TNETECTRI C DI SCHARGE MACHI NE : AND ELECTRI C DI SCHARGE NACHINING _
METHCD FI LED OF THE | NVENTI ON The pr-esent |nvent|@ﬁkrblates to a an
el ectric discharge nachine and an el ectric discharge machining nmethod, in
which nachining is executed to a work by generating an electric discharge
between an el ectrode and the work, and nore particularly to an electric

: dlscharge machi ne and an eIeciELECTRIc DISCHARGE MACHINE

AND ELECTRIC DISCHARGE MACHINING METHOD

EILED OF THE INVENTION

5 ~ 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

10 discharge machining method in which an accurate machine area can

be obtained by computing a machiﬁed. area during electric

discharge machining.

BACRGROUND OF THE INVENTION
15 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
20 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

25 type of electric discharge machine, -there is, for instance, the

eleLed 1 -
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‘“UWScharge machi ni ng met hod -i n whi ch an accurate nmachine area can be
obt ai ned by conputing a nmachined area during electric discharge nmachining.
BACKGROUND OF THE | NVENTI ON ~Fig. 12 is a view show ng machi ni ng
conditions enployed in the conventional type of electric discharge machi ne
for general diemlling. In this figure, appropriate machining conditions

are set for eagBcHREBAIEY @M@PgyiDig tdShishe@napparatusseas ibselased in
oper at or executes nmachi ning in whi % a nachi ned area varies to each

machi ned ar egapahe sep @atiedrt Euldairesetison Moyl 52723 £8P oglmnthis whachine, é
machi ni ng condi ti ons are changed
value corresponding to a machined area is recognized, and
~ machining conditions are automatically set to optimal ones.

5 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

10 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

15 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.

20 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,

25 the machining efficiency remarkably changes, and such factors
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*accordlng to change in depth of each nachlned ar ea; and t hen execut es
desired diemlling to a work. ‘In relation to what was descri bed above,
as the conventional type of electric discharge nachlne there is, for

i NSt ance,

t he - 2- "electrically

ener gyzi ng machi ni ng apparatus” as disclosed in Japanese Pat ent

Publ i cation J¥0. 352034119 lburdént hivalmechope a apuyakuasicdii esgordh ngleetaic
machi ned area i s recogni zed, and
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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 discharge 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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ﬁ\mat:éhif.ning conditions are automatically set to optinal ones. .~ Also as
anot her el ectric di scharge machine based on the conventional technol ogy,
there is, for instance, the "wire cut. electric discharge machi ne"

di scl osed in Japanese Patent Laid- Open Publication No.7523/1984. In this
machi ne, a thickness of a work is detected froma machining current val ue

and a machi %'P];%Q Reed, aand fRchERLag: Gendiléopsiar alrdwngesk agrisé,Ng ko
‘a result of e detection. However, in the ™"electrically energyzing

machi ning  3RPALALHE" s?éé&%@ﬂs&f‘ﬁngOgéeﬂibﬁnméakﬁeb%hOgatdesfrmbeﬁining
above, a waveformihn electric discharge is not constant, so that, although
a val ue basijgakhy aRiaes@dpdebiohp & dnchdhagd section divides a number of
electric discharge pulses by a rate of machining in the axial
5 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
10 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.

15 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

20  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

25 discharge machining in the electric discharge machine according
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area can be obtained, the precisionis rather Ilow, ~ and  furthernore
~although substantial increase or decrease in area- can be recognized to a
certain degree, an absolute value for a nmachined area can not be obtai ned.

Also in the
conventi onal

"wire cut electric discharge machi ne" based on the
t echnol ogy as described above, machining rate is conputed by

using an actgd emm&diméng surrent value. In electric discharge machining,
even if an average current is kept constant, when a waveformof the
CurL e][lt | ar gel y milgang@s is hhploBRhdiuguhrefdHRHRRCH seRBnkabt ycoReIgiast K
suc actors
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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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o -3- as a peak currert “value or a pulse width of discharge pulse-
substantially change, so that determination of _a machined area sonetines
beconmes difficult for certain nachining current val ues. SUMMARY OF THE

I NVENTI ON

It is an object of the present invention to provide an -

el ectric discharge nmachine and an el ectric discharge machining nethod in
whi ch machi @ingyed | diowings sehémasicachonfagurpbisor maficethe ekdectirgc
di scharge machi ning can be inproved by
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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.
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accur at el y conputing a machi ned area depending on the fact that, -in a case
where a current waveformof an electric ' discharge pulse is kept constant,
a machining rate for a work is substantially equal to a product of a
machi ni ng/ renoval rate by one electri-c discharge pul se contributi ng to
machi ning by a number of effective electric discharge pul ses each
contributing dH&s dimFhendigurenerdastanatag at r?&’@hlrﬁﬂfﬁﬁﬁﬁﬁm%lpel?%]t el(bl/
one electric discharge pulse is decided by a current waveform and by
executing el®ectdt eifiestHayelacthin M sehads eﬂi’rles‘?*réiﬂﬂ Y I&FAEQR ofPr
according to the, co ut ed. machined area. ent, i nventio a

pul se det er PR et et %Mﬁ%e"!‘n‘]&% 8?59:? %dlté'g‘ﬁar(gfe%ul

Is an effecéé(\:/gnd) generated in the effective electric discharge

5 generating 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

10 effective electric charge pulse counting section 107 by a rate
of machining in the axial direction per unit period 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

15 decided by electric conditions according to a waveform of
discharge current or a material for an electrode and a meterial
for a work, and at 111 a machined areal computing section for
computing a machined area by using an output result outputted
from the dividing section 109 and a value or values stored in

20 the storage section 110.

Next, a description is made for prineiples 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

25 work 102 by a single strike of electric discharge under
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el ectric dlscharge pul se- contrlbutlng to machi ni ng and an ineffective .
pul se not contributing to machining, a pul se- countlng section counts a
nunber of electric discharge pul ses 4
determined as an effective electric discharge pulse, = a machining
speed neasuring section neasures a rate of machining in the axial

di rection, preﬁp&aﬁf@p@emabhmndhm(hnndimMthrisfkayuunanstaﬁsphargalue
pulses by a rate of machining in the axial
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corresponding to the machined area is computed from a rate of

'machining and a rate of machining  thereof in the 2Z-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 cén 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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direction, a storage section stores constant data preset according to .-
el ectric conditions such as a waveformfor a - current -due to naterials of
an el ectrode and a work or generation of electric discharge, and a

machi ned area conputing section conputes a machi ned area according to the
divided data and the stored constant data. -~ Qher objects and features
of this inventNamely) | aheespwesgignr Soso@btadMinge o NADWIRT A3 i bt i DR
with reference to the acconpanying drawings. - BRI EF DESCRI PTI ON OF
DRAW NGS follkp@s:1 is a bl ock diagram showi ng a schematic configuration

S= v'n/1 | v (2)
In a case where a waveform of a current pulse 1is kept

5 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

10 the 2Z-axial direction per unit period of time. Also the
expression (1) described above can bé expressed as follows.

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

15 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
- 20 value for n/l1l 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
¢ described above.stored in the storage section 110.
Next, a description is made for operations in Embodiment 1.

25 Fig. 2 is a flow chart showing a sequence of electric discharge
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of 'Enbodi ment 1 of an electric discharge nﬁchiné-acCording to the preSenﬁ'

invention; Fig. 2 is a flow chart show ng a sequence of ‘electric-
di scharge machining in the electric discharge machine according to
Enbodi nent 1, Fig. 3 is a block diagramshowi ng a schematic

configuration of an electric discharge machine according to Enbodi nent 2;
Fig. 4 ismachioinghain skbgi nglectetGertisdtargecmaching s@rsPFeingdchFRi ng

in the electric discharge nachi ne accordin% : , . .
. Embodiment 1. In the flow chart, the electric discharge machine

starts eleétric discharge machining (S1), and starts measuring
a time of preset unit period of time (S2). Herein, an adequate
5 interval between an electrode 10l and a work 102 is maintained,
like in general electric discharge machining, by adjusting
coordinate values in the X-axis, Y-axis, and Z-axis not shown
herein while electric discharge machining is executed.
In this step, the pulse determining section 103 determines
10  whether an electric discharge pulse is an effective electric
'discharge pulse contributing to elecfric 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
15 to machining such as a pulse when an arc is generated or a
harmful pﬁlse 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
20 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 ggnerating section 104 in the step S4 1is

25 counted as a pulse determined as an effective electric

’//;
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'to Enbodinent 2; - Fig. 5is a block di agram showi ng a schematic
configuration of an electric discharge machine accordi ng to Enbodi nent 3;
Fig. 6 is an explanatory view showing a rel ati on between generation of
icicle and a nmachi ni ng condition; Flg 7 is aflow chart showi ng a
sequence of electric discharge nachlnlng in the electric discharge nmachine
accordi ng digchaibe@é npalsd; by theg.eBfestavs| ozkectnic amisivhanyy apulse

schematic configuration of an electric discharge nmachi ne according to
Enbodi nent céuntingFisgctioh i197ans&)l.ar ged cross-sectional view showing a
| In the step S3, in a case where it is determined that the
discharged pulse is not an effective electric discharge, system
5 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

10 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

15 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).

20 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

25 machining, namely a position where the macﬁififgfgfgfffgigmgst
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rel afion between an el ectrode and a work as a nodel thereof :i_Fig.7 10

is an expl anatory view showi ng an exanple of sw tching a machining

condition at starting of the machining; Fig. 11 is a flow chart
showi ng a sequence of electric discharge machining in-the electric
di scharge machi ne according to Enbodi nent 4; and Fig. 12 is an

expl anat or yiwipneehded ngndua hinachinivad speeds isusbtajimed dawwe e v luepe
of an electric discharge nachine for normal engraving. DESCRI PTI ON OF

THE PREFERFREMMER@LLYVERASLrol Atsjemq‘ﬁtd% iS® nkBlathepei @bsEanceorof an
enbodi nents of an
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electrode and a work is kept constant in the electric discharge
machining. However, there is sometimes a case where, for
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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el ectric .di scharge machi ne according to the present invention wth

reference to the related drawings. Fig. 1 is a block B di agr am
showing schematic configuration of the electric discharge machine
according to Enbodinent 1 of the present invention. - In Fig 1,

designated at the reference numeral 101 is an electrode, at 102 a work to
whi ch an euggﬂpm@ng‘@gﬁapgg been finished, system control returns to the

step S2, and each 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
5 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
10 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
15 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
20 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.

25 In Fig. 3, the reference numeral 201 is a machining
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?nachlnlng i s executed by the electrode 101 “and at- 103 a pulse

-section for determ ning whether an el ectric: discharge pul se gener at ed

during execution of electric

102 i s an

the work 102 or an ineffective pulse not contributing to

wor k 102.

is an effective electric discharge pul se generating section for

di scharge fromthe el ectrode 101 to the work
effective electric discharge pulse contributing to machining of
_ machi ni ng of the
condAltioni swibehihgusectileni foat sdisthtihg mathiaineg eomeiali ok
generati ng

a singl e stidikkeebécprisedischasgensmdinramefirvcresponskedia iax desuhar g

pul se when an el ectric discharge pul se

determ ned as an effective electric

di schar ge measheepahteof a machined area S computed by the machined area .
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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 machiﬁed 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

//‘/—\:
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’detanining section 103 is generated, at 105 a defective pul se  generating .
section for generating a single strike of pulse when an electric discharge
‘pul se determi ned as a defective pulse by the pulse determ ning section 103
is generated, and at 106 a short-circuit pulse generating section for
generating a single strike of pulse when an electric discharge pul se

det er mi nedqagchargeor talieduids pahserdey ihe gmie&extdm ewheni macddotingn 183

i's generated.
executed under the machining condltlons for a large machlned
area in spite of a case where a condition for a small machlned
area is required, and on the contrary, a maghining speed
5 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

10 condition optimal for electric discharge machining in response
to a machined area changed from ﬁoment 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.

15 4 is a flow chart showing a sequence of operation for switching
machining conditions in an elect:ié 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

20 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

25 machined area computing section 111 (S9-2).
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Also in the figure, designated at the reference nuneral 107 "is an
effective electric discharge pul se counting section for <counting a nunber
of pul ses per unit period of time (e.g. 10 second) 'generated in the
effective electric discharge generating.section 104, at 108 a nmachi ni ng
speed nmeasuring section for neasuring a rate of machining in the axial
direction per Deterpimationfisimade asdtatwhébherdihedehgctsict dbncharge

di vidi ng a nunber of pul ses of an effective electric charge pulse per unit
period of meghinbngtkas jyeemefinished|oe »obcini stepasye abter swihchang
section 107 by a rate of machining in the axial direction per unit period

of time nERsuRREhEYiRG CORAHIAM IS FBEdSHBRSSPTAG(SERY i oF e step 10,

in a case where it is determined that the electric discharge
5 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
10 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
15 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
20 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

25 discharge machine according to Embodiment 1 shown in Fig. 1 or
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"Al'so in. the figure, designated at the reference nuneral 110. is a storage

section for storing at |east one or nore values decided by electric

condi tions according to a waveform of discharge current or a material for

an electrode and a material for a work, and at 111 a machi ned area

conputing section for conputing a nachined area bé usi ng an out put result
e

out putted afsr cimoske theveidin ngceerding tho Empedlinens|

shewy gl eBldst orded ang

the storage section 110. Next, a description is nmade for principles of
conput i ng alesauiptian dhereak kh WihHReE he¥ecase where machining is
executed in the Z-axial direction, nanely in the_ vertical 'dirfcgbgnu At

first, assum ng™ HEkJa raredrsiopretsd Af tthe reference numera

10

15

20

25

is a
machining current measuring/computing section for measuring a
current 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

- 17 - This Sheet Has Been Replaced
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work 102 by a single strike of electric discharge under -

- 8- prespeci fi ed machining conditions is kept constant, a val ue
corresponding to the machined area is conputed froma rate of machining
and a rate of machining thereof in the Z-axial direction per unit period.
of tinme. Assumi ng that a volune of renpving a work 102 by a single
strike of elaehtiniogdcondatieni sItesheyld bg pa edofhatehihi ke method of

using a current value assumable from the machlnlng condltlon,
there is sometimes a case where the preéision of measurement
thereof may be lower than that in any other method. |

5 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

10 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

15 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

20 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

25 case where an area of an electrode is 5 x 5 mm, Fig. 6B is a
- 18 - : enReplaced
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"t he mork per uni t perlod of time i's set to- V, arate of machining in the
Z-axial direction per unit period of tine is set to 1 (L), a nunber of
effective electric discharge pulse per unit period of tine is set to-n,
and a machined area is set to S, a rate of machining a work V can be
obt ai ned by a product - of a volune v of renmoving the work 102 by a single
stri ke of cakecwherediitchar dd® and G mminbetemérpll gestof kaepetdénstant the
el ectric discharge n per unit period of time, or a machined area S and a
rate. of nmaclughmess | ©fi ha Zmachined) r@@ﬂﬁ@@epepf udi t weski 0408f ernethe
Nanely, a rate of nmachining a work can be obtained by the expression the
fol | owi ng eemsawitden. of electrode 101 in ‘"electric discharge
machining, a peak current or a width of pulse is made constant
5 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.

10 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

15 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.

20 Next, a description is made for operations. Fig. 7 is a
flow chart showing a sequence of operation for switching
machining 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

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

e
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] 'l_.
V= v. [err]

n= S[err]l : I (1) ” Vvth-the-expreséiOh;

(1) described above, a machined area S -can- be obtained by dividing the
product. of a volunme v of renoving a work 102 with a single strike of

el ectric discharge and a nunber of pulses n of an effective electric

di scharge per wunit period of tine by a rate 1 of nmachining in the Z-axial
direction pesowm taprdescoiptioe. thereof is omitted herein. - O-
Nanely, an expression for obtaining a nachined area is as

10

15

20

25

After a machined area is computed by the machlned area
computing section 111 in the step 89, or concurrently 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 ﬁachining (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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fol | ows: .S = '\/n R . '-. ';*._ (2) I a
case where a waveformof a current pulse i.s kept -constant, ‘a volune v of
renoving a work with a S|ngle strike of electric discharge becones ‘a
constant. For this reason, with the expression (2) described above, a.
machi ned area. S can be. conputed by nmeasuring a nunber of effective
el ectric di schangeheputsgs SOy afiier pswibtchifigt the madhaniagecohdition
machining 1 in the Z-axial direction per unit period of tine. Also the
expr essi onifsl) egesutiebod deberminatbenedpr esade da ftheowtep Slfarad yto
=S /ui;%her éie electric dlscharge maééanlng has been finished or
not. In the step S10, in a case where it is determined that the
5 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.

10 .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.

15 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

20 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

25 same portions of the configuration as those in the electric
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Herein c indicates a constant. .. It i s ObVIOUS fromthe expre55|on (3)
descri bed above that n/1 is proportionate to the machined area:S.
Accordingly, a value for n/1 is conputed for each nachining condition, and
a machined area S can be conmputed if a constant c is obtained. - As
descri bed above, the dividing section 109 conputes the value for n/1
descri bed ambw@haa@ﬂ mnachimehacedrding tonBmbodgmensctli sipowWwhl icorifig es I,
machi ned area S by using an output result outputted fromthe dividing
section Jxmanﬁmﬂe$mrc©hs@nnthece@ﬁst$|gmutbgdvgeseéned in the storage
section 110. Next, a description is made for operations in Enbodi nent

1. Fig. 2 isInfligw cBart thaoieferencequmearalodod| dpdirates seaghining

condition switching section for switching machining conditions

.5 'for electric discharge maéhining, 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

10 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

15 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

20 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

25 quantity at a start of the machining. In the case as described
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-10 - machining +in the electric discharge machine according to
Enbodinent -1. In the flow chart, the electri.c discharge machine starts
el ectric discharge machining (S1), and starts nmeasuring a time of preset
.unit period of tinme (S2). Herein, an adequate interval between an

el ectrode 101 and a work 102 is nalntalned | i ke in general electric
di schar ge abpovieni g, Hg/nﬁgQﬁﬁarx)t@o@tdrhateleatnms dMSChargeamaehlﬁiagls

and Z-axis not shown .
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
5 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

10 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

i5 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

20 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

25 becomes "65 gs", or "90 pMs", and the energy becomes larger
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herein while electric discharge machining is executed. =~ I'n this step, -
the pul se determ ning section 103 determ nes -whether an el ectric discharge
pul se is an effective electric . discharge pulse contributing to electric

di scharge machining, or an ineffective pulse not contributing to electric
di scharge machining (S3). Herein, an ineffective pulse not contributing

to el ectri cstthpdwarsteepachi ni ng i ndicates a pul se not effective to
machi ni ng such as a pul se when an arc is generated or a__harnful pulse
other than a désectdegcpibed azko¥eshokheci ipiftialpumdshdninge copglition | n
the step S3, in a case where it is determ ned that the discharged pulse is
an ef f ect i aWkteRing cserkiomr 4@Lpgpte cppditions for starting machining,

computes a machined area, and then switches the condition for
5 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
10 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
15 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
20 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).

25 In the step S11, after switching of the machining condition

— |
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'effeétive électric dischargé.geherating”séétidn 104 genefates' a Singlé
strike of pulse in response to the effective electric discharge pulse
descri bed above ($4). Then the single strike pulse generated in the
effective electric discharge generating section 104 in the step $4 is
counted as a pul se determ ned as an effective electric -
di scharge @it se bs'tahé dﬂieamof/.e eldeternind tidmr g poade  asouhoi ndpedduds on
107 (85). 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).

5 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

10 determined that the electric discharge machining at a start
thereof has been finished, the electfic 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

15 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

20  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

25 discharge machining can -effectively be executed without
/
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Inthe step S3, in a case where it is deternmined 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 nade as to whether a specified unit period of tine
has passed or not after starting neasurenent of a tine for a unit period

of tinme (S6reqhiirihg shepcShplikatedcapeograme ifior s atetaimiimed nidvtiniey
unit period o? tinme has not passed, systemcontrol returns to the

step S3, eantditiapent el v etamtt etheaso St @l o ,0ralxiema3 dcoansimptiSin 8 a
result of that, a nunber of single strike of pulses counted by the '
effecti ve edewonk HW02chahuge pol se mimbakengofetheopri@ram at a start of

machining is.prevented; and in addition thereto, electric

S = 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
10 constructions that may occur td one skilled in the art which

fairly fall within the basic teaching herein set forth.

_\
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out'putted tg‘__—‘_TVTHTﬁ§_§§tTTon 109 in the step S5. ~ In the step S6,

in a case V\heﬂmm H"!ﬂm”g"]ed that the wuni't period of tinme has passed,

a machining s b ining direction, nanely a feed speed for an

el ectrode 101 is neasured by the nmachining speed neasuring section 108
(S7). Operations for the processing in this step nmay be executed -
concurrent WHATWISh CAAIMEE dtS:on for - counting a nunber of effective

el ectric discharge pulses (Step S2 to Step S6). As a net hod of

measuri ng & .machi nAngeleeedi¢tdischargenmadbinet which gaecutesomachiviviong
a value for the deepest position of rmachining, nanely a position where the

machi ni ng fro@ewd@sknp¥tgenerating electric discharge between an electrode

and a work and in which a waveform of a current for each
5 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 cont;ibuting to machining and an ineffective pulse not

io. 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; |

15 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

20 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

25 a machined area computing means for computing a machined
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-12- S prOV|ded and a nachlnlng speed S obtalned
General ly control  is provided so that a di st ance of r'“ mamgm ul
work is kept constant in the electric di scharge nachi

there is sometines a case where, for instance, a di stance between

el ectrodes becones fleetingly large like imediately after the .

short - ci r clitea na¢derdisg abceoubputiedatal corpydes by said gintcHing ﬁ‘&@b‘%ed

'is neasured at the point of tine
as well as data for constants stored in- sald storage means.

2. " An electric discharge machine according to claim 1,
5 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.

10
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

»15 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.

20
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

25 current density computing means is kept at a prespecified value
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e - ' . . o .
descri bed above, a case mhere an accurate val'ue can not be measured is
generated. And for thi's reason, a nore accurate value can be measur ed by
recording a position where a nachlnlng processi ng proceeds nost and by

nmeasuring a machini ng s*‘?xr—fﬁﬁﬁﬂ4nJuLi___he val ue. Then, in the
di vi di ng section 109 the ﬁmm di cha[)ge pul seI per]c uni t |
period of téersp&bdw ned i g,ﬁ d| vi de y aresult o :
.measur enent of the machinihg Sp ed in the step S7 (S8). After the
step, a machined area is conputed fromthe result of division in step S8
and the constant c stored in the storage device 110 by the machined area

conputlng section Bhl ¢BES¢tribedisohalrigey mdchinachiceedding to claim 1,
further comprlslng
5 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
10 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

15 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:

20 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 discharge pulse is an
effective electric diséharge pulse contributing to machihing or

25 an ineffective electric discharge pulse not contributing to.

ThlS Sheet Has Been Replaced
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1

area i s executed according'to'"the'prihciples for computing a nachihed'
area" as .described above. Determ nation i's nade as tao whether the
el ectric discharge nmachining has been finished or not (S10). In the step

S10, in
-13 -.
step S2,

a case where it is determned that the electric discharge
machi ning has not been finished, systemcontrol returns to the
anch@agimperation in each step fromstep S2 to step SlO S

execut ed repeatedly, and a nachined area S is conputed

10

15

counting a number of electric 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
IS I|I||| MEE

increase.
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for each tine. On the contrary, in the step S10, if it is determ nedthat
the el ectric discharge nachining has been finished, also the operation for
conputing a nachined area is termnnated. -~ Wth Enbodi ment 1, a machi ned
area can accurately be ‘conputed regardl ess of a waveformof a current so
long as a machining condition is enployed that a waveformof a current is
kept comRBIPRACT FOF THEt RRSELOSHBEur ate conputati on of a machined area
can be executed under a condition of a current - waveform having a slope in
the first trafsiRUlee deterainiag sestdnn if temimed et tadegctric

consuming ap e] ectrode,_ or under a candition of a waveform having a
triangleg§ﬁ%§%hﬁfgﬁ JPulse 1is ~an effective eiect%?c gischargeg pulse

contributing to machining and an ineffective pulse not

5 contributing to machining, a pulse counting section counts a
number of electric discharge pulses determined as an effective
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

10 ~of machining in the axial diréction, a storage section stores
constant data preset according to eléctric conditions such.as
a waveform for a current due to-materials of an electrode and
a work or generation of electric discharge, and a machined area
computing section computes a machined area according to the

15 divided data and the stored constant data.
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hi gh current peak and a short pulse w dth enabling high speed -machining of
a material which-i's -hard to be nachi ned. Fig. 3 is a block diagram
showi ng a schematic configuration of an electric discharge nachine
according to Enmbodi ment 2 of the pres¢miiinvention. In the figure, the
same reference nunerals are ‘assigned to the sane portions in the
configuration as those in the electric discharge machine according to
Enbodi ment 1, and description thereof is omtted herein. In Fig. 3,
the reference nuneral 201 is a nachininF (3 1.
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- 14 - condition switching section for switching nachinin conditions for"
el ectric discharge machining in response to.a result of neasurenent of a. .
machi ned area S conputed by the nachined area conputing section 111.

Next, a description is made for confi@uwdtlon and operations of the

machi ni ng condition switching section 201. In general electric discharge
machi ni ng, machi ning conditions optinal to electric discharge nmachining
vary according.to a machi ned area. | so gven if machining conditions such
as a current pulse of a peak curreFf\indﬁi_pul e wdth are identical,

machi ni ng |
Csmr_ )

ELECTRIC DISCHURGE WACHING S
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I
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YERURING A ME OF UNIT PERIOD OF
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conditions optimal to electric discharge machining such as a condition

for stopping operations or a condition of an operation for junping are
different fromeach other depending on difference in each nachined area.
Cenerally, in a case where a nachi ned gyyepti s changed during execution of
an el ectric discharge machining, a current for mnmachining is changed so
that the current is substantially proportionate to the nachined area. This
operation is executed so that the current for nachining per unit period of
time is kept constant. In this case, when a current waveformsuch a peak
current and a pulse width is changef; |su($ace ﬂpughness or consunption of
el ectrode is changed, so that a curfent for "
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machi ning i s changed for.using a qui-escent period of -time. As

i nconveni ences in a case where a machining condition 'suited for-an area is
not sel ected, an abnormal electric ' - 15 -
~discharge called as an arc is generateld/hén machining is executed under

t he machining conditions for a |large machined area in spite of a case
where a condition for a small nachined areais required, and on the

contrary, a nachining speed = -
| FIG. 4
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becones sl ower- when machining i s executed under a condition for . a smal
‘machi ned area in a case where a nachined area.is |arge. Accordingly,
conditions suited for a machined area should be selected for machining
condi tions.. As described above, the njmehf ning condition switching section
201 sel ects sone condition optimal for electric discharge machining in
response to a machi ned area changed from nonent to nonent during electric

di schar ge nachi ni ng, and switches the machining condition to any of
ot her ones. Next, a description is made for operations thereof. Fig. 4
is a flow chart show ng a sequence pef 4t i on or sw tching machining

conditions in an electric discharge nachi fe®*accordi ng
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to Enbodi ment 2. 1n the.flow chart, each operation in step S1 to step 89 .
and step S10 is the sane as that in each step in Fig. 2 described above,.

so that description thereof is omtted herein. The machi ning condition
swi tching section 201 switches nachingpggonditions initially set or
currently set to sonme machining condition suited to the conmputed machi ned
area according to a value for the nmachi ned area conputed by the rmachined
area conputing section 111 (S9-2).

FIG. 6A
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- 16 - Detern1nat|on is made as to mhether the electric dlscharge
machi ni ng has been finished or not in step S10 after SMAtChIng t he

machi ning condition in the step S9-2 (S10). In the step 10, in a case
where it is determined that the electrfg diischarge nachining has not been
finished, systemcontrol returns to the step S2, and each operation in
each step fromstep S2 to step S10 is executed repeatedly , then a

machi ned area i s conputed for each tine and a machi ning condition is
swi tched cor spF agng tgf a resul ;yputatlon On the other hand
in the step SIO0 case where i 5“ ned that the

ELECTRIC DISGHARGE MACHINING 1~

STARTED
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el ectric discharge nachining has been finished, an operation for conputing
-a machined area and switching machining ‘conditions is finished. Wth
Enbodi ment 2, electric discharge nmachining is executed in a state where a
machi ning condition is switched to anyg syt abl e machi ni ng condition by
using an accurately conputed value for a machined area, so that nore
effective, and stable electric discharge machi ning can be executed and-
furthernore abnormal electric discharge which is a bad effect generated
during electric discharge machi ning can be prevent ed. Fig. 5is a block
di agram showi ng a schematic confi guFlt ilonGof a8 el ectric di scharge machine
according to Enbodinment 3. In ' * '
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the figure, the same reference nuneral s are assigned to the same portions .
in configuration as those i-n the electric di scharge nmachi ne according to

Enbodi ment 1 shown in Fig. 1 or -17- as
t hose therein according to Enbodi ment 3 ghown in Fig. 3 and description
thereof is omtted- herein. In Fig. 5, designated at the reference

nuneral 301 is .a nachining current neasuring/conputing section for
measuring a current for machining during electric discharge nmachi ning, at

FI1G. 9

LARGE CURRENT VALUE
CAUSES ABNORMAL
COMSUPT ION

102

FIG. 10

MACHINED AREA | ~3mm SQUARE i ~Gmm SQUARE : ~10mm SOUARE : ~15mm SOUARE
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FERIcD OF TIEC 45) 3 i 65 i 90 i 130




302 a current density conputing section for conputing a current. density
according to.the machi ned area conputed by the machi ned area conputing
section 111 as well as a machining current neasured by the nmachining
current neasuring/conputing section 30B,1 Also the machining condition
swi tching section 201 swtches the machining condition for electric

di scharge machining to one in response to a current density conputed by
the current density conputing sectEbnlS Acctrdlngly t he machi ning
‘condition switching section 201 has al'so™a*function of controlling a
current for rmachining. Next, a description is made for configuration
and operations of the nmachining ce?rqﬁﬁﬂpeafyring/conputing section 301.
The '
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machi ni ng current -measuring/ conputing section 301 i.s a section -for
measuri-ng or conputing a current value during electric discharge

machi ning. A current for machining can directly be -mnmeasured therein by
usi ng an anpereneter. Al so a nunber off{ {efFectric discharge pul ses can be
counted, and the current for- machining can also be conmputed fromthe
count ed nunber of pul ses. Furthernore, a current for nachining can also
be neasured by using a current value which can be assuned fromthe

FIG 12

MACHINED AREA | 1p:25A, fiihS5i:500 5| 1p:25A, JYSF:500 s 1p:10A, JVESE: 130 45
25mm* ~ | QUIESCENCE : 4000 us| QUIESCENCE : 1000 4s| QUIESCENCE : 500 us
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100mn* ~ | QUIESCENCE : 500us| QUIESCENCE : 100us| QUIESCENCE : 50 us
200m* ~ | QUIESCENCE : 1004s| QUIESCENCE : 50us| QUIESCENCE : 20 us
400m? ~ | OQUIESCENCE : 50ys|OQUIESCENCE: 20us| QUIESCENCE : 10us
500mm? ~ | QUIESCENCE : 20us| QUIESCENCE : 20us| QUIESCENCE : 1045
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-1®?':nachining condition. It should be noted that, in the e ?3ﬂﬂ§
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a current val ue assunable fromthe nmachining condltlon
a case where the precision of neasuremgnt. thereof may be Io r than t hat
in any other mnethod. Next, a description is made for cdnffi ghi3aMARN1987Ad

operations of the current den5|ty conputlng sectlon 302. erally, a

current density gives iﬁﬁ%
characteristics. If electrlc di scharge machining Is execut under a

T

condi tion of high currenhngeREECTRIRO DISTHARIES MaCHININE M | S easily

generated. Especially, in a case where electric discharge machining is
executed by a graphite el ectrode

[0)

The present invention relates to a an electric discharge
‘machine and an e;ectric discharge machininq_gg;hod, 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 machine and an electric
discharge machining method in which an accurate machine area can
be obtained by computing a machiﬁed area during electric

discharge hachining.

-~ BACKGROUND OF THE INVENTION

Fig. 12 is a view showing machining conditions employed in
the conventional type of electric discharge machine for géneral
diemilling. In this figure, appropriate machining conditions
are set for each machined area. For this reason, in a case
where an operator executes méchining 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 wofk.

In relation to what was described above, as the conventional

type of electriq discharge machine, there is, for iﬁstance, the




T

@sza material of an electrode 101, there are generated s
as that a carbon-shaped projection, what is called as id cgrers—gerera

h I d wh h
on the el ectrode 101 en the current xdensity becones hi gleeaﬂg mgﬁggf S

rREPmMNﬂuﬁﬂﬁ;SFEﬁ]

difficult to machine a work 102 into adesired shape.
this icicle has a close relation with a current density. nely, the
Longer a WhihdoRkiBu) 9 ﬁef&?zn.ﬁerﬁa@ﬁihhﬁgt Bppakatoke s geselosed Anso
t he hi gher t curren densiiy 18, the nore easily the icrete—+s—gererate
in a casedgya' s atdtdit dhashidgei smaé N35Y78418%6culndthist machident iaca
waveform of a current. Figs. 6A and 6B are views showing a relation

bet ween 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 value 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  obtained, the precision is -rather low, and
furthermore although substantial increase_or decrease in area
can be recognized to a certain degree, an absolute value for a
machined area can not 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 current value. In
electric Qischarge 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




genération of icicle and machining conditions (Fig. 6Ais a

RELACENENT SHEET
‘area of an electrode is 5 x 5 nm. Fig. 6Bis a '

- 19 - case where it is 10 x 10 mm. fGenerally, to keep consjt ah@ MAR 1997
roughness of a machi ned surface of a work 102 or the consunptjon of an
‘electrode 101 in electric discharge nachining, a peak current or a

w dth of pulse is _made ¢ t LL 0g . Js Xe
generation 8F i & 'cé:(rg“r‘l%tee%p@r evggggdrl%ny gg%\?%%?i r?&aggcu??en

However,

density:
discharge pulse substantially change, so that determination of

a machined area sometimes becomes difficult for certain

machining current values.

SUMMARY OF THE JNVENTION

It is an object of the present invention to provide an
electric discharge machine and an electric discharge machining
method 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, in 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
machiningland 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 discharge pulse is an effective
electric discharge pulse contributing to machining and an
ineffective pulse not contributing to machining, a pulse

counting section counts a number of electric discﬁarge pulses



el ectr| c di scharge machining under the condition of a |low cJ WCEMENT §HEET

del ays a machi ning speed of electric discharge nmachining. As descri bed
above, generation of icicle is preventgd,.- then, to realize 4l dctfr BcMAR 1997
di scharge machining with a high nmachinimg speed, a current density is
conputed in the current density conputing section 302 by using a current

VAL HE ur MRl o SGRAT GPOBENE) "LEREHES LR JIGINLY

current nmeasurli ng/e'corrp ti ng section and a machl ne

el ectric digehah9Rg ”@ﬁ@é@'ﬂSaSQEPH?egeéfléﬂeméﬁﬁhkggdaaiﬁée B2 RECHA%in
section 111, and a“result of compufing the current density is outputted to
the ”aCh'nh&Qtﬁ@”Qkithdﬁﬁééﬁﬂbﬁg a dividing section divides a number of
electr}c discharge pulses by a rate of machining in the axial
direction, a storage section stores constant data preset
according to electric conditions such as a waveform for a
current due to materials of an electrode and a work or
generation of electric discharge, and a machined area computing
section computes a machined area according to the divided data
and the stored constant data. |
Other objects and features of tﬁis invention will become

understood from the fdllowing description with reference to the

accompanying drawings.

D GS

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



section 201. Next, a description is nade for operations.
flow chart showi ng a sequence of operation for switching mag
conditions in an electric discharge oaghine according to Ent
the flow chart, each processing operation in step Sl to steq
S10 is the same as that in each step in the flow chart in Fi

Enbodi ment, | gesShiREAe 2; - 20 -

REPYACEMENT SHEET

odiment 3. In
39 hA3dMARC1997
g.] 2 of

Fig. 5 is a block diagram showing a schematic configuration

of an electric discharge machine according to Embodiment 3;

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

Fig. 7 is a flow chart showing a sequence of electric
discharge machining in the electric 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 méchining;

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

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

normal engraving.

DESCRIPTION OF THE 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



above, and description thereof is omtted herein. After
I's conputed by the machined area conputing section 111 in t hidStle
concurrently with a sequential procesging of conputing a machifiéd area In
the machined area conputing section ¥ti- the machining current -Igp?mm 997
conputing section 301 neasures or conputes a current for machiphi hg during
el ectric dj LOe N0 SePemiticl o B £Eh sl rent ueetectric—
machi ni ng ngggﬁghtgg 1#?iuma caéﬁght density conputing sect}|on 302. =
Then, the El!i!%E:ﬁQEg@e'h'?&éﬂir?é’”Bébb&ﬁiﬁﬁCtﬂ&nEﬁBBdimenutas af
by using the conplited result of a machined area by the machined area
conputing sagkh®Rokhll in the step S9 and

In Fig. 1, designated at the reference numeral 10l is an
electrode, at 102 a work to which an electric discharge
machining is executed by the electrode 101, and at 103 a pulse
determining section for determining whether an electric
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 section 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 geherating a single
strike of bulse when an electric discharge pulse determined as
a short-circuit pulse by the pulse determiniﬂg section 103 is

generated.



t.he measured current value for machining by the machining cur Ba?LAGEMENT SHEET
measuring section 301 in the step S9-3 (S9-4). The conput ed ufrent
density is outputted to the machining gondition switching se¢tfoff 3C4AR 1997
The machi ning condition switching section 201 decides a suitabke nmachining
condition according to the conmputed current density in the sfep S9-4, and
swi tches the maghigiind thendigihps, Udéigndtied atl eskr refdisséa Ly
is currently executed to the condition described above (S9-5). In this
step, the i@chimidfifeetitiet eQectwiicCiisghasgie puldedl qouritiides sectddn Gort O
a current for machining so that a current for machining does not exceed a
prespeci fi ecowatireg aanampez odr pedisesalpexr fumit period of time (e.g. 10

second) generated in the effective electric dischargé
generating'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
elecfric 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 directioﬂ per unit period 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 material
for a work, and at 111 a machined area computing 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 principles 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



machi ni ng under which the icicle is not generated.
° In the step S9-5, after switching the machin npg céngivé%éﬁgqs
executed, deternmnation is made in thegstep S10 as to whefher—the—slestri-t
di scharge machi ni ng has been finished—ef not. In the step}{S10, in a case

el ectric di scharge machi nitmg—tras—Tot—been

where it
finished,
oper ati ons

is determ ned that the

T BhEed WWE wW T ETmTT T R
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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 eiectric 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=v'n=8 1 e (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.

i's
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conputed for each tine, then the machining condition is swt héd-ig Mﬂﬂ'ﬁﬂ7
‘response to a result of the conputation. As descri bed ab ve,%a

machi ning condition is switched correspanding to a change of |a lcurrent
density. On the other hand, in the step S10, in a case where the electric

di scharge machining is finished, operations for conputing a —area
and switchi ng | on..of | 3 [y 44 : f1 .0l (L h
Enbodi nment 3, @F@%?&i’c ai sec argéﬁ‘%hﬁ?%&%@%ﬁ% eﬂ(ljgul?ir}?%d s?%?aew'v\%e?g
sW t ching tg13o%di:t abl e machining condition is executed by using the
accurately conputed value for a current density, so that nachining thereof
can be effectivel ygaad gt-ably 1 executed under nore suit.abl g2y machining
conditions, and

In a case where a waveform of a current pulse is kept
constant, a volume v of removing a’work with a single strike of
electric discharge becomes a constant. 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 Z-axial direction per unit period of time. Also the
expression (1) described above can bé expressed as follows.

Namely,

n/l=8/v=c¢c * 8 _ « == (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/l 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
¢ 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



furthernore, icicle disadvantageously generated during elect'BEPL@ﬁBWEurgﬁﬂEEr
‘machi ni ng can be prevent ed. Fig. 8 is a block diagram shpw ng a
schematic configuration of an electrige discharge machine acgof dirgy MAR 1397
Enbodi ment 4. In the figure, the saret@eference nunerals arp Assi gned to
the sanme portions of the configuration as those in the elecfrrc

- 22 - di scharge machi ne, accoydi ng,to Enbqdi nent 1 ipomn inh Fig. 1,
machining in the electric discharge machine acTrorging—to

Embodiment 1. In the flow chart, the electric discharge machine
starts electric discharge machining (S1l), and starts measuring
a time of preset unit period of time (S2). Herein, an adequate
interval between an electrode 101 and a work 102 is maintained,
like in general electric discharge machining, by'adjusting
coordinate values in the X-axis, 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 elecfric 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 S3, 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
disqharge pulse described above (s4).

Then the single strike pulse generated in the effectivé
electric discharge generating section 104 in the step S4 is

counted as a pulse determined as an effective electric
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and’description thereof is omitted herein. In Fig. 8} {the refer&ﬁpe
‘numer al 401 indicates a machining condition swtching se¢tiof 3 MAR 1

swi tching machining conditions for electric discharge maghitni ng, when
machining is started, according to a-fesult of the conpufed nachi ned area
S by the nmachined area conputing section 111. Next, d.description—is
made for configuration and operations__of the machinipg condition swtching
section at disahangef Pukseni bY nFheo1eféerEiyel elegtelecisCharga, aPydse
machining, a ratio of cpnsqu}i%%?of an el ectrode 101 is substantially
deci ded a&HIRY BEIRR S B 2 current pulse, and the consunption

ratio can be poedigled d) &5 0088 SIS AABEL 1£9:8" §cbimined 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 Sé.

| 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 returns to the step S3, and
repeatedly executes each step from step S3 to step-SG. As a
result of that, a number of single strike of pulses counted by
the effective électric discharge 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 the
machining direction, namely a feed speed for an electrode 101
is measured by the machining speed measuring section 108 (S87).
Operations for the processing in this step may be executed
concurfently with an operation for counting a number of
effective eléctric 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 machining proceeds most
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extryenely small, however, it is difficult for the area to bg jprearcred, |
whi ch causes the consunption of a work 102 to increase.

an exanpl e of a case where an electrode is abnornally easy
at a start of machining. Inthe figur¥ ~in a case wher
IS subjected to premachining, and then machining is executed thereto
with electric discharge machining, a machined area becones extTENETY

smal | at a % aprovidedcandi agmachiningdeperdods obdpdnesd deom ddesi@iaary
be spoil ed because. a machi ned portion of the work 102 is_gconsune

d by an
abnormal  deeReraylyt @OBERPL ofst REMEIfh 7P FHtheacaQ%SE%nﬁﬁsd?gbéﬂl

electrode and a work is kept constant in the electric discharge

machining. However, there is sometimes a case where, for
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 measﬁred by recording a position where a machining
processing proceeds most and by measuring a machining speed
according to the value.

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 (S9). 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 electric discharge
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-23- above, it is necessary to start electric discharge machijning under
-the condition requiring only a small quantity of energy, and thpg P@W 7 '
switch a machining condition so that a _quantity of energy ijs jnade ggw
step by step in accordance with the ~ iItrease of a machi ned [artes Eig
10 is an explanatory view for explaining an exanple of swtching a

e " i plingg bRS ARGt b tinidned, BY8teR’cohlrbi®rbLdns 8 TRa"

step S2, and each operation in each step from step S2 to step

S10 is executed repeatedly, and a machined area S is computed
for each time. On the contrary, in the step 8510, if it is
determined that the electric discharge machining has been
finished, also the operation for computing 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 waveform 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 énd a short pulse width enabling high speed
machining of a ma;erial 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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nm square or less", "6 mmsquare or | ess" "10 mm square or
nm square or | ess" are shown as an exggpLe of switching a ni ng a7
condition swtching at a start of machini ng. Wien a machj nedy z%eMAR&S
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square or |gSfsuréhedftiofCY Wathindd ¥ea S computed by the machined area .

computing section 111.

Next, a description is made for configuration and operations
of the machining condition switching section 201. In general
electric discharge machining, machining conditions optimal to
electric discharge machining vary according to a machined area.
Also even if machining conditions such as a current 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 changed 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

E?ibﬁ T SHEET)
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and a pulse width is "35 [err]s". Then in a case where a npchi ned area

is "6 mmsquare or less", or "10 nmsquare or less", it is obyi )u'ﬁ?nH‘MRéQS?
peak current becones "5A" or "8A" respgctively, and a pul se dth becones
"65 [err]s", or "90 [err]s", and the eggrgy becones | arger

- 24 - step by step. As descri bed above, the initial nmachining

condi tion

discharge called as an arc is generated when'machining is
executed under the machining conditions for a large machined
area in spite of a case where a condition for a small machineg
area is required, and on the contrary, a machining speed
becomes slower when machining 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 moment to moment during
electric discharge machining, and switches the machining
condition té 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 electric 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 fér the machined area cémputed by the

machined area computing section 111 (S9-2).
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swi‘t ching section 401 sets conditions for starting machi nijnd, conputes a
« machi ned area, and then switches the condition for startijng n1a(3hiMﬁRn§397
according to the result thereof. t, a description i de for

operations thereof. Fig. 11 is a flow-ehart showi ng a sequemnce of
operations for switching nachining conditions in an electfpic discharge

ﬁé?é??oﬁicfﬁdﬁggsr%@?n%ﬂﬁgﬂ%”%”@é?oaitéheg%*'e YefnEhe nloEE-EhostsRhate,
step int

is on1;ted“ﬁ&képﬁngaﬁasﬁy?%? E%%%gﬁﬁé %?g%?ngxdﬁggﬁg?égeégé |nlﬁgt%g§r60f
machining goRdiLign, 8h a0k didl i ¥ StepN8oIBCREIONY ifh e step 10,

in a case where it is determined that the electric discharge
machining has not been finished, system control returns to the
step SZ,. and each. operation in each step from stép S2 to step
S10 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 dischargé 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 furthermore
abnormal electric discharge which is a bad effect generated
during electric discharge machining can be prevented.

Eig; 5 is a block diagram showing a schematic configuration
of an electric discharge machine according to Eﬁbodiment 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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by the initial machining condition swtching section 401 [ Sl-

‘machining condition at a start of the nmachining is previpupg ;iMARdﬁ@7
regi stered. Then neasurenent of a timg.for a unit period| oludin®-is
started (S2). Then, after processt+rg in each step fromthe steps S3 to
S8 is executed, the initial nachining condition smﬁtchin sectror—407T

itch h hi d f
machi ni ng S8 FBOST cCRFES BoAHaeing: fonanbedhet £ Mol s rlkE" 30 abd
val ue of ag%?%?iﬂ%ﬁpﬁr%%quokhﬁglgﬁiQF%%d %&%anﬁonputlng section 111 in the

step S9 (S ter switching of the machining
condi tion In Fig. 5, designated at the reference numeral 301 is a

machining current measuring/computing section for measuring a
current 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 machininé 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 current 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



- 25 - at a start thereof, determnation is made as to :
‘el ectric discharge machining at a start therof has been "|fitni shed gr
not, nanely whet her a nachi ned area_hgisgecone | arger thanja sﬂeﬁi“ﬂ Jmﬂ
val ue or nore or not (S12). In th tep S12, in a case re the

el ectric discharge machining at a start thereof has not begn Tinished,
system control returns to step S2, and repeats operations
from st ep MChininggongition. &t showdchde Rated ithathe id

where it is ‘s .
using a current value assumable from the machining condition,

there is sometimes a case where the precision of measurement
thereof may be lower than that in any other method.

Next, a descriptidn 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 méchining is executed
under a condition of high current density, abnormal electric
discharge is easily generated. Especially, in a case where
electric discharge machining is executéd by a graphite electrode
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 ciosg 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 eleétric 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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‘been finished, the electric discharge machining at a starft thereof I%B
fini shed, and consequently, normal qlq'ttic di schar ge nachlnlh 7
instance, the electric discharge machning of electric dipcharge machined
according to Enbodinent 2 is executed. Nanmely, it is conckivabl e that a
machi ning condition i,s switched fromthe_ nachi g condi t _Qn_aLna-ngﬁ%——*—
t her eof ac€8f8i W§eEs dite 15 dlerft IhiIYY: ﬂé;f‘ﬁn?’f)aﬁﬁé' ne? R]gizep n‘é%"lﬁ??n?ﬂb e
condi tion. Wth Enbodi ment 4, after itial condition starti
electric dFQBHQH@?%nmﬂﬂ nifngMacaingd §P§%PF|C 8% cﬁarﬂSrEnagh?nlﬂﬁ EH

execut ed |n o st%ﬁgiyhere the cong ELPBaLS 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 ¢ontrolling 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
5peed, 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
machining 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
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After a machined area is computed by the machined area
computing section 111 in the step S9, or concurrently 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 computés 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 outputtéd 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 S9-4, and switches the machining condition
under which electric discharge machining is currently executed
to the condition described above (89-5). 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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is executed, determination 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 S2, 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 switched
corresponding to a change 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 cﬁrrent
density, so that machining thereof can be effectively and stably
executed undef 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 referencé numerals are assigned to the

same portions of the configuration as those in the electric
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and a work and in which a waveform qf 53 current for each el4gctiricy MpR 1397

di scharge pul se under each nachining Tomdition can be set t const ant
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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
accordihg 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 subjeeted to
premachining, and then machining is executed thereto with
electric discharge machining, 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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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 machining is
started. In the figure, a peak current, a pulse width and a
quiescent period of time optimal to each. case where a machined
area is "3 mm square or less", "G.mm square or less", "10 mm
square or less", or "15 mm square gr less" are shown as an
example of switching a machining condition switching at a start
of machining.

When a machined area is small, conditions for both a small
peak voltage and a small pulse width are selected so that a
large quantity of cuﬁrent 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 "S5A" or "8A" respectively, and a pulse width

becomes "65 ps", or "90 us", and the energy beébmes larger
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area according to output data conputed by said dividing means| as well as
data for constants stored in said storage_neans. 2. An|ele3tMAR 1997
di scharge machi ne according to claim X— further conprising a

machi ni ng condi tion changi ng means for changi ng conditions }for—mactrrirmg

so that thegggphpgedeapea conputed by said

As described above, the initial machining condition
switching section 401 sets conditions for'starting 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 opérations for switching
machining conditions in an electric discharge machine according
to Embodiment 4. In the flow chart, each processing operation
in step S1 and step S2 to step SS_is the same as thoée 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 madhining is set
by the initial machining condition switching section 401 (Si1-
2). The machining condition at a‘start of the machining is
previously set and registered. Then measurement of a time for
a unit period of time is started (S2).

Then, after processing in each step from the steps 53 to S8
~is executed, the initial machining condition switching section
401 switches the machining condition currently set to that at
a start of 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 (s11).

In the step S1l1, after switching of the machining condition
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finished or not, namely whether a machined area has become

larggr than a specified value or more or not (S12).

In the step 312, in a case where the electric discharge
machining at a start thereof has not been finished, system
control returﬁs to step S2, and repeats operations in each step
from step S2 to step Sl2. .

On 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 electﬁic discharge machining at
a start thereof is finished, and consequently, normal electric
discharge machining, for instance, the eléctric discharge
ﬁachining of electric discharge machine according to Embodiment
2 is 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
méchining is executed in a state where .the condition is
switched to a suitable machining condition by using the
computed value for the machined area, so that, even in a éase
where maghining for a complicated shape is executed, electric

discharge machining can effectively be executed without
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4. " An electric di scharge machi ne according to claim 3, qt%m
conpri si ng: a machining current control means for contfojlin 4997
machining current so that the current ggnsity conputed by /sat t

density conputing neans is kept at a prespecified value |
- 29 - or bel ow.

requiring a complicated program for obtaining machining
conditions at a start thereof. Also, abnormal consumption of
a work 102 due to a mistake of the program 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 alternative
constructions that may occur to one skilled in the art which

fairly fall within the basic teaching herein set forth.
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' 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 determining means for determining whether an
electric discharge pulse is an effective electric discharge
pulse contributing to machining and an ineffective pulse not
contributing to 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 machining 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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di scharge betweéen‘®an' efectrode and a werk conprising the steps of:
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el ectric discharge pulse not contributing to
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 substantially 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 cufrent 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 machine 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 current, a pulse width when machining is
started; and

a machining start condition changing means for changing said
conditions fqr starting machining according to a machinedﬂarea
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
electrode and a work comprising the steps of:

starting machining according to conditions for starting
machining requiring a small quantity of energy such as a peak
cﬁrrent or a pulse widthé

determining whether an electric discharge pulse is an

effective electric discharge pulse contributing to machining or

~an ineffective electric discharge pulse not contributing to
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of a current Whén ‘el &ct#i c*di scharge -+s- generat ed; and changi ng said

conditions for starting machining according to said conputgd~recthimed area

so that a quant. t.y of energy required for said conditions for starting
adhining -

machi ni ng ’

ease.
counting a number of electric 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 tiﬁe: d

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 coﬁputed machined area so that a quantity of energy
required for said conditions for starting machining will

increase.
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ELECTRIC DISCHARGE MACHINE AND ELECTRIC DISCHARGE ‘MACHINING—— |
- METHOD . :

ABSTRACT OF THE DISCLOSURE

A pulse determining section determines whether an electric
discharge pﬁlse is an effective electric discharge pulse
contributing to machining and an ineffective pulse not
contributing to machining, a pulse counting section counts a
number of electric aigcharge pulses determined as an effective
electric discharge pulse, a machining speed measuring section
measures a rate of machiniﬁg 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 aata preset according to eléctric cbnditiong such as
a waveform for a current due to materials of an electrode and
a work or generation of electric discharge, and a machined area
computing section computes a machined area according to the_

divided data and the stored constant data.

Fig 1




