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SPECIFICATION

E -Electrlcal drseharge machlning system
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. The present mventron relates to an electncal drs— :

charge machining {EDM) system and, more particu-
larly, to an improved EDM system in which separate
electrical functions are arranged for an intercon-
nected by a novel coupling instrumentation.

An EDM system commonly-comprises a plurality .

- of sub-sytems, i.e. a mechanical component.or -

machine propet, a power-supply unit, a dielectric-
supply unit and an electrical control unit. The power
supply provides a succession of controlled machin-
ing pulses across a machining gap formed between
atool electrode and a workpiece to.create a corres-
ponding.series of electrical discharges through the
dielectric-filled gap to remove material from the

workpiece. The mechanical part or machine proper

includes a column, a worktank and an electrode head

-or a work table which is associated with-an electrode

servo feed unit for controlledly advancing the tool
electrode relative to the workpiece. The electrode
head may also be equipped with a chip removal
mechanism for reciprocating or cyclically retracting
the tool electrode away from the workpiece, thereby

- facilitating the removal of machining chips from the
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machining area. The dielectric-supply unit is pro-
vided to handle a machining liquid medium and -
deliver it into the machining gap at a controlled rate -
or pressure. The electrical control unit is required to
act on these subsystems, thus to adequately control
the positioning of the tool electrode relative to the
workpiece, the rate of relative electrode advance-
ment and retraction, parameters for the machining
pulses and the rate of delivery of the machining -
liquid into the gap and may also include a variety of

-safety and regulation arrangements including a

short-circuit protection and power shut-off circuitry.
The control unit must be associated with agap -

- monitoring electrical circuit unit which monitors the
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prgress of machining in the gap by sensing the gap
current, voltage, impedance and/or the high-
frequency component in the gap voltage or current
on a per-pulse or average basis, thereby judging the:
suitability of the gap size or physical conditions:

In conventional EDM system, the gap detector unit
electrically connected with the machining gap is .
disposedrather remotely from the gap side in. which
machining discharges actually take place or de-
signed to detectthe voltage or current in the circuit
at a point or-points remote from the machining gap.

The EDM process is, however, characterized by the
utilization of high-energy and high-frequency tran-
sient arc discharges. The resistance in the power-
supply circuit is of an extremely low value, but the:

- presence of stray capacitance and inductance-in the
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power circuit lines must not be ignored..lt should
also be noted that the EDM gap constitutes a source

-of noise in.awide frequency band and does not- .-

necessarily yield a precise and reliable indication of
the state of electrical discharges or machmlng in the
EDM gap.

As detection and s:gnal lines are Iengthened the

detector and control circuits tend to malfunction due -
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to the noise which accompanies gap discharges and
the induction caused by the current passmg through
the power-supply lines.

In conventional EDM.system, it can be said,

‘therefore, that the detection of the gap state has

been achieved only incompletely, often accompa-
nied by midjudgment, and control operations based
upon inadequate detection have tended to lead to
unsatisfactory results..

It is accordingly a object of the present mventlon
to provide an improved EDM system having detec-
tion and c¢ontrol arrangements capable of reliably-
ascertaining the physical conditions of the EDM gap
and discharge characteristics instantaneously occur-
ring therein and which are substantially immune
from the induction.in the machining power circuit.
and the noise accompanying the machining. dls-
charges. -

The invention provrdes an lmproved EDM system
wherein a gap detection or monitoring circuit unitis
disposed in the vicinity of the EDM gap and has its
monitoring electrical output converted to a corres-
ponding optical signal which is transmitted by an-
optical cable to the location of a control circuitunit
which is remote from the EDM gap and where itis
reconverted to the original electrical signal- to acton

- apreselected control parameter.
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The gap monitoring circuit is preferably provided
with electromagnetic shielding. Furthermore, a con-
trol signal to be transmitted from a control circuit

. ‘unit to a control panel of the EDM machine is also
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preferably converted to an optical signal at the input
portion and the optical signal reconverted to the
original electrical signal at the output portion.
Accordingly, the improved EDM system according
to the present invention comprises: a mechanical
unit constituting an EDM machine tool, a power-
supply unit for providing a succession of machining
pulses controlledly to an EDM gap formed between a
tool electrode and a workpiece in the mechanical
unit, a machining-fluid supply unit for delivering a
machining fluid controlledly to the EDM gap, an -
electrical control unit disposed remote from the EDM
gap for controlling at least one of the mechanical
unit,.the power-supply unit and the machining-fluid- -
supply unit, and a gap monitoring electrical unit .
disposed in the vicinity of the EDM gap in the
mechanical unitfor providing an electrical signal
representing a gap discharge condition, the gap
monitoring unit having at its output an electro-
optical transducer-and the control circuit unit having

- at its input an ‘opto-electrical transducer, the electro-

optical transducer and the opto-electrical transducer
being mterconnected by an optlcal cable ortrans-
mission lines. ’ :

1n the accompanying: drawmgs

Figure 1is a schematicview partly elevauonal
partly in section and:partly in block form diagrama-
tically illustrating an improved EDM system
embodying the present invention, and

.'Figure 2-is a circuit schematic dlagrammatlcally

: ll!ustratmg the system of Figure 1.

“The EDM systém shown in Figure 1 includes a
machine-tool or mechanical unit 1.comprising a
machine bed 2, acolumn 3,anarm4and an-
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electrode head 5 assembled together in a usual
manner. A spindle 6 is.carried by:the head5as " -
movable vertically and has at its lower end a tool -
electrode 7 attached thereto. A workpiece 8is
juxtaposed with the tool electrode 7 and is carried by

‘a cross-table arrangement 9 which is.in turn -

mounted on the machine bed 2. The cross-table
arrangement 9 includes a guide member 10 for.an
X-axis displacement table 11.which inturn carried a

Y-axis displacement table 12, An electrically noncon-

- ductive plate 13 is disposed between the table 12 -
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and a worktable 14 on which a worktank 15 is formed

.and stands 16 carry the workpiece 8 to electrically

insulate the workpiece from the machine base 2.
Clamp members 17 are used to fixedly mount the
workpiece on the worktable 14 in the worktank 15.
The.system shown also includes an EDM power
supply comprising a DC source 18 and a power-
switch 19 shown by a transistor adapted to be turned
on and off alternatively to provide a succession of
machining-pulses across an EDM gap G between the
tool electrode 7 and the workpiece 8. One terminal of
the DC source 18 and the machine base 2 are both
grounded to.retain the.same potential.: - :
.In an internal space of the cross-table arrangement

‘9 there is disposed a gap sensing resistor 20 which

electrically bridges between the worktable 14 and
the machine base 2 so as to constitute a conductor in
series with the DC.source 18, the switch 19 and the
EDM gap G and hence to serve to sense the gap
current passing between the tool electrode 7 and the
workpiece 8. The sensing resistor 20is associated
with a gap monitoring unit 21 which is shown
installed with the machine base 2 but may also be
disposed in the internal space.of the cioss-table
arrangement 9. The gap monitoring unit 21 has an
electro-optical transducer 22 provided at its output
to convert the gap electrical signal denved by the -
unit 21 into an optical signal.

The optical signal is transmitted by an optlcal
cable or transmission line 23 comprising & bundle of
optical fibers of a design-well known in the optical

"~ communication art to an opto-electrical transducer
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24 provided at the input of a register 25 constituting
a portion of a control unit. The remainderof the
control unit shown includes a control circuit 26 for
the power switch 19 and a control circuit 27 fora -
stepping motor 28 used to controlledly advance the
tool electrode 7 in the direction of the workpiece 8. A
machine fluid or dielectric-supply unit 29 comprising
a conductivity-adjusting vessel 30 .and a pair of
pumps 31 and 32 is also shown and may be operated
by the output of the register 25. i

Referring to Figure 2, the dlscharge'monltorlng
circuit unit 21 is shown comprising Schmitt-trigger
circuits 33, 34, 35 and 36, AND gates 37,38, 39 and
40, and.an up/down counter 41. The electro-optlcal
transducer 22 may comprise four hght—emlttmg
elements (diodes) 42,43, 44 and 45.

The Schmitt-trigger circuit 33 has lts rg.errng
level set at an:extremely.low value and is provided to
sense the commencement of an electrical’ discharge
between the'tool electrode 7 and the workpiece 8. It
is the function of this element to.detect the'occurr-

65 ence of a gap electrical discharge which rf_nay be:of
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‘minute current. The Schmitt-trigger circuits 34 and

35 are triggered when the discharge current detected
through the sensing resistor 20-exceeds a minimum
and maximum permissible value Imin and Imax set
therefor, respectively. The Schmitt-trigger circuit 36
has its triggering level setto be slightly higher than

.-that of the Schmitt-trigger-circuit 35.

The output of the Schmitt-trigger circuit 33 is
applied to the four AND gates 37 to-40. The outputs
‘of Scmitt-trigger circuits 34, 35 and 36 are’applied
directly to the AND gates 38, 39 and 40, respectively
and also via inverter gates to the AND gates 37,38
and 39, respectively. '

. Itis seen therefore that when: the discharge current
detected is lower than the minimum value Imin, only.
the Schmitt-circuit 33 is triggered. Since the other.
circuits 34 to 36 are each in an untriggering state,
only the AND gate 37.is turned to provide a 1"

output while'the other AND. gates 38 to 40 remain to

have an “0” output. -

When the discharge current detected exceeds the
minimum value Imin but is lower than the maximum
value Imax, the Schmitt circuits 33 and34-are .
triggered to.cause only-the output of the AND gate

38to beturned to *1”. When the discharge is of a

currentwhich exceeds the value Imax butis not - -
sufficient to cause the circuit 36 to be triggered, only
the output of the AND gate 39 is turned to 1. When
an abnormal, excessive discharge is generated
which is of-a greater cu rrent, only the output 40is
turned to 1",

The up/down counter 41 shown is one. havmg ,
four-bit dl_splay_s 41-1,41-2,41-3and 41-4 and also a
count-up terminal 41-5, a count-down terminal 41-6
and areset mput terminal-41-7 adapted to receive
the output pulses of AND gates 37, 39 and 40,
respéctively.

in the state. shown, the display 41 -3 is actuated to

-indicate the state “1"" to cause the corresponding

light-emitted element 44 to illuminaté. In this state,
when the count-up terminal 41-5 is furnished with an
output puise of the AND gate 37, the display.
indicating 1" is shifted to 41-4. When this state is
established, no shifting takes place if there is a

further input to the count-up terminal 41-5.-

The count—down terminal 41-6 is furnlshed with an
output pulse froim the AND gate 39. Eachtime itis
furnished, the display indicating *'1" is shifted by

"one bit and thrs continues until the portron 41 1 is -

reached. .
' Furthermore, when the reset termmal 41 -7 is

. furnished with.an output pulse of the ANDgate 40,
: the 1" d|spla is'shifted, regardless of lts partlcular

previous position, to the portion 41-1. .
The first tg fourth display portions. 41 1 tod1-4 of

" the-four bit dlsplay counter 41 are arranged to .

oorrespond to the four light-emitting elements 42 to
45, respectiy light-emitting element is illumin-

- ated which cotfesponds to a display that indicates
light signal is transmitted through .

the 1" stat

the optical tramsmission line, i.e. optrcal cable,to the

. opto-electrlcat transducer 24, :

The opto-electrlcal tra nsducer 24 comprlses four
photo-elect "c_al éonverting elements 4610 49. The

5.comprises amplifiers 50to 53.and a *

. @ =fifive



uppermost bits. This causes the tool electrode 7 to
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memory 54. R be advanced &t a greater rate and the pulse interval
The switching control circuit 26 for the EDM power toff to be reduced. On the other hand, when an
switch 19 comprises AND gates 55 to 58, timers 59 to electrical discharge which exceeds in intensity a
62 which adjustably sets a time interval toff between preselected maximum permissible extent occurs,
5 successive machining voltage pulses, a timer 63 for 70 the 1-record position of the memory 54 is stepped
setting the duration Ton of machining pulses, an OR down to the lowermost bit to cause the rate of
gate 64 and an RS bistable element 65. electrode advancement to be reduced and the pulse
The memory 54 is used to memorize the same off-time toff to be increased.
contents as indicated by the display of the up/down In the arrangement shown, the sensing resistor 20
10 counter 41 and the memorized data are transmitted 75 and the associated unit 21 for monitoring the
to the switching control circuit 26 and to the discharge state in the gap G in response to the input
stepping-motor control circuit 27. terminal voltage are disposed in the vicinity of the
The stepping-motor control circuit 27 operates to machining gap G. Locating this unit at a zone in
drive the stepping-motor 28 at a rate determined by which itis substantially completely shielded from
15 the record position in the memory 54-1. Thus, the 80 the electro-magnetic radiation ensures a reliable
stepping-motor 28 is rotated at a maximum rate detection of the discharge condition in the gap
when the record position of the memory 54 lies at without influence of the noise generated in the
the uppermost bit 54-4 and at a slower rate as the discharge site. Furthermore, the use of an optical
record position is shifted to a lower bit. The machin- transmission line to transmit the detection signal in
-20 ing feed of the electrode 7 relative to the workpiece 8 85 the present sytem makes it to be substantially
is effected accordingly. If the record position stays at immune from the induction by the machining cur-
the lowest bit 54-1 for a predetermined period of rent and power circuit to allow a desired control
time, the rotation of the stepping motor 28 is operation to be accomplished with reliability.
reversed and driven quickly to allow a reciprocation _ It should be appreciated that implementations of
25 of the tool electrode 7. Besides controlling the 90 the present invention are not limited to the particular
advance rate of this category, various modes of embodiment illustrated. Thus, any possible form of
servo control are possible. In the case of a differen- determination of gap discharge conditions, any
tial servo controt operation, for exampie, the switch- possible choice of gap variables for detection, any
ing of a reference voltage supply may be effected. possible arrangement of logic circuits, any practic-
30 In the switching control circit 26, the inversion of 95 able form of electrode feed and any particular form
the bistable device 65 to the set state causes the of the application of machining pulses may be
switching element 19 to be conducting to allow a employed. Furthermore, the illustrated system can
voltage from the power supply 18 to be applied be modified such that electro-optical transducer
. between the tool electrode 7 and the workpiece 8 elements 42 to 45 may be operated directly by
35 thereby permitting an electrical discharge to be 100 output pulses of Schmitt-trigger circuits 33 to 36 or
effected across the machining gap G and atthe same by output pulses of AND gates 37 to 40 to provide
time causes the timer 63 to operate. The timer 63 converted optical signals for transmission by the
upon lapse of a predetermined time ton provides a optical cable 23.
short output pulse to reset the RX bistable device 65. In the illustrated system, the sensing resistor 20 is
40 Then, the switch 19 is rendered nonconducting and 105 shown installed in the cross table and the associated
the timer corresponding to the record position of the gap minitoring unit in the machine base, although it
memory 54 is actuated. In the state shown, the . should be noted that these may alternatively be
recordd position of the memory 54 lies at the bit 54-3 located within the spindle 5, the electrode head 5,
so that the reset signal of the RS bistable device 65 the arm 4 or the column 3, thus essentially in the
45 operates the timer 61 via the AND gate 57. 110 vicinity of the EDM gap. )
The timer interval or off-time toff between succes- it should be noted that the present invention is
sive machining voltage pulses is set at various applicable to not only a sinking-type EDM but also a
values at timers 59 to 62. Here, the timer 59 provides wire-cut EDM system.
) a longest off-time toff and timers 60, 61 and 62
50 provide successively reduced values for the off-time 115 CLAIMS
toff. The timer 59, 60, 61, 62 is thus selectively
actuated according to the foregoing process and, 1. Anelectrical-machining machine tool for car-
upon expiration of a particular time-duration toff set rying out an electrical discharge machining process
therein, provides a short output pulse which feeds on a work-piece when mounted on said tool in
55 via the OR gate 64 into the set terminal of the RS 120 electrical discharge machining relationship with an
bistable device 65 to bring it into a set state. The ' electrode system of said tool, and having electrical
process is effected cyclically and a succession of control means for controlling said process in accord-
machining pulses ensue. ance with conditions prevaiing in an electrical dis-
In the course of electrical discharge machining charge machining gap that separates said work-
60 with the control arrangement shown, when an 125 piece from said electrode system, said control
electrical discharge which is too weak in the machin- means being disposed remotely from said gap,
ing action is created, the 1-display position of the wherein \
up/down counter 41 and the 1-record position of the {a) said gap conditions are monitored by electrical
memory 54 are stepped up to their respective gap-monitoring means disposed relatively close to
65 130 said gap,
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memory 54.

The switching control cnrcunt 26 forthe EDM power
switch.19 comprises AND gates 55 to 58, timers 59 to
62 which adjustably. sets atime mterval <off between

successive machining voltage pulses, a timer 63 for

. setting the duration ton of machining pulses, anOR
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gate 64 and an RS blstable element 65...

The memory 54is. used to memorize the same
contents as indicated by the dlsplay of the up/down
counter 41 and the memorized data are transmitted -
to the switching control circuit 26 and to the
steppmg-motor control CII'CUIt 27.. o

. The. steppmg-motor control ci rcu |t 27 operates to
drive the stepping-motor 28 at a rate determined by
the record position in the memory 54-1. Thus, the
stepping-motor 28 is rotated at a maximum rate

-.when the record posmqn of the memory 54 lies at
- the uppermost bit 54-4 and at a slower rate asthe
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record position is shifted to a Iower bit. The machin-
ing feed of the electrode 7 relative to the workpiece 8
is effected accordingly. If the record position stays at
the lowest bit 54-1 for a predetermmed period of
time, the rotation of the stepping motor 28 is
reversed and driven quickly to allow a reciprocation
of the tool electrode 7. Besides controlling the
advance rate of this category, various modes of
servo control are possible. In the case of a differen-
tial servo control operation, for example, the switch-
ing of a reference voltage supply may be effected.

In the switching control circit 26, the inversion of
the bistable device 65 to the set state causes the
switching element 19 to be conducting to allow a
voltage from the power supply 18 to be applied
between the tool electrode 7 and the workpiece 8
thereby permitting an electrical discharge to be
effected across the machining gap G and at the same
time causes the timer 63 to operate. The timer 63
upon lapse of a predetermined time ton provides a
short output pulse to reset the RX bistable device 65.
Then, the switch 19 is rendered nonconducting and
the timer corresponding to the record position of the
memory 54 is actuated. In the state shown, the
recordd position of the memory 54 lies at the bit 54-3
so that the reset signal of the RS bistable device 65
operates the timer 61 via the AND gate 57.

The timer interval or off-time toff between succes-
sive machining voltage pulses is set at various
values at timers 59 to 62. Here, the timer 59 provides
alongest off-time toff and timers 60, 61 and 62
provide successively reduced values for the off-time
toff. The timer 59, 60, 61, 62 is thus selectively
actuated according to the foregoing process and,
upon expiration of a particular time-duration toff set
therein, provides a short output pulse which feeds
via the OR gate 64 into the set terminal of the RS
bistable device 65 to bring it into a set state. The
process is effected cyclically and a succession of
machining pulses ensue.

In the course of electrical discharge machining
with the control arrangement shown, when an
electrical discharge which is too weak in the machin-
ing action is created, the 1-display position of the
up/down counter 41 and the 1-record position of the
memory 54 are stepped up to their respective
uppermost bits. This causes the tool electrode 7 to
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be advanced at a greater rate and the pulse interval
toff to be reduced On the other hand, when an .
electrical discharge which exceeds in intensity a .
preselected maximum permissible extent occurs,

_the 1-record:position of the memory:54 is stepped

down to the lowermost bitto.cause the rate of -
electrode advancement to be reduced and the pulse
off-time toff to be increased. o

In the arrangement shown, the sensing resistor 20
and the associated unit 21 for monitoring the
discharge state in the gap G in response to the input
terminal voltage are disposed in the vicinity of the
machining gap G. Locating this unit at a zone in

.which it is substantially completely shielded from

the electro-magnetic radiation.ensures a reliable
detection of the discharge condition in the gap. -
without influence of the noise generated inthe . .
discharge site. Furthermore, the use of an. optlcal
transmission line to transmit the detection signal in
the present sytem makes it to be substantially
immune from the induction by the machining cur-
rent and power circuit to allow a desired control
operation to be accomplished with reliability.

. {tshould be appreclated that implementations of
the present invention are not limited to the particular

_embodiment illustrated. Thus, any possible form of

determination of gap discharge conditions, any .
possible choice of gap variables for detection, any
possible arrangement of logic circuits, any practic-
able form of electrode feed and any particular form

.of the application of machining pulses may be

employed. Furthermore, the illustrated system can
be modified such that electro-optical transducer

-elements 42 to 45 may be operated directly by

output pulses of Schmitt-trigger circuits 33 to 36 or
by output pulses of AND gates 37 to 40 to provide
converted optical signals for transmlssmn by the
optical cable 23.

In the illustrated system, the sensing resrstor 20is
shown installed in the cross table and the associated -
gap minitoring unit in the machine base, although it
should be noted that these may alternatively be '

located.within the spindle 5, the electrode head 5,
.the arm 4 or the column 3, thus essentlally in the

vicinity of the EDM gap.

.It:should be noted that the present inventionis
apphcable to notonly a smklng-type EDM but also a
wire-cut EDM system. .

-CLAIMS .

1. An electrical-machining machine tool for car-
rying out an electrical discharge machining process
on a work-piece when mounted on said tool in
electrical discharge machining relationship with an
electrode system of said tool, and having electrical
control means for controlling said process in accord-
ance W|th conditions prevaiing in an electrical dis-
charge machining gap that separates said work-
piece from said electrode system, said control
means being dlsposed remotely from said gap, _
wherein

{a) said gap conditions are momtored by electrlcal
gap-monitoring means dlsposed relatlvely closeto
said gap,
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(b) electrical output signals of said monitoring
means are converted into corresponding optical
signals by electro-optical converting means dls-
posed close 1o said monitoring means. _

5 {c)said corresponding optical signals are transmit-
ted by optical transmission line means to opto-
electrical converting means dlsposed close to-said
control means,

{d) said optical signals are re-converted into

10 correspondinig electrical signals by said opto-
electrical converting means,and

(e) said control means is responsive to sald
corresponding electrical signals.

2. An-electrical-machining machlne tool accord-

15 ing to Claim 1, including

{a) electrical gap-monitoring means disposed
closeto said machining gap,

(b) electro- -optical converting means disposed’

‘close to said monitoring means for converting

20 electrical output signals of said monitoring means
into corresponding optical signals, '

{c) opto-electrical converting means dlsposed
adjacent said control means for supplying thereto
electrical signals dependent on said machmmg gap

25 conditions, and

{d) optical transmission line means for conveying
said correspondlng optical sngnals to said opto-
electrical converting means.

3. Aprocess of electrical discharge machining a

. 30 workpiece when disposed in electrical discharge
machining relationship with an electrical discharge -
machining electrode system, which process is con-
trolled automatically by control means disposed
remotely from a machining gap that separates said

35 workpiece and said electrode system in accordance
with conditions prevailing in that machinirig gap,
wherein electrical signals dependent on said '
machining gap conditions are converted at a posi-
tion close to said gap mto corresponding optical

40 signals, which signals are then transmitted along
optical transmission line means and are subsequent-
ly reconverted at a position adjacent said control
means into corresponding electrical signals, which
electrical sighals are supplied to said control means

45 as control signals. :

4. An electrical’ dlscharge machlmng (EDM) sys-
tem comprising:

amechanical unit constituting an EDM machine
tool;

50 apower supply unit for providing a successnon of
machining pulses controlledly to an EDM gap
formed between a tool eiectrode and a workplece in
gaid mechaniical unit;

a rnachmmg-f_lmd supply unit for delivering a

55 :machin‘ing'fluid.ébnt'relIedIy to said EDM gap;

an electrical control unit disposed remote from
said EDM gap for controllmg at least one of said
mechanical unit, said power-supply unit and sald
machmlng fluid supply unit; and

60. a gap monitoring electrical unit disposed in the
vicinity of the EDM gap in said mechanical unit for
providing an electrical signal representing a gap
discharge condition,

said gap monitoring unit having at its output an

65 electro-optical transducer,
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said controf circuit unit having atits mput an

' opto-electrlcal transducer,

" said electro-optical transducer and said opto-

" electrical transducer being mterconnected by an

optlcal transmission line.
5. An electrical- machlmng machine tool accord-
ing to any of the Claims 1 to'3, susbstantially as _ L
hereiribefore described with reference to, and as ot
illustrated in, Figure 1 alone or in combination with o
Figure 2 of the accompanying drawings. =~ *
6. A process of electrical discharge machining
according to Claim 3, substantially as hereinbefore
described with reference to Figure 1 alone orin

" combination wnth Flgure 2 of the accom pany| ng

drawings.

7. Aworkpiece that has been subjected to an
electrical discharge machining process according to
Claim 3 or Claim 8, or on a machine tool accordmg to

© anyone of the Clalms 1tob.
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