects a precursory phenomenon of carbide forma-
supplies the jump command signal and the ma- tion on the machining
electrode 1 and work 2. To   chining command signal to all of servo motor
drive detect the precursory phenomenon, the precursory   circuit 8, the
precursory phenomenon detector 20, phenomenon detector 20 receives the
discharging   50  the first carbide formation detector 30 and the state
signal S2 and the low level clock signal S3  second carbide formation
detector 40. The NC from the discharge detector 10, and control signal,
circuit 50 also supplies the timer signal to all of the the jump command
signal and timer signal from      detection circuits 20, 30 and 40.
According to the 



the NC circuit 50 and performs the given signal    control signal from the
NC circuit 50, the pulse processing. The timer signal is a signal which NC
55  controller 60 generates the gate signal S1. The in- circuit supplies
when normal electric discharge ma-  process electric discharge machining
operation is chining state continues in predetermined time pe-  stopped
whenever the NC circuit 50 receives the riod. The detection circuit 20, as
a result of the  arc stop signal through the OR circuit 9 from either 4
7                 EP 0 526 089 B1                    8 of the first carbide
formation detector 30 or second  load voltage state). carbide formation
detector 40.                         The comparator 16 applies an output
signal Fig. 2 is a block diagram showing the internal  s13 with a logical
level of "H" to the inversion configuration of the discharge detector 10
shown in  input terminal of the AND circuit 13c and the set Fig. 1. As
apparently indicated in Fig. 2, the dis-   5   terminal of the RS flip-flop
17a when the count charge detector 10 consists of first block 14, sec-
value applied to the input terminal A is greater than ond block 11, third
block 18 and fourth block 19.  the reference time value t applied to input
the The first block 14 is provided with the AND circuit  terminal B (i.e.,
A B). In this embodiment, the 13c, the counter 15, the comparator 16, the
RS flip-  reference time value is set to correspond to two flop 17a, the
inverter 17b and the AND circuit 13d.  to  cycles of the first clock signal
S11 according to the The second block 11 is provided with the AND
control signal from the NC circuit 50. circuit 13a and 13b and the
comparator 12a. The        The RS flip-flop 17a' continues to produce an
third block is provided with the AND circuit 13e and  output signal with a
logical level of "H" through its 13f the comparator 12b. The fourth block
19 is     output terminal Q when the signal S13 with a provided with the
AND circuit 13g and the com-   15  logical level of "H" is applied to the
set input parator 12c.                                       terminal S.
The RS flip-flop 17a is reset when the In the above configuration, the
comparator 12a  gate signal S1 with a logical level of "L" is applied
compares the gap voltage VG sent from the volt-    to its reset input
terminal R. The output signal of age sensing circuit 6 with the reference
voltage i.e.,  the RS flip-flop 17a is supplied through the inverter the
spark level SL shown in (a) of Fig. 3 and   20  17b to the AND circuit 13d.
The AND circuit 13d generates the output signal with a logical level of
produces the infinitesimal discharge waiting time "L" only when the gap
voltage Vg marked by (a) in  signal S5 marked by (g) in Fig. 3 only when an
Fig. 3 is higher than the level SL. The AND circuit  output signal Sigo of
the inverter 17b marked by (f) 13a ANDs the gate signal S1 from the pulse
con-    in Fig. 3 with a logical level of "H" and the signal troller 60 and
an inverted output signal of the   25   S2 with a logical level of "H" are
received. The comparator 12a and supplies the output signal Tw   signal S5
is supplied to the first and second car- with a logical level of "H" to the
reset terminal R of  bide formation detectors 30 and 40. In other words,
the counter 15. The signal Tw representative of    in the condition where
the logical level of the signal discharge waiting time period is shown as
(c) in   S5 is "H", the switching element 5 is in ON state, Fig. 3. The AND
circuit 13b ANDs the gate signal  30  the gap voltage Vg is lower than the
level SL and S1 and an output signal of the comparator 12a and  the count
value applied to the input terminal A of supplies an output signal i.e.,
the discharging state  the comparator 16 is below the reference time signal
S2 marked by (e) in Fig. 3, to the AND      value t (t=1). Accordingly, the
logical level of the circuits 13d and 13e.
signal S5 is "L" during time period P1 while it is The first clock
generator (not illustrated) sends   35  "H" during time period P2 and P3 as
shown by (g) the first clock signal S11 marked by (b) in Fig. 3  in Fig. 3.
having a given frequency to the AND circuit 13c.       The comparator 12b
produces an output signal The AND circuit 13c passes the first clock signal
with a logical level of "L" only when the gap S11 to the clock terminal CK
of the counter 15 only  voltage Vg is higher than the lower reference dis-
when the output signal S13 marked by (d) in Fig. 3   40  charge voltage
level LL (hereinafter, referred to as with a logical level of "L" is
received from the   "level LL") shown in (a) of Fig 3. The AND circuit
comparator 16. In other words, the AND circuit 13c  13e passes the second
clock signal S12 of the is placed in the "through" state only when a
logical  frequency which is lower than the first clock signal level of
output signal S13 of the comparator 16 is  S11 only when the gap voltage Vg
is lower than the "L". The counter 15 counts up the first clock signal  45
level SL and the switching element 5 is in ON S11 applied to the clock
terminal CK and applies   state. The second clock signal S12 is marked by
the count value to the input terminal A of the     (h) in Fig. 3.
comparator 16. The counter 15 is reset when the        The AND circuit 13f
passes an output of the output signal Tw of the AND circuit 13a with a
AND circuit 13e as the low level clock signal S3 logical level of "H" is
received. In other word, the   so   marked by (j) in Fig. 3 only when the
output signal 



counter 15 performs counting only for the dis-     of the comparator 12b
with a logical level of "H" is charge waiting time period indicated by the
signal  received. Tw with a logical level of "H". The state in which
The comparator 12c produces an output signal the AND circuit 13a applies
the signal Tw with a   with a logical level of "L" only when the gap
logical level "H" to the counter 15 is that the   55  voltage Vg is higher
than the higher reference switching element 5 is in ON state i.e., the
logical  discharge voltage level HL (hereinafter, referred to level of the
gate signal S1 is "H" and the gap     as "level HL") shown in (a) of Fig 3.
voltage Vg is higher than the the level SL (i.e., no 5    9
EP O 526 089 B1                    10 The AND circuit 13g passes an output
of the        The comparator 20h produces the output signal AND circuit 13e
as the high level clock signal S4  SET with a logical level of "H" only
when the count marked by (i) in Fig. 3 only when the inverted     value
applied to the input terminal A is greater than output signal of the
comparator 12c with a logical  the reference value K2 applied to the input
terminal level of "H" is received.                      5   B (i.e., A B).
In this embodiment, the value K2 sent The low level clock signal S3 and the
high     from the NC circuit 50 is set to "3". The signal level clock
signal S4 are supplied to the precursory  SET is supplied to the first
carbide formation de- phenomenon detector 20 and the first carbide for-
tector 30 and the inversion input terminal of the mation detector 30,
respectively.                  AND circuit 20f. The detection circuit 30 is
placed Fig. 4 is a block diagram showing the internal  70  in a standby
state by receiving the signal SET with configuration of the precursory
phenomenon detec-  a logical level of "H". tor 20. As apparently shown in
Fig. 4, the precur-     Fig. 6 is a block diagram showing the internal sory
phenomenon detector 20 consists of the AND    configuration of the first
carbide formation detector circuit 20a, counter 20b, comparator 20c, OR
cir-  30. As apparently shown in Fig. 6, the first carbide cuits 20d and
20e, AND circuit 20f, counter 20g,  is  formation detector 30 consists of
the AND circuit and comparator 20h.                                30a,
counter 30b, comparator 30c, OR circuit 30d In the above configuration, the
AND circuit 20a  and 30e, counter 30f, and comparator 30g. passes the low
level clock signal S3 marked by (a)    In the above configuration, the AND
circuit 30a in Fig. 5 only when the comparator 20c produces    passes the
high level clock signal S4 marked by an output signal S14 marked by (c) in
Fig. 5 with a   20  (b) in Fig. 7 only when the signal SET is received
logical level of "L". An output signal of the AND  and the comparator 30c
produces an output signal circuit 20a marked by (b) in Fig. 5 is applied to
the  S15 marked by (d) in Fig. 7 with a logical level of clock terminal CK
of the counter 20b. The counter  "L". An output signal of the AND circuit
30a 20b counts up the low level clock signal S3 applied  marked by (c) in
Fig. 7 is applied to the clock to the clock terminal CK and applies the
count  25  terminal CK of the counter 30b. The counter 30b value to the
input terminal A of the comparator 20c.  counts up the high level clock
signal S4 applied to The counter 20b is reset when an output signal of  the
clock terminal CK and applies the count value the OR circuit 20d with a
logical level of "H" is  to the input terminal A of the comparator 30c. The
received. The state in which the OR circuit 20d    counter 30b is reset
when an output signal of the applies the signal with a logical level "H" to
the   30   OR circuit 30d with a logical level of "H" is re- counter 20b is
that when any of the discharging    ceived. The state in which the OR
circuit 30d state signal S2, the jump command signal, and the  applies the
signal with a logical level "H" to the timer signal has a logical level of
"H".           counter 30b is that when any of the infinitesimal The
comparator 20c produces the output signal   discharge waiting time signal
S5, the discharging S14 marked by (c) in Fig. 5 with a logical level of  35
state signal S2, the jump command signal, and the "H" only when the count
value applied to the input  timer signal has a logical level of "H".
terminal A is greater than the reference value K1      The comparator 30c
produces the output signal applied to the input terminal B (i.e., A B). In
this  S15 with a logical level of "H" only when the count embodiment, the
value K1 sent from the NC circuit  value applied to the input terminal A is
greater than 50 is set to "2". The signal S14 is supplied to the   40  the
reference value K3 applied to the Input terminal inversion input terminal
of the AND circuit 20a and  B (i.e., A B). In this embodiment, the value K3
sent the input terminal of the AND circuit 20f.         from the NC circuit
50 is set to "1 ". Thus the value The AND circuit 20f passes the signal S14
only  K3 is preferably small value because it may be when the comparator
20h produces the signal SET    decided that the carbide has been already
formed marked by (e) in Fig. 5 with a logical level of "L".  45  on a work
or a machining electrode when the The output signal of the AND circuit 20f
marked by  discharge voltage is higher the level HL. The signal (d) in Fig.
5 is applied to the clock terminal CK of  S15 is supplied ,to the inversion
input terminal of 



the counter 20g.                                   the AND circuit 30a and
the clock terminal CK of The counter 20g counts up the signal S14       the
counter 30f. The counter 30F counts up the applied to the clock terminal CK
and applies the   so  signal S15 applied to the clock terminal CK and count
value to the input terminal A of the compara-  applies the count value to
the input terminal A of tor 20h. The counter 20g is reset when an output
the comparator 30g. The counter 30f is reset when signal of the OR circuit
20e with a logical level of  an output signal of the OR circuit 30e with a
logical "H" is received. The state in which the OR circuit  level of "H" is
received. The state in which the OR 20e applies the signal with a logical
level "H" to  55  circuit 30e applies the signal with a logical level the
counter 20g is that when either of the jump    "H" to the counter 30f is
that when either the jump command signal or the timer signal has a logical
command signal or the timer signal has a logical level of "H".
level of "H". 6    11              EP 0 526 089 B1                    12
The comparator 30g produces the arc stop       in OFF state and circulates
through a loop of steps signal marked by (e) in Fig. 7 with a logical level
of  102, 103, 104 and 111. "H" only when the count value applied to the
input    If the value n1 is greater than the value K1, it terminal A is
greater than the reference value K4  goes to step 106 under condition that
the gate applied to the input terminal B (i.e., A B). In this   5   signal
is in OFF state (step 105). In step 106, the embodiment, the value K4 sent
from the NC circuit  count value n2 of the counter 20g is set to n2 + 1. 50
is set to "4". The arc stop signal is supplied to  When neither the jump
command signal nor the the NC circuit 50 through the OR circuit 9. The NC
timer signal with a logical level of "H" is received circuit 50 stops a
series of electric discharge ma-  from the NC circuit 50 (step 107 and
108), it goes chining operations when receiving the arc stop   10  to step
109. In step 109, when the value n2 is signal.
greater than the reference value K2,IT goes to the Fig. 8 is a block
diagram of showing the inter-  first carbide formation detecting operation
shown in nal configuration of the second carbide formation  Fig. 11. When
the value n2 equals or less than the detector 40. As apparently shown in
Fig. 8, the    value K2, the count value n1 of the counter 20b is second
carbide formation detector 40 consists of  15  set to 0 (step 112). When
either the jump com- the AND circuit 40a, counter 40b, comparator 40c,
mand signal with a logical level of "H" is produced and OR circuit 40d.
in step 107 or the timer signal with a logical level In the above
configuration, the AND circuit 40a  of "H" is received in step 108, count
values nl and passes the infinitesimal discharge waiting time sig-  n2 are
set to 0 in step 110. Also, when the gate nal S5 marked by (a) in Fig. 9
only when the   20  signal is in OFF state in step 111, it goes to step
comparator 40c produces an arc stop signal         110. marked by (b) in
Fig. 9 with a logical level of "L".  As shown in Fig. 11, when the gate
signal is in An output signal of the AND circuit 40a is applied  ON state
in step 113, it goes to step 114. In step to the clock terminal CK of the
counter 40b. The   114, when discharge waiting time Tw equals or is counter
40b counts up the arc stop signal applied   25  longer than the reference
time value t, it goes to to the clock terminal CK and applies the count
step 115. When a gap voltage Vg is higher than the value to the input
terminal A of the comparator 40c.  level HL in step 115, the count value n3
of the The counter 40b is reset when an output signal of  counter 30b is
set to n3+1 in step 116. And in the OR circuit 40d with a logical level of
"H" is  step 117, when the value n3 is greater than the received. The state
in which the OR circuit 40d   30  reference value K3, it goes to step 118.
When the applies the signal with a logical level "H" to the  gate signal is
in OFF state in step 118, the count counter 40d is that when either the
jump command   value n4 of the counter 30f is set to n4 +1 in step signal
or the timer signal has a logical level of "H".  121. And when either the
jump command signal The comparator 40c produces the arc stop        with a
logical level of "H" is produced in step 122 signal with a logical level of
"H" only when the   35  or the timer signal with a logical level of "H" is
count value applied to the input terminal A is     received in step 123,
count values n11, n2, n3 and greater than the reference value K5 applied to
the  n4 are set to 0 and it goes to the precursory input terminal B (i.e.,
A B). In this embodiment, the  phenomenon detecting operation shown in Fig.
10. value K5 sent from the NC circuit 50 is set to "4".  When neither the
jump command signal nor the The arc stop signal is supplied to the NC
circuit 50   40  timer signal from the NC circuit 50 has a logical through
the OR circuit 9. The NC circuit 50 stops a  level of "H" (step 122 and
123), it goes to step series of electric discharge machining operations
124. In step 124, when the value n4 is greater than when receiving the arc
stop signal.                the reference value K4, the comparator 30g sup-
Fig. 10, Fig. 11 and Fig. 12 show operations of  plies the arc stop signal
with a logical level of "H" 



the precursory phenomenon detector 20, the first  45  to the NC circuit 50.
When the value n4 equals or carbide formation detector 30 and the second
car-  less than the value K4, the value n3 is set to 0 in bide formation
detector 40, respectively.          step 120. In Fig. 10, unless the
electric discharge ma-      In step 117, when the value n3 equals or is
chining is in process, both the count value n1 of  less than the reference
value K3, it returns to step the counter 20b and the count value n2 of the
50  115 under condition that the gate signal is not in counter 20g are set
to "0" (steps 101 and 110). In  OFF state and circulates through a loop of
steps step 101, if the electric discharge machining is in  115, 116, 117
and 119. In step 114, when dis- process, it goes to step 102. When a gap
voltage   charge waiting time Tw is shorter than the refer- Vg is below the
level LL in step 102, the count    ence time value t, the value n3 is set
to 0 in step value nl of the counter 20b is set to n1 +1 in step   55  120.
103. And in step 104, when the value n1 equals or     As shown in Fig. 12,
when the gate signal is in is less than the reference value K1, it returns
to  ON state in step 126, it goes to step 127. When step 102 under
condition that the gate signal is not  discharge waiting time Tw is shorter
than the refer- 7    13                EP 0 526089 B1
14 ence time value t in step 127, the count value n5 of   ing means
includes: the counter 40b is set to n5 + 1 in step 128. In step      a
precursor phenomenon detector (20) for 129, when the value n5 is greater
than the refer-      generating a fourth signal (SET) when said gap ence
value K4, the comparator 40c supplies the arc     voltage is below said
first reference level dur- stop signal with a logical level of "H" to the
NC    5  ing a discharge for a predetermined number of circuit 50,
otherwise it goes to step 130. When        pulses and a first carbide
formation detector either the jump command signal with a logical level
(30) and arranged to generate a signal to cut of "H" is produced in step
130 or the timer signal     off said pulses when said fourth signal is re-
with a logical level of "H" is received in step 131,   ceived and when said
gap voltage is above the value n5 is set to 0 in step 132. In step 132,  10
said second reference level during a discharge when the timer signal is not
received, it goes to      for a predetermined number of pulses. step 126.
In step 126, when the discharge waiting time Tw is equals or is longer than
the reference  3  An apparatus according to Claim 2, wherein time value t,
it goes to step 132.                     said gap voltage sensing means
comprises a 15      voltage divider circuit (6a,6b) connected across Claims
the gap and wherein said gap signal comprises a voltage proportional to the
voltage across the 1. An electric discharge machining apparatus
gap. comprising: power supply means (3) for supplying a   20  4. An
apparatus according to any one of Claims 2 succession of voltage pulses to
produce a dis-     and 3. wherein said precursor phenomenon charge across a
gap formed between an elec-        detector includes counting means (20g)
for trode (1) and a workpiece (2);                     counting pulses for
each of which said gap gap voltage sensing means (6) for sensing
voltage is less than said first reference level a gap voltage across the
gap and generating a   25  during a discharge and comparing means gap
signal representative of said gap voltage;     (20h) for comparing a count
of pulses with a characterised  by  discharge  detecting         first
predetermined number (K3) to produce means (10) responsive to said gap
signal for -     said fourth signal (SET). generating: a) a first signal
(S3) indicative of when said  30  5. An apparatus according to any one of
Claims 2 gap voltage is less than a first reference       to 4, wherein
said first carbide formation detec- level (LL) during a discharge produced
by        tor includes counting means (30f) for counting one of said
pulses;                              pulses for each of which said gap
voltage b) a second signal (S4) indicative of when       exceeds said
second reference level during a said gap voltage exceeds a second refer-
35     discharge and comparing means (30g) for ence level (HL) during a
discharge pro-         comparing a count of pulses with a second duced by
one of said pulses; and                 predetermined number (K4). c) a
third signal (S5) indicative of when a discharge waiting time is not more
than a    6. An apparatus according to any one of Claims 2 reference time
period;                  40       to 5. wherein said second carbide
formation first carbide formation detecting means         detecting means
includes counting means 



(20,30), responsive to said first signal and said  (40b) for counting said
third signal and com- second signal and arranged to generate a sig-
paring means (40c) for comparing a count of nal to cut off said pulses when
said gap volt-     said third signals with a third predetermined age is
below said first reference level during a   45  number (K5). discharge for
a predetermined number of pulses and then above said second reference
7. An apparatus, according to any one of Claims 2 level during a discharge
for a predetermined       to 6. wherein said discharge detecting means
number of pulses;                                  includes comparing means
(12b) for comparing second carbide formation detecting means   so   said
gap voltage with said first reference level (40), responsive to said third
signal and ar-      and gating means (13f) responsive to said ranged to
generate a signal to cut off said        comparing means (12b) and a clock
signal for pulses when the discharge waiting time is not      passing said
clock signal when said gap volt- more than said reference time period for a
age is less than said first reference level dur- predetermined number of
pulses.            55      ing a discharge to generate said first signal.
2. An apparatus as claimed in Claim 1,             8. An apparatus
according to any one of Claims 2 wherein said first carbide formation
detect-   to 7, wherein said discharge detecting means 8    13
EP0 526 089 B1                    14 ence time value t in step 127, the
count value n5 of  ing means includes: the counter 40b is set to n5 + 1 in
step 128. In step     a precursor phenomenon detector (20) for 129, when
the value n5 is greater than the refer-      generating a fourth signal
(SET) when said gap ence value K4, the comparator 40c supplies the arc
voltage is below said first reference level dur- stop signal with a logical
level of "H" to the NC    5  ing a discharge for a predetermined number of
circuit 50, otherwise it goes to step 130. When        pulses and a first
carbide formation detector either the jump command signal with a logical
level    (30) and arranged to generate a signal to cut of "H" is produced
in step 130 or the timer signal     off said pulses when said fourth signal
is re- with a logical level of "H" is received in step 131,   ceived and
when said gap voltage is above the value n5 is set to 0 in step 132. In
step 132,  10  said second reference level during a discharge when the
timer signal is not received, it goes to      for a predetermined number of
pulses. step 126. In step 126, when the discharge waiting time Tw is equals
or is longer than the reference  3. An apparatus according to Claim 2,
wherein time value t, it goes to step 132.                     said gap
voltage sensing means comprises a 15      voltage divider circuit (6a,6b)
connected across Claims                                                 the
gap and wherein said gap signal comprises a voltage proportional to the
voltage across the 1. An electric discharge machining apparatus
gap. comprising: power supply means (3) for supplying a   20  4. An
apparatus according to any one of Claims 2 succession of voltage pulses to
produce a dis-     and 3, wherein said precursor phenomenon charge across a
gap formed between an elec-        detector includes counting means (20g)
for trode (1) and a workpiece (2);                     counting pulses for
each of which said gap gap voltage sensing means (6) for sensing
voltage is less than said first reference level a gap voltage across the
gap and generating a   25  during a discharge and comparing means gap
signal representative of said gap voltage;     (20h) for comparing a count
of pulses with a characterised  by  discharge  detecting         first
predetermined number (K3) to produce means (10) responsive to said gap
signal for       said fourth signal (SET). generating: a) a first signal
(S3) indicative of when said  30   5  An apparatus according to any one of
Claims 2 gap voltage is less than a first reference       to 4, wherein
said first carbide formation detec- level (LL) during a discharge produced
by        tor includes counting means (30f) for counting one of said
pulses;                              pulses for each of which said gap
voltage b) a second signal (S4) indicative of when       exceeds said
second reference level during a said gap voltage exceeds a second refer-
35     discharge and comparing means (30g) for ence level (HL) during a
discharge pro-          comparing a count of pulses with a second duced by
one of said pulses; and                 predetermined number (K4). c) a
third signal (S5) indicative of when a discharge waiting time is not more
than a    6. An apparatus according to any one of Claims 2 



reference time period;                  40      to 5, wherein said second
carbide formation first carbide formation detecting means         detecting
means includes counting means (20,30), responsive to said first signal and
said  (40b) for counting said third signal and com- second signal and
arranged to generate a sig-      paring means (40c) for comparing a count
of nal to cut off said pulses when said gap volt-     said third signals
with a third predetermined age is below said first reference level during a
45  number (K5). discharge for a predetermined number of pulses and then
above said second reference    7. An apparatus according to any one of
Claims 2 level during a discharge for a predetermined       to 6, wherein
said discharge detecting means number of pulses;
includes comparing means (12b) for comparing second carbide formation
detecting means   so   said gap voltage with said first reference level
(40), responsive to said third signal and ar-      and gating means (13f)
responsive to said ranged to generate a signal to cut off said
comparing means (12b) and a clock signal for pulses when the discharge
waiting time is not      passing said clock signal when said gap volt- more
than said reference time period for a         age is less than said first
reference level dur- predetermined number of pulses.            55      ing
a discharge to generate said first signal. 2. An apparatus as claimed in
Claim 1,             8. An apparatus according to any one of Claims 2
wherein said first carbide formation detect-   to 7, wherein said discharge
detecting means    15                EP0526089B1                        16
includes comparing means (12c) for comparing         b) ein zweites Signal
(S4), das anzeigt, said gap voltage with said second reference
wenn die Spaltspannung einen zweiten Re- level and gating means (13g)
responsive to           ferenzwert (HL) wahrend einer durch einen said
comparing means (12c) and a clock signal        dieser Pulse erzeugten
Entladung Ober- for passing said clock signal when said gap  5      steigt;
und voltage exceeds said second reference level          c) ein drittes
Signal (S5), das anzeigt, wenn during a discharge to generate said second
eine Entladungswartezeit nicht groBer als signal.
eine Referenzzeitdauer ist; erste Karbidbildungsnachweismittel (20, 30), 9.
A method of controlling an electric discharge 10  die auf das erste Signal
und das zweite Signal machine to prevent concentrated and continu-
ansprechen und angeordnet sind, um ein Si- ous arc discharges, said machine
having a          gnal zum Abschalten der Pulse dann, wenn die power supply
(3) for supplying a succession of     Spaltspannung unter dem ersten
Referenzwert voltage pulses to a machining gap formed be-       wahrend
einer Entladung bei einer vorbe- tween a tool electrode (1) and a workpiece
15  stimmten Anzahl von Pulsen liegt, und dann, electrode (2) to generate
discharges there-        wenn sie Ober dem zweiten Referenzwert wah-
between, said method comprising the steps of:      rend einer Entladung bei
einer vorbestimmten monitoring the voltage across the machin-      Anzahl
von Pulsen liegt, zu erzeugen; zweite ing gap;
Karbidbildungsnachweismittel (40), die auf das characterised by generating
a first signal  20  dritte Signal ansprechen und angeordnet sind, (S3) when
the gap voltage is less than a first     urn ein Signal zum Abschalten der
Pulse dann, reference level during a discharge for a first     wenn die
Entladungswartezeit nicht grol~er als predetermined number of pulses;
die Referenzzeitdauer fUr eine vorbestimmte generating a second signal (S4)
when the       Anzahl von Pulsen ist, zu erzeugen. gap voltage is greater
than a second reference   25 level during a discharge;
2. Einrichtung nach Anspruch 1, dadurch gekenn- generating a third signal
(S5) when a dis-     zeichnet, daR das erste Karbidbildungsnach- charge
waiting time is not more than a refer-      weismittel folgendes aufweist:
einen Vorstu- ence time period;
fenphdnomendetektor (20) zum Erzeugen ei- cutting off the supply of voltage
pulses to  30  nes vierten Signals (SET) dann, wenn die the machining gap
when the first signal is         Spaltspannung unter dem ersten
Referenzwert present and then the second signal is present      wahrend
einer Entladung bei einer vorbe- for a second predetermined number of
pulses;      stimmten Anzahl von Pulsen liegt, und einen and
ersten Karbidbildungsdetektor (30), der ange- cutting off the supply of
voltage pulses to  35  ordnet ist, um ein Signal zum Abschalten der the
machining gap when the third signal is         Pulse dann, wenn das vierte
Signal empfangen present for more than a third predetermined        wird
und wenn die Spaltspannung oberhalb number of pulses.
des zweiten Referenzwerts wahrend einer Ent- 



ladung bei einer vorbestimmte Anzahl von Pul- Patentansprtiche
40      sen liegt, zu erzeugen. 1. Einrichtung  zur
Funkenersosionsbearbeitung    3. Einrichtung nach Anspruch 2, dadurch
gekenn- mit einem Stromversorgungsmittel (3) zum Er-      zeichnet, daB das
Spaltspannungssensormittel zeugen einer Folge von Spannungspulsen, um
eine Ober den Spalt geschaltete Spannungstei- iber einem zwischen einer
Elektrode (1) und   45   lerschaltung (6a, 6b) aufweist und daB das einem
WerkstOck (2) gebildeten Spalt eine         Spaltsignal eine Spannung
proportional zur Entladung zu erzeugen, und mit einem Spalt-
Spannung Ober dem Spalt besitzt. spannungssensormittel (6) zum Erfassen
einer Spaltspannung Ober dem Spalt und zum Er-       4. Einrichtung nach
Anspruch 2 oder 3, dadurch zeugen eines der Spaltspannung entsprechen-  50
gekennzeichnet, daB der Vorstufenphanomen- den Spaltsignals, gekennzelchnet
durch Ent-        detektor ZAhlmittel (20g) zum  Zahlen jedes
ladungsnachweismittel (10), die auf das Spalt-     Pulses, flr den die
Spaltspannung kleiner als signal ansprechen, um folgendes zu erzeugen:
der erste Referenzwert wahrend einer Entla- a) ein erstes Signal (S3), das
anzeigt, wenn    dung ist, und Vergleichermittel (20h) zum Ver- die
Spaltspannung geringer als ein erster  55   gleichen einer Anzahl von
Pulsen mit einer Referenzwert (LL) wahrend einer durch ei-       ersten
vorbestimmten Zahl (K3), um das vierte nen dieser Pulse erzeugten Entladung
ist;       Signal (SET) zu erzeugen, aufweist.    17                EP 0
526 089 B1                    18 5. Einrichtung nach einem der AnsprUche 2
bis 4,       wenn die Spaltspannung groBer als ein zweiter dadurch
gekennzeichnet, daB der erste Karbid-      Referenzwert wahrend einer
Entladung ist; bildungsdetektor ZAhImittel (30f) zum ZMhien       das
Erzeugen eines dritten Signals (S5) dann, jedes Pulses, fUr den die
Spaltspannung den        wenn eine Entladungswartezeit nicht grdBer als
zweiten Referenzwert wahrend einer Entladung   5   eine Referenzzeitdauer
ist; Ubersteigt, und Vergleichermiftel (30g) zum        das Abschalten der
Lieferung von Spannungs- Vergleichen einer Anzahl von Pulsen mit einer
pulsen fur den Bearheitungsspalt dann, wenn zweiten vorbestimmten Anzahl
(K4) autweist.        das erste Signal anliegt, und dann, wenn das zweite
Signal bei einer zweiten vorbestimmten 6. Einrichtung nach einem der
AnsprUche 2 bis 5,  io   Anzahl von Pulsen anliegt; und das Abschalten
dadurch gekennzeichnet, daB das zweite Kar-        der Lieferung von
Spannungspulsen des Bear- bidbildungsnachweismittel  ZAhimittel  (40b)
beitungsspalts dann, wenn das dritte Signal zum Zahlen des dritten Signals
und Verglei-        Uber mehr als eine dritte vorbestimmte Anzahl
chermittel (40c) zum Vergleichen einer Anzahl      von Pulsen anliegt. der
dritten Signale mit einer dritten vorbe-  i5 stimmten Zahl (K5) aufweist.
Revendications 7. Einrichtung nach einem der AnsprUche 2 bis 6,   1.
Appareil d'usinage par electro-6rosion compre- dadurch gekennzeichnet, daB
die Entladungs-        nant: nachweismittel ein Vergleichermittel (12b) zum
20    un moyen d'alimentation electrique (3) Vergleichen der Spaltspannung
mit dem ersten       destind a appliquer une suite d'impulsions de
Referenzwert und ein Verkntpfungsmittel (13f)      tension afin de produire
une d6charge aux aufweist, das auf das Vergleichermittel (1 2b)     bornes
d'un ecartement forme entre une 6lec- und ein Taktsignal zum Durchlassen
des Takt-       trode (1) et une piece a usiner (2), signals dann, wenn die
Spaltspannung kleiner  25       un moyen de capteur de tension dans als der
erste Referenzwert wahrend einer Ent-      I'ecartement (6) destind a
capter une tension ladung ist, anspricht, um das erste Signal zu      dans
l'ecartement aux bornes de l'ecartement erzeugen.
et a gen6rer un signal d'ecartement represen- tatif de ladite tension dans
l'ecartement, 8  Einrichtung nach einem der AnsprUche 2 bis 7,  30
caractdrise par un moyen de detection de dadurch gekennzeichnet, daB das
Entladungs-        decharge (10) repondant audit signal d'ecarte-
nachweismittel ein Vergleichermittel (12c) zum     ment afin de gdndrer:
Vergleichen der Spaltspannung mit dem zwei-           (a) un premier signal
(S3) indicatif du mo- ten Referenzwert und ein Verkntpfungsmittel
ment oO ladite tension dans l'ecartement est (13g) aufweist, das auf das
Vergleichermittel  35    infdrieure a un premier niveau de r~fdrence (12c)
und ein Taktsignal zum Durchlassen des         (LL) lors d'une decharge
produite par l'une Taktsignals dann, wenn die Spaltspannung den
desdites impulsions, zweiten Referenzwert wahrend elner Entladung
(b) un second signal (S4) indicatif du mo- Ubersteigt, anspricht, um das
zweite Signal zu        ment ou ladite tension dans l'ecartement 



erzeugen.                                  40        depasse un second
niveau de rdfdrence (HL) lors d'une ddcharge produite par l'une 9.
Verfahren zum Steuem einer Funkenerosions-            desdites impulsions,
et maschine, um konzentrierte und kontinuierliche       (c) un troisieme
signal (S5) indicatif du mo- Lichtbogenentladungen zu verhindem, wobei
ment oO une duree d'aftente de ddcharge die Maschine eine Stromversorgung
(3) zum    5       n' est pas superieure a un intervalle de Erzeugen einer
Folge von Spannungspulsen an          temps de rdfdrence, einem zwischen
einer Werkzeugelektrode (1)             un premier moyen de detection de
forma- und einer WerkstUckelektrode (2) gebildeten        tion de carbure
(20,30), repondant audit pre- Bearbeitungsspalt, um Ober diesen Entladun-
mier signal et audit second signal et agence gen zu erzeugen, aufweist,
wobei das Verfah-  so   de facon a gdndrer un signal pour ddsactiver ran
folgende Schritte enthalt:                     lesdites impulsions lorsque
ladite tension dans Oberwachung der Spannung Ober dem Bear-
l'4cartement est en-dessous dudit premier ni- beitungsspalt; gekennzeichnet
durch das Er-        veau de rdfdrence lors d'une ddcharge pan- zeugen
eines ersten Signals (S3) dann, wenn        dant un nombre prnddtermin6
d'impulsions, et die Spaltspannung kelener als ein erster Refe-  55
ensuite au-dessus dudit second niveau de rd- renzwert wahrend einer
Entladung bei einer         ference lors d'une ddcharge pendant un nom-
ersten vorbestimmten Anzahl von Pulsen ist;        bre pr~detarmind
d'impulsions, das Erzeugen eines zweiten Signals (S4) dann,          un
second moyen de ddtection de forma- 10 1111111111111111111111111B111 *   c
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tion de carbure (40), r6pondant audit troisieme    de d6tection de
formation de carbure corn- signal et agence de facon a g6n6rer un signal
prend un moyen de comptage (40b) destine a pour d6sactiver lesdites
impulsions lorsque la     compter ledit troisieme signal, et un moyen de
dur6e d'attente de decharge n'est pas sup6-        comparaison (40c)
destine a comparer un rieure auxdits intervalles de temps de referen-   5
compte desdits troisiemes signaux a un troisie- ce pendant un nombre
pr6d6termine d'impul-         me nombre predetermin6 (K5). sions. 7.
Appareil selon l'une quelconque des revendi- 2. Appareil selon la
revendication 1, dans lequel      cations 2 a 6, dans loquel ledit moyen de
ledit premier moyen de d6tection de formation   io  d6tection de d6charge
comprend un moyen de de carbure comprend:
comparaison (12b) destine a comparer ladite un d6tecteur de ph6nomene
pr6curseur            tension dans l'ecartement audit premier niveau (20)
destin6 a g~n6rer un quatribme signal         de r6ftrence, et un moyen de
s6lection par (SET) lorsque ladite tension dans l'ecartement     porte
(13f) r6pondant audit moyen de compa- est en-dessous dudit premier niveau
de rMfM-   t5  raison (12b), et un signal d'horloge afin de rence lors
d'une d6charge pendant un nombre        laisser passer ledit signal
d'horloge lorsque predetermine d'impulsions, ainsi qu'un premier     ladite
tension dans l'ecartement est inferieure d6tecteur de formation de carbure
(30) agenc6      audit premier niveau de r6f6rence lors d'une de fagon a
generer un signal pour desactiver       decharge afin de generer ledit
premier signal. Iesdites impulsions lorsque ledit quatrieme si-  20 gnal
est regu et lorsque ladite tension dans    8. Appareil selon l'une
quelconque des revendi- I'ecartement est au-dessus dudit second ni-
cations 2 a 7, dans lequel ledit moyen de veau de rdference lors d'une
decharge pen-         detection de d6charge comprend un moyen de dant un
nombre prnddtermin6 d'impulsions.          comparaison (12c) destin6 a
comparer ladite 25      tension dans l'cartement audit second niveau 3.
Appareil selon la revendication 2, dans lequel      de r6ference, et un
moyen de selection par ledit moyen de capteur de tension dans l'6car-
porte (13g) r6pondant audit moyen de compa- tement comprend un circuit
diviseur de tension     ralson (12c), et un signal d'horloge afin de
(6a,6b) reli6 aux bomes de l'ecartement, et        laisser passer ledit
signal d'horloge lorsque dans lequel ledit signal d'ecartement pr6sente  30
ladite tension dans l'ecartement depasse ledit une tension proportionnelle
a la tension aux       second niveau de ref rence lors d'une dechar- bornes
de l'4cartement.                            ge afin de g6nerer ledit second
signal. 4. Appareil selon l'une quelconque des revendi-    9. Proced6 de
commande d'une machine a 6lec- cations 2 et 3, dans loquel ledit detecteur
de   35  tro-6rosion destin6 a empecher des decharges 



ph6nombne pr6curseur comprend un moyen             a arcs concentr6s et
continus, ladite machine de comptage (20g) destine a compter les im-
comportant une alimentation 6lectrique (3) des- pulsions pour chacune
desquelles ladite ten-       tinee a appliquer une suite d'impulsions de
sion dans l'ecartement est inferieure audit pre-   tension a un 6cartement
d'usinage form6 entre mier niveau de ref6rence lors d'une decharge,  40
une 6lectrode d'outil (1) et une electrode de et un moyen de comparaison
(20h) destin6 a         pibce A usiner (2) afin de g6nerer des d6char-
comparer un compte d'impulsions a un pre-          ges entre celles-ci,
ledit proced6 comprenant mier nombre pr6determine (K3) afin de produi-
les 6tapes consistant en: re ledit quatrieme signal (SET).
Ia surveillance de la tension aux bornes de 45      I'ecartement d'usinage
par 6lectro-6rosion, 5. Appareil selon l'une quelconque des revendi-
caract6ris6 par cations 2 a 4, dans loquel ledit premier d6tec-       la
g6neration d'un premier signal (S3) lors- teur de formation de carbure
comprend un           que la tension dans l'6cartement est inferieure moyen
de comptage (3Cf) destin6 a compter          a un premier niveau de
reference lors d'une les impulsions pour chacune desquelles ladite  50
d6charge pendant un premier nombre pr6de- tension dans l'Mcartement depasse
ledit se-        termine d'impulsions, cond niveau de r6f6rence lors d'une
d6charge,         la g6n6ration d'un second signal (S4) lors- et un moyen
de comparaison (30g) destin6 a         que la tension dans l'6cartement est
sup6rieu- comparer un compte d'impulsions a un second        re a un second
niveau de ref6rence lors d'une nombre predetormine (K4).                 55
d6charge, la g6neration d'un troisieme signal (S5) 6. Appareil selon l'une
quelconque des revendi-       lorsque une dur6e d'attente de d6charge n'est
cations 2 a 5. dans lequel ledit second moyen      pas sup6rieure a un
intervalle de temps de 11 I 1111111 111111 11111 11111 111111 *   C   L  r
s   *r    21                IP 0 526 089 B1                    22
r6fdrence, la desactivation de l'application des impul- sions de tension a
M'ecartement d'usinage lors- que le premier signal est present et qu'alors
le second signal est present pendant un second   5 nombre predetermin6
d'impulsions, et la d~sactivation de I'application des impul- sions de
tension a Mtecartement d'usinage lors- quo le troisieme signal est prdsent
pendant un nombre d'impulsions sup6rieur A un troisibme   lo nombre
pr6d6termin6 dOimpulsions. 15 20 25 30 35 40 45 50 55    


