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ELECTRIC DISCHARGE MACHINE

AND ELECTRIC DISCHARGE MACHINING METHOD

EILED OF THE INVENTION

The present invention relates to a an electric discharge
machine and an electric discharge machining method, in which .
machining is executed to a work by generating an electric
discharge between an electrode and the work( and more
particularly to an electric discharge machiné and an electric

discharge machining method in which an accurate machine area can

be obtained by computing a machined area during electric

discharge machining.

BACRGROUND OF THE INVENTION

Fig. 12 is a view showing machining conditions empioyed in
the conventional type of electric discharge machine for general
diemilling. In this figure, appropriate machining conditions
are set for each machined area. For this'reason, in a case
where an operator executes-machining in which a machined area
varies to each machined area, the operator prepares a
complicated program in which machining conditions are changed
according to change in depth of each machined area, and then
executes desired diemilling'to a work.

In relation to what was described above, as the conventional

type of electric discharge machine, - there is, for instance, the
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“electrically energyzing machining apparatus” as disclosed in
Japanese Patent Publication No.35273/1976. In this machine, a

value corresponding to a machined area is recognized, and

machining conditions are automatically set to optimal ones.

Also as another electric discharge machine based on the
conventional technology, there is, for instance, the "wire cut
electric discharge machine" disclosed in Japanese Patent Laid-
Open Publication No.7523/1984. In this machine, a thickness of
a work. is detected from a machining current wvalue and a
machining speed, and machining conditions are changed according
to a result of the detection. '

However, in the T"electrically energyzing machining
apparatus"” based on the conventional technology described
above, a waveform in electric discharge is not constant, so
that, although a value'basically corresponding to a machined
area can be - ocbtained, the precision is rather 1low, and
furthermore although substantial increase or decrease in area
can be recognized to a certain degree, an absolute value for a
machined area can ﬁot be obtained.

Also in the "wire cut electric discharge machine" based on
the conventional technology as described above, machining rate
is computed by using an actual machining cﬁrrent value. In
electric discharge machining, even if an average current is
kept constant, when a waveform of the current largely changes,

the machining efficiency remarkably changes, and such factors
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as a peak current value or a pulse width of an electric
discharge pulse substantially change, so that determination of
a machined area sometimes becomes difficult for certain

machining current values.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
electric discharge machine and an electric discharge machining
met.hod in which machining efficiency as well as machining
performance in electric discharge machining can be improved by
accurately computing a machined area depending on the fact
that, iﬁ a case .where a current waveform of an electric
discharge pulse is kept constant, a machining rate for a work
is substantially equal to a product of a machining/removal rate
by one electric discharge pulse contributing to machining by a
number of effective electric discharge pulses each contributing
machining and further more that a machining/removal rate by one
electric discharge pulse is decided by ‘a current waveform and
by executing electric discharge machining in suitable machining
condition according to the computed machined area.

With the present invention, a pulse determining section
determines whether an electric d;'.scharge pulse is an effective
electric discharge pulse contributing to machiﬁing and an
ineffective pulse not contributing to machining, a pulse
eounting section counts a number -of electric discharge pulses

-
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determined as an efféctive electric discharge pulse( a
machining speed measuring section measures a rate of machining
in the axial direction, a dividing section divides a number of
electric discharge pulses by a rate of machining in the axial
direction, a storage section stores constant data presef
according to electric conditions such as a waveform for a
current due to materials of an electrode and ‘a work or
generation of electric dischafge, and é machined area computing
section computes a machined area according to the divided data
and the stored constant data.

Other objects and features of this invention will become
understood from the following description with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram showing a schematic configuration
of Embodiment 1 of an electric discharge machine according to
the present invention;

Fig. 2 is a flow chart showing a sequence of electric

' discharge machining in the electric discharge machine according

to Embodiment 1;
"Fig. 3 is a block diagram showing a schematic configuration
of an electric discharge machine according to Embodiment 2;
Fig. 4 is a flow chart showing a sequence of electric

discharge machining in the electric discharge machine according
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to Embodiment 2:.

- Fig. 5 is a block diagram showing é schematic configuration
of an electric discharge machine according'to Embodiment 3;

Fig. 6 is an explanatory viéw showing a relation between
generation of icicle and a machining condition;

Fig. 7 ié a flow chart showing a sequence of electric
discharge machining in the eleéctric discharge machine according
to Embodiment 3;

Fig. 8 is a block diagram showing a schematic configuration
of an electric discharge machine according to Embodiment 4;

Fig. 9 is an enlarged cross-sectional view showing a
relation between an electrode and a work as a model thereof;

Fig. 10 is an explanatory view showing an example of
switching a machining condition at starting of the machining;

Fig. 11 is a flow chart showing a sequence of electric
discharge machining in the electric discharge machine according
to Embodiment 4; and

Fig. 12 is an explanatory view showing machining conditions
used in a conventional type of an electric discharge machine for

normal engraving.

DESCRIPTION OF THFE PREFERRED EMBODIMENTS
A description is made hereinafter for embodiments of an
electric discharge machine according to the present invention

with reference to the related drawings. Fig. 1 is a block

\
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diagram showing schematic configuration of the electric

.discharge machine according to Embodiment 1 of the present

invention. |

In Fig. .l, designated at the reference numeral 101 is an.
electrode, at 102 a work to which aﬁ electric discharge
machining ié executed by the electrode 101, ahd at 103 a pulse
determining section for determining whether an eléctric
discharge pulse generated during execution of electric
discharge from the electrode 101 to the work 102 _is an
effective electric discharge puise contributing to machining of
the work 102 or an ineffective pﬁlse not contributing to
machining of the work 102.

Also in the figure, designated at the reference numeral 104
is an effective electric discharge pulse generating section for
generating a single strike of pulse in response to an effective
electric discharge pulse when an electric discharge pulse
determined as an effective electric discharge by the pulse
determining section 103 is generated, at 105 a defective pulse
generating secﬁion for generating a single strike of pulse when
an electric discharge pulse determined as a defective pulse by’
the pulse determining section 103 is generated, and at 106 a
short-circuit pulse generating section for generating a single
strike of pulse when an electric discharge pulse determined as
a short-circuit pulse by the pulse determining section 103 is

generated.

Thls Sheet Has Been Replac

AL IIII

THIS SMEET HAS BEEN
REPLACED




10

15

20

25

Also in the_figure, "designated at the reference numeral-loa_
is an effective eleétric discharge pulse counting seétion for
counting a number of pulses per unit period of time (e.g. 10
seéond) generated 1in the effeétive electric discharge
generatiné section 104, at 108 a machining speed measuring
section for measuring a rate of machining in .the axial
direction per unit period of time, and at 109 a dividing
section for dividing a number of pulses of an effective
electric charge pulse per unit period of time counted by the
effective electric charge pulse counting section 107 by a rate
of machining in the axial direction per unit pgriod of time
measured by the machining speed measuring section 108.

Also in the figure, designated at the reference numeral 110
is a storage section for storing at least one or more values
decided by electric conditions according to a waveform of
discharge current or a material for an electrode and a méterial
for a work, and at 111 a machined arealcomputing section for
computing a machined area by using an output result outputted
from the dividing section 109 and a value or values stored in
the storage section 110.

Next, a description is made for pringiples of computing a
machined area, as an example, in a case where machining is
executed in 'the Z-axial direction, namely in the vertical
direction. At first, assuming that a rate for removing the

work 102 by a single strike of electric discharge under
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prespecified machining'conditions is kept constant, a value

corresponding to the machined area is computed from a rate of

'machining and a rate of machining thereof in the Z-axial

direction per unit period of time.

Assuming that a volume of removing a work 102 by a single
strike of electric discharge is set to v, a rate of machining
the work per unit period of time is set to V, a rate of
machining in the Z-axial direction per unit period of time is
set to 1 (L), a number of effective electric discharge pulse
per unit period of time is set to n, and a machined area is set
to S, a rate of machining a work V can be obtained by a product
of a volume v of removing the work 102 by a single strike of
electric discharge and a number of pulses of an effective
electric discharge n per unit period of time, or a machined
area S and a rate of machining 1 in the Z-axial direction per
unit period of time.

Namely, a rate of machining a work can be obtained by the
expression the following expression:

V=ven=s - 1 c v (1)
. With the expression (1) described above, a machined area S

can be obtained by dividing the product of a volume v of

.removing a work 102 with a single strike of electric discharge

and a number of pulses n of an effective electric discharge per

unit period of time by a rate 1 of machining in the Z-axial

direction per unit period of time.
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Namely, an expression for obtaihing a-machined a:eé is as

follows: _
S= v'n/1 | — (2)

In a case where a waveform of a current pulse 1is kept
constant, a volume v of removing a work with a single strike of
electric discharge becomes a cdnstant. For this reason, with the
expression (2) ‘described above, a machined area S can be
computed by measuring a number of effective electric discharge
pulses n per unit period of time and a rate of machining 1 in
the 2Z-axial direction per unit period of time. Also the
expression (1) described above can bé expreésed as follows.

Namely,

n / i =8/ v= é *+ S 0 (3)
Herein c¢ indicates a constant.

It is obvious from the expression (3) described above that
n/l is proportionate to the machined area S. Accordingly, a
value for n/l1 is computed for each machining condition, and a
machined area S can be compﬁted if a constant c is obtained.

As described above, the dividing section 109 computes the
value for n/l described above; and the machined area computing
section 111 computes a machined area S by using an output
result outputted from the dividing section 109 and the constant
c described above stored in the storage section 110.

Next, a description is made for operations in Embodiment 1.

Fig. 2 is a flow chart showing a sequence of electric discharge
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machining in the electric discharge machine _acéording to

" Embodiment 1. In the flow chart, the electric discharge machine

starts electric discharge machining (S1), and starts measuring

a time of preset unit period of time (S2). Herein, an adequate

interval between an electrode 10l and a work 102 is maintained,

like in general electric discharge machining, by adjusting
coordinate values in the X—axisﬁ Y-axis, and Z-axis not shown
herein while electric discharge machining is executed.

In this step, the pulse determining section 103 determines

whether an electric discharge pulse is an effective electric

'discharge pulse contributing to electric discharge machining,

or an ineffective pulse not contributing to electric discharge
machining (S3). Herein, an ineffective pulse not contributing
to electric discharge machining indicates a pulse not effective
to machining such as a pulse when an arc is generated or a
harmful pulse other than a defective pulse and a short-circuit
pulse or the like.

In the step 83, in a case where it is determined that the
discharged pulse is an effective electric discharge pulse, the
effective electric discharge generating section 104 generates
a single strike of pulse in response to the effective electric
discharge pulse described above (S4).

Then the single strike pulse generated in the effective

electric discharge generating section 104 in the step S4 1is

counted as a pulse determined as an effective electric
-0 This Sheet Has Been Replaced
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discharge puise by the effective” electric discharge pulse
counting section 107 (S5). |

| In the step S3, in a case where it is determined that the
discharged pulse is not an effective electric discharge, system
control skips each step in step S4 as well as step S5, and
shifts to a processing in step S6.

Then determination is made as to whether a specified unit
period of time has passed or not after starting measurement of
a time for a unit period of time (S6). In the step S6, in a
case where it is determined that the unit period of time has
not passed, system control réturns to the step S3, and
repeatedly executes each step from step S3 to step S6. As a
result of that, a number of single strike of pulses counted by
the effective electric dischafge pulse counting section 107 is
outputted to the dividing section 109 in the step S5.

In the step S6, in a case where it is determined that the
unit period of time has passed, a machining speed in fhe
machining direction, namely a feed speed for an electrode 101
is measured by the machining speed measuring section 108 (87).
Operations for the processing in this step may be executed
concurrently with an operation for counting a number of
effective electric discharge pulses (Step S2 to Step S6).

As a method of measuring a machining speed it is recommended

that a device for recording a value for the deepest position of

machining, namely a position where the macﬁififfﬁfffffﬁgi;mgst
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is provided and a machining speed is obtained from the value.
Generally control is provided so- that a distance of an
eiectrode and a work is kept.constant in thé electric discharge
machining. However, there is sometimes a case where, fdr
instance, a distance between electrodes becomes fleetingly
large like immediately after the short-circuit in the distance
between electrodes.

If a machining speed is measured at the point of time
described above, a case where an accurate value can not be
measured is generated. And for this reason, a more accurate
value can be measured by recording a p§sition where a machining
processing proceeds most and by measuring a machining speed
according to the wvalue.

Then, in the dividing section 109 the effective electric
discharge pulse per unit period of time obtained in the step S5
is divided by -a result of measurement of the machining speed
obtained in the step S7 (S8). After the step, a machined area
is computed from the result of division in step S8 and the
constant ¢ stored in the storage device 110 by the machined
area computing section 111 (SS). The computing of a machined
area is executed according to "the principles for computing a
machined area" as described above.

Determination is made as to whether the electric discharge
machining has been finished or not (S10). In the step S10, in

a case where it is determined that the electtic discharge
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machining has not been finished, system control returns tQ the
step S2, and éach operation in each step from step S2 to step
S10 is executed repeatedly, and a machined area S is computéd
for each time. On the contrary, iﬁ the step S10, if it is
determined that the electric diécharge machining has been
finished, also the operation for computihg a machined area is
terminated.

With Embodiment 1, a machined area can accurately be

computed regardless of a waveform of a current so long as a

machining condition is employed that a wéveform of a current is
kept constant. For instance, accurate computation of a
machined area can be executed under a condition of a current
waveform having a slope in the first transition of a current
enabling remarkable reduction of consuming an electrode, or
under a condition of a waveform having a triangle shape with a
high current peak and a short pulse width enabling high speed
machining of a material which is hard to be machined.

Fig. 3 is a block diagram showing a schematic configuration
of an electric discharge machine according to Embodiment 2 of
the present invention. In the figure, the same reference
numerals are assigned to the same portions in the.
configuration as those in the electric discharge machine
according to Embodiment 1, and description thereof is omitted
herein.

In Fig. 3, the reference numeral 201 is a machining
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condition switching sectioﬁ for swiﬁching machining conditioné
for electric disgharge machining in response to a result of
measurement of a machined area S computed by the machined area .
computing section 111.

Next, a description is ﬁade for configuration'and operations
of the_machining condition'switching section 201. In general
electric discharge maéhining, machining conditions optimal to
electric discharge machining vary according to a machined area.
Also even if machining conditions such as a currént pulse of a
peak current and a pulse width are identical, machining
conditions optimal to electric discharge machining such as a
condition for stopping operations or a condition of an
operation for jumping are different from each other depending
on difference in each machined area.

Generally, in a case where a machined area is chaﬁged during
execution of an electric discharge machining, a current for
machining is changed so that the current is substantially
proportionate to the machined area. This operation is executed
so that the current for machining per unit period of time is
kept constant..In this case, whén a current waveform such a
peak current and a pulse width is changed, surface roughness
or consumption of electrode is'changed, so that a current for
machining is changed for using a quiescent period of time.

As inconveniences in a case where a machining'condition

suited for an area is not selected, an abnormal electric

//’/—\:

Been Replaced

B[]

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

discharge called as an.arc is generated when nmchining is
executed under the machining conditions for a large machined
area in spite of a case where a condition for a small machinéc
area is required, and on the contrary, a machining speed
becomes slower when méchining is executed under a condition for
a small machined area in a case where a machined area is large.

Accordingly, conditions.suited for a machined area should
be selected for machining conditions. As described above, the -
machining condition switching section 201 selects some
condition optimal for electric discharge machining in response
to a machined area changed from noment to moment during
electric discharge machining, and switches the machining
condition to any of other ones.

Next, a description is made for operations thereof. Fig.
4 is a flow chart showing a sequence of operation for switching
machining conditions in an elect:ic discharge machine according
to Embodiment 2. In the flow chart, each operation in step S1
to step S9 and step S10 is the same.as that in each step in
Fig. 2 described above, so that description thereof is omitted
herein.

The machining condition switching section 201 switches
machining conditions initially set or currently set to some
machining condition suited to the computed machined area
according to a value for the machined area computed by the

machined area computing section 111 (S9-2).
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Determination is made as to whether the electric discharge
machining has been.finished or not in step S10 after switching
the machining condition in the step S9-2 (S10). 1In the step 10,
in a case where it is determined that the electric discharge
machining has not been finished, system cohtrol returné to the
step 52, and each operation in each step from step S2 to step

510 is executed repeatedly , then a machined area is computed

for each time, and a machining condition is switched’

corresponding to a result of the computation. On the other
hand in the step S10, in a case where it is determined that the
electric discharge machining has.been finished, an operation
for computing a machined area and switching machining
conditions.is finished.

With Embodiment 2, electric discharge machining is executed
in a state where a machining condition is switched to any
suitable machining condition.by using an accurately computed
value for a machined area, so that more effective, and stable
electric discharge machining can be executed and furtherﬁore
abnormal electric discharge which is a bad effect generated
during electric discharge machining can be prevented.

Fig. 5 is a block diagram showing a schematic configuration
of an electric discharge machine according to Embodiment 3. In
the figure, the same reference numerals are assigned to the
same portions in configuration as those in the electric

discharge machine according to Embodiment 1 shown in Fig. 1 or

-
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as those therein according to Embodiment 2 shown in Fig. 3, and
description thereof is omitted herein.. |
In Fig. 5, designated at the reference nuﬁeral 301 is a
machining current measuring/computing section for measuring a
éurﬁent for machining during electric discharge machining, at

302 a current density computing section for computing a current

_density according to the machined area computed by the machined

area computing section 111 as well as a machining current
measured by the machining current measuring/computing section
301. Also the machining condition switching section 201
switches the machining condition .for electric discharge
machining to one in response to a current density computed by
the current density computing section 302. Accordingly the
machining condition switching section 201 has also a function
of controlling a current for machining.

Next, a description is made for configuration and operations
of the machining current measuring/computing section 301. The
machining current measuring/computing section 301 is_a section
for measuring or computing a current value during electric
discharge machining. A curfent for machining can directly be
measured therein by using an amperemeter. Also a number of
electric discharge pulses can be counted, and the current for
machining can also be computed from the counted number of
pulses. Furthermore, a current for machining can also be

measured by using a current value which can be assumed from the
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machining condition. It should be noted that, in the method of
using a current value assumable from the maéhihing cdndition,
there is sometimes a case where the preéision of measurement
thereof may be lower than that in any other method. |

Next, a description is made for configuration and operations
of the current.density computing section 302. Generally, a.
current density gives a large effect to machining
characteristics. If electric discharge machining is executed
under a condition of high current density, abnormai electric
discharge is easily generated. Especially, in a case where
electric discharge machining is exécutéd by a graphite eleétrode
as a material of an electrode 101, there are generated some
problems such as that a carbon-shaped projection, what is
called as icicle is generated on the electrode 101 when the
current density becomes high and it becomes difficult to
machine a work 102 into a desired shape.

Generation of this icicle has a close relation with a
current density. Namely, the longer a width of pulse is the
more easily this icicle is generated. Also the higher the
current density is, the more easily the icicle is generated in
a case where electric discharge machining is executed in the
identical waveform of a current.

Figs. 6A and 6B are views showing a relation between
generation of icicle and machining conditions (Fig. 6A is a
case where an area of an electrode is 5 x 5 mm, Fig. 6B is a
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‘case where it is 10 x 10 mm). Generally, to keep constant the

roughness of a machined surface of a work 102 or the

consumption. of ‘an electrode 101 in ~electric discharge

machining, a peak current or a width of pulse is made constant

and then machining is executed, so that generation of icicle
can be prevented by controlling a current density. However,
electric discharge machining under the condition of a low
current density delays a machining speed of electric discharge
machining.

As described above, generation of icicle is prevented, then,
to realize electric discharge machining with a high machining
speed, a current density is-computed in the current density
computing section 302 by using a current value during electric
discharge machining measured by the machining current
measuring/computing section 301 and a machined area during
electric discharge'machining computed by the machined area
computing section 111, and a result of computing the current
density is outputted to the machining condition switching
section 201.

Next, a description is made for operations. Fig. 7 is a
flow chart showing a sequence of operation for switching
ﬁachining conditions in an electric discharge machine according
to Embodiment 3. In the flow chart, each processing operation
in step S1 to step S9 and step S10 is the same as that in each

step in the flow chart in Fig. 2 of Embodiment 1 described

-

- 19 - eet Has Been Replaced | .

N TR

THIS SHEET HAS BEEN
REPLACED




10

15

20

25

above, and déécription thereof is omitted heiein.

After a machined area is éomputed by the machihed area
computing section 111 in the Step S9, or concurréntly with a-
sequential processing of computing a machined area in the

machined area computing section 111, the machining current

measuring/ computing section 301 measures or computes a current

for machining during electric discharge machining (S9-3). The
measured current value for machining is outputted to the
current density computing section 302.

Then, the current density computing section 302 computes a
current density by using the computed result of a machined area
by the machined area computing section 111 in the step S9 and
the measured current value for machining by the machining current
measuring section 301 in the step S9-3 (S9-4). The computed
current density is outputted to the machining condition switching
section 303.

The machining condition switching section 201 decides a
suitable machining condition according to the computed current
density in the step S$9-4, and switches the machining condition
under which electric discharge machining is currently executed
to the condition described above (S9-5). In this step, the
machining condition switching section 201 provides a control to
a current for machining so that a current for machining does
not exceed a prespecified value, namely a current value for

machining under which the icicle is not generated.
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.In the Step S9-5, after switching the machining condition
is executed, determinat_:ién is made in the step S10 as to
whether the electric discharge machining has been finished or
not. In the step S10, in a case where it is determined that the
electric discharge machining has not been finished, system
control returns to the step SZ,' executes repeatedly operations
in each step from step S2 to step S10, and a current density is
computed for each time, then the -machining condition is
switched in response to a result of the computation.

.As described above, a machining condition is switéhed
corresponding to a changé of a current density. On the other
hand, in the step S10, in a case where the electric discharge
machining is finished, operations for computing a machined area
and switching operation of machining conditions are finished.

With Embodiment 3, electric discharge machining is executed
in a state where switching to a suitable machining condition is
executed by using the accurately computed value for a current
density, so that machining thereof can be effectively and stébly
executed under more ‘'suitable machining conditions, and

furthermore, icicle disadvantageously generated during electric

- discharge machining can be prevented.

Fig. 8 is a block diagram showing a schematic configuration
of an electric discharge machine according to Embodiment 4. In
the figure, the same reference numerals are assigned to the

same portions of the configuration as those in the electric
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discharge machine according to Embodiment 1 shown in'Fig. 1,
and description thereof is omitted herein.
In Fig. 8, the reference numeral 401 indicates a machining

condition switching section for switching machining conditions

for electric discharge machining, when machining is started,

according to a result of the computed machined area S by the
machined area computing section 111.

Next, a description is made for configuration and operations
of the machining condition switching section at a start of
machining 401. Generally, in electric discharge'machining, a
ratio of consumption of an electrode 161 is substantially decided
according to a waveform of a current pulse, and the consumption
ratio can be predicted. In a case where a machined area is
extremely small, however,_it is difficult for the area to be
predicted, which causes the consumption of a work 102 to
increase.

Fig. 9 shows an example of a case where an electrode is
abnormally easy to be consumed at a start of machining. In the
figure, in a case where a work 102 is subjected to
premachining, and then machining is executed thereto with
electric discharge méchining, a machined area becomes extremely
small at a start of machining.

As described above, a desired shape may be spoiled because
a machined portion of the work 102 is consumed by an abnormal

quantity at a start of the machining. In the case as described
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above, it is hecessary to start_ electric discharge machining
under the Condition requiring only a small quantity of'energy,
and then to switch a machining condition so that a quantity of
energy is made larger step by step in accordance with the
increase of a machined area.

Fig. 10 is an explanatory view for explaining an example
of switching a machining condition when the maéhining is
started. In the figure, a peak current, a pulsé width and a
quiescent period of time optimal to each case where a machined
area'is "3 mm square or less", "6 mm square or less", "10 mm
square or less", or "15 mm square ér less"™ are shown as an
example of switching a machining condition switching at a start
of machining.

When a machined area is small, conditiéns for both a small
peak voltage and a small pulse width are selected so that a
large quantity of current for machining does not flow therein.
Then a machining condition is switched so that a quantity of
energy is made larger step by step in accordance with the
increase of the machined area. For instance, in a case where a
machined area is "3 mm square or less", a peak current is "3A",
and a pulse width is "35 us".

Then in a case where a machined area is "6 mm square or
less", or "10 mm square or less", it is obvious that a peak
current becomes "5A" or "8A" respectively, and a pulse width

becomes "65 gs", or "90 pMs", and the energy becomes larger
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step by step. |

As described above, the initial machining condition
switching section 401 sets conditions for staﬁting machining,
computes a machined area, and then switches the condition for
starting machining according to the result thereof.

Next, a description is made for operations thereof. Fig.
11 is a flow chart showing a sequence of operations for switching
machining conditions in an electric discharge machine according
to Embodiment 4. In the flow chart, each processing 6peration
in step S1 and step S2 to step S9 is the same as those in each
step in the flow chart in Fig. .2 described above, and
description thereof is omitted herein.

After starting electric discharge machining (S1), a
machining condition at an initial start of the machining is set
by the initial machining condition switching section 401 (S1-
2). The machining condition at a start §f the machining is
previously set and registe;ed. Then measurement of a time for
a unit period of time is started (S2).

Then, after processing in each step from the steps S3 to S8
is executed, the.initial machining condition switching section

401 switches the machining condition currently set to that at

. a start 6f the machining suited to the computed machined area

according to the computed value of a machined area by the
machined area computing section 111 in the step S9 (Sl1l).

In the step S11, after switching of the machining condition
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at a start thereof,  determination 1is méde as to whether

electric discharge machining - at a start thereof has been
finished or not, namely whether a machined area has become
larger than a specified'value or more or not (S12).

In the step S12, in a case where the electric discharge
machining at a start thereof has not been finished, system
control returns to step S2, and repeats operations in each step
from step S2 to step Sl1l2.

Oon the other hand, in the step S12, in a case where it is
determined that the electric discharge machining at a start
thereof has been finished, the electric discharge machining at
a start thereof is finished, and consequently, normal electric
discharge machining, for instance, the electric discharge
machining of electric discharge machine according to Embodiment
2 1is executed. Namely, it is conceivable that a machining
condition is switched from the machining condition at a start
thereof 'according to the present embodiment to the normal
machining condition.

With Embodiment 4, after initial conditions for starting
electric discharge machining are set, electric discharge
machining is executed in a state where fhe condition is
switched to a suitable machining condition by using the
computed value for the machined area, so that, even in a case
where machining for a complicated shape is executed, electric

discharge machining can -effectively be executed without
/
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requiring_ a complicated progfam for obtaining madhining
conditions at a start thereof. Also, abno;mal consumption of
a work 102 due to a mistake of the progfam at a start of
machining is.prevented; and in addition thereto, electric
discharge machining can be executed at a.high speed.
Although the invention has been described with respect to
a specific embodiment for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternaﬁive
constructions that may occur td one skilled in the art which

fairly fall within the basic teaching herein set forth.
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WHAT IS CLAIMED IS:

1. An electric discharge machine which executes machining
to a work by generating electric discharge between an electrode
and a work and in which a waveform of a current for each

electric discharge pulse under each machining condition can be

.set to a constant one comprising:

a pulse determininé means for determining whether an
electric discharge pulse is an effective electric discharge
pulse contributing to machining and an ineffective pulse not
contributing ﬁo machining;

a pulse counting means for counting a number of electric
discharge pulses determined as said effective electric
discharge pulse by said pulse determining means per unit period
of time; |

a méchining speed measuring means for measuring a rate of
machining in the axial direction per unit period of time;

a dividing means for dividing a number of electric discharge
pulses per said unit of period of time counted by said pulse
counting means by a rate of machining in the axial direction
per unit period of time measured by said machining speed
measuring means;

a storage means for storing data for prespecified constants
according to materials for said electrode and said work as well
as to a waveform of discharge current; and

a machined area computing means for computing a machined
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area according to output data computed by said dividing means

as well as data for constants stored in said storage means.

2. " An electric discharge machine according to claim 1,
further comprising: |

a machining condition changing means for changing conditions
for machining so that the machined area computed by said
machined area computing means is substantiélly proportional to

a machining current value.

3. An electric discharge machiﬁe according to claim 1,
further comprising:

a machining current measuring /computing means for measuring
or computing a machining current during machining; and

a current density computing means for computing a machining |
current density according to machining current data measured or
computed by said machining current measuring/computing means as
well as to data for a machined area computed by said machined

area computing means.

4, An electric discharge machine according to claim 3,.
further comprising:

a machining current control means for controlling said
machining current so that the current density computed by said

current density computing means is kept at a prespecified value
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5. An electric discharge machihe according to claim 1,
further comprising:

a machining start condition setting means for setting
conditions for starting machining requiring a small quantity of
energy such as a peak cufrent, a pulse width when machining is
started; and |

a machining Start condition changing means for changing said
conditions for starting machiﬁing according to a machined area
computed by said machined area computing means during machining
executed according to the machining start conditions.set by
said machining start condition setting means so that a
quantity of energy required for machining start conditions set

by said machining start condition setting means.

6. An electric discharge machining method for executing
machining to a work by generating electric discharge between an
glectrode and a work comprising the steps of:

starting machining according to conditions for starting
machining requiring a small quantity of energy such és a peak
cﬁrrent or a pulse width;

determining whether an .electric Qischarge pulse is an

effective electric diséharge pulse contributing to machihing or

an ineffective electric discharge pulse not contributing to.
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machining;

countiﬁg a number of electrié discharge pulses determined
as said effective electric discharge pulses per unit period of
time;

measuring a rate of machining in the axial direction per
unit period of time; |

dividing said number of counted electric discharge pulses
by the measured rate of machining in the axial direction;

computing a machined area according to said divided data as
well as to data for constant numbers previously specified
according to materials of said electrode and said work or to
electric conditions such as a waveform of a current when
electric discharge is generated; and

changing said conditions for starting machining according
to said computed machined area so that a quantity of energy

required for said conditions for starting machining will

(O R s R
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increase.
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