
GB 2 041 574 B        1 SPECIFICATION
leads to an increased frequencyof non-striking pulses. Method of, and
apparatus for, controlling electrical  As noted above, the critical
parameters involved in discharge machining
EDM include, apart from the electrode and work- 5
70 piece material as well as dielectric compositions, The present invention
relates to electrical discharge  machining pulse parameters, dielectric
supply, gap machining (EDM) and, more particularly, to an EDM    spacing
and gap decontamination. In addition, espe- method and apparatus or system
adapted to optim-    cially in WC-EDM orTW-EDM, thewire axial trans- ally
perform a plurality of control operations in  port velocity, the dielectric
resistivityand tempera- 10 electrical discharge machining.
75 ture, and the workpiece thickness must be controlled In EDM, a tool
electrode in the form of a three-   or, for control purposes, be strictly
taken into dimensionally shaped solid body (i.e. sinking-type
consideration. Control can be made upon monitor- EDM) or a continuous wire
or like elongated body     ing the status or machining condition in the EDM
(wire-cut EDM) is juxtaposed with a workpiece        gapin which machining
is in-progress. Because of 15 across a machining gap filled with a
machining fluid    80 instantaneous and consistent change, however, that or
liquid dielectric (e.g. kerosine, transformer oil,  the gap must
experiencein the EDM process, it has distilled water or weakly conductive
water). Electric  long been recognized in the art that it is extremely
energy in the form of discrete electrical pulses is  difficult to perform
control operations for these supplied across the fluid-filled machining gap
to    parameters in combination in a manner to yield 20 effect a succession
of electrical discharges between  85 optimal results for varying machining
requirements. the tool electrode and the workpiece to remove       The
difficulty arises from the fact that the EDM material from the latter. As
material removal pro-  process involves extremely complex phenomena ceeds,
the tool electrode is advanced relatively    and the parameters which
govern the process are toward the workpiece by servofeed means adapted
mutually interrelated in highly complicated manners 25 to maintain the
machining gap spacing substantially    go over extensive ranges. constant
thereby to allow material removal dis-       It should also be noted that
with ever increasing charges to be successively created. For example, in
demands on the EDM art in the industry in recent wire-cut (WC) EDM, also
called traveling-wire (TW)  years there have been imposed increasingly
diversi- EDM, the workpiece may be displaced along a         fied complex
operational requirements on an EDM 30 predetermined cutting path in a plane
transverse to  95 equipment To meet these requirements therefore, the axis
of the continuously axially traveling-wire  it has become mandatory that a
machine be equip- electrode under numerical control (NC). In sinking-  ped
with highly complicated and excessively costly type EDM, the tool electrode
may be advanced in the  and massive control circuits. direction of its axis
or along the Z-axis and additional  It is, accordingly, an important object
of the 35 relative movements may be imparted to the tool  100 present
invention to provide an improved EDM electrode and the workpiece in an X-Y
plane ortho-  parameter control method and apparatus whereby gonal to the
Z-axis to generate a cavity in the     difficulties hitherto encountered in
the individual workpiece.                                           control
of diverse interrelated machining parameters Parameters of individual and
successive electrical  in an EDM machine are overcome. 40 discharges, i.e.
pulse on-time [err], peak current Ip  105   Another object of the present
invention is to and off-time [err], are determinative of machining
provide an improved EDM parameter control system results, e.g. removal
rate, surface roughness and   which can readily and inexpensively be
adapted to relative electrode-wear and, therefore, are indi-   an existing
EDM machine tool to meet diverse vidually or in combination particularly
adjusted to  machining requirements and capabilities. 45 establish a
particular machining condition suitable    110   According to the present
invention, in a first aspect to achieve desired machining results.
thereof,a method of controlling a plurality of The contamination of the
machining gap region      different, mutually independent machining para-
with chips,tar and gases produced by machining      meters across a single
machining gap in the opera- discharges may be clarified by continuously or
tion of an EDM machine having a said single gap and 50 intermittently
flushing the gap with the fresh  -  -   115 a plurality of control devices
for variably regulating machining fluid and/or intermittently or cyclically
said machiningparameters,respectively, comprises retracting the tool
electrode away from the work-   programming a set of information each
representing piece to allow the fresh machining medium to be     a
predetermined set of values for each of said pumped into the machining gap
and the machining      different, mutually independent machining para- 55
contaminants to be carried away from the latter.  120 meters in a memory of
microprocessing unit; In order to increase the removal rate, it is also.
deriving from said machining -gap in said EDM desirable to operate the
electrode-feed servocontrol  machine a gap status signal representing a
measure system so as to minimize production of non-striking  of a
characteristic thereof; pulses or pulses without causing discharge. The gap
applying said gap status signal through a single 60 spacing can accordingly
be reduced but this can also   125 channel to an input interface and in
turn to said facilitate production of an continuous arc or result in
microprocessing unit; -difficulty in gap flushing or-decontamination. The
cyclically processing said set of information with attempt to facilitate
machining discharges tends to  said gap status signal in said
microprocessing unitto drop the removal rate-while the setting of the servo
provide through an outputinterface a plurality of 



65 system so as to-widen the threshold gap spacing   130 control signals
each individually representing a    GB 2 041 574 B
2 respective command to retrieve a preselected one of  memory (ROM) and
read/write memory (R/WM) said predetermined set of values of each of said
devices. The memory unit 2 has a predetermined set different, mutually
independent machihing  para-   of micro-instructions of numerical data
stored there- meters in each of said control devices; and        in with
respect to one or mote EDM parameters to be 5 applying said plurality of
control signals to said    70 controlled, i.e. EDM gap spacing, machining
pulses, plurality of control devices, respectively so that each  machining
fluid supply and so forth. control device individually establishes said
retrieved  Figure 2 shows the arrangement of programmed value of the
particular parameter.                 instructions or words stored in the
memory 2. It is According to the invention, in a second aspect     shown
that words C11, C21, C32,.... are programmed 10 thereof, apparatus for
controlling a plurality of  75 in successive addresses 000, 001, 002 ... ,
005, 006, different, mutually independent machining para-  007,...in the
memory 2. The readout ofthese words meters across a single machining gap in
the opera-  can be accomplished in the order of successive tion of an EDM
machine having a said single gap and  addresses or in anyother'order
desired. a plurality of control devices for variably regulating  For
implementation of the instructions, the 15 said machining parameters
respectively, comprises:   80 addresses can be set for a program counter so
that a microprocessor unit having a memory for stor-  for each count which
'the latter levels up, the CPU. ing therein a set of programmed information
each  performs readout. Accomplishment of given instruc- individually
representing a predetermined set of   tions set causes the program
counterto increase its values for each of said different, mutually indepen-
content at the next address to be retrieved as 20 dent machining parameters
85 subsequent instructions to advance processing. gap monitoring mearis for
deriving from said       Figure 3 shows an example of data structure
machining gap in said EDM machine a gap status     programmed in the memory
unit 2 for controlling signal representing a measure of a characteristic
the EDM gap spacingor machining feed. The data thereof;
shown comprise eight bits wherein the numbers of 25  an input interface
connected with said monitoring    90 feed drive pulses to be set are
appointed as B1=2, ..means through a single channel for applying said
82=10,...., B8= 1000.The eight bits are read out in gap status signal to
said microprocessor unit; and  parallel with one another and the divided
data means associated with said microprocessing unit   appear respectively
atthe corresponding data buses for cyclically processing said set of
programmed  connected to an arithmetic and logic 'unit ALU)3 in 30
information with said gap status signal to provide  95 the CPU 1 and are
transferred to a register 4 therefor. through an output interface a
plurality of control  A predetermined bit isthus chosen by data proces-
signals each individually represeting a command to  sing. retrieve a
preselected one of said predetermined     The control system of Figure 1 is
also fed through sets of values of said different, mutually indepen-  a
monitoring unit 5 with numerical data from an 35 dent machining parameters
to be applied to each of   100 EDM gap G which is formed between a tool
elec- said control devices respectively.              trode, e.g. wire
electrode and a solid three- Preferred ernbodiments of the invention will
now  dimensional electrode, and a workpiece machined be described, by way
of example only, with refer-  thereby. The gap G is shown having an EDM
power ence to the accompanying drawings, in which:      supply 6 of any
conventional design connected 40   Figure 1 is a functional block diagram
illustrating.a: 105 thereto to apply a succession of machining pulses
control system embodying the present invention;  therethrough. The
monitoring unit 5 comprises a Figure 2 is a schematic diagram illustrating
an  gap detector circuit 5a connected to the gap G for arrangement of
instruction words stored in succes-  sensing one or more gap electrical
variables such as sive addresses in a memory in the control system of  gap
voltage, current and impedance and a discrimi- 45 Figure 1;
110  nator or signal shaping circuit 5b for shaping the Figure 3 is a
schematic diagram: illustrating the  detected gap signal. The gap sensing
and 'signal structure of a certain instruction word in the memory  shaping
circuits 5a and 5b may be of any suitable in the system of Figure 1;
conventional configuration and may make use of an Figure 4 is a flow chart
of certain automatic   arrangement disclosed, for example, in US Patent 50
operations executed by the system of Figure 1;  115 No. 3,997,753 issued 14
December 1976, US Patent Figure 5 is a waveform diagram illustrating a
No.4,005,303 issued 25 January 1977, or US Patent succession of EDM pulses
which may be employed   No. 3,987,269 issued 19 October 1976. The signal in
conjunction with a control system of the present  from the gap monitoring
unit 5 characterizing the invention;
status or progress of electrical machining in the EDM 55   Figure 6 is a
functional block diagram illustrating    120 gap is passed through an
interface unit 7 and applied another form of the control system according
to the  as numerical data to the CPU 1. present invention applied to EDM
power supply and     In the CPU 1 the gap numerical data are storedin
control equipments; and              an accumulator 8 and dataprcessingis
effectedon Figure is a flow chart of certain automatic    the contents of
the aforementioned register 4 and 60 operations executed by the system of
fFigure 6.          125 the accumulator 8. The result is input to the
accumu- 



Referring to Figure 1, an EDM parameter control    lator 8 or ALU 3 and
control outputs are developed at system embodying the present invention
incorpo-      a plurality of output interfaces or  peripheral interface
rates a microprocessor or central processing unit    adapters(PIA's) for
controlling theEDM process. (CPU) 1 equipped with a memory unit 2 having
Two such interfaces or adapters 9 and 10 are shown 65 memory elements
comprising typically read-only 130 and may provide elctrode up/downfeed
commands    3                                                          GB 2
041 574 B   3 and drive pulse commands, respectively.              back to
the block 13 along loop A2 to command that The flow chart shown in Figure
4lists functional  new data be taken from the machining gap. steps involved
in the  operation of the system of             In this manner the control
system disclosed oper- Figure 1 for EDM gap control with a given procedural
ates by constantly monitoring change in the gap 5 step executed in each
block. The operation com-  70 status and data continuously derived from
the mences at a block 11 to actuate the system. In block  machining gap
representing the gap status is mic- 12 the flag bit FLG is cleared to
advance to block 13  roprocessed in the CPU 1. The weighted microp- where
it is inquired ifFLG=0. If machining is   rocessing by CPU 1 provides
output signals which progress at the EDM gap G, the negative NO is      are
directly applied to operate control devices to 10 answered and otherwise
the positive YES outputs     75 regulate the EDM gap. A constantly stable
and When NO is the answer, the system is allowed to      optimal control
thus ensues. advance to block 14 to permit the machining data
Various conventional control units other than the from the gap monitoring
unit 5 to be memorized in     servocontrol unit described may be placed
under the accumulator 8. In the subsequent block 15 it is   control of the
present system. Typical is an electrode 15 questioned if the data input to
the accumulator 8 or  80 reciprocating unit designed to operate by
intermit- the data A is equal to the minimum B1(=2) of bits  tently
retracting the tool electrode to increase the transferred from the memory
2. If A = B1, the output   chip-accumulated machining gap and to wash away
Y is issued and the system is advanced to block 16 to the contaminants from
the gap with the pumping allow the Bl=2 to be memorized in the register 4.
If   action. Such device may be combined with the servo 20A[err]B1 or N is
the output, other bits B2,....B8 are    85unit for control in response to
the monitoring of the compared sequentially and the coincident bit, say
discharge status in the machining gap. B2(=10), is selected for
memorization in block 17.  Likewise, parameters for machining puses as well
After set-up of the coincident bit the operation   as those for a machining
fluid supply can be proceeds to block 18 where the polarity of datum  A is
controlled. 25 questioned. If A<0, the output Y issues to permit, in     90
An EDM power supply comprises a DC source and block 19, a signal "l" to be
developed at the output    a power switch connected in series with the DC
interface 9. This signal indicates that the spacing     source and the
machining gap and may advan- between the tool electrode and the workpiece
at the  tageously be designed to provide across the latter gap G has been
reduced less than a preselected       pulse trains individually consisting
of elementary 30 threshold. Then,the signal may serve as a gap UP  95
pulses of predetermined peak current 1p, on-time [err] signal to cause the
electrode to be retracted to   and off-time [err], the pulse trains having
a duration increase the gap spacing.                          Ton with the
successive trains being separated by a If A>0, the answer N reaches block
20 to cause the  cut-off time interval Toff as generally illustrated in
output interface 9 to develop an "0" signal which  Figure 5. To this end, a
control or gating circuit for 35 may serve as a gap DOWN signal to allow
the     100 the switch and the output constitutes a system electrode to be
advanced to reduce the gap spacing.   element to be acted upon in response
to the In the next block, block 21, the inquiry is whether  discharge
condition. It is necessary that the pulse- the data in the register 4
becomes 0 or B<0. In the   train duration Ton be regulated to establish a
negative,the system proceeds to block 22 where a  particular machining
condition ranging from 40 command pulse is issued from the second output
105 finishing and roughing operations. The cutoff time interface 10 to
reduce the gap spacing. An electrode  interval Toff acts to clear an arcing
or short-circuiting drive unit (not shown) is provided which may
condition which may deveolop at the machining gap operate either in a
digital or analog mode by means  and also to permit the gap contamninants
to be of a pulse motor, electrical servomotor or hydraulic.  carried away.
These parameters and sometimes also 45 servomotor system.
110 the peak current Ip, pulse on-time [err] and off-time The output of
block 22 advances to block 23 to step  [err] are desirably controlled
sequentially as the down the register 4 for the bits B and then is fed back
machining conditions are to be altered and also in to block 21 along a loop
A1.As long as the block 22  consideration of electrode materials and
machining provides the  negative answer A, the output interface
configurations. 50 10 continues to provide command pulses.        115
Thus, advantageously the train duration Ton can The command pulses of the
interface 10 continue  be successively increased within a given range so to
be furnished until B<0 when the operation along  that a normal machining
state  may be maintained in the loop Al is halted. Thus,.the second
peripheral  the machining gap.If any abnormality appears, the interfce 10
furnishs the number of pulses corres-     duration Ton can be decreased
successively. A 55 ponding to the given bit B1=2 or B2=1 0 memorized   120
modified program can be kept applied so that a in block 16,17 in accordance
with the input data A. It    maximum value of the duration Ton may be con- 



follows that a particular bit is selected depending  stantly approached. An
optimal value of the cut-off upon the input magnitude and this results in a
time interval Toff for change in the opposite direc- weighted control for a
machining parameter to allow.  tions is likewise determined. 60 the
machining status or progress in the gap to be  125  in the program control
of the system, instead of improved rapidly and in an optimum mode. Weight-
incremental stepup or stepdown of the selected values ing with further
increased steps is of course     for a given, machining parameter, certain
analytical attained by increasing the number of bits for choice.  results
of input data may enable skipping over two The block 21 is shown having an
additional output    or three progressive steps in accordance with a 65
Which, when B<0, issues the answer Y which is fed    130 correspondingly
weighted control program to gain    4    GB 2 041 574 B an accelerated
achievement of a desired condition.           in the form generally
described in connection with Data previously appointed are all stored in
the            Figures 2 and 3. The readout of these words can be memory 2
for successive retrieval by CPU 1 which             done in the order of
successively memorized addres- analyzes and processes the contents of
inputs                ses or in any other order desired. 5   received from
the machining gap to provide a        70           The system of Figure 6
includes an output data desired number of commands successively to the
distributer 35 which communicates CPU 1 with aforementioned gate circuit
and other control units          control devices 29, 31 and 33 which
constitute so that an optimum gap condition may be estab-
peripheral unites or subsystems and include central lished.
processing unites 29a, 31a and 33a, respectively each 10 For example, if
the regulation of pulse interruption           75       equipped with
memories 29b, 31b, 33b. The device Ton, Toff proves to be insufficient to
remove the            33 thus serves to process with CPU 33a the output of
accumulation of machining chips in the gap, the tool         CPU 1
distributed by the unit 35 and to issue reciprocation will be strengthened
which acts to             servo-up and servo-down signals to the actuator
32 effectively enlarge the gap spacing to allow the             through
interfaces 33c and 33d, respectively. The 15        contaminants to be
sufficiently carried away. The    80        device 31 serves to process
with CPU 31a the output insufficient removal of the gap contaminants can
of CPU 1 distributed thereto by the unit 35 and to also be overcome by
strengtherning the machining             issue a control signal to the pump
30 through fluid supply. These multiple interdependent control
interface 31c. The device 29 serves to process with operations are
performed optionally under the                CPU 291 the output of CPU 1
distributed thereto by 20      judgement of CPU 1 to enable a desired
machining     85        the unit 35 and to issue to the gate circuit 28
on-time job to be achieved with an ultimate precision and in         and
off-time control signals through interfaces 29c a minimum of time.
and 29d, respectively. In Figure 6 there is shown a microprocessing
The EDM system illustrated in Figure 6 is generally control system of the
present invention as applied to        of the sinking type and it is
apparent that where a 25    various control elements in a conventional EDM
90        wire-cut type EDM machine is tho be controlled, an equipment
habind a power supply connected to the             x-y feed unit replaces
the vertical electrode feed 32 EDM gap G formed between the tool electrode
E and            and a unit for driving the wire electrode axially and the
workplace W. As previously mentioned, the                an electrode
vibrator arrangement may or should be power supply 6 includes a DC source
shown here at            additionally provided for control by CPU 1 through
30  25 and a power switch here shown at 26 by a bank of  95        the
distributors 35 independently or in conjunction power transistors 26
connected in parallel with one          with other controllable devices.
another between the DC source 25 and the machin-               CPU 1
operates to read out instructions and data ing gap G, each in series with a
parallel network 27 of      for gap spacing, machining pulses and
dielectric an choke and a unidirectional current conducting
liquid, these instructions being stored in the memory 35element. The
transistors 26 are energized by a       100        2 and perform the
corresponding series of data common gate circuit 28 having a pulse
parameter              processing. The readout and data processing are
control device 29 to periodically switch the transis-        performed in
conjunction with the output of the tors 26 on and off and, hence, to apply
across the           distributor 35. Where a time-sharing data distribu-
EDM gap a succession of machining pulses with                tion is
desired, a suitable set of time divisions may 40       controlled on-time
and off-time.                      105       be provided. A pump for
controlledly supplying a machining                The data configuration
programmed in the mem- fluid, e.g. kerosine or distilled water, to the
machin-      ory 2a may be in the form shown in Figure 3 for ing gap G is
shown at 30 and operated by a control           controlling, for example,
the EDM gap spacing or device 31. An electrode feed servocontrol unit is
machining feed. The data shown comprise eight bits 45     shown at 32 and
operated by a control device 33.      110       wherein the number of feed
drive pulses to be set As previously described, the control system of the
are appointed as B1=2, B2=10,...B5=100,... present invention has the
microprocessor or central          B8=1000. The eight bits are read out in
parallel with processing unit, (CPU) 1 fed with a control input
one another and the divided data appear respective- through the monitoring
unit 5 comprising the gap             ly at the corresponding data bases
connected to ALU 50    detector circuit 5a and the signal shaping network
115          3 in the CPU 1 and are transmitted to the register 5b. The
memory unit for CPU 1 comprises ROM's                          therefor. A
predetermined bit is thus chosen by data and R/WM's which are ahown at 2a
and 2b, respec-                       processing. 



tively. The gap status signal derived by the monitor-                    On
the other hand, in CPU 1, the gap numerical ing unit 5 is fed to CPU 1 via
the interface unit 7                    data from the input interface 7 are
stored in the 55   which converts it to the numerical form of process-
120         accumulator 8. The data processing is effected on able digital
signals as previously described.                          the contents of
the aforementioned register 4 and The data input through the interface 7 to
CPU 1 are                  the accumulator 8. The result is input to the
accumu- stored in the accumulator 8 therein are processed by
lator 8 which issues the processed output. ALU 3. The memory 2, here ROM's
2a, contains a                           Figure 7 shows a flow chart
listing successive 60   predetermined set of microprograms previously
125        functional steps involved in the operation of the system of
Figure 6 for EDM control wherein each    5
GB 2041 574 B       -5 cleared to advance to block 42 where it is inquired
if  In a subsequent time division, CPU 29a in the FLG is 0 or not. Now, if
machining is in progress at  pulse control device 29 may be selected for
response the EDM gap G, the negative NO is answered and     to the output
of CPU 1 and accumulates received otherwise the positive YES outputs. When
NO is the  signals for processing therein to provide control on 5 answer,
the system is allowed to advance to block  70 either or each of the pulse
on-time and on-time 43. Then the machining dataAfrom the gap
control interfaces29cand 29dwhich in turn operate monitoring unit 5 is
memorized in the accumulator 8  the gate circuit 28. and the subsequent
block 44 is reached. In the block  The gate circuit 28 may here comprise a
multiple 44 it is questioned if the data A input to the     ring counter
adapted to turn on and off power 10 accumulator 8 is equal to the minimum
B1 (=2) of  75 transistors 26 sequentially so that a succession of bits
transferred from the memory 2a. If A=B1, the  pulse trains individually
consisting of elementary output Y(yes) is issued and the system is advanced
pulses of on-time [err] and off-time [err] with the pulse to block 45 to
allow B1 =2 to be memorized in the  trains having a duration Ton anda
cut-off time register 4. If [err] or N(no) is the output, other bits
interval Toff are applied acrossthe machining gap G. 15 B2,... B8 are
compared sequentially and the coinci-    80 Thus, the gate circuit 28 in
conjunction with inter- dent bit, say B2 (=10), is selected for
memorization  faces 29c and 29dwhen operated by CPU 29a in in block 46.
response to the gap status ascertained provides an After set-up of the
coincident bit, the operation  optimal modification of machining pulses.
proceeds'to block 47 where if the data B stored in the  The duration Ton is
known to determine stock 20 register 4 is 0 or not, or B<0 is questioned.
If N is the    85 removal and hence a parameter to be chosen to alter
answer, block 48 isreached where the polarity of  : machined surface
roughness conditions, e.g. datum A stored in the accumulator 8 is inquired.
If  roughing and finishing. Appropriate commands for A<0, the output
Yissues arriving at block 49 to allow  the alteration from a particular
graduated roughing an up-signal to be furnished which commands the
condition to another or to a particular graduated 25 machining gap G to be
enlarged. On the other hand,    go finishing condition or vice versa are
generated by if A>, the answer N reaches block 50 to allow a    the
data-processing operation of CPU 1 based upon down-signal to be furnished
for narrowing the gap  a program stored in the memory 2 in response to a
spacing G. The system then advances to block 51    gap status signal
developed by the monitoring unit where the bit B in the register 4 is
stepped down,  5. 30 allowing the loopA 1 to be followed for feedback to
95  The extinghishment of an arc discharge or short- the block 47. This
looping continues and the com-  circuiting condition and the removal of
machining mand pulse is issued repetititively until B<0. Thus,  chips to
gain gap decontamination can be achieved pulses are issued corresponding in
number to the bit  during cut-off time intervals Toff which space suc- B1
=2 (or B2= 10 or so forth) stored in blocks 46 and  cessive discharge
trains from each other. Here again, 35. 46 in accordance with the input
data A. It follows that  100 CPU 1 provides command signals to alter and
adjust a particular bit is selected depending upon the input  optimally the
train cut-off time interval Toff by magnitude with the result that an
advantageous     choosing the same from preprogrammed values in weighted
control mode is effected for a machining  the memory 2 precisely in
response to the indication parameterto allow the machining status or
progress  of the monitoring unit 5. 40 in the gap Gto be improved rapidly
and with an  105  It may also be necessary to controlledly modify the
optimum effectiveness. Weighting with further in-  ratio of Ton and Toff or
to change these parameters creased steps is, of course, attained by
increasing  in combination with the pulse on-time <on,off-time the number
of bits for selection. Here again, the  <off and peak current Ip to meet
particular require- polarity inquiry block 47 for datum Bis shown     ments
arising from a particular choice of a machin- 45 having an additional
output which, when B<0,   110 ing mode, electrode materials, machining
configura- issues the answer Ywhich is fed back to the block 42  tion,
machining depth and so forth. along the loop A2 to command that new data be
All necessary information to be selected is stored drawn from the machining
gap G.                    in advance in the memory unit 2 and successively
or In this manner the control system disclosed oper-  appropriately
retrieved by CPU 1 in response to the 50 ates by constantly monitoring
change in the gap  115 input from the machining gap G to analytically
status and data continuously derived from the      process the contents and
then to provide a neces- machining gap .G representing the gap status is
sary number of control commands successively so 



microprocessed in CPU 1..The weighted microp-      that an optimal
machining status is approached. rocessing by CPU 1 provides output signals
which     Advantageously, the train duration Ton can be 55 are applied to
control devices 29,31 and 33 through    120 successively increased within a
given range so that a the distributor 35 which serves as a time-sharing
normal machining status may be maintained in the unit.
machining gap G. If any abnormality develops, the Thus, in a given time
division, CPU 33a in the   duration Ton can be decreased successively. A
servo control device 33 is selectively responsive to  modified program can
be kept to be applied so that a 60 the output of CPU 1 andaccumulates
received    125 maximum value for the duration may be constantly signals to
provide, in accordance with the result of  approached. An optimal value of
the cut-off time data processing, an electrode-advance or electrode-
interval Toff for change in the opposite directions is retraction signal
which is applied to the actuation  likewise determined In the program
control of-the unit 32 through interfaces 33c, 33d. A constantly  system,
instead of incremental or decremental 65 stable and optimal gap control
thus results.     130 change over selected values, for a given machining
G  2 41574B pararneter, certain analytical results of input data  -deriving
from said machining gap said EDM received may enable skipping over two or
three       machine gap status signal representing a measure progressive
steps in accordance with a correspond-   of a characteristic thereof; ingly
weighted control program to gain an acceler-  applying said gap status
signal through a single 5 ated achievement of a desired condition.
70 channel to an input interface and in turn to said CPU 31a in the control
device 31 for the pump 30   microprocessing unit; can then be activated in
the next time division by the  cyclically processing said set of
information with time-sharing distributor 35 to respond output         said
gap status signal in said microprocessing unit to signals issuing from CPU
1. Thus, for example, when  provide through an output interface a plurality
of 10 removal of machining chips from the gap region and    75 control
signals each individually representing a hence the forced flow of the
machining fluid is found  respective command to retrieve a preselected one
of to be insufficient by reason of any change in the gap  said
predetermined set of values of each of said status, the delivery pressure
or flow rate of the pump  different, mutually independent machining para-
3d can be increased to restore an optimal        meters in each of said
control devices; and 15 flushing condition.
80   applying said purality of control signals to said One or more
additional control devices for other  plurality of control devices,
respectively so that each machining parameters may be provided for activa-
control device individually establishes said retrieved tion by CPU 1 via
the time-sharing unit 35  For  value of the particular parameter. example,
the axial rate of travel of a wire electrode,    2. A method as defined in
Claim 1,further 20 the resistance and temperature of machining fluid  85
comprising applying predetermined weights to said (i.e. distilled water)
and the thickness of a workpiece  particular machining parameters
respectively, dur- maybe subject to further control in wire-cut EDM.   ing
microprocessing by said unit to provide said A cycle of time-divided
control for a predeter-   respective control signals. mined number of
machining parameters in repe-        3. A method as defined in Claim 1 or
2, further 25 ated. Time divisions assigned the individual control  90
comprising dividing a control period into a series of operations for
different parameters may each be set  segments and time-sharing over said
segments individually. Thus, the time division for machining  through said
output interface said particular control pulse control or servo-control may
be relatively long.  signals to be applied to the respective control The
command for controlling the machining fluid     devices. 30 supply may be
applied at a frequency much lower  95   4. Apparatus for controlling a
plurality of diffe- than, say one half or one third of that at which the
rent, mutually independent machining parameters command for pulse control
or servo-control is       across a single machining gap in the operation of
an transmitted.                                      EDM machine having a
said single gap and a For diverse machining parameters, the tim-
plurality of control devices for variably regulating 35 sharing control by
the system disclosed allows   100 said machining parameters, respectively
the appar- achievement of a markedly enhanced machining     atus
comprising: performance. Machining chips and other products   a
microprocessor unit having a memory for stor- accumulated in the gap are
effectively removed     ing therein a set of programmed information each
during pulse train cut-off time intervals whose     individually
representing a predetermined set of 40 duration is controlled adaptively.
When the chip  105 values for each of said different, mutually indepen-
removal action by the train interval control is    dent machining
parameters; insufficient, the machining gap can be cyclically   gap
monitoring means for deriving from said enlarged to promote the gapwashing
actionby the    machining gap in said EDM machine a gap status intermittent
electrode retraction unit which is con-  signal representing a measure of a
characteristic 45 trolled. Subsequently or substantially simultaneous-  110
thereof; ly the fluid supply unit can be controlledly activated  an input
interface connected with said monitoring to increase the fluid pressure and
flow rate. These  means through a single channel for applying said
muiltiple independent control operations are per-  gap status signal to
said microprocessor unit; and 



formed on a time-sharing basis under the judgement   means associated with
said microprocessing unit 50' and direction of a microprocessor to achieve
a  115 for cyclically processing said set of programmed desired end with
maximum efficiency               information with said gap status signal to
provide through an output interface-a plurality of control CLAIMS
signals each individually representing a command to retrieve a preselected
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independent machining parameters across  dent machining parameters to be
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information each  represent-  rocessing   by said unit to provide said
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signals different, mutually independent machining para-   6 Apparatus as
defined in claims 4 or 5, further 65 meters in a memory of microprocessing
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machine a gap status signal representing a measure progressive steps in
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gap status signal in said microprocessing unit to signals issuing from CPU
1. Thus, for example, when  provide through an output interface a plurality
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control devices for other  plurality of control devices, respectively so
that each machining parameters may be provided for activa-    control
device individually establishes said retrieved tion by CPU 1 via the
time-sharing unit 35. For     value of the particular parameter. example,
the axial rate of travel of a wire electrode,  2. A method as defined in
Claim 1, further 20 the resistance and temperature of machining fluid  85
comprising applying predetermined weights to said (i.e. distilled water)
and the thickness of a workpiece  particular machining parameters
respectively, dur- maybe subject to further control in wire-cut EDM.   ing
microprocessing by said unit to provide said A cycle of time-divided
control for a predeter-   respective control signals. mined number of
machining parameters in repe-         3. A method as defined in Claim 1 or
2, further 25 ated. Time divisions assigned to individual control  go
comprising dividing a control period into a series of operations for
different parameters may each be set  segments and time-sharing over said
segments individually. Thus, the time division for machining  through said
output interface said particular control pulse control or servo-control may
be relatively long.  signals to be applied to the respective control The
command for controlling the machining fluid     devices. 30 supply may be
applied at a frequency much lower  95   4. Apparatus for controlling a
plurality of diffe- than, say one half or one third of that at which the
rent, mutually independent machining parameters command for pulse control
or servo-control is       across a single machining gap in the operation of
an transmitted.                                        EDM machine having a
said single gap and a For diverse machining parameters, the time-
plurality of control devices for variably regulating 35 sharing control by
the system disclosed allows  100 said machining parameters, respectively,
the appar- achievement of a markedly enhanced machining        atus
comprising: performance. Machining chips and other products      a
microprocessor unit having a memory for stor- accumulated in the gap are
effectively removed     ing therein a set of programmed information each
during pulse train cut-off time intervals whose    individually
representing a predetermined set of 40 duration is controlled adaptively.
When the chip  105 values for each of said different, mutually indepen-
removal action by the train interval control is     dent machining
parameters; insufficient, the machining gap can be cyclically    gap
monitoring means for deriving from said enlarged to promote the gap washing
action by the   machining gap in said EDM machine a gap status intermittent
electrode retraction unit which is con-  signal representing a measure of a
characteristic 



45 trolled. Subsequently or substantially simultaneous-  110 thereof; ly
the fluid supply unit can be controlledly activated  an input interface
connected with said monitoring to increase the fluid pressure and flow
rate. These  means through a single channel for applying said multiple
independent control operations are per-   gap status signal to said
microprocessor unit; and formed on a time-sharing basis under the judgement
means associated with said microprocessing unit 50 and direction of a
microprocessor to achieve a  115 for cyclically processing said set of
programmed desired end with maximum efficiency.       A        information
with said gap status signal to provide through an output interface a
plurality of control CLAIMS
signals each individually representing a command to retrieve a preselected
one of said predetermined 55   1. A method of controlling a plurality of
different, 120 sets of values of said different, mutually indepen- mutually
independent machining parameters across    dent machining parameters to be
applied to each of a single machining gap in the operation of an EDM   said
control devices respectively. machine having a said single gap and a
plurality of  5. Apparatus as defined in claim 4, further com- control
devices for variably regulating said machin-  prising means associated with
said microprocessor 60 ing parameters, respectively, the method com-  125
unit for applying predetermined weights to said prising:
particular parameters, respectively, during microp- programming a set of
information each represent-  rocessing by said unit to provide said
respective ing a predetermined set of values for each of said  control
signals. different, mutually independent machining para-      6. Apparatus
as defined in claims 4 or 5, further 65 meters in a memory of
microprocessing unit;    130 comprising time-sharing means associated with
said    7
GB2041574 B            7 output interface for distributing the particular
control \-   signals in preset time divisions to said control devices,
respectively. 7. A method of controlling a plurality of machin- 5 ing
parameters in the operation of an EDM machine having a plurality of control
devices for variably regulating said machining parameters, respectively,
said method being substantially as hereinbefore described with reference to
Figures 1 to 5 or Figures 10 6 and 7 of the accompanying diagrammatic draw-
ings. 8. An apparatus for controlling a plurality of machining parameters
in the operation of an EDM machine having a plurality of control devices
for 15 variably regulating said machining parameters, re- spectively, said
apparatus being constructed, arranged and adapted to operate substantially
as hereinbefore described with reference to, and as illustrated in, Figures
1 to 5 or Figures 6 and 7 of the 20 accompanying diagrammatic drawings. 9.
An EDM machine comprising an apparatus for controlling a plurality of
machining parameters in the operation of said machine, said apparatus being
apparatus defined in any one of Claims 4,5,6 and 8. 25   10. A method of
electrical discharge machining a workpiece in an, EDM machine, wherein a
plurality of machining parameters in the operation of said machine are
controlled by a method as defined in any one of Claims 1 to 3 and Claim 7.
30    11. Aworkpiece which has been subjected to electrical discharge
machining in an EDM machine as defined in Claim 9 or by a method as defined
in Claim 10. Printed for Her Majesty's Stationery Office, by Croydon
Printing Company Limited. Croydon, Surrey, 1983. Published by The Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained.    


