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being machined. As it is known that the tar forming at the This invention
relates to an electric discharge  electric discharge machining gap forms on
the neg- machining apparatus according to the preamble of  ative potential
side, a well-known technique has the claim 1 and also to a method for
electric   5   been developed in which the polarity of the ma- discharge
machining according to which a work-    chining pulse voltage applied is
changed for pre- piece is machined by electric pulse discharge be-  venting
tar adhesion and removing adhered tar at tween a machining electrode and
the workpiece     the gap. according to claim 12.
For example, Japanese Patent Application Pub- When a machining pulse
voltage is repeatedly  10  lic Disclosure No. Sho 59-152017 (152017/84) in-
applied across the discharge machining gap in     cludes a passage reading:
"A conventional machin- diesinking or wire-cut electric discharge machining
ing power supply for supplying positive pulses for so as to machine a
workpiece, particularly a ce-  making the workpiece side the anode and
negative mented carbide workpiece, the application of nor-  pulses for
making the workpiece side the cathode mal machining pulses (i.e. pulses
between a posi-  is  was tested. However, since the power supply that
tively charged workpiece and a negatively charged  was used supplied
positive and negative pulses by machining electrode) is found to impede
deioniza-  turns or at a ratio such as 3 to 2, the machining tion at the
machining gap increasingly as the ma-  speed decreased and it became
impossible to con- chining progresses. As a result, the resistivity of
trol electrode consumption in the manner desired." the machining fluid
becomes extremely low locally,  20  For overcoming these problems, the
aforesaid especially at the center of the bottom surface of  Japanese
Patent Application Public Disclosure No. the diesinking electrode and other
portions where  Sho 59-152017(152017/84) teaches an electric dis- chip
discharge is inadequate.                     charge machining apparatus
having a detector for When this state occurs, a large electrolytic
detecting the electric discharge current flow across current flows between
the workpiece and the ma-  25  the machining gap and a switching means for
chining electrode through the low resistivity region.  switching the
machining power supply so as to This produces irregularities on the surface
of the  supply positive pulses to the gap during periods workpiece and
causes other problems. Moreover,    the detector detects a prescribed
electric discharge electrolytic substances such as cobalt that elec-
current and to supply negative pulses to the gap trolyze easily are melted
out of the workpiece and   30  during periods the detector does not detect
the form a surface layer (an "affected layer") differing  prescribed
electric discharge current. in composition from the underlying workpiece
ma-     Even with this arrangement, however, electrode terial. Formation of
an affected layer on a die being  consumption is high and the machining
speed is machined shortens the service life of the die and  slow during the
supply of positive pulses, particu- degrades the quality of products formed
using the   35  larly, in the non-electrode-consuming region. die.
Also, in cases where the machining electrode Further, in certain types of
diesinking electric  and the workpiece are made of different materials,
discharge machines that use a water-based ma-     e.g. where the electrode
is made of copper and the chining fluid containing a polymer, tar tends to
workpiece of steel, the normal machining voltage in form at the electric
discharge machining gap. Since  40  normal polarity is generally about 20 V
and does this tar is electrically conductive and locally re-  not include a
high-frequency component, whereas duces the impedance at the gap, an
electrolytic or  the normal machining voltage in reverse-polarity is arc
current arises at the low-impedance region and  25 - 30 V and includes a
high-frequency compo- rapidly produces an oxide deposit. Since the ad-
nent. hering oxide material is an electrical insulator, it  45  Therefore,
when abnormal discharge is detect- markedly lowers the machining speed and
deterio-  ed using the reverse-polarity machining voltage as rates the
nature of the machined surface.         a reference for discriminating
whether or not the Another problem  in this connection is that    machining
voltage level is lower than the normal when tar forms in the electric
discharge machining  machining voltage, the normal polarity machining is
gap, the machining speed falls to such a very low   so  constantly detected
to be in a state of abnormal level during finish machining that it may
become  discharge. As a result, adaptive control is imple- impossible to
continue the finish machining.      mented even under normal operation,
thus unnec- Tar also forms in the electric discharge ma-   essarily slowing
the machining speed. chining gap when a kerosene type machining fluid
Further, the fact that the machining pulse volt- is used. Since this
hinders deionization at the gap,  55  age can be either positive or
negative makes it arc discharge is apt to occur. When this happens,
difficult to determine the level thereof by direct the workpiece may suffer
surface cracks and the   detection of the voltage between the electrodes.
like which greatly shorten the service life of the die 2    



3                 EP 0 495 985 B1                   4 An electric discharge
machining apparatus for     Improved embodiments of the inventive electric
machining a workpiece according to the preamble   discharge machining
apparatus are disclosed within of the claim 1 is known form JP-B-59-26414.
With  the subclaims 2 to 13. this known discharge machining apparatus the
ma-     The inventive method for realizing an electric chining is effected
by repeatedly affecting pulse   5   discharge machining operation is
characterized by discharge in a machining gap between an elec-       the
features of the claim 14. trode and the workpiece that is to be machined.
Improved embodiments of the inventive meth- The apparatus comprises a
switch that supplies    od are disclosed within the subclaims 15 and 16.
pulses of a set polarity to the machining gap and    In accordance with one
of its embodiments, the also a further switch that supplies pulses of the
10  invention provides a method and an apparatus opposite polarity to the
machining gap by switching  wherein a machining voltage is repeatedly
applied a voltage supply on and off and which is also     as pulses to an
electric discharge machining gap provided with a detection unit and a
control unit.  formed between a workpiece and a machining The detection
unit detects when detection signals  electrode for electric discharge
machining the wor- from the machining gap are above and below a   15
kpiece and the polarity of the machining voltage reference level and the
control unit affects in re-  pulses is alternated during the machining of
the sponse to the detection result a change over of the  workpiece, each
cycle of the alternation consisting operation of the two switches.
of a first machining period during which voltage EP-A-0 176 224 discloses
an EDM method and     pulses of one polarity are continuously applied
apparatus in which a succession of machining volt-  2   across the gap and
a second machining period age pulses of regular polarity is applied from a
first  during which voltage pulses of the other polarity pulse supply
between a tool electrode and a work-  are continuously applied across the
gap, the length piece to produce erosive discharges across the    of the
periods being determined in terms of num- EDM gap in the presence of a
water flushing me-   bers of pulses respectively. In accomplishing this
dium. A second pulse supply is also provided to  25  invention, the
inventor focused on the fact that apply one or more voltage pulses of
reverse polar-  since the condition at the machining gap changes ity during
a time interval between successive ma-  with each succeeding pulse of
machining voltage chining voltage pulses of regular polarity across the
applied thereto, it is necessary to control the ma- EDM gap. A sensing
circuit is provided to respond  chining pulse voltage applied across the
machining to a gap open-circuit condition and to provide an   30  gap based
on the individual pulses applied across output signal representative
thereof. This output  the gap as a unit. The invention is therefore con-
signal is used to act on the second pulse supply so  stituted so as to
enable the polarity of the machin- as to selectively trigger such one or
more reverse  ing voltage pulses applied across the gap to be polarity
pulses or to temporarily modify the param-  reversed when the counted
number of machining eters of the reverse polarity pulse or pulses upon   35
voltage pulses reaches a prescribed value. The the occurance of the gap
open-circuit condition.  optimum number of pulses determining the periods
It is an object of the present invention to pro-  during which the positive
and negative machining vide a novel apparatus and novel method for con-
voltage pulses are applied across the gap can be ducting electric discharge
machining which prevent  determined by conducting appropriate tests or the
and suppress the formation of unneeded tar com-  40  like under the
machining conditions concerned. As ponents, furthermore reliably preclude
the forma-  a result, it becomes possible to respond appro- tion of an
affected layer on the workplace and    priately to the change in the
condition at the elec- additionally minimize machining electrode con-
tric discharge machining gap which occurs with sumption without reducing
the electric discharge  each succeeding pulse discharge. machining speed.
45      In accordance with another of its embodiments, This object is
solved according to the inventive  the invention provides a method and an
apparatus apparatus in that the electric discharge machining  wherein
separate electric discharge machining pa- apparatus comprises:
rameters are established for the case where the setting means for setting
data indicating a first  machine pulse voltage is applied across the ma-
number of voltage pulses and data indicating a   so  chining gap in normal
polarity and the case where second number of voltage pulses; and
it is applied thereto in reverse polarity. This ar- polarity control means
for controling the polarity  rangement enables the elctrical machining con-
switching circuit means so that either said first  ditions to be matched to
the characteristics of number of voltage pulses of the first polarity or
positive and negative voltage application and, as said second number of
voltage pulses of second  55  such, makes it possible to conduct the
machining polarity opposite to said first polarity are alternately  with
high efficiency. applied across said machining gap.                   In
accordance with another of its embodiments, the invention provides a method
and an apparatus 3    



5                 EP 0 495 985 B1                    6 wherein the voltage
at the input side of a polarity  Best Mode for carrying Out the Invention
switching means for switching the polarity of the machining pulse voltage
applied across the electric    Fig. 1 is a circuit diagram illustrating an
em- discharge machining gap is detected for obtaining  bodiment of an
electric discharge machining ap- information required for discerning the
condition at   5   paratus according to the present invention. the elctric
discharge machining gap.                   The apparatus is provided with
switching tran- In accordnace with another of its embodiments,  sistors T1,
T2 for supplying machining voltage the invention provides a method and an
apparatus   pulses across an electric discharge machining gap wherein
separate abnormal electric discharge de-   G between a machining electrode
E and a work- tection levels are established for the case where  10  piece
W so as to electric discharge machine the machining is conducted at normal
polarity and the  workpiece W. The collectors of the switching tran- case
where it is conducted at reverse polarity,    sistors T1, T2 are connected
through current limiter thereby enabling proper detection of abnormal
resistors 31a, 31b with the positive terminal of a dc electric discharge
during machining in either polar-  power supply 30 and the emitters thereof
are con- ity.                                          15  nected with a
polarity switching circuit 10. The It is also possible to use an
arrangement in    current limiter resistors 31a, 31b limit the amounts
which the machining pulse voltage is switched to   of electric discharge
machining current supplied the secondary polarity when the impedance at the
from the dc power supply 30 through the asso- electric discharge machining
gap falls to or below a  ciated switching transistors and to the machining
prescribed level during electric discharge machin-  20  gap in a manner to
be described later when the ing with the machining pulse voltage applied
associated switching transistors are ON. These val- across the gap in the
primary polarity. In this case,  ues are set such that a prescribed
weighting can since the period of application of machining pulse  be
established between the amounts of current voltage in the secondary
polarity is set on the basis  flowing through the switching transistor T1,
T2. of the number of machining voltage pulses gen-  25     While the
illustrated embodiment has two erated, it is possible to control this
period in single  switching transistor-current limiter resistor pairs, it
pulse increments.                                  is alternatively
possible to provide a larger number of pairs as found appropriate. The
weighting can be Brief Description of the Drawings
incremented in a binary manner as 1, 2, 4, 8, 16 30  by the current limiter
resistor values. By selective Fig. 1 is a circuit diagram showing an
embodi-   operation of the switching transistors T1, T2, there- ment of the
electric discharge machining ap-     fore, it is possible to set the
maximum electric paratus according to the invention,              discharge
current at the electric discharge machin- Fig. 2 is a circuit diagram of a
specific example  ing gap G to an appropriate value. If desired, the of the
polarity controller of the circuit of Fig. 1;    35  current limiter
resistors 31a, 31b can be replaced Fig. 3 is a timing chart for explaining
the opera-  with constant current sources having low resis- tion of the
circuit of Fig. 1;                   tance. Fig. 4 is a circuit diagram
showing a specific      The polarity switching circuit 10 has transistors
example of the on/off controller of the circuit of  TN1, TN2 for applying
machining pulse voltage to Fig. 1;                                     40
the machining gap G in normal polarity and transis- Fig. 5 is a timing
chart showing the operation of  tors TR1, TR2 for applying machining pulse
voltage the on/off controller;                           to the machining
Gap G in reverse polarity. As Fig. 6 is a circuit diagram showing a
specific  shown in the drawing, the transistors TN1, TN2, example of the IP
controller of Fig. 1;          TR1, TR2 are connected in a bridge
arrangement. Fig. 7 is a timing chart showing the operation of  45   The
connection point X between the transistors the IP controller of Fig. 6;
TR1 and TN2 is connected with the machining Fig. 8 is a circuit diagram
showing a specific   electrode E and the connection point Y between example
of the detection circuit of Fig. 1;     the transistors TN1 and TR2 is
connected with the Fig. 9 is a timing chart showing the operation of
workpiece W. The diode D1 inserted in the collec- the detection circuit of
Fig. 8;            50  tor circuit of the transistor TR1 and the diode D2
Fig. 10 is a circuit diagram showing another     inserted in the collector
circuit of the transistor TN1 specific example of the polarity controller;
both serve as devices for preventing reverse cur- Fig. 11 is a timing chart
showing the operation  rent flow. of the polarity controller of Fig. 10;
A polarity controller 20 to be explained later Fig. 12 is a circuit diagram
showing another  55  selectively turns one of the transistor pairs TR1,
specific example of the detection circuit; and   TR2 and TN1, TN2 on and
the other pair off. When Fig. 13 is a timing chart showing the operation
only the transistors TR1, TR2 are on, the potential of the detection
circuit of Fig. 12.             of the workpiece W becomes negative with
respect 4    



7                 EP 0 495 985 B1                   8 to the machining
electrode E, whereby the machin-  detection circuit 50 (to be explained
later) with a ing pulse voltage is applied across the electric  third clock
signal CLK3 and a fourth clock signal discharge machining gap G in reverse
polarity. In  CLK4. contrast, when only the transistors TN1, TN2 are
The setting data RON, NON indicate the pulse- on, the potential of the
workpiece W  becomes   5   on time in terms of numbers of pulses of the
third positive with respect to the machining electrode E,  clock signal
CLK3. For each of the pulse-on time whereby the machining pulse voltage is
applied   intervals a number of third clock signal CLK3 across the electric
discharge machining gap G in  pulses equal to that indicated by the setting
con- normal polarity.                                  cerned is counted,
thus determining the pulse-on The polarity switching circuit 10 carries out
its  10  time -of the gate signal GATE. Similarly, the setting control for
switching the polarity of the machining  data ROFF, NOFF indicate the
pulse-off time in pulse voltage applied across the gap G between   terms of
numbers of pulses of the fourth clock normal and reverse in response to a
signal re-    signal CLK4. For each of the pulse-off times a ceived from
the polarity controller 20.           number of fourth clock signal pulses
CLK4 pulses The polarity controller 20 receives a first clock  is  equal to
that indicated by the setting data con- signal CLK1 from a first clock
signal generator 80  cerned is counted, thus determining the pulse-off and
a second clock signal CLK2 from a second     time of the gate GATE. clock
signal generator 90. It also receives settings  The polarity controller 20
outputs a polarity R and N from a setting generator 70.              signal
RN indicating whether the pulse polarity The setting data R indicates a
number of ma-  20  selected within the polarity controller 20 is normal
chining voltage pulses corresponding to the period  or reverse. This
polarity signal RN is received by during which machining pulse voltage is
to be     the on/off controller 40 which, depending on the applied across
the electric discharge machining   polarity indicated by the signal, uses
either the gap G in reverse polarity, while the setting N    setting data
RON, ROFF or the setting data NON, indicates a number of machining voltage
pulses  26   NOFF for generating the gate signal GATE. corresponding to the
period during which machin-     The on/off controller 40 produces a first
end ing pulse voltage is to be applied across the elec-  signal ONEND at
the end of ON period of the gate tric discharge machining gap G in normal
polarity.  signal GATE and a second end signal OFEND at The operator inputs
the desired values of the set-  the end of the OFF period of the gate
signal GATE. ting data N and R in terms of numbers of pulses  30  The first
end signal ONEND and the second end via the setting generator 70.
signal OFEND are sent to the detection circuit 50. The polarity controller
20 also receives a gate   The apparatus further has an IP controller 60
signal GATE from an on/off controller 40 that will  for controlling the
peak value of the electric dis- be explained later. The gate signal GATE
deter-   charge machining current. The setting generator 70 mines the width
of the individual electric discharge  35  supplies the IP controller 60
with a first peak value machining pulses to be applied across the electric
NIP for normal polarity machining and a second discharge machining gap G.
peak value RIP for reverse polarity machining. The In response to the input
of this signal, the  IP controller 60 also receives the polarity signal RN
polarity controller 20 outputs a control signal RS for  and the gate signal
GATE and outputs a control on/off control of the transistors TR1, TR2 and a
40  signal IP1 and a control signal IP2 for selectively control signal NS
for on/off control of the transistors  on/off controlling the switching
transistors T1, T2 so TN1, TN2, to thereby on/off control the transistors
as to establish the peak value of the machining TR1, TR2 and TN1, TN2.
current for the machining polarity at that time dur- In the case where
machining pulse voltage is  ing the ON period of the gate signal GATE.
applied across the electric discharge machining   45  The emitters of the
switching transistors T1, T2 gap G in normal polarity, the setting
generator 70  are connected with the diodes D1, D2 of the polar- sends to
the on/off controller 40 a setting data RON  ity switching circuit 10 and
voltage dividing resis- indicating the pulse-on time (i.e. the ON time of
the  tors 32a, 32b are connected in series between the gate signal GATE)
and a setting data ROFF indicat-  emitter-diode connection point and the
connection ing the pulse-off time (i.e. the OFF time of the gate  50  point
between the emitters of the transistors TN2, signal GATE). In the case
where the machining     TR2 and the negative terminal of the power supply
pulse voltage is applied across the electric dis-  30. From the connection
point between the voltage charge machining gap G in reverse polarity, the
dividing resistors 32a and 32b there can thus be setting generator 70 sends
to the on/off controller  obtained a detection voltage VGS whose level is
40 a setting data NON indicating the pulse-on time   55  proportional to
the voltage applied across the elec- and a setting data NOFF indicating the
pulse-off  tric discharge machining gap G. time. In addition to receiving
the first clock signal  The detection voltage VGS is input to the de- CLK1,
the on/off controller 40 is also supplied by a  tection circuit 50, which
also receives the polarity 5    



9                 EP 0 495 985 B1                   10 signal RN, the first
clock signal CLK1, the gate     Fig. 3 is a timing chart showing the
operation signal GATE, and the first and second end signals  of the
polarity controller 20 in the case where the ONEND, OFEND. Based on these
inputs, the de-      setting data R has a value of 2 and setting data N a
tection circuit 50 generates the third and fourth  value of 1. clock
signals CLK3, CLK4.                            At time t0, the gate signal
GATE rises and a Fig. 2 is a circuit diagram showing a specific  gap
voltage VG is generated at the electric dis- example of the polarity
controller 20 of Fig. 1.  charge machining gap G. Each time the gate signal
The polarity controller 20 comprises a data    GATE rises, the counter 22
counts the number of selector 21 which responds to the setting data R, N
pulses thereof. and outputs one of these settings in response to  10  The
coincidence pulse AB generated at time t0 the polarity signal RN output by
a T flip flop circuit  causes the output level of the T flip flop circuit
24 24 and a counter 22 which counts the pulses of the  to become high,
whereby the level of the polarity gate signal GATE shown in Fig. 3. The
count data  signal RN becomes high. The counter 22 is reset obtained at the
Q output of the counter 22 is     at this time, whereafter the count of the
counter 22 applied to the B input of a comparator 23 which  is  is
incremented by 1 each time the level of the gate receives the setting data
selected in the data selec-  signal GATE rises. When the count of the
counter tor 21 at the A input thereof. The comparator 23  22 becomes 2 at
time t1, the comparator 23 sends constantly compares the values received
through   a coincidence pulse AB indicating that A = B to its A and B
inputs and when it determines that A =  the T flip flop circuit 24 so that
the level of the B, it outputs a coincidence pulse AB from its A =   20
polarity signal RN becomes low. At this time, the B terminal.
coincidence pulse AB is also used as a reset signal The coincidence pulse
AB is applied to the     for resetting the counter 22. When the level of
the reset terminal RES of the counter 22 as a reset   gate signal GATE
becomes low at time t1, the gate pulse and is also applied to the T input
terminal of  circuit 26 opens to apply the first clock signal CLK1 the T
flip flop circuit 24 as a trigger pulse. As a   25  to the clock terminal
CK of the D flip flop circuit 25 result, the level of the polarity signal
RN output by  and, as a result, the level of the sync polarity signal the T
flip flop circuit 24 inverts every time the  M becomes low at time t2.
coincidence pulse AB is output. (See Fig. 3.)        When the output of the
coincidence pulse AB The circuit further has a gate circuit 26 which  at
time t1 causes the level of the polarity signal RN receives the first clock
signal CLK1 and is  30  to become low, the data selector 21 selects the
open/closed controlled by the gate signal GATE    setting data N (= 1) and
this value is input to the such that the first clock signal CLK1 is applied
to  comparator 23. the clock terminal CK of a D flip flop circuit 25 only
Therefore, the counter 22 is incremented by when the level of the gate
signal GATE is low. The  the rise of the gate signal GATE at time t3 and
polarity signal RN is applied to the D input of the D   35  since this
raises its count to 1, the comparator 23 flip flop circuit 25 and the level
of the D input is  outputs the coincidence pulse AB, causing the out-
locked at the time the first clock signal CLK1    put level of the T flip
flop circuit 24 to become high applied to the clock terminal CK thereof
rises,   and the counter 22 to be reset. Then at the next causing a sync
polarity signal M synchronized with  rise of the first clock signal CLK1 at
time t4 the the first clock signal CLK1 to be output from the   40  sync
polarity signal M becomes high level. output terminal thereof.
In response to the output of the coincidence The sync polarity signal M is
applied to a logic  pulse AB at time t3, the data selector 21 selects
circuit 20A constituted of D flip flops 27, 28 and  setting R (R = 2). As a
result, the operation just gate circuits 29R, 29N, wherein it is logically
pro-  explained is repeatedly executed. cessed and the result is output as
the control  45   The operation of the logic circuit 20A will now signals
RS, NS. As shown in the drawing, the D flip  be explained. The D flip flops
27, 28, which operate flops 27, 28 of the logic circuit 20A are connected
in response to the second clock signal CLK2 in tandem and receive the
second clock signal     shown in Fig. 3, function to delay the sync
polarity CLK2 at their CK terminals. Further, the sync polar-  signal M by
two pulses of the second clock signal ity signal M is input to the D input
terminal of the D   50  CLK2. As will be understood from Fig. 3, this flip
flop 27. The Q output of the D flip flop 28 is  results in the generation
of the delayed output applied as a delayed output signal to one input of
signal B, which is the same as the sync polarity each of the gate circuits
29R, 29N, each of which  signal M but delayed with respect thereto by two
receives the sync polarity signal M at the other  pulses of the second
clock signal CLK2. input thereof.                               55      The
gate circuit 29R outputs a control signal The operation of the polarity
controller 20 will  RS according to the logical AND of the signals M now be
explained with reference to Fig. 3.        and B, while the gate circuit
29N generates a high level output constituting the control signal NS only 6



11                EP 0 495 985 B1                   12 when signals M and B
are both low level.          the gate signal GATE by one pulse of the first
As can be seen in Fig. 3, a delay period DT is  clock signal CLK1. The
output of the D flip flop 48b established between the time that the pair of
tran-  is input to a gate circuit 47a which in response sistors TN1, TN2 is
turned off by the control signal  outputs the second end signal OFEND
indicating NS and the time that the pair of transistors TR1,   5   the end
of the low level period of the gate signal TR2 is turned on by the control
signal RS, i.e.   GATE. during the switchover from normal to reverse polar-
On the other hand, D flip flops 48c, 48d con- ity. The two transistor pairs
of the polarity switching  stitute a circuit which receives a signal
obtained by circuit 10 are thus protected from turning ON at the  inverting
the gate signal GATE in an invertor 49 same time.
10  and delays the inverted signal by two pulses of the Fig. 4 shows a
specific example of the circuit  first clock signal CLK1. The outputs of
the D flip of the on/off controller 40 of Fig. 1.            flop 48c and
the D flip flop 48d are input to a gate The on/off controller 40 includes a
data selec-  circuit 47b which in response outputs the first end tor 41a
which responds to a high level polarity   signal ONEND indicating the end
of the high level signal RN indicating normal polarity by selecting   is
period of the gate signal GATE. the setting data NON and responds to a low
level     The operation of the on/off controller 40 will polarity signal RN
indicating reverse polarity by  now be explained with reference to Fig. 5.
selecting the setting data RON, and a data selector  Fig. 5 is a timing
chart showing the operation 41b which responds to a high level polarity
signal  of the on/off controller 40 in the case where the RN indicating
normal polarity by selecting the set-  20  setting data RON has set a value
of 4, setting data ting data NOFF and responds to a low level polarity  NON
has set a value of 5, setting data ROFF has signal RN indicating reverse
polarity by selecting  set a value of 2 and setting data NOFF has set a the
setting data ROFF.                            value of 4. The outputs of
the data selectors 41a, 41b are    Since the value of polarity signal RN is
1 at applied to another data selector 41 c which forwards  25  time ta, the
data selector 41 a outputs 4 as the one or the other of the outputs of the
data selectors  setting data RON. Similarly, the data selector 41 b 41a, 41
b to the A terminal of a comparator 42.   outputs 2 as setting data ROFF.
The output level of The fourth clock signal CLK4 is input to a     the T
flip flop 46 at this time is low and the data three-state buffer 44 which
operates at high level to  selector 41c outputs the value it receives from
the output an on-clock signal ONCK. On the other  30  data selector 41b,
i.e. it outputs 2 as the setting hand, the third clock signal CLK3 is input
to a   data ROFF. As the three-state buffer 45 is operat- three-state
buffer 45 which operates at low level to  ing at this time, the third clock
signal CLK3 is input output an off-clock signal OFFCK. The on-clock    to
the counter 43 as the off-clock signal OFFCK. signal ONCK and the off-clock
signal OFFCK are       Next, at time tb, since the counter 43 counts
supplied to the clock terminal CK of a counter 43   35  the second pulse of
the off-clock signal OFFCK so and the count data indicating the result of
counting  that the value output by the data selector 41c these clock pulses
is output from the Q output of  coincides with the value output by the
counter 43, the counter 43 to the B terminal of the comparator  the
comparator 42 outputs the coincidence pulse 42.
COI indicating A = B. The coincidence pulse COI When the comparator 42
determines that the   40  is input to the T flip flop 46, whose output
level data input to its A terminal coincides with the data  thus becomes
high, and to the reset terminal RES input to its B terminal, it outputs a
coincidence  of the counter 43, which is reset thereby. pulse COI which is
applied to the counter 43 as a    As a result, the level of the gate signal
GATE is reset pulse and to a T flip flop 46 as a trigger  inverted, the
rise thereof causing the output of the signal.
45  second end signal OFEND at time tb. The high The output of the T flip
flop 46 is supplied to  level of the gate signal GATE also causes the data
the exterior as the gate signal GATE and, more-   selector 41 c to output 4
as the setting data RON to over, is applied to the three-state buffers 44,
45 as  the A terminal of the comparator 42 and, in addi- a control signal
and to the data selector 41c, as a  tion, actuates the three-state buffer
44 to start control signal. More specifically, the data selector  so
supplying the on-clock signal ONCK to the clock 41c operates in response to
the gate signal GATE  terminal CK of the counter 43. so that when the level
of the gate signal GATE is     As can be seen in Fig. 5, the coincidence
high, the output of the data selector 41a is se-  pulse COI is output when
the count of the counter lected, and when the level of the gate signal GATE
43 reaches 4 at time tc. Thus the counter 43 is is low, the output of the
data selector 41 b is  55  reset and the output level of the T flip flop 46
is- selected.                                         inverted, causing the
level of the gate signal GATE D flip flops 48a, 48b constitute a circuit
which  to become low. The fall of the gate signal GATE at responds to the
first clock signal CLK1 by delaying  time tc causes the output of the first
end signal 7    



13                EP 0 495 985 B1                   14 ONEND at time tc.
gate signal GATE is high. In other words, the peak The low level of the
gate signal GATE at time  value of the machining current in the case of
nor- tc causes the data selector 41c to once again     mal polarity
machining is that determined by the select the setting data ROFF, so that
the operation  first peak value NIP. just explained is repeatedly executed.
5      The invention thus enables the machining con- When the level of the
polarity signal RN be-   dition, i.e. the maximum machining current value,
comes low at time td, reverse polarity machining is  to be separately set
depending on the polarity of initiated. Since the level of the gate signal
GATE is  the machining pulse voltage applied, namely de- low at this time,
the setting data NOFF (= 4) is  pending on whether normal polarity
machining or applied to the A terminal of the comparator 42. As   10
reverse polarity machining is being conducted. a result, the coincidence
pulse COI is output at the  Fig. 8 is a circuit diagram of a specific
example time te marked by the fourth pulse of the off-clock  of the
detection circuit 50 of Fig. 1. signal OFFCK after time td, whereby the
level of     The detection circuit 50 has a comparator 51a the gate signal
GATE becomes high. The setting    which compares the detection voltage VGS
with a data NON (= 5) is therefore applied to the A   15  reference voltage
V1 and produces a high level terminal of the comparator 42, the coincidence
output when the detection voltage VGS is equal to pulse COI is output at
time tf marked by the fifth  or lower than the reference voltage V1, and a
pulse of the on-clock signal ONCK, and the gate   comparator 51b which
compares the detection volt- signal GATE is returned to low level. From
this   age VGS with a reference voltage V2 (< V1) and point on, normal
polarity machining is carried out in  20  generates a high level output
when the detection the same manner.
voltage VGS is equal to or lower than the reference Fig. 6 shows a specific
example of the circuit  voltage V2. diagram of the IP controller 60 of Fig.
1.           The outputs of the comparators 51a, 51b are The IP controller
60 has a selector 61 which  respectively input to the A input and B input
of a receives the polarity signal RN and in accordance   25  selector 52
controlled by the polarity signal RN to with the polarity indicated by this
signal selects  select the output of the comparator 51a when the either the
first peak value NIP or the second peak  level of the polarity signal RN is
high (reverse value RIP. The peak value of the machining current  polarity
machining) and to select the output of the selected by the selector 61 is
applied to AND     comparator 51b when the level of the polarity sig-
circuits 62a - 62n which are open/close controlled   30  nal RN is low
(normal polarity machining). by the gate signal GATE. When the level of the
The output of the selector 52 is applied to one gate signal GATE becomes
high, therefore, one or  input of an AND circuit 54, the other input
terminal more of IP1 - IPn are output in accordance with the  of which
receives the output of an AND circuit 55 data indicating the machining
current peak value,  to which the gate signal GATE and the first clock
whereby the corresponding switching transistors  35  signal CLK1 are
applied. (only two shown in Fig. 1) are turned on.            Reference
numeral 53 designates an R-S flip The operation of the IP controller 60
will now  flop circuit comprising logic devices 53a, 53b. The be explained
with reference to Fig. 7.            second end signal OFEND is applied to
the R-S flip Fig. 7 is a timing chart showing the operation  flop circuit
53 as a reset signal and the output of of the IP controller 60 in the case
where the   40  the AND circuit 54 is applied thereto as a set signal
second peak value RIP has set a value of 2 and the  SET. The output of the
R-S flip flop circuit 53 is first peak value NIP has set a value of 1.
obtained as a trouble signal NG which is forwarded Since the level of the
polarity signal RN is high  to three-state buffers 57, 58 as an operation
control at time tg, the selector 61 selects the second peak  signal. The
first clock signal CLK1 is input to the value RIP, whose content is (10).
Thus since only  45  three-state buffer 57 and the output of a rate multi-
one input of the AND circuit 62b is at 1, the signal  plier 56 which
operates in response to the first IP2 is output to turn on the associated
switching  clock signal CLK1 is input to the three-state buffer transistor
T2 only in the case where the level of the  58. The outputs of the two
three-state buffers 57, gate signal GATE is high. In other words, the peak
58 constitute the third clock signal CLK3. The value of the machining
current in the case of re-  so  fourth clock signal CLK4 is obtained by
outputting verse polarity machining is that determined by the  the first
clock signal CLK1 as it is. second peak value RIP.
Fig. 9 is a timing chart showing the operation When the polarity signal RN
becomes low level  of the detection circuit 50. at time th, the selector 61
selects the first peak   While the gap voltage VG across the electric value
NIP, whose content is (01). Thus since only  55  discharge machining gap G
is represented in Fig. 9 one input of the AND circuit 62a is high, the
signal  as a pulse wave form that swings positive and IP1 is output to turn
on the associated switching  negative about a center of zero volt owing to
polar- transistor T1 only in the case where the level of the  ity
switchover, the detection voltage VGS is repre- 8    



15                EP0495985B1                        16 sented as a pulse
voltage which always occurs on   transistors T1, T2 are turned on by the
signals IP1, the positive side irrespective of polarity switchover.  IP2.
Machining pulse voltage is thus applied to the This is because the
detection voltage VGS is the   electric discharge machining gap G. As a
result, divided voltage across the resistor 32b which is   electric
discharge occurs at the electric discharge connected in series with
resistor 32a on the input   5   machining gap G. side of the polarity
switching circuit 10.             Fig. 3 shows one example of theoretical
Referring to the gap voltage VG, P1 indicates a  waveforms of the gap
voltage VG at the electric period of normal discharge during reverse
polarity  discharge machining gap G and the machining machining, P2 a
period of normal discharge during  current IG across the electric discharge
machining normal polarity machining, P3 a period of abnormal  70  gap G at
this time. discharge in reverse polarity machining and Pn a       On the
other hand, the polarity controller 20 period of abnormal discharge in
normal polarity    counts the pulses of the gate signal GATE and, in
machining.                                         accordance with the
setting data R, N set by the During period P1, since the level of the
polarity  setting generator 70, outputs the control signal RS signal RN is
high and the input signal VGS input to  15  for applying machining pulse
voltage across the the comparator 51a is greater than V1, the output
electric discharge machining gap G in reverse po- level of the selector 52
is low. Therefore, the level  larity and the control signal NS for applying
ma- of the set signal SET output by the AND circuit 54  chining pulse
voltage across the electric discharge is high so that the R-S flip flop
circuit 53 is not set.  machining gap G in normal polarity. As was ex- As a
result, the frequency of the third clock signal  20  plained in detail with
reference to Fig. 2, switchover CLK3 is the same as that of the first clock
signal  between the control signals RS, NS is controlled by CLK1.
the polarity switching circuit 10 on the basis of the During the period P2,
since the level of the    delay period TD so as to ensure that no problem
of polarity signal RN is low, the output signal of the  the transistors
TR1, TR2, TN1, TN2 all becoming selector 52 is that received from the
comparator  25  conductive at the same time will occur. 51b. As the
detection voltage VGS is greater than      As a result, when a number of
machining volt- the reference voltage V2 at this time, the output  age
pulses equal to the value indicated by the level of the selector 52 is low.
Therefore, since the  setting data R has been applied across the electric
R-S flip flop circuit 53 is not set and the level of  discharge machining
gap G in reverse polarity, the the trouble signal NG is low, the first
clock signal  30  polarity switching circuit 10 waits for the delay CLK1 is
output via the three-state buffer 57 as the  period TD and then switches
over the operating third clock signal CLK3.
state, whereby a number of machining voltage During period P3, the level of
the polarity sig-  pulses equal to the value indicated by the setting nal
RN is high so that the selector 52 selects the  data N is applied across
the electric discharge output of the comparator 51a. As the detection   35
machining gap G in normal polarity. voltage VGS is equal to or lower than
reference        The pulse-on width and the pulse-off width of voltage V1
at this time, the output level of the   the gate signal GATE during the
periods S1, S2, selector 52 is high. Therefore, since the AND cir-  S4 is
determined by the setting data RON, ROFF cuit 54 passes the first clock
signal CLK1 only    from the on/off controller 40, while the pulse-on when
the level of the gate signal  GATE is high, the   40  width of the gate
signal GATE during the period S3 output signal of the R-S flip flop circuit
53, i.e. the  is determined by the setting data NON, NOFF from trouble
signal NG, is at high level.               the on/off controller 40.
Further, the maximum cur- At time tj, moreover, the frequency of the third
rent during the periods S1, S2, S4 is determined clock signal CLK3 becomes
10 times that of the     by the second peak value RIP from the IP control-
first clock Signal CLK1 owing to frequency mul-  45  ler 60, while the
maximum current during the pe- tiplication by the rate multiplier 56. The
third clock  riod S3 is determined by the first peak value NIP signal CLK3
having a frequency increased by a      from the IP controller 60. factor of
10 relative to the first clock signal CLK1   In other words, the electrical
machining con- continues to be output from time tj to time tk at  ditions
(parameters) for the discharge machining which the second end signal OFEND
is reset.  so  are set separately between the case where the Thus, in case
of malfunctioning of the electric dis-  machining pulse voltage is applied
in reverse polar- charge machining, the machining pulse rest period  ity
and the case where it is applied in normal is increased ten fold, whereby
deionization is pro-  polarity. As a result, the removal of tar from be-
moted at the electric discharge machining gap G.   tween the electrodes can
be conducted with high The operation of the circuit shown in Fig. 1 will
55  efficiency, making it possible to carry out the de- now be explained
with reference to Fig. 3.         sired machining at high speed and low
electrode During periods S1, S2, S3, S4, ... when the     consumption.
level of the gate signal GATE is high, the switching    17
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Moreover, as was explained in detail with refer-  chining, this being
detected from the fact that the ence to Figs. 8 and 9, since the reference
level  no-load voltage across the gap G falls below a used in detection of
abnormal discharge is set    prescribed value of, say, 80 V. In this case,
the separately between machining at normal potential  polarity controller
200 receives the trouble pulse and machining at reverse potential, abnormal
dis-   5   NGP from the detection circuit 500, causing the charge can be
reliably detected irrespective of the  level of the T flip flop circuit 24
output TFFO to machining polarity. In this case, since the resistors
become high and the D flip flop circuit 25 to 32a, 32b for detecting the
condition at the machin-  assume a standby state. Since the level of the
gate ing gap are provided on the input side of the     signal GATE is high
in this case, the level of the polarity switching circuit 10, the electric
discharge   10  gate circuit 26 output is low. machining condition can be
detected with a detec-    Then when the level of the gate signal GATE tion
circuit 50 of simple circuit configuration.  falls at time t0, the gate
circuit 26 outputs a clock Another embodiment of the polarity controller
signal GCLK of the same frequency as the first 20 is shown in Fig. 10.
clock signal CLK1. Moreover, the output of the D This polarity controller,
designated by refer-  is  flip flop circuit 25 latches the output TFFO of
the T ence numeral 200, differs from that shown in Fig. 2  flip flop
circuit 24 and outputs the signal M. in that it operates in response to the
output of a   The signal M is processed by the logic circuit detection
circuit 500 shown in Fig. 12 to switch  20A and, as shown in Fig. 11, the
level of the from machining in one polarity defined as the pri-  control
signal NS falls with the fall of the second mary polarity to machining in
the other polarity  20  clock signal CLK2 immediately after t0 and, after a
defined as the secondary polarity when the no-load  two-pulse delay (TD),
the level of the control signal machining pulse voltage falls to or below a
pre-  RS rises. scribed value, applies a number of machining         As a
result, normal polarity machining is com- pulses indicated by a setting
data TRN to the     menced and, the counter 22, whose resetting has
electric discharge machining gap G in the secon-  25  been released, once
again counts the pulses of the dary polarity, and then resumes machining in
the  gate signal GATE. primary polarity.
When the counter 22 counts the second pulse The components in Fig. 10
corresponding to     of the gate signal GATE at time tq, the comparator
those in Fig. 2 are assigned the same reference   23 outputs the
coincidence pulse AB so that the symbols as those in Fig. 2 and will not be
ex-  30  level of the output TFFO of the T flip flop circuit 24 plained
again here.                               becomes low, this low level state
being latched by The polarity controller 200 receives from the  the D flip
flop circuit 25 in response to the clock setting generator 70 the setting
data TRN indicat-  signal GCLK. ing the machining time in secondary
(normal) po-     As a result, the level of control signal RS falls larity
in terms of a number of pulses of the gate  35  at time tq and, after the
delay period TD, the level signal GATE. The setting data TRN is applied
of the NS signal rises. This causes a reverse directly to the A terminal of
the comparator 23.  polarity machining pulse voltage to be applied When the
no-load machining pulse voltage at    across the electric discharge
machining gap G. the electric discharge machining gap falls to or  This
state is maintained until the next trouble pulse below a prescribed level,
the detection circuit 500   40   NGP is received. (to be explained later)
outputs a trouble pulse NGP  Fig. 12 shows a detection circuit 500 which is
to one input of an OR circuit 201 of the polarity  another example of the
detection circuit 50. The controller 200, the other input of which is input
with  detection circuit 500 is intended for use in com- the coincidence
pulse AB from the comparator 23.  bination with the polarity controller 200
shown in The output of the OR circuit 201 is applied to the T   45  Fig.
10. input terminal of the T flip flop circuit 24 and the  The detection
circuit 500, which has a voltage output TFFO of the T flip flop circuit 24
is applied  comparator 501 for comparing the detection volt- both to the D
input terminal of the D flip flop circuit  age VGS with a prescribed
voltage V3, discrimi- 25 and through an invertor 202 to the reset terminal
nates whether or not the no-load voltage across the RES of the counter 22.
50  electric discharge machining gap G is greater than The operation of the
polarity controller 200 will  the prescribed value V3 (e.g. 80 V). The
output of now be explained with reference to Fig. 11.      the voltage
comparator 501 is inverted by an inver- Fig. 11 is a timing chart showing
the operation  tor 502 and the inverted output voltage NGV is of the
polarity controller 200 in the case where the  applied to one input
terminal of an AND circuit 505. setting data TRN has a value of 2 and the
primary  55  The gate signal GATE is input to a D flip flop polarity is
reverse.                              508 which operates in response to the
first clock Assume that abnormal discharge occurs at       signal CLK1. The
output of the D flip flop 508 is time tn in the course of the reverse
polarity ma-  input to another D flip flop 509 to which the first 10    19
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clock signal CLK1 is applied after inversion by an     ing gap (G) formed
between a machining elec- invertor 503. The outputs of the D flip flops
508,    trode (E) and the workpiece as an electrode 509 are applied to a
gate circuit 507, the output of   being machined, said machining gap being
which is applied to an AND circuit 506 which also     filled with a
machining fluid, the electric dis- receives the polarity signal RN after
level inversion   5  charge machining apparatus comprising: by an invertor
504. The AND circuit 506 therefore         a power supply (30) for
supplying elec- outputs a sampling gate pulse PC immediately
trical energy for machining, after the rise of the gate signal GATE (see
Fig. 13).     means (40) for producing a gate signal The sampling gate
pulse PC is applied to the other     (GATE); input of the AND circuit 505.
10          a switching circuit (T1, T2) responsive to Thus at the time
that the sampling gate pulse      said gate signal for controlling the
application PC is output, the level of the inverted output volt-  of the
voltage pulse from said power supply age NGV is output from the AND circuit
505 as the      across said machining gap; and trouble pulse NGP.
polarity switching circuit means (10) for According to the foregoing
arrangement shown   15  allowing the pulse voltage to be applied across in
Fig. 13, when the no-load voltage level of the      said machining gap with
the machining elec- detection voltage VGS is larger than voltage V3, i.e.
trode being positively poled and the workpiece when the electrolytic
current is not greater than the  being negatively poled and for allowing
the prescribed level, the level of the inverted output     voltage pulse to
be applied across said ma- voltage NGV is low so that no trouble pulse NGP
is  20  chining gap with the machining electrode being output. On the other
hand, if the detection voltage    negatively poled and the workpiece being
posi- VGS is lower than the voltage V3 at the time when      tively poled,
the sampling gate pulse PC is output, the trouble      characterized in
that said electric discharge pulse NGP is output. Since output of the
trouble       machining apparatus additionally comprises: pulse NGP causes
a switchover to reverse polarity  25     setting means (70) for setting
data indicat- machining, the level of the polarity signal RN be-    ing a
first number of voltage pulses and data comes high so that the AND circuit
506 is closed.      indicating a second number of voltage pulses; Thus the
sampling gate pulse PC is not output          and during reverse polarity
machining.                        polarity control means (20) for
controlling Thus when the polarity controller 200 and the   30  the
polarity switching circuit means so that detection circuit 500 are used, if
the no-load volt-   either said first number of voltage pulses of the age
across the machining gap falls to or below a       first polarity or said
second number of voltage prescribed value during electric discharge machin-
pulses of second polarity opposite to said first ing in normal polarity
(the primary polarity), the     polarity are alternately applied across
said ma- system switches over to machining in reverse po-  35   chining
gap. larity (the secondary polarity). Then, after a number of pulses of the
gate signal GATE equal to that    2. An electric discharge machining
apparatus as prescribed by the setting TRN have been applied     claimed in
claim 1, wherein the switching cir- to the electric discharge machining gap
G, the         cuit comprises at least one series circuit con- machining
reverts to normal polarity.         40       sisting of a semiconductor
switching device The aforesaid operations are thereafter carried    (T1,
T2) and a resistance element (31a, 31b) out repeatedly for repeatedly
conducting normal        connected in series therewith. and reverse
polarity machining, thereby enabling electric discharge machining of the
workpiece W to  3. An electric discharge machining apparatus as be carried
out at low electrode consumption while  45  claimed in claim 2, wherein the
switching cir- achieving excellent performance in the removal of      cuit
comprises a plurality of the series circuits tar at the machining gap.
Industrial Applicability    (T1, T2; 31a, 31b) connected in parallel and As
described above, the electric discharge ma-     maximum current control
means (60) is further chining method and apparatus according to the
provided for selectively switching the semicon- invention can be applied
not only to die sinking but  50  ductor switching devices of the series
circuits also to wire-cut electric discharge machining.         on and off.
Claims                                             4. An electric discharge
machining apparatus as claimed in claim 2 or 3, wherein the resistance 1.
An electric discharge machining apparatus for  55   values of the
resistance elements of the series machining a workpiece (W) by means of
elec-        circuits are appropriately weighted. tric discharges by
repeatedly applying a train of machining voltage pulses across a machin- 11
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is applied after inversion by an     ing gap (G) formed between a machining
elec- 



invertor 503. The outputs of the D flip flops 508,    trode (E) and the
workpiece as an electrode 509 are applied to a gate circuit 507, the output
of   being machined, said machining gap being which is applied to an AND
circuit 506 which also      filled with a machining fluid, the electric
dis- receives the polarity signal RN after level inversion   5  charge
machining apparatus comprising: by an invertor 504. The AND circuit 506
therefore         a power supply (30) for supplying elec- outputs a
sampling gate pulse PC immediately           trical energy for machining,
after the rise of the gate signal GATE (see Fig. 13).     means (40) for
producing a gate signal The sampling gate pulse PC is applied to the other
(GATE); input of the AND circuit 505.                 10          a
switching circuit (T1, T2) responsive to Thus at the time that the sampling
gate pulse      said gate signal for controlling the application PC is
output, the level of the inverted output volt-   of the voltage pulse from
said power supply age NGV is output from the AND circuit 505 as the
across said machining gap; and trouble pulse NGP.
polarity switching circuit means (10) for According to the foregoing
arrangement shown   is   allowing the pulse voltage to be applied across in
Fig. 13, when the no-load voltage level of the      said machining gap with
the machining elec- detection voltage VGS is larger than voltage V3, i.e.
trode being positively poled and the workpiece when the electrolytic
current is not greater than the  being negatively poled and for allowing
the prescribed level, the level of the inverted output     voltage pulse to
be applied across said ma- voltage NGV is low so that no trouble pulse NGP
is  20  chining gap with the machining electrode being output. On the other
hand, if the detection voltage    negatively poled and the workpiece being
posi- VGS is lower than the voltage V3 at the time when      tively poled,
the sampling gate pulse PC is output, the trouble      characterized in
that said electric discharge pulse NGP is output. Since output of the
trouble       machining apparatus additionally comprises: pulse NGP causes
a switchover to reverse polarity  25     setting means (70) for setting
data indicat- machining, the level of the polarity signal RN be-     ing a
first number of voltage pulses and data comes high so that the AND circuit
506 is closed.      indicating a second number of voltage pulses; Thus the
sampling gate pulse PC is not output          and during reverse polarity
machining.                         polarity control means (20) for
controlling Thus when the polarity controller 200 and the   30  the
polarity switching circuit means so that detection circuit 500 are used, if
the no-load volt-   either said first number of voltage pulses of the age
across the machining gap falls to or below a       first polarity or said
second number of voltage prescribed value during electric discharge machin-
pulses of second polarity opposite to said first ing in normal polarity
(the primary polarity), the     polarity are alternately applied across
said ma- system switches over to machining in reverse po-  35   chining
gap. larity (the secondary polarity). Then, after a number of pulses of the
gate signal GATE equal to that    2. An electric discharge machining
apparatus as prescribed by the setting TRN have been applied        claimed
in claim 1, wherein the switching cir- to the electric discharge machining
gap G, the         cuit comprises at least one series circuit con-
machining reverts to normal polarity.         40       sisting of a
semiconductor switching device The aforesaid operations are thereafter
carried    (T1, T2) and a resistance element (31a, 31b) out repeatedly for
repeatedly conducting normal        connected in series therewith. and
reverse polarity machining, thereby enabling electric discharge machining
of the workpiece W to  3.  An electric discharge machining apparatus as be
carried out at low electrode consumption while  45  claimed in claim 2,
wherein the switching cir- achieving excellent performance in the removal
of      cuit comprises a plurality of the series circuits tar at the
machining gap. Industrial Applicability     (T1, T2; 31a, 31b) connected in
parallel and As described above, the electric discharge ma-      maximum
current control means (60) is further chining method and apparatus
according to the          provided for selectively switching the semicon-
invention can be applied not only to die sinking but  50  ductor switching
devices of the series circuits also to wire-cut electric discharge
machining.         on and off. Claims
4. An electric discharge machining apparatus as claimed in claim 2 or 3,
wherein the resistance 1. An electric discharge machining apparatus for  55
values of the resistance elements of the series machining a workpiece (W)
by means of elec-        circuits are appropriately weighted. tric
discharges by repeatedly applying a train of machining voltage pulses
across a machin- 11    21                EP 0 495 985 B1
22 5.  An electric discharge machining apparatus as       mally. claimed in
claim 3, wherein the maximum cur- 



rent control means (60) selectively turns the  10. An electric discharge
machining apparatus as semiconductor switching devices (T1, T2) se-
claimed in claim 9, wherein the voltage detec- lected thereby on and off in
a prescribed pat-   5  tion unit (32a, 32b) is provided on an input side
tern, whereby machining current across the        of the polarity switching
circuit means (10). machining gap is controlled to a prescribed maximum
value.                                11. An electric discharge machining
apparatus as claimed in claim 9, wherein the discriminating 6. An electric
discharge machining apparatus as  10  means (50) discriminates whether or
not elec- claimed in claim 5, wherein the maximum cur-     tric discharge
machining is proceeding nor- rent control means (60) is a circuit means
mally by comparing the voltage (VGS) de- responsive to a maximum current
setting (NIP,     tected by the voltage detection unit (321, 32b) RIP)
received from the outside for selectively    with a first reference voltage
(V2) if normal supplying a control signal (IP1, IP2) for on/off  15
polarity electric discharge machining is in controlling the semiconductor
switching device    progress and with a second reference voltage (T1, T2)
designated by the maximum current        (V1) different from the first
reference voltage if setting.
reverse polarity electric discharge machining is in progress. 7. An
electric discharge machining apparatus as  20 claimed in claim 6, wherein
the at least one  12. An electric discharge machining apparatus as maximum
current setting includes a maximum        claimed in claim 1, wherein said
setting means positive current setting (NIP) for normal polar-  (70) is
formed for supplying a setting indicating ity machining and a maximum
negative current     in terms of a number of pulses of the machin- setting
(RIP) for reverse polarity machining and   25  ing pulse voltage a period
during which the setting selection means (61) is further provided
machining pulse voltage is to be applied for selecting one or the other of
the maximum     across the machining gap in a secondary po- positive
current setting and the maximum neg-     larity opposite from the primary
polarity, and ative current setting in accordance with the      further
comprising: machining pulse voltage application polarity  30     gap
condition detection means (500) for (RN) selected by the polarity control
means       detecting whether or not a prescribed electrical (20).
condition is present at the machining gap, and polarity inversion control
means (200) re- 8.  An electric discharge machining apparatus as
sponsive to the gap condition detection means claimed in claim 1, wherein
the polarity control  35  (500) for controlling the polarity switching cir-
means (20) comprises counting means (22)          cuit means (10) to apply
the pulse voltage for responsive to the gate signal (GATE) for count-
machining across the machining gap (G) in the ing pulses of the gate
signal, comparison         primary polarity when the prescribed electrical
means (23) for comparing settings with the        condition is present at
the machining gap (G) count of the counting means (22) and means  40    and
to apply the pulse voltage for machining (24) responsive to an output (AB)
of the com-     across the machining gap (G) in the secondary parison means
(23) for outputting a control       polarity when the prescribed electrical
con- signal (RN) for controlling the polarity switch-  dition is not
present at the machining gap (G). ing circuit means (10). 45  13. An
electric discharge machining apparatus as 9. An electric discharge
machining apparatus as       claimed in claim 12, wherein the gap condition
claimed in claim 1, further comprising a volt-    detecting means (500) is
an impedance detect- age detection unit (32a, 32b) for detecting       ing
means for detecting whether or not the electric discharge machining voltage
across       impedance across the machining gap (G) is at the machining gap
(G) and discriminating   50     or below a prescribed value (V3). means
(50) for discriminating on the basis of the voltage (VGS) detected by the
voltage de-  14. An electric discharge machining method for tection unit
(32a, 32b) whether or not electric   electric discharge machining a
workpiece (W) discharge machining is proceeding normally, a     by
repeatedly applying a machining pulse volt- pulse-off time controlled by
the gate signal  55  age through a machining fluid across a ma- (GATE)
being prolonged in response to the         chining gap (G) formed between a
machining discriminating means (50) when the electric       electrode (E)
and the workpiece, the electric discharge machining is not proceeding nor-
discharge machining method comprising: 12    23                EP 0 495 985
B1                    24 a counting step for counting pulses of the
ses von der Leistungsquelle Ober dem Bear- machining pulse voltage applied
across the         beitungsspalt zu steuern; und 



machining gap,                                         eine die Polaritit
schaltende Schaltungs- a first electric discharge machining step
einrichtung (10), um zu ermoglichen, daB die conducted in response to the
result of the   5     Pulsspannung Uber dem Bearbeitungsspalt an- counting
step for applying the machining pulse     gelegt wird, wobei die
Bearbeitungselektrode voltage across the machining gap in one polar-
positiv gepolt ist und das WerkstlOck negativ ity for a period of time
corresponding to a first  gepolt ist, und um zu erm8glichen, daB der
prescribed and settable number of pulses, and      Spannungspuls Ober dem
Bearbeitungsspalt a second electric discharge machining   10      angelegt
wird, wobei die Bearbeitungselektrode step conducted after the first
electric discharge  negativ gepolt ist und das Werkstllck positiv machining
step in response to the result of the    gepolt ist, counting step for
applying the machining pulse         dadurch gekennzelchnet, daB der Fun-
voltage across the machining gap in the other
kenerosionsbearbeitungs-Apparat   zusitzlich polarity for a period of time
corresponding to a   15  folgendes aufweist: second prescribed and settable
number of               eine Einstelleinrichtung bzw. Sollwertein- pulses,
richtung (70) zum Setzen von Daten bzw. fOr the first and second electric
discharge ma-     Sollwertdaten, die eine erste Zahl an Span- chining steps
being conducted repeatedly.          nungspulsen anzeigen und zum Setzen
von 20      Daten bzw. far Sollwertdaten, die eine zweite 15. An electric
discharge machining method as          Zahl von Spannungspulsen anzeigen;
und claimed in claim 14, wherein parameters for            eine
Polaritatssteuereinrichtung (20) zum the first electric discharge machining
step and    Steuern der die Polaritlt schaltenden Schal- parameters for the
second discharge machin-        tungssinrichtung, so daB entweder die erste
ing step are established separately.       25      Zahi an Spannungspulsen
der ersten Polaritit oder die zweite Zahl an Spannungspulsen der 16. An
electric discharge machining method as           zweiten Polaritit, die der
ersten Polaritat ant- claimed in claim 14, wherein the impedance
gegengesetzt ist, abwechselnd Ober dem Bear- across the machining gap is
detected, and          beitungsspalt angelegt werden. a prescribed  and
settable number of  30 pulses of the machining pulse voltage in the    2.
Funkenerosionsbearbeitungs-Apparat, wie in other polarity is applied across
the machining     Anspruch 1 beansprucht, bei welchem  die gap (G) when it
is detected that the impedance     Schalt-Schaltung bzw. Umschalt-Schaltung
we- across the machining gap (G) is at or below a      nigstens eine
Reihenschaltung aufweist, die prescribed value.                          35
aus einem  Halbleiter-Schaltbauelement (Ti, T2) und einem
Widerstandselement (31a, 31b) PatentansprUche
besteht, das damit in Serie geschaltet ist. Q 1.
Funkenerosionsbearbeitungs-Apparat    bzw.      3.
Funkenerosionsbearbeitungs-Apparat, wie in
Elektroerosiv-Bearbeitungsapparat zur Bearbel-  40  Anspruch 2 beansprucht,
bei welchem  die tung eines Werkstflckes (W) mittels elektri-
Schalt-Schaltung  bzw.  Umschalt-Schaltung scher Entladungen, indem
wiederholt ein Bear-      eine Anzahl der Reihenschaltungen (T1, T2;
beitungsspannungs-Pulszug Ober einen Bear-         31a, 31b) aufweist, die
parallel geschaltet sind, beitungsspalt (G) angelegt wird, der zwischen
und bei welcher weiterhin eine Einrichtung (60) einer Bearbeitungselektrode
(E) und  dem   45     zur Steuerung des maximalen Stroms bereitge-
Werkstfck, als eine Elektrode, die bearbeitet      stellt ist, urn selektiv
die Halbleiter-Schaltbau- wird, ausgebildet ist, wobei der Bearbeitungs-
elemente der Reihenschaltungen aen- und aus- spalt mit einem
Bearbeitungsfluid gefUIllt bzw.    zuschalten. ausgeffllt ist, und wobel
der Funkenerosions- bearbeitungs-Apparat folgendes aufweist:  80  4.
Funkenerosionsbearbeitungs-Apparat, wie in eine Leistungsquelle bzw.
Stromversor-          Anspruch 2 oder 3 beansprucht, bei welchem gung (30),
um elektrische Energie fUr eine         die Widerstandswerte der
Widerstandselemen- Bearbeitung zu liefern,                            te
der Reihenschaltungen geeignet gewichtet eine Einrichtung (40) zur
Erzeugung eines       bzw. verteilt sind. Torsignals bzw. Gatesignals
(GATE);        55 eine  Schalt-Schaltung  bzw. Umschalt-      6.
Funkenerosionsbearbeitungs-Apparat, wie in Schaltung (Ti, T2), die auf das
Torsignal an-      Anspruch 3 beansprucht, bei welchem die Ein- spricht,
urn das Anlegen eines Spannungspul-       richtung (60) zur Steuerung des
maximalen 13                   I 1111111 111111 11111 11111 111111 *   C
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Stroms selektiv die Halbleiter-Schaltbauele-    9.
Funkenerosionsbearbeitungs-Apparat, wie in 



mente (Ti, T2), die dadurch ausgew~hIt wer-        Anspruch 1 beansprucht,
der welter eine Span- den, in einem vorgeschriebenen Muster ein-
nungsfeststelleinheit bzw. Spannungsdetek- und ausschaltet, wodurch der
Bearbeitungs-         tionseinheit (32a, 32b) zum  Detelctieren der strom
Uber dem Bearbeitungsspalt bis zu ei-   5
Funkenerosionsbearbeitungs-Spannung   Ober nern vorgeschriebenen maximalen
Wert ge-           dem  Bearbeitungsspalt (G) und eine Unter- steuert wird.
scheidungs- bzw. Diskriminatoreinrichtung (50) aufweist, um auf der
Grundlage der Spannung 6. Funkenerosionsbearbeitungs-Apparat, wie in
(VGS), die durch die Spannungsdetektionsein- Anspruch 5 beansprucht, bei
welchem die Ein-  10   heit (32a, 32b) detekctiert wurde, festzustellen,
richtung (60) zum  Steuern des maximalen           ob die
Funkenerosionsbearbeitung normal vor- Stroms eine Schaltungseinrichtung
ist, die auf     anschreitet oder ob nicht, wobei eine Puls-aus- oenen
Stromeinstellwert bzw. Sollwert flr einen    Zeit, die durch das Torsignal
(GATE) gesteuert maximalen Strom (NIP, RIP) anspricht, der von      wird,
in Abhangigkeit von der Unterschei- auBen empfangen wird, um selektiv ein
Steuer-  is  dungseinrichtung (50) verlangert wird, wenn signal (IP1, IP2)
fOr eine Ein-/Aussteuerung       die Funkenerosionsbearbeitung nicht normal
des Halbleiter-Schaltbauelements (T1, T2) zu       voranschreitet bzw.
verlauft. liefern, das durch den maximalen Stromein- stellwert bzw.
Sollwert far den maximalen       10. Funkenerosionsbearbeitungs-Apparat,
wie in Strom bestimmt ist.                       20       Anspruch 9
beansprucht, bei welchem  die Spannungsdetektionseinheit (32a, 32b) auf ei-
7. Funkenerosionsbearbeitungs-Apparat, wie in          ner Eingangsseite
der die Polaritat schaltenden Anspruch 6 beansprucht, bei welchem der we-
Schaltungseinrichtung (10) bereitgestellt wird. nigstens eine maximale
Stromeinstellwert bzw. Sollwert fr einen maximalen Strom einen Soll-  25
11. Funkenerosionsbearbeitungs-Apparat, wie in wert bzw. Einstellwert (NIP)
far einen maxima-     Anspruch 9 beansprucht, be! welchem die Un- len
positiven Strom flr eine Bearbeitung be!       terscheidungseinrichtung
(50) unterscheidet, normaler Polarit~t und einen Sollwert bzw. Ein-    ob
die Funkenerosionsbearbeitung normal ver- stellwert (RIP) flr einen
maximalen negativen     luft oder ob nicht, und zwar indem die Span- Strom
far eine Bearbeitung bei reverser bzw.  3o   nung (VGS) durch die
Spannungsdetektions- umgekehrter Polaritit beinhaltet und bei wel-
einheit (32a, 32b) mit elner ersten Bezugs- chem weiter eine Sollwert- bzw.
Einstellwert-      spannung (V2) verglichen wird, falls eine Fun-
auswihleinrichtung (61) zum Auswahlen des          kenerosionsbearbeitung
mit normaler Polaritit einen oder des anderen des Einstellwerts far
ablauft, und mit einer zweiten Bezugsspan- den maximalen positiven Strom
und des Emn-  35     nung (V1), die sich von der ersten Bezugs- stellwerts
far den maximalen negativen Strom       spannung unterscheidet, verglichen
wird, falls bereitgestellt wird, und zwar in Obereinstim-      eine
Funkenerosionsbearbeitung mit reverser mung mit der angelogten Polaritit
bzw. An-         bzw. umgokehrter Polaritt ablduft. wendungspolarntAt (RN)
der Bearbeitungspuls- spannung, die durch die Polaritatssteuerein-  40  12.
Funkenerosionsbearbeitungs-Apparat, wie in richtung (20) ausgewihIt wird.
Anspruch 1 beansprucht, bei welchem die Soll- werteinrichtung bzw.
Einstelleinrichtung (70) 8. Funkenerosionsbearbeitungs-Apparat, wie in
ausgebildet ist, um einen Sollwert bzw. Ein- Anspruch 1 beansprucht, bei
welchem die Po-        stellwert zu liefem, der in der Form einer Zahl
larititssteuereinrichtung (20) eine Zahleinrich-  45  von Pulson der
Bearbeitungspulsspannung ei- tung (22), die auf das Torsignal bzw. Gatesi-
nen Zeitabschnitt anzeigt bzw. ausdrUckt, wih- gnal (GATE) zurn Zihlen der
Pulse des Torsi-       rend dem die Bearbeitungspulsspannung Uber gnals
bzw. Gatesignals anspricht, oine Ver-        den Bearbeitungsspalt in einer
sekundaren gleichsoinrichtung (23) zum Vergleichen von        bzw.
Neben-Polaritlt anzulegen ist, die der Einstellwerten bzw. Sollwerten mit
dem Zahl-  so   primaren bzw. Haupt-Polartit entgegengesetzt wert der
Zghleinrichtung (22) und eine Einrich-    ist, und der weiter folgendes
aufweist: tung (24), die auf ein Ausgangssignal (AB) der         eine
Spaltzustands-Detektionseinrichtung Vergleichseinrichtung (23) zur Ausgabe
eines       (500), um zu detektioren, ob odor ob nicht ein Steuersignals
(RN) zum Steuern der die Polari-     vorgeschriebener elektrischer Zustand
bzw. tit schaltenden Schaltungseinrichtung (10) an-  ss  elne
vorgeschriebene elektrische Bedingung spricht, aufweist.
am Bearbeitungsspalt vorliegt, und eine
Polarititsinversions-Steuereinrichtung (200), die auf die
Spaltzustands-Detektionsein- 14                            111 H i~l ll
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richtung (500) anspricht, um die die Polaritat     tungs-Schritt und
Parameter fUr den zweiten 



schaltende Schaltungseinrichtung (10) zu stou-
Funkenerosionsbearbeitungs-Schritt bzw. Ent- em, um  die Pulsspannung zur
Bearbeitung           ladungsbearbei-tungs-Schritt getrennt festge- Uber
dem Bearbeitungsspalt (G) in der prima-       setzt werden. ron bzw.
Haupt-Polaritit anzulegen, wenn die   5 vorgeschriebene elektrische
Bedingung bzw.      16. Funkenerosionsbearbeitungs-Verfahren, wie im der
vorgeschriebene elektrische Zustand am         Anspruch 14 beansprucht, bei
welchem die Bearbeitungsspalt (G) vorliegt, und urn die        Impedanz
Uber dom Bearbeitungsspalt detek- Pulsspannung zur Bearbeitung Ober dem
Bear-        tiert wird, und beitungsspalt (6) in der sekundaren bzw. Ne-
lo       eine vorgeschriebene und einstellbare Zahl ben-Polaritat
anzulegen, wenn der vorgeschrie-     an Pulsen der Bearbeitungspulsspannung
in bene elektrische Zustand bzw. die vorgeschrie-     der anderen Polaritat
Uber dom Bearbeitungs- bene elektrische Bedingung am Bearbeitungs-
spalt (G) angelegt wird, wenn es detektiert spalt (G) nicht vorliegt.
wird, daB die Impodanz Uber dom  Bearbei- 15     tungsspalt (G) bei einem
vorgeschriebenen 13 Funkenerosionsbearbeitungs-Apparat, wie in
Wert oder unterhalb eines vorgeschriebenen Anspruch 12 beansprucht, bei
welchem die           Wertes liegt. Spaltzustands-Detektionseinrichtung
(500) eine Impedanz-Detektionseinrichtung ist, urn zu de-  Revendlcatlons
tektieren, ob odor ob nicht die Impedanz Ober  20 dem Bearbeitungsspalt (G)
bei oder unter ei-    1. Dispositif d'usinage par etincelage pour usiner
nem vorgeschriebenen Wert (V3) liogt.              une piece A usiner (W)
au moyen de dechar- ges electriques en appliquant de fagon repet~e 14.
Funkenerosionsbearbeitungs-Verfahren    zur        un train d'impulsions de
tension d'usinage a elektrischen   Entladungsbearbeitung   eines   25
travers un intervalle d'usinage (G) forme entre Werksticks (W), indem
wiederholt eine Bear-        une electrode d'usinage (E) et la piece a usi-
beitungspulsspannung durch ein Bearbeitungs-       ner qui est usinde en
tant qu'electrode, ledit fluid Uber einen Bearbeitungsspalt (G) angelegt
intervalle d'usinage etant rempli avec un fluide wird, der zwischen einer
Bearbeitungselektrode     d'usinage, le dispositif d'usinage par etincela-
(E) und dem Werkstick ausgebildet ist, wobei  30   go comprenant: das
Funkenerosionsbearbeitungs-Verfahren fol-         - une source d'energie
(30) pour foumir de gendes aufweist:
I'energie electilque pour l'usinage; eonen ZihIschritt zum Zahlen der Pulse
- un moyen (40) pour produire un signal der Bearbeitungspulsspannung, die
Uber dom              de d6clenchement (GATE); Bearbeitungsspalt angelegt
ist,            35         - un circuit de commutation (Ti, T2) sensi-
einen ersten Funkenerosionsbearbeitungs-             ble au signal de
declenchement pour Schritt, der in AbhIngigkeit von dem Ergebnis
commander I'application de l'impulsion des Zlhlschritts durchgefUhrt wird,
um die Be-          de tension, depuis ladite source d'6ner-
arbeitungspulsspannung  Uber dom  Bearbel-              gie a travers ledit
intervalle d'usinage; et tungsspalt in elner Polaritat far einen Zeitab-
40   - un moyen (10) formant circuit de corn- schnift anzulegen, der einer
ersten vorge-              mutation de polarit6 pour permettre a la
schriebenen und einstellbaren Zahl von Pulsen           tension d'impulsion
d'etre appliquee a entspricht, und
travers ledit intervalle d'usinage, I'electro- oenen  zweiten
Funkenerosionsbearbei-               de d'usinage etant de polarit6
positive et tungs-Schritt, der nach dam ersten Funkenero-  45       la
piece a usiner etant de polarite ndgati- sionsbearbeitungs-Schritt in
Abhangigkoit von           ve; et pour permettre a l'impulsion de dem
Ergebnis des ZAhIschrittes durchgef0hrt             tension d'etre
appliquee a travers ledit wird, um die Bearbeitungspulsspannung Uber
intervalle d'usinage, I'electrode d'usinage dem Bearbeitungsspalt in der
anderen Polaritat          etant de polarite negative et la pibce a fOr
einen Zeitabschnitt anzulegen, der einer  5o        usiner etant de
polarit6 positive; zweiten vorgeschriebenen und einstellbaren
caracterise en ce quo ledit dispositif Zahl von Pulsen entspricht,
d'usinage par etincelage comprend de der erste und zweite
Funkenerosionsbear-             plus: beitungs-Schritt wird wiederholt
durchgefUhrt.        - un moyen de reglage (70) pour regler 55
des donndes indiquant un premier nom- 15.
Funkenerosionsbearbeitungs-Verfahren, wie im            bre d'impulsions de
tension et des don- Anspruch 14 beansprucht, be! welchem Para-
nees indiquant un second nombre d'im- meter far don ersten
Funkenerosionsbearbei-             pulsions de tension; et 1 5I lll ll l
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commande de polarite (20)        reglage de courant maximal comporte un re-



pour commander le moyen formant cir-         glage de courant positif
maxiaml (NIP) pour cuit de commutation de polarit6, de telle    l'usinage
avec polarite normale, et un reglage sorte quo, soit ledit premier nombre
de courant negatif maximal (RIP) pour l'usina- d'impulsions de tension de
la premibre   5   ge avec polarite inverseo, et un moyen de polarit6, solt
ledit second nombre d'im-     selection de reglage (61) est de plus prevu
pulsions de tension de la seconde polari-    pour selectionner l'un ou
l'autre du r6glage du te opposee a ladito premiere polarite,       courant
positif maximal et du reglage du cou- soit alternativement applique &
travers      rant negatif maximal, solon la polarite d'appli- ledit
intervalle d'usinage.          10      cation (RN) de la tension
d'impulsion d'usinage s9loctionn6e par le moyen de commando de 2.
Dispositif d'usinage par etincelage salon la re-   polarit6 (20).
vendication 1, dans lequel le circuit de com- mutation comprend au moins un
circuit en      8. Dispositif d'usinage par 6tincelage solon la re- s6ere
constitue d'un dispositif de commutation  1s  vendication 1, dans loquel le
moyen de com- (Ti, T2) A semi-conducteurs et d'un dlement       mande de
polarite (20) comprend un moyen de resistance (31a, 31b), connectes
ensemble      de comptage (22) sensible au signal de de- en s6rie.
clenchement (GATE) pour compter les impul- sions du signal de
declenchement, un moyen 3. Dispositif d'usinage par etincelage solon la re-
20  de comparalson (23) pour comparer les regla- vendication 2, dans loquel
le circuit de com-     ges avec le compte du moyen de comptage mutation
comprend une pluralite de circuits en    (22), et un moyen (24)
fonctionnant on reponse s6rie (T1, T2, 31a, 31 b) connectes en parallele,
& un signal de sortie (AB) du moyen de com- et un moyen (60) de commando de
courant           paraison (23) pour delivrer un signal de com- maximal est
de plus pr6vu pour commuter de   26   mande (RN) afin de commander le moyen
fagon selective les disposififs de commutation    formant circuit de
commutation de polarite a semi-conducteurs des circuits en serie ou-
(10). verts et fermes. 9. Dispositif d'usinage par etincelage solon la re-
4. Dispositif d'usinage par etincelage solon la re-  3o  vendication 1,
comprenant de plus une unite vendication 2 ou 3, dans lequol les valeurs de
de detection de tension (32a, 32b) pour detec- resistance des elements de
resistance des cir-    ter une tension d'usinage par 4tincelage a tra-
cuits en serie sont ponder~es de fagon appro-     vers l'intervalle
d'usinage (G), et un moyen de priee.
discrimination (50) pour discriminer, sur la 35      base de la tension
(VGS) detectee par l'unite 5. Dispositif d'usinage par etincelage solon la
re-   de detection de tension (32a, 32b), si l'usinage vendication 3, dans
lequel le moyen (60) de       par 6tincelage se deroule normalement ou non,
commando de courant maximal tourne de fa-         une periode d'arr8t
d'impulsions command6o gon selective les dispositifs de commutation
par le signal de declenchoment (GATE) etant (T1, T2) A semi-conducteurs,
seiectionnes de   40  prolong6e en reponse au moyen de discrimi- ce fait en
circuits ouverts et fermes solon un    nation (50) quand l'usinage par
etincelage ne modele prescrit, grAce a quoi le courant d'usi-   se d6roule
pas normalement. nage a travers l'intbrvalle d'usinage est com- mand6 & une
valeur maximale prescrite.         10. Dispositif d'usinage par etincelage
solon la re- 45      vendication 9, dans loquel l'unite de detection 8.
Dispositif d'usinage par etincelage solon la re-   de tension (32a, 32b)
est prevue sur un c8te vendication 5, dans loquel le moyen (60) de
d'entree du moyen formant circuit de commu- commando de courant maximal est
un moyen          tation de polarite (10). formant circuit sensible & un
reglage de cou- rant maximal (NIP, RIP) regu depuis l'exterieur  so  11.
Dispositif d'usinage par 6tincelage solon la re- pour fournir de fagon
selective un signal de      vendication 9, dans loquel le moyaen de discri-
commando (IP1, IP2) pour commander l'ouver-       mination (50) determine
si l'usinage par 6tince- turelfermeture du dispositif de commutation
lage se deroule normalement ou non, en com- (Ti, T2) A semi-conducteurs
congu pour le         parant la tension (VGS) detectee par I'unite de
reglage du courant maximal.              55       detection de tension
(32a, 32b) avec une pre- miore tension de reference (V2) si l'usinage 7.
Dispositif d'usinage par 4tincelage solon la re-   par etincelage avec
polarite normale est en vendication 6, dans loquel le au moins un
progression, et avec une seconde tension de 16 *   C   L  M   S  *    31
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referenco (Vi), differento de la premibre ton-          l'intervalle
d'usinage dans une cortaine sion de r~ference, si l'usinage par etincelage
polarite pendant une pdriode de temps avec polarit inverse est on
progression.                correspondant & un premier nombre prescrit et
reglable d'impulsions; et 12. Dispositif d'usinage par 6tincelage selon la
re-   5  - une seconde etape d'usinage par etince- vondication 1, dans
loquel ledit moyen de r6-           lage, conduite aprbs la premibre dtape
glage (70) est forme pour foumir un rdglage             d'usinage par
dtincelage, en reponse au indiquant, en termes de nombre d'impulsions
resultat de I'etape de comptage pour ap- de la tension d'impulsion
d'usinage, une perio-         pliquer la tension d'impulsion d'usinage de
pendant laquelle la tension d'impulsion   10         A travers l'intervalle
d'usinage dans I'au- d'usinage doit Otre appliqu6e a travers l'inter-
tre polarite pendant une p6niode de valle d'usinage dans une polarite
secondaire,           temps correspondant a un second nom- oppos6a A la
polarie primaire, et comprenant            bre prescrit et reglable
d'impulsions; de plus:                                              - les
premiere et seconde 4tapes d'usina- - un moyen de detection (500) des
condi-  is          go par 4tincelage etant conduites de fa- tions
d'intervalle pour d6tecter si une            gon repetoe. condition
electrique prescrito est pr6sen- to ou non a l'intervalle d'usinage, et
15 Proced6 d'usinage par 6tincelage selon la re- - un moyen de commande
d'inversion de            vendication 14, dans lequel les parambtres
polariSt (200) fonctionnant en r~ponse au   20  pour la premibre etape
d'usinage par 6tincela- moyen de detection (500) des conditions       ge ot
les parametres pour la seconde 4tape d'intervalle, pour commander le moyen
d'usinage par dtincelage sont dtablis separd- formant circuit de
commutation de polari-     ment. te (10), afin d'appliquer la tension d'im-
pulsion pour usiner A travers l'intervalle  25  16. Procede d'usinage par
etincelage selon la re- d'usinage (G) dans la polarit primaire
vendication 14, dans lequel l'imp6dance a tra- quand la condition
electrique prescrite       vers l'intervalle d'usinage est detectee, et un
est presente & I'intervalle d'usinage (G),    nombre prescrit et reglable
d'impulsions de la et afin d'appliquer la tension d'impulsion    tension
d'impulsion d'usinage dans l'autre po- pour usiner A travers l'intervalle
d'usina-  30  larite est appliqu6 a travers l'intervalle d'usina- go (G)
dans la polarite secondaire quand      ge (G) quand il a ete detecte quo
l'impedance la condition lectrique prescrite n'est pas   A travers
l'intervalle d'usinage (G) est 4gale ou pr6sente a l'intervalle d'usinage
(G).        infrieure A une valeur prescrite. 13 Dispositif d'usinage par
etincelage selon la re-  35 vendication 12, dans lequel le moyen de de-
tection (500) des conditions d'intervalle est un moyen de d6tection
d'impedance, pour detec- ter Ai, oui ou non, l'impedance a travers l'inter-
valle d'usinage (G) est 6gale ou inferieure a   40 une valeur prescrite
(\3). 14. Procedd  d'usinage par etincelage pour usiner par etincelage une
pibce a usiner (W), on appliquant de fagon repetee une tension d'im-   45
pulsion d'usinage par un fluide d'usinage a travers un intervalle d'usinage
(G) forme entre une electrode d'usinage (E) et la piAce A usi- ner, le
procede d'usinage par etincelage com- prenant:
50 - une etape de comptage pour compter les impulsions de la tension
d'impulsion d'usinage appliquoe A travers l'intervalle d'usinage; - une
premibre dtape d'usinage par etince-  55 lage, conduite on reponse au
rcsultat de l'6tape de comptage pour appliquer la tension d'impulsion
d'usinage a travers 17    


