ELECTRI CALL DI SCHARGE APPARATUS AND ELECTRI CAL DI YpqARCHEvs
MACHI NI NG METHQOD _ BACKGROUND OF:-THE | NVENTI ON

- The present invention pertains to an el ectrical dlscharge appar atus and an
el ectrical discharbe machining method designed so as to render a machining
operation stable andj optlnun1pr|n0|pally on the basis of positional

i nformation about. an electrode I Inthe field of el ectrical

di schar ge di-e- mlling, a multistage electrical discharge machining nethod
i's beconming popul ar. ACEBECTRICAL DESCHARGROAPPARA¥DSH ANDshape is obtai ned
as a result of switching a roughing operation to a finishing operation by
varyi ng machi ni ng condi BRERERT hDESCHARGEKMACHINENG METHODpul se wi dt h,
and the position of an electrode in _ _

BACKGROUND OF THE INVENTION

The present invention pertains to an electrical
discharge apparatus and an electrical discharge machining
method designed so as to render a machining operation stable
and optimum principally on the basis of positional information
about an electrode. |

- In the field of electrical diScharge.diefmilling,la
mﬁitisﬁage electrical discharge machining mthod is becoming
popular. Accbrding.to this method, a desired shape is obtained
as a result of switching a roughing operation to a’finishipg
operatio,n by varying machining conditions, such as a peak
current and a pulse width, and the position of an electrode.in
several st&§es. For the case where a surface is finished to
desired roughness by electrical discharge machining, it will
take considerably 1long time to finiéh the surface if the
surface is finiéhed from the outset, because the finishing
operation fequires a small amount of electrical energy. To
prevent this problem, most of the areas to be roughed are
removed by a roughing operation, in which the machined surface
has large roughness but the machining operatioh is carried out
af high speed with a iarge amount of electrical energy.
Subsequently, the machining requirements are gradually

switched, namely, the amount of electrical energy is reduced to
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several stages. For the case where a surface is finished to desired
roughne8s by electrical discharge machining it will take considerably | ong
time to finish the surface if the surface is finished fromthe outset,
because the finishi ng operation requires a snmall anount of electrical
energy. To prevent this problem nost of the areas to be roughed are
renoved by a roughi ng operation, in which the machi ned surface has large
roughness but the machining operation is carried out at hi gh speed with a
| arge anouhtskAller@xtent, ant dhe dépbhetiodme Ingchimedraichiprouressively

requirenents are gradually sw tched, nanely, the anount of electri ca.I
energy is ¥eKR2%ed o The multistage electrical discharge maxtdiniarg

extent, and the depth to be machined is progressively increased. The
mul ti st agé’%?’é%ﬂ‘?‘gal whichar gEOWAEReNi Agsizpdr ashgfacen doughnsates is

desired Sucrofn%ﬁ\’oen{fu@shg for 'fts high machining efficiency. Recently, it

has become popular to switch a machining operation to a powder-
mixed electrical discharge machining operation during the
course of the multistage electrical discharge machining
operation. .In this powder-mixed electrical discharge machining
operation, a powder-mixed working fluid, which includes the
mixture of prdinary working fluid oil and a metal or semimetal
powder, is poured into the gap between the ellec'trode and the
wofkpiece to be machined. As a result; the surface_ to be
machined is mirror-finished. ®

By means of the powder-mixed electrical discharge
machining operation, the area tc; be machined which measures as
large as about 500 (cm?) can be mirror-finished- to a -surface
rbughness of 1 - 2 (pm Rmax) as a result of the finishing
operation. Further,_ the powder-mixed electrical discharge
machining method has such a considerably superior advantage
that the machining operation is carried out several times
faster than in the conventional machining operation. However,
there is no sub_étantial difference between an 6rdinary working
fluid and the powder-mixed working fluid in terms of the
machining characteristics. For this reason, the workpiece is
machined from the first stage t6 the stage where the roughness

of the machined surface becomes 10 - 20 (um Rmax) using the



comonly used for its high machining efficiency. Recently, it has becone
popul ar "to switch a machining operation to a powder- mxed electrical

di scharge nachining operation during the course of the nultistage _

el ectrical discharge machining operation. In this powder - mi xed el ectrica
di scharge machining operation, a powder-m xed working fluid, which
includes the nixture of ordinary workng fluid oil and a netal or

sem metal powder, is poured into the gap between the el ectrode and the
wor kpi ece ?Bdb%amic‘ﬁ%ﬁang Flaiqy, addiawing feons fhendd fesime ofathe rpowder
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apparatus will be described referring to Fig. 7. 1In Fig. 7,
reference numeral 1 designates ah electrode, 2 is a workpieée,

3 is a machining bath, 4 is a control unit, 5 is a machining
power source for feeding a discharge pulse between the gap
between the electrode 1 and the workpiece 2, 6 is an averaging
circuit for averaging a discharge voltage develoéing in the
gap, 7 is a reference 'vbltage setting unit which sets a
reference voltage with respect to the dischargg voltage
averaged by the averaging circuit 6, 8 is a servo motor which-
is actuated under control of the control unit 4, 9 is a slider
which fixé&ly holds the electrode 1 and is actuated in the
direction of the % axis by the servo motor 8 via a ball screw
10, 11 is a linear scale for detecting the poéition of the
electrode 1, 12 is a working fluid tank in which ordinary
working fluid oil 14 is stored, 13 is a working fluid tank in
which a powder-mixed working fluid 16 including the mixture of

a powdered substance 15 is stored, 17 and 18 are pumps which _
pump the working fluid from the working fluid tanks 12 and 13

to the machining bath 3 under the control of the control unit

4, and 19, 20, 21, and 22 are control valves which open and

close in response to instructions from the control unit 4.



fluid and the powder-m xed working fluid in ternms of the machining
charact®eristics. For this reason, the workpiece is machined fromthe first
stage to the stage where the roughness of the nachined surface becomes 10

- 20 ([err] mRmax) using the 3
ordinary working fluid, allowing for the lifetine of the powder and the
filtration of the working fluid. In the renmaining stages, the machining

operation is continued by switching the working fluid to the powder-m xed
wor ki ng fluid. Next, theoppenatibon| ofovher -coxeentionali pawdéirsotixege
apparatus will be described referring to Fi . In Fi , reference
nuner al 1edesitaiseds dischasger apparatus El\lgrhﬁl@%%crlgeﬁis Famdhenicage
‘bath, 4 is_a control unit, 5 is a nachining power source for feeding a

di schar gewﬁlﬂrﬁs ‘b‘@?v\éb}ﬁf?ﬁ‘@ deh maehiped untid eltr H@S 1 W?qﬁeswlfﬁﬁieece

2 [ n I n
, 61s aro%vg ne %nd a desired shape while machining requirements and

the electrode position of the machining r_equirements are
changed in several stagés, the ordinary working fluid 14 in the
working fluid tank 12 is pumped up by the pump 17. The thus
pumped up working fluid oil is fed to the machining bath 3 via
the control valve 20. After a sufficient amount of the
ordinary working fluid 14 has been fed to the machining bath 3,
the control unit-4 issues an instruction to the machining power
source 5. Upon receipt of the instruction, the machining power
source 5 switches the working requirements to those of the
first stage e‘_md , then, starts an electrical discharge machining
operatiori by feeding an electriéal' discharge pulse to the gap
between the é—:alectrode 1 and the workpiece 2. At this time, the
control unit 4 issues an instruction to the! servo motor 8,
whereby the electrode 1 is moved toward the workpiece 2 in the
Z direction. When the linear scale 11 detects the arrival of
- the electrode 1 at a predetermined depth to be machined 22 in
the fi:;st stage, the contﬁ:ol unit 4 issues thé instruction to
the machining power source 5, whereby the machining
requirements are switched to those of the second stage. The
workpiece is machined to a predetermined depth to be machined
Z2 in the second stage. A series of these - operations are

repeated up to the final stage "n".



circuit for averaging a discharge vol tage developing in the gap, 7 is a
refererfce voltage setting unit which sets a reference voltage with respect
to the discharge voltage averaged by the averaging circuit 6, 8 is a servo
nmot or which is actuated under control of the control unit 4, 9 is a slider
which fixedly holds the electrode 1 and is actuated in the direction of
the Z axis by the servo notor 8 via a bal§ screw 10, 11 is a linear scale
for detecting the position of the electrode 1, 12 is a working fluid tank
in which ordi nary Avmethod 6fucdnbrbllingstheodemgthl afs thevgdp neetween
tank in which a powder-nixed working fluid 16 including the mxture of a
powder ed stivetebeetredeslsandedhel warkpiserr?2 wibhpsbehdescribpes t helf a
working fluid fromthe working fluid tanks 12 and 13 to the machining bath
3 under tHeultsmiveltage: he épplied (e tthe gapdfrom the machipding pewer
control val ves which gpen and close in response to initruc lons fromthe
control urfeuyce 5, a release voltage Vo appears for only a delay time To
- before the electrical discharge develops. Then, an electrical
‘discharge develops, and a discharge voltage Vg appears dﬁring
a pulse width Ton, and the next pulse voltage is applied after
the lapse of a quiescent time.Toff. . If the gap becomes smallerx
than the appropriate distance, an electrical discharge develops
immediately,; as shown in Fig. 8B. Consequently; the release
voltage-Vg appears without the time:To.during which the release
voltage Vo develops. If the machining operation is continued
in this state, electric arcing arises, thereby damaging the
electrode and the workpiecq; On the other hand; if the length
of the gap becomes longer than the appropriate distance,
electrical "discharge becomes léss apt to arise, as shown in
Fig. 8C. This in turn makes the time To of the release voltage
Vo very long. As a result, the number of times the electrical
discharge arises per unit of time becomes decreased, thereby
resulting in the machining efficiency being significantly
deteriorated. To prevent variations in the length of the gap;
a mean discharge voltage is measured, and the clearance is
controlled by comparing the measured release voltage with the

reference voltage. Specifically, as shown in Fig. 8A, a mean

value Vave, which is obtained as a result of averaging the



4 Next, the operation of the conventional powder-m xed electrical
di schar'ge apparatus will be described. For the case where the surface is
machi ned until it has desired surface roughness and a desired shape while
machi ning requirenents and the el ectrode position of the machining
requirenents are changed in several stages, the ordinary working fluid 14
in the working fluid tank 12 is punpedgup by the punp 17.  The thus punped
up working fluid oil is fed to the machining bath 3 via the control valve
20. Af t elischaxde civedttageouarisinghein otdienagapwouging fthe d aireragsingeen
fed to the machining bath 3, the control unit 4 issues an instruction to

t he machi imeyidney, cnurke appxgoimatedi$® of the instruction, the

machi ni ng power source 5 switches the working requirenents to those of the

first stage and, t4fe St IR & ¥arriTar) ol sCFRrHMchiTaty operldt on
7’ and- t ho wilkbi BELERS AYAYR; WILRB LnebtadRach VAR (A, Le0GEhaRT the
I nstructi Og%é[ (}.st g%p%‘%&)\é(}.a@,oriségpreviously set as the reference voltage
Vref in the reference voltage setting unit 7. If the length of
the gap is different frpm the appropriate distance, the
diécharge delay time To becomes larger. The value Véve becomes
greater than the reference voltage Vref from Equation (1).
Upon detection.of this increase, the control unit 4 issues the
instruction to the servo motor .8. The electrode 1 is
controlled so as to come close to the workpiece 2. Conversely,
if the length of the gap is much smaller than the appropriate
distance, the value Vave becomes smaller, than the reference .
voltage Vref from Equation (1)ias a resglt of the discharge
delay time To being reduced. Upon détection of this decrease,
the control unit 4 issues the instruction to the servo motor 8,
whereby the electrode 1 is moved away from the workpiece 2.
Thé length of the gap is constantly controlled in the range of
several micrometers to several tens of micrometers during the
electrical discharge machining operation. |
The mixed-powder electrical discharge machining
operation which is carried out from the k-th stage will now be
described. The machining operation is temporarily suspendedgat
the instant when the machining operation in the_(k-l)-th stage

has been completed. The ordinary working fluid 14 is drained



whereby the electrode 1 is nmoved toward the workpiece 2 in the z
directi on. Wien the linear scale 11 detects the arrival of the electrode 1
at q predetermned depth to be machined Z2 in the first stage, the control
unit 4 issues the instruction to the nmachining power source 5,
whereby the machining requirements are switched to those of the second
stage. The workpiece is machined to a predeterm ned depth to be nachi ned
Z2 in the second stage. A series of these operations are repeated up to
the final g$regethe machining bath 3 into the working fluid tank 12 via
met hod of controlling the Iength of the gap between the electrode 1 and
t he wor kpi $Be goptrplpayadaecidi9bed Upoin aomplletd omldfigche drmphagel ¢ the
gap fromthe machining power source 5, a release voltage Vo appears for
only a del ¥prking fduigef $he pewderenyixiedawodikisignfjaridhvks obs . pihped ap
el ectrical :
from the working fluid tank 13 by the pump 18. The thus pumped
up working fluid is fed to the machining bath 3 via the control
valve 2. After the sufficient amount of powder-mixed wcfking
fluid 16 has been fed into the machining bath 3, the control
unit 4 issues the instruction to the machining power source 5.
The current machining requirements are switched to those of the
k-th stage, and the electrical discharge machining operation is
resumed. Concurrently, the control unit' 4 issues the
inst;uction to the servo motor 8, and the electrode 1 is moved
to a depth to be machined zZk. The powder-mixed" electrical
discharge machining operation is completed at the instant when
the electrode 1 arrives at the depth to be machined zk.

The Unexamined Japanese Patent Application Publication
No. Hei. 4-63623 discloses a method of controlling machining
requirements in response to the 'state of the machining

operation in the gap.

SUMMARY OF THE INVENTION

According to studies carried out by the Inventor, the
mirror property of a machined surface, which is the major
characteristics of a powder-mixed electrical discharge
machining operation, is significantly affected by the

concentration of the powder mixed in a working fluid. In a



di scharge devel ops, and a discharge voltage Vg appears during a pul se

w dt h TFon, and the next pulse voltage is applied after the | apse of a

- qui escent time Toff. |If the gap beconmes snaller than the appropriate

di stance, an electrical discharge develops imediately, as shown in Fig.
8B. Consequently, the release voltage Vg appears without the time To
during which the release voltage Vo dewelops. If the nachining operation
is continued in this state, electric arcing arises, thereby damagi ng the
el ectrode awimdre porder-atixedeléctoidel dbsdharget mechéndngy oplerattd oggp
beconmes | onger than the appropriate distance, electrical discharge becones
| ess apt t dthe densitky sfowhe mixpdgpogderThesseh tor?0 midd (dfd ) isee thatof
the rel ease voltage Vo very long. As a result, the nunber of tines the

el ectrical 2 @y fdndshidig qperahioncan ke Hdadass aiad ant « nditelip
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8A @ AN pg a2 result, the machined surface does not become mirror
finished.

However, if the powder-mixed working fluid is used, the
powdered substance precipitates out of the working fluid as a
result of stagnation of the working fluid stream caused by
stirring the working fluid, because the specific giavity'of the
metal or semimetal powdered substance contained in the working
fluid oil is greater than that of the working fluid oil. For
this reason, as the time reéuired by the powder-mixed
electrical discharge machining'operation becomeés longer; the
concentration of the powdered substance 15 contained in the’
powder-mixed working fluid 16 becomeé reduced. Consequently,
the concentration of the mixed powder in the gap_formed between
the electrode 1 and the workpiece 2 becomes reduced. If the
concentration of the mixed powder drobs below 10 (g/l), a
desired mirror surface will not be obtained.
The powdered substance 15 deposited in the‘powder-mixéd

electrical discharge machining operation is mixed with the
working fluid oil 14 because the ordinary working fluid oil 14
is fed into the machining bath 3 during the next oil machining

operation, and the thus mixed fluid is supplied to the working



val ue Vave, which is obtained as a result of averaging the

6 discharge voltage arising in the gap using the averaging circuit 6, can
be approximted to Vave = (Vo . To + Vg . Ton) / (To + Ton + Toff)
(1) The vol tage Vave, which is obtained when the length of the gap
IS appropriate, is previously set as the reference voltage Vref in the

ref erence voltage setting unit 7. If thedength of the gap is different
fromthe -appropriate di stance, the discharge delay tinme To becones | arger
The val ue Yauddbetamies 12gr eaTherelifare,hethefl conventraltiiage &feftife omixed
Equation (1). Upon detection of this increase, the control unit 4 issues
the instrpowder in tthe powdemwmised gworking £lueidrdwank 113s becomes
controlled so as to cone close to the workpiece 2. Conversely, _if the
length of drergageds mudf $he | eeneeabrabhionpefopther mixed powder drops

below 10 (g/l), a desired mirror surface will not be obtained.

If the electrode 1 has a complicated profile; and if
the depth to be machined is large, the powdéred substance”15 is
insufficiently fed to the gap between the electrode 1 and the
workpiece 2. As a result, even if the concentration of the
mixed powder in the gap decreases below 10 (g/l), a desired
mirror surface. will not be obtained.

The technique disclosed in the Unexamined Japanese
Patent Application Publication No. Hei. 4-63623 is directed to
the stable control of the condition of an o0il, machining
operation by means of a working f£fluid. ‘Therefore, it is
impossible to identify the machining conditioﬁ as a result of
a drop in'fhe concéntration of the mixed powder.

The present invention has been conceived to solve the
above described drawbacks in the prior art, and the object of
the present invention is to prevent the mirror property of a
machined surface from being deteriorated as a'resulf of a
decrease in the concentration of a mixed powder in a machining
gap between an electrode and a workpiece, as well as to obtain
a desired mirror surface (desired surface roughness).

According to a first aspect of the bresent invention,

there is provided an electrical discharge apparatus for

machining a workpiece by applying a éulse vbltage within a



di stance, the val ue Vave becones snaller than the reference voltage Vref
from Equation (1) as a result of the discharge delay tinme To being
reduced. Upon detection of this decrease, the control unit 4 issues the
instruction to the servo notor 8, whereby the electrode 1 is noved away
fromthe workpiece 2. The length of the gap is constantly controlled in
the range of several mcroneters to sé®eral tens of mcroneters during the

el ectrical discharge machining operation. The m xed- powder
el ectri cavorRifighflged WRLEhNiNGluAEST Ry OE i6 Pvdersd aiibd tamed he
k-th stage will now be described. The machi ning operation is tenmporarily

suspendedand i#ne fikledit imten tshegapchbetwgenpeant i ebectrode (&nd) -tle
stage has been conpleted. The ordinary working fluid 14 is drained
7 from t heonkpheneng whemh 8 mnlbishageomaiohdniing dopertionyii® carried
out, the electricél discharge apparatus comprising:
means for detecting a starting position for a machining
operation at edch step; o
means for detecting an end positibn'for the machining
operation at each step{

- means for comparing an end position for the machining
of a pre#ious step detected by the means for detecting an end
position for the machining operation with a starting position
for the machining operation of a next step detected by thé step
of detecting a starting pésition for the machining “operation;
and

means for changing ﬁachining conditions.depending on a
comparison result output from the means for --comparing the’
positions for'the machining operétion. '

The machining position comparison means preferably
determines that the concentration of the powdered substance in
the work fluid is émall, if the difference.between the starting
position for the machining of the next step'detected'by the
machining starting position detecting means and the end
position for the machining of the previous step detected by the

machining end position detecting means is smaller than a

predetermined value.



the control valve 19. Upon conpl etion of the drainage of the working
fluid, *the powder-m xed working fluid 16 is punped up fromthe working
fluid tank 13 by the punp 18. The thus punped up working fluid is fed to

t he machining bath 3 via the control valve 2. After the sufficient anount
of powder-m xed working fluid 16 has been fed into the nachining bath 3,
the control unit 4 issues the instructildn to the nachi ning power source 5.
The current machining requirenments are switched to those of the k-th
stage, and the el ethei celedtsibalgediachamgreg eppaxiaiters | sis r geueifzicably
Concurrently, the <control -unit 4 issues the instruction to the servo
nmot or 8, apxovided|with means ifomfeedingothedpprderedhsubatanaedinio thihe
powder - m xed el ectrical  discharge machining operation is conpleted at the
i nstant whHeprking Eludd, dde theymachining tpesithon comparisem mefns hasrhe
Unexam ned Jﬁggﬁese tion Ft&. 4- 63623

di scl oses @€ bﬂeﬁrttgﬂhlg?p%%gg?té@ﬂ%‘%lgfeﬂiﬁ r@?NYg?'ﬁ%e i FRPSERRCERS (o
t he statethgfwo£ fhgaffhgangs gﬁgigtion in the gap.

According to a second aspect of the present invention,
there is provided an electnical discharge apparatus for
machining a workpiece by applying a pulse_vnltage within a
working fluid which includes a mixture of a powdered substance
and is filled into a gap between an electrode and the
workpiece, the electrical discharge apparatus.comprising:

means for counting the number of the effective
electrical discharge pulses which contribute to a machining
operntion for every predetermjined time; |

means for setting tne amount of the workpiece to be
machined péi electrical dischnrge pulse under each electrical °
discharge machining condition;

means for setting an aren to be machined under each
electrical discharge machining'condition; ‘

means for calculating a scheduled distance over which
the electrode travels during a predetermined period of time,
from the number of the effective electrical diséharge pulsés
detected by the means for counting the number of the effective
electrical discharge pulses, the amount of the workpiece to be

machined per electrical discharge pulse set in the means for

setting the amount of the workpiece to be machined, and the



SUMVARY OF THE | NVENTI ON According to studies carried out by the
Inventor, the mrror property of a machined surface, which is the major
characteristics of a powder-m xed electrical discharge machining
operation, is significantly affected by the concentration of the powder
mxed in a working fluid. 1In a .8
comon powder - i xed el ectrical discharggznmachining operation, the density
of the m xed powder is set to 20 - 30 (g/l) so that a mrror finishing.
oper at i onacea be beabhghinedi set oin .the neanskfomn seftdingh&hie arehctioshef ace
wi || beconme rougher if the concentration of the m xed powder falls to |ess
than 10 (#echineds 3 result, the machined surface does not become mirror

fini shed. However, if the powder-m xed working fluid Ls gsed t he
means for detecting the distance “over which the -

electrode actually travels during the machining operation, for
every predetermined time;

means for comparing the scheduled travel distance
calculated by the means for calculating a scheduled travel
distance with the actual travel distance detected by the means
for detecting the distance over which the electrode travel
distance; and . | ' |

means for changing the machining conditions in.resﬁonse
to a comparison result output from the means for comparing the
electrode travel distances. N

The electrode tfavel distance comparison means
preferably determines that the'concentration of the powdered
substance in the work fluid is small, if the aifference-between
the travel distance of the electrode detected by the electrode
travel distance detecting means and the scheduled travel
distance calculated by the electrode travel distance
calculating means is more than a predetermined value.

The electrical disdharge apparatué’ is preferably -
provided with means for feeding the powdered substance into the
working fluid if the electrode travel distance comparison means
judges that the concentration’of.the powdered substance in the

working fluid is small.



powder ed substance precipitates out of the working fluid as a result of

st agnatti on of the working fluid stream caused by stirring the working
fluid, because the specific gravity of the netal or sem netal powdered
substance contained in the working fluid oil is greater than that of the
working fluid oil. For this reason, as the tine required by the
powder-m xed electrical discharge machi Aadng operation becones | onger, the
concentration of the powdered substance 15 contained in the powder-m xed
working fluid 16 bEBuvtberpedided. Guekinimgt | gondikéononcdangiriaon wéande
m xed powder in the gap forned between the electrode 1 and the workpi ece 2
becones reBueéarably: rthangeg ekheamafiersmaaevalkagepdiddt HPEPSChelt®y 20
(g/l), a desired nirrir surface will nqt be obtai ned. The powder ed
subst ance 455gBpseet ¥gltagendeysieRing Y&y the &3R4 cal .di scharge nachi ni ng

working 1uid of | THe 1mapBintREs Pathbifirn FRERRtRSs BertRo PREERERbLE )
machining -RRAEAL tHe 304 BMRnt Sl %39 i Wikd PP d flbhLrdde Working

The machining condition changing means preferably
changes the regular amount of lift of the electrode. |

According to a third aspect of the present invention,
there is provided an eleétrical discharge machining method for
machining a workpiece by applying a pulse voltage within a
working fluid which includes a mixture of a powdered substance
and is filled into a gap between an electrode and the
workpiece, when a multistage machining operation® is carried
out, the electrical discharge machining method comprising.the
steps of: | _

defécting a st&rting position for the machining atleach
step;

detecting an gnd position fbr the machining at each
step; |

comparing the.detgcﬁed end position for the machining
of a previous step with the detected starting position for the
positioning of a next steé; and

changing the machining conditions Hdepending on a
comparison result output obtained in the step of comparing the

positions for the machining operation.



9 fluid tank 12. Therefore, the concentration of the m xed powder in

t he powder-m xed working fluid tank 13 becones decreased. |If the
concentration of the m xed powder drops below 10 (g/l), a desired mrror
surface will not be obtained. If the electrode 1 has a conplicated

profile, and if the depth to be nachinﬁq Is large, the powdered substance
15 is insufficiently fed to the gap between the electrode 1 and the
wor kpiece 2. As a result, even if the concentration of the m xed powder in
the gap decreases ¥el &heiompghining deesitdon i eempasisPBc SRR ddt B8
Pat ent - ApFeEaah R SRR Nbha i Ros CoBe et Thab(rhqthe PORBSZEgb! ¢
cont rol ot 880hoaf PL: AL A , PR 8RBT p8kuen
the starting position for the machining of the next step
detected at the machining starting position detecting step and
the end position for the .machining of the previous step
detected at the machining end position detecting step Iis
smaller than a predetermined value.
| The electrical discharge machining method preferably.
further includes a step for feeding the powdered substance into
the working fluid if it has been determined that the
concentration of the powdered substance'in the working fluid is
~small. »
' According to a fourth aspect of the présent invention,
there is provided an electricalldischarge machining method for
machining a workpiece by applying a -pulse voltage within a
working fluid which includes a mixture of a powdered substance
and is filled into a gap between an electrode and the
workpiece; the electrical discharge machining method comprising
the steps of:
counting the number of the effecfiﬁe electrical
discharge pulses which contribute to a machining operation for
every predetermined time;
setting the amount of the workpiece to be machined per
electrical discharge pulse under each electrical discharge

machining condition;



i npossible to identify the machining condition as a result of a drop in
the concentration of the m xed powder. The present invention has
been conceived to solve the above described drawbacks in the prior art,
and the object of the present invention is to prevent the nirror property
of a machined surface from being dete&'orated as a result of a decrease
in the concentration of a mxed powder “fn a machining gap between an

el ectrode and a workpi ece, as well as to obtain a desired mrror surface
(desired surface r8gg§hdngspn area to foeomdchined amdersteaspeelectriscal
present invention, there is provided an electrical discharge apparatus for
nmachi ni ng 8ifehREgecBaphingpoycagditionse vol tage within a .
10 working fluid which in¢ludes a m xture of a powdered substance and is
filled into a gap B%{lﬁ)ééﬁtéﬁgel 8ct #6hedyd@d; hdistance over which the

electrode travels'during a predetermined period of time, from
the number of the effective eleétrical' discharge pulses
detected by the step of counting the number of the effective
electrical discharge pulses, the amount of the workpiece to be
machined per electrical discharge pulse set in the step of
setting the amount of.the workpiece to be machined, and the
area to be machined set in the step of setting the area to be
machined; |

detecting the distance over which the electrode
actually travels during the machining operation;* for every
predetermined time;

| comparing the scheduled travel distance calculated by
the step 6f calculéting a scheduled travel distance with the
actual travel distance detected by the step of detecting the
distance over which the electrode traveis; and . '

changing the machining conditions in response to a
comparison. result output from the step of compafing: the
electrode travel distances.

In the electrode travel distance comparison step, it is
preferably determined that the concentration of the powdered
substance in the work fluid is small, if the difference between
the travel distance of the electrode detected by the.electrode

travel distance detecting step and the scheduled travel



wor kpi ece, when a nultistage machining operation is carried out, the

el ectritcal discharge apparatus conpri sing: neans for detecting a
starting position for a machining operation at each step; nmeans
for® detecting an end position for the machining operation at each step;
means for conparing an end position for the machining of a previous step
detected by the nmeans for detecting-anlénd position for the nmachining
operation.with a starting fosition for 'the nmachi ni ng operation of a next
step det ecdégtancehe cakgnlatedet &t i nthe stedractrpdesi traveflor dhatance
machi ni ng operation; and | means for changi ng, machi nj ng condi tions
dependi ng eAleulabingr s8R ASsioreokham & myadeterianrd rf@lu@onparing the

positions for the chining operation. . The nachinjn osition
conpari son means pﬁ?e?i;?ﬁ‘grl‘g%iéi’rﬁ Q?l&laqlﬁé‘%%ﬁ’?'ﬂoﬁ ilgng’é?f?ﬁébllf
powder ed substance in, . the rk fluid ig,.small, if the djfference befween
Phe start | REOVEASH: Makhi & S4RE ket FPRQias the Rexstes) ulttiites vihtne
the working fluid if the electrode travel distance comparison

stép judges that the concentration of the powdered substance in

the working fluid is small.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1.is a block diagram showing the configuration of
an electrical discharge apparatus according to a first
embodiment of the present invention;

Fig. 2 is a plot éhowing the relationship“between the
concentration of a mixed powder and the lengﬁh of a machining
gap; -

Fig. 3 is a schematic representatién- showing the
‘relationship betwéen the position of an electrode and the
length of the machining gap in the case of a multistage
electrical discharge machining operation;

Fig. 4 is a block diagram showing the configuration of

an electrical discharge apparatus accordiﬁg to a second
embodiment of the present invention;

Fig. 5 is a plot showing the relationship-between a
machining time and the travel distance of the eiectrode for

different concentrations of the mixed powder;



machi ning starting position detecting nmeans and the end position for the
machi'ning of the previous step detected by the nmachining end position
detecting neans is smaller than a predeternined val ue.

The el ectrical discharge apparatus is preferably provided with neans for
feedi ng the powdered substance into the working fluid if the machining
position conparison neans has determ nkd that the concentration of the
powder ed substance in the working fluid is small. According to a
second aspect of tHRiégprésést ai babdei showingerthe oyhldniaelcef o mhbtistage
di schar ge ggparatus for machining a workpi ece by applying a pul se voltage
within a ertrjcalufddsehprae machdading meth@ds of a powdered substance

and is filled |nto a gap bet ween an el ectrode and_ the
Fig. is a block diagram showing a conventional

electrical discharge machine; and _
Figs. 8A to 8C are plots respectively showing the
relationship between the length of the machining gap and a

discharge voltage.

DETAILED DESCRIPTION OF THE PREFERRED ElldBODIMENTS
(FIRST EMBoﬁIMENT)

With referende to Figs. 1 through 3, an electrical
discharge apparatus according to a first embodiment of the
present invention will be described. Throughout the drawings,
the same reference numerals are provided to designate the
corresponding elements of the conventional electrical.dischargé
machine, aﬁa hence their explanations will be omitted.

Fig. 1 is a block diagram showing the configuration of
the electrical discharge apparatus according to the first
embodiment of the present invention. As shown in Fig. 1, the
electrical discharge apparatﬁs éomprises a unit 30 for
detecting the starting position for a machining operation at
every step, a unit 31 for detecting the end position for the
machining operation at every step, a unit 32 for cbmparing the
end position for the machining in a certain step detected by
the machining operation end position detecﬁing unit 31 with the

starting position for the machining of the next step detected



wor kpi ece, the electrical discharge apparatus conprising: means for
counting the nunmber of the effective electrical discharge pul ses which
contribute to a nmachining operation for every predeterm ned tineg;

nmeans for setting the anmount of the workpiece to be nachined per

el ectrical discharge pul se under each electrical discharge nmachining

condi ti on; means for setting anl8rea to be machi.ned under each

el ectrical_discharge nmachining condition, nmeans for calculating a
schedul ed B dtheh&echiaing,pprratiencstarting peaitionidetagtingrenit 63%i ned

&
period of tine, Jframthe nu r of the effective electrical discharge
pul ses det 8y 30{/%Pﬁe'c%ﬁﬁgRingc%ﬁ%?ﬁboPﬁel% Jrafehining gond fetengein

per ol cot IURONE s Tt € o Hhe FomRaRIe AR Y (Kha MGG of

the workpigee; § foe-BREEFIESN %%gérgi, and a unit 34 which contains a

powdered substance and féeds a powdered substance 15 into a
powder-mixed working fluid tank 13.

The operation of the electrical discharge apparatus
will next be described. As previously described, for the cases
where the powdered substance 15 deposited in the machining bath
3 is flushed away to the working fluid tank 12 while it is
mixed with an ordinary working fluid 14, where,the.électrode 1
has a complicated profile, and where the depth to be machined
is large, a mirror surface will not be obtaingd if the
concentration of the mixea powder in the gap decreases to less
than 10 (g/l). Fig. 2 shows the relationship between the
concentration of the mixed powder and the length of the gap.
The smaller the concentration of the mixed powder becomes, the
shorter the length of the gap becomes even under identical
machining conditions. Accordingly, it is possible to prevent
the mirror property of a machined surface from being
deteriorated by detecting the decrease in the iength of the gép
resulting from a drop in the concentration of the mixed powder,
and by increasing the concentration of th; mixed powder
according to the result of the detection.

Fig. 3 shows the relationship béﬁween the position of

the electrode 1 and the length of the gap when a powder-mixed



12 area to be machined set in the neans f or setting the area to be

machi ned:

means for detecting the distance over which the

el ectrode actually travels during the machi ning operation, for every
predeterm ned tine; means for conparing the schedul ed trave

di st ance

cal cul ated by the nmeans for cal culating a schedul ed trave

di.stance with the actual travel distancg2detected by the neans f or
detecting the distance over which the el ectrode travel distance; and
means for elleetgiicglt Adschalrgei ngchibningi bescarrieat puisdn severednpiepsen
result output fromthe neans for conparing the electrode travel distances.
The el ect Asdeanr heesee sfxor Fipmiar itden lepgtd ofr sher appyohspippinwbenhat
the concentration of the powdered substance in the work fluid is,snall,

the diff etbeceonsantumtiameotr shel miixadirpevder: i& 2QctPodd JILE) edshy

the el ectrode .

larger than the gap length obtained when the concentration of
the mixed powder is less than 10 (g/l1). For this reason, the
powder-mixed electrical discharge machining starting position
in the k-th step obtained when the concentration of the mixed
powder is less than 10(g/l) is slightly forward in the
direction of the advancement of the electrode with respect to
the starting position obtained when the concentration.of the
nmixed powder is under 20 to 30 (g/l), by only the difference in
length between the gaps. Assuming that tne starting position
for the electrical discharge machining of the (k-1)-th step is
represented by zk-1, that the powder-mixed electrical discharge
machining operation at thé k-th step obtained when the
concentrati;n of the mixed powder is 10 (g/l) is represented by
%z, that the length of the gap obtained when the concentration
of the mixed powder is 10 (g/l) is represented by Ga, that the
starting position for the powder-mixed electrical discharge
machining.of the k-th step obtained when the concentration of
the mixed bowder is 20 to 30 (g/1l) is represented by Zb, and
that the length of the gap obtained when the'concentration of
the mixed powder is represented by Gb,

Zb - 2 = (Zb - Zk-1) - (% - Zk-1) = Gb - Ga ... (2) .

Equation (2) can be expressed as

Z - k-1 = (Zb - Zk-1) - (Gb - Ga) ... (3)

i f



travel distance detecting neans and the schedul ed travel distance
calcul™ated by the electrode travel distance calculating nmeans is nore
than a predeterm ned val ue. The electrical discharge apparatus
is® preferably provided wth neans for feeding the powlered substance into
the working fluid if the electrode travel distance conparison nmeans

judges that the concentration of the powgered substance in the worKking
fluid is small. .13 Furt her,
the nachinivalueoobiained fhomgthg subbpactponfl @babl Gaciangwdident from
reference voltage with respect to a discharge voltage devel oping in the
gap. Fig. The amdhanwadueonditbimed: igndihey swhbsaptiédbnr bl v Zkhdndes

t he quiescent time of an electrical discharge. The nachi ni ng

condi ti on cengkaphdrnespectivd afakhe shape to be machined and the depth

to be machined. Therefore, Zk-1 is previously calculated, and
the end position Zk-1 for the machining of the (k-1)-th step
and the starting position for the powder-mixed electrical
discharge machining of the k-th step are detected. If the
difference between 2Zk-1 and 2% satisfies the conditions
expressed by Equation (4)
Z - Zk-1 £ (%2b - zk-1) - (Gb -~ Ga) = o (o is a constant) ...
(4), _
it is determined that the concentration of the mixed powder is
less than 10 (g/l). As a result, it will be possible to
prévent the deterioratibﬁ pf the mirror property of a machined
surface by increasing the concehtration of the mixed powder.
Upon receipt of a ﬁachining end signal for the (k-1)-th
machining step from the control unit 4 and an electrode
positional signal output from a linear scale 11 at the time of
completing the (k-1)-th step, the machining operation end
position detecting unit 31 detects the position Zk-i of the
electrode when the (k-1)-th step is compléted. The thus
detected pésition is output to the machining position
comparison unit 32. Upon receipt of a machining start sighal
with regard to the k-th step, in which a powder-mixed
electrical discharge machining operation is carried out, from

the control unit 4, and an electrode position signal from the



changes the regular anount of lift of the el ectrode. According to a
third aspect of the present invention, there is provided an electrical
di scharge nmachi ning method for nachining a workpiece by applying a pul se
voltage within a working fluid which includes a m xture of a powdered
substance and is filled into a gap between an el ectrode and the
wor kpi ece, when a nultistage machining dperation is carried out, the
el ectrical discharge machining method conprising the steps of:
detecti ng Himsart segleosil i obthdnetheatrathenitigneat ofactarttisygy the k-th
detecting an end position for the machining at each step; .
conpar i ng méghiringt &temd pbsi thaphininghcoprodthdmg starting ewasitinmep
with the detected starting position for the positioning of a next step;
and detephipd Pnie Ihdetects aortiarténg Bepihdragl ofrn 2 aeahming
result output obtained in the step of Qoqparing t he ositions for the
machi ni ng RRFaEIYH, of the k-th machining step. he thus detected
position is output to the machining position comparison unit
32. Upon receipt of Zk-1 and %, the machining position
comparison unit 32 calculates the difference between Z and Zk--
1. If the difference becomes less than the predetermined
constant o, namely, if the relationship expressed by Eguation
(4) is achieved, the machining position comparison unit 32
determines that the concentration of the mixed powder in the _
gap has dropped. Signals are then sent to the control valve 35
and the machining condition changing unit 33. Upon receipt of
the signal, the control valve 35 is opened, for a predetermined
period of time, so that the powdered substgnce 15 stored in the
powder feeding unit 34 is fed to the working fluid tank 13.
Consequently, the concentration of the powder in the powder-
mixed working fluid 16 is increased.
Upon receipt of the signal from the machining position
comparison unit 32, the machining condition changing unit 33
outputs a signal to the control unit 4 in order to increase the
value of the' reference voltage Vref set in the reference
voltage setting unit 7. Upon receipt of the signal, the
control unit 4 sends a signal to the reference voltage setting

unit 7, whereby the value of the reference voltage Vref is set

to an increased level. For instance, if the reference voltage



14 In the machi ning position conparison step, it is breferably
det erni‘ned that the concentration of the powdered substance in the work
fluidis small, if the difference between the starting position for the
machi ni ng of the next step detected at the machining starting position
detecting step and the end position for the machining of the previous step
detected at the machining end position @2tecting step is snmaller than a
pr edet er mi ned val ue. The el ectrical discharge nmachi ni ng et hod
pref er abl yisf wdthetoi nkd uqey ,a shep referined Ngolbagpovider sdtsudst ascetont o
the working fluid if it has been determ ned that the concentration of the
powder ed sipsrease by @houtordd n@V¥{ ui Tfi thesmelference voltagsorfef) hasa
fourth aspect of the Qresent i nventi on,
increased, the length of the gap is controlled so that Vave in
Equation (1) can be increaséd. All that is necessary to
increase Vave is to increase a discharge delay time To. For
this reason, the occurrence of the electrical discharge is
controlled so as to be delayed by increasing the length of the
gap. As a result, the length of the gap is increased, and it
becomes easy for the powdered substance 15 to enter the gap,
whereby the concentration of the mixed powder in the gap
increases.
Upon receipt of the signal from the machining position
comparison unit 32, the machining condition changing unit 33
outputs the signal to the control unit 4 so as to increasé the
quiescent time Toff which is set on the machining conditions at
that time. Upon receipt of that signal, the control unit 4
outputs a signal to the machining power source 5. The
machining power source 5 sets the quiescent time Toff so that
it can be increased, and an electrical discharge pulse is
applied to the gap. For eﬁample, if the quiescent time is 4
(us), the quiescent time is set so as to be doubled, i.e., it
is set so as to become about 8'(us). The longer the quieéscent
time Toff becomes, the smaller Vave in Equation (1) becomes.
Therefore, the length of the gap is controlled so that Vave can

be constantly maintained. To hold Vave constant, it is only

required to increase the discharge delay time To. For this



there is provided an electrical discharge machining nethod for machining a
morkplece by applying a pulse voltage within a working fluid which
includes a mxture of a powdered substance and is filled into a gap
bet ween an el ectrode and the workpiece, the electrical discharge machining

met hod conprising the steps of: counting the number of the
effective electrical discharge pul ses2¥®hich contribute to a machining
operation for every predeterm ned tine; setting the anmount of the

wor kpi ece tredsomachthed pecurekeceri ofl (ﬁhﬁﬂmmgecbnieelund&schaebe is

el ectrical discharge nachiningﬁ;ondltlon
15 coptra hpditaas 1t Hse dedeiesk byudderesscing the rliength difs dhar ge

dition,
nachlnlng(ggbl Consequently, the length of the gap increases, which in

turn makes it easy for the powdered substance 15 to enter the
gap. Hence, the concentration of the mixed powder in the gap
increases. | '

Upon receipt of the signal from the maqhining position
comparisbn unit 32, the machining condition changing unit 33
ouﬁputs the signal to the control unit 4 so that the regular
amount-of the 1lift of the electrode at that time can be
increased. Upon receipt of that signal, the control unit 4
outputs a signal to a servo motor 8, and the servo motor 8
actuates so as to increase the regular amount of “the 1lift of
the electrode. For instance, if the regular amount of the 1ift
of the electrode is 0.5 (mm), the regular amount of the lift of
the electréde is increased so as to be doubled, i.e., it is
increased so as to become about 1 (mm). Consequently, the
length of the gap increases » and it becomes easy for the
powdered substance 15 to enter the gap; whereby the
concentration of the mixed powder in the.gap increases.

In this way, after the receipt of the,signal from the
machining starting position comparison unit 32, the powdered
substance is fed into the working fluid, or the length of the
gap is increased by increasing the reference voltage Vref, the
quiescent time Toff, or the regular amount of the lift of the

electrode, which makes it easy for the powdered substance 15 to



cal cul ating a schedul ed di stance over which the electrode travels during a
predetéerm ned period of tinme, from the nunber of the effective electrical
di scharge pul ses detected by the step of counting the nunber of the

ef ffective electrical discharge pul ses, the anount of the workpiece to be
machi ned per electrical discharge pulse set in the step of setting the
amount of the workpiece to be machi ned,?%and the area to be machined set in

the step of setting the area to be nachi ned; detecting the
di stance oeatewhibe gap.elksta amsulict Ut lip posedbdedtioi ngliablynabhhewvg
operation, for every predetermned tinme;, conparing the schedul ed

travel di seandesdalesul atiacrdyy swefacep a8 cwedd atdishg & scirexeaset r shel
di stance with the actual travel distance detected by the step of detecting

the di st afeBCORETalHom afhdha adxedieawda®ed s; and - changi ng the
machi ni ng conditions in sponse to a conparison result output fromthe
step of coﬁ%ggphg F%EOD Jode travel distances

Fig. 4 is a block diagram 'showing an electrical
discharge apparatus according to a second embodiment of the
present invention. As shown in Fig. 4, the. electrical
discharge apparatus comprises a unit 36 for counting the number
of effective discharge pulses which contribute to a machining
operation for every predetermined time, a unif 37 for setting
the amount of a workpiece to be machined per electrical
discharge pulse for every machining condition, a unit 38 for
setting the area to be machined, a unit 39 for caldulating the
travel distance of the electrode 1 (i.e., a scheduled travel
distance of the electrode 1) pér predetermined time, from the
number of effective discharge pulses per unit of- time detected
by the effective discharge pulse number counting unit 36, the
amount of-the workpiece to be machined per electrical discharge
pulse set in the machining amount setting unit 37, and the area
to be machined set in the area setting unit 38, a unit 40 for
detecting the actual travel distance of the-électrode 1 per
unit of time upon receipt of a signal from the linear scale 11,
and a unit 41 for comparing the travel distance of the
electrode per predetermined time calculated by the electrode

travel distance calculating unit 39 with the actual travel



In the electrode travel distance conparison step, it is preferably
determihed that the concentration of the powdered substance in the work
fluid is small, if the difference between the travel distance of the

el ectrode detected by the electrode travel distance detecting step and the

schedul ed travel 25 16 distance
calculated by the electrode travel distance calculating step is nore
than a predeterm ned val ue. The el ectrical discharge machi ni ng

met hod i s dirsdfanceh| perprpwédetemnined sStioe f detleeddidngbyhetlppwedieetrode
substance into the working fluid if the electrode travel distance

conpar i sortx té%tQ¢kim@nm©htrﬁBion of the powdered substance in

Kin f|UId IS snall BRI EF DESCRI PTI ON OF THE
Egimrﬁés g The operation of the electrical discharge apparatus

will now be described. Even if the concentration of the mixed
powder at the starting point for the machining operation is 20
- 30 (g/1), the powder precipitates out of the working fluid as
a result of stagnation of the working fluid stream in the
manner as previously desciibed. Therefore, if the machining
time becomes lbhger, the precipitation of the powdered
substance 15 . progresses further. As a result, the
concentration of the mixed powder decreases to less than 10
(g/1) during the course of the machining operation, and hence
the mirror surface is not obtained. Fig. 5 "shows the
relationship between the time for the powder-mixed électrical
discharge machining 6peration and the amount of the progress of
the machinihg operation. If fhe concentration of the mixed
powder is constantly held at a level of 20 to 30 (g/l), the
machining time becomes proportional to the amount of the
progress of the ﬁmchining operation, and a nmchlnlng rate
defined by the machining condltlons at that time becomes the
constant of proportionality. If the concentration of the mixed
powder is decreased during the course of the machining
operation, the length of the gap is also decreased even under
identical machining conditions, as shown in Fig. 2. For this

reason, the amount of the progress of the machining operation



Fig. 1 is a block diagramshow ng the configuration of an electrical

di scharge appar at us according to a first enbodiment of the present

i nvention; Fig. 2 is a plot showing the rel ationship between the
concentration of a mixed powder and the | ength of a machining gap;

Fig. 3 is a schematic representation ?Eomnng the relationship between the
position of an el ectrode and the |eng of the machining gap in the case
of a multistage electrical discharge machining operation; Fig. 4

i s a bl ockin¢reraes spoepegtionadortfa gthat deareasearirel e rleagthi sdhatige
apparatus according to a second enbodinent of the present invention;

Fig. 5is QPEIO%SS%EQW%nghElgeIétlonshlp between a nmachining tinme and t he

travel distance of_the electrode for different concentrations of the m xed
powder : During the electrical discharge machining operation,

the electrode is positioned away from the surface of the
workpiece 2 so as to be machined by only the length of the gap
determined by the machining conditions at that time. The
length of the gap is constantly controlled such that an
appropriate distance is ensured in the manner as previously
mentioned. Therefore, when the powder-mixed electrical
discharge machining of the k-th step is started, the machining
operation continues while the 1length of the gap Gb is
maintained until the'k-th machining operation is complefed,
unless a drop in the coﬁcentra;ion of the mixed powder occurs.
Assuming that the amount of the!workpiece to be machined per
electrical discharge on the working conditions at that time is
V; that the area to be nmchinéd is -S; that the number of
effective discharge pulses per predetermined time is m, and
that the specific gravity of the workpiece is p, the travel
distance Lb per predetermined time at that time can be
apbroximated to

Lb = meV/peS ...(8) .

However) if the concentration of the mixed powder in
the gap during the predetermined period of time becomes 10
(g/1), and if the length of ﬁhe gap at that time becomes Ga, a
reduction AG in the length of the gap will be expressed as

AG =Gb - Ga ... (9) .



17 Fig. 6 is a table showng the outline of a nultistage

el ectrical discharge nmachini ng nethod; Fig. 7 is a block diagram
showi ng a conventional electrical discharge machine; and Figs. 8A
to 8C are plots respectively showing the relationship between the |ength
of the machining gap and a discharge vgltage. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS/ (FI RST EMBODI MENT) Wth

reference to Figs. 1 through 3, an electrical discharge apparatus
accor di ng Ferther; sthenboalvebndistahbe Lar efethei electirodenat Hhat time
descri bed. : Throughout the drawi ngs, the sanme reference nunerals are
provi ded tReermegnthe s @braedistdinag dllkpepverofwhich ctheemliewtatiode
el ectrical discharge machine, and hence their explanations wll be
omitted. travelspias a i zesubt o dithgr amachining toperahiogur aandn tife.

reduction AG in the length of the gap. Specifically, La is
expressed as | |

La = Lb + AG ... (10) .
Accordingly, the reduction AG in the length of the gap
resulting from a drop in the concentration of the mixed powder
is given by

AG = La - Lb ... (11) .
AG in Equation (11) is self-evident from Figs._z and 5. The
actual travel distance L Qf the electrode at a predetermined
time and the travel distance L’ of the electrode, which is
calculated on the assumption that the concentration of the
mixed powder does not decrease, are respective#y detected. 1If
the differéﬁce between them satisfies. the relaéionship defined
by Equation (12), namely,

L-L"2La-Lb=p (B is a constant) ... (12) ,
it is determined that the concentration of the mixed powder is
less than 10 (g/l). It is possible to prevent the mirror
property of fhe machined surface from being deteriorated if the
concentration_of the mixed powder is increased.

The electrode travel distance calculating unit 39
calculates the distance L’ over which fhe electrode traveled
during a predetermined period of time when the concentration of

the mixed powder is not decreased, from the number of effective



the electrical discharge apparatus according to the first enbodi nent of
the present invention. As shown in Fig. 1, the electrical discharge
apparatus conprises a unit 30 for detecting the starting position for a
machi ni ng operation at every step, a unit 31 for detecting the end
position for the machining operation at eyery step, a unit 32 for
conparing the end position for the machining in a certain step detected by

the machining operation end position detecting unit 31 with the starting
posi tion f&laciaisadnididischasioe mukeea whigh deertribute to the machining

18 by the nmachini ng operation starting position detecting ;nit 30by %hunit
eEepdrsle bvothee

33 for confPEIANYT EOTLVERY PREARIRIMIAGT Sdae PoRs are . .
52 ‘and o SREECHIV G SR LOTER RiLES BONRF o deLartins 80dta SPechboaapoRat cd
substance 1% O wdrkpiece to be machined per discharge pulse for every
machining condition set by the machining amount setting unit
37, and the area to be machined for every machining condition
set in the area setting unit 38, using Equation (8). The thus
caiculated travel distance L’ is output to the electrode travel
distance comparison unit 41. The effective :discharge pulse
number counting unit 36 detects high frequency components of
the discharge voltage using such a method as disclosed in the
Unexamined Japanese Patent Application Publication. No. Hei.5-
293714, and then integrates the thus detected high' frequency
components. If a resultant value is more than the reference
value, the discharge voltage. is Jjudged as an effective
discharge pulse. Then, the effective discharge pulse numbér
counting unit 36 counts the pulses for every predetermined
time. The electrode travel distance deteCtingjunit 40 detects
the actual travel distance L of the electrode 1 per unit of
' time, upon receipt of the signal from the linear scale 11. The
thus detected travel distance 1. is output fo the eléctrode
travel distance comparison unit 41. Upon receipt of L and L',
the electrode travel distance comparison unit 41 calculates the
difference between L and L'. If the difference increases more
than the predetérmined value B, that is, if the relationship

given by Equation (12) is satisfied, the electrode travel



powder - mi xed working fluid tank 13. The operation of the
el ectrical discharge apparatus wll next be described. As previously
described, for the cases where the powdered substance 15 deposited in the
machining bath 3 is flushed away to the working fluid tank 12 while it is
- mxed with an ordinary working fluid 14,owhere the electrode 1 has a
conplicated profile, and where the dept% to be machined . is large, a mrror
surface will not be obtained if the concentration of the m xed powder in
the gap dedigh8Bse: gompagisprannit 3§ determigesy tdiadwdhehcontentonshon
bet ween the_ conceptration of the m xed powder and the length of the gap.
The smal | eP£tH2e BHESR I PAFHSE £k the JARcIPPHRRRe teclees thar 18hoa(E).the
| engt h of @ﬂg gap beconei even ugder i dentj cal nachinin& condi tions.
Accor dingl V2oR{ 1% PHERRHI &% oCBFBYENEO t FRemiGaHTDY oFEAVE oF5 a2REchiBRd
surface fr hel ' ed, by detecting t decrease .in.the | ength of
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a predetermined period of time, so that the powdered substance
15 stored in the powder feeding unit 34 is fed to the working
fluid tank 13. As a result, the concentration of the mixed
powder in the powder-mixed working fluid 16 ié increased.

Upon receipt of the signal from the electrode travel
distance comparison unit 41, the machining condition changing
unit 33 outputs the signal to the control unit 4 so as to
increase the reference voltage Vref set in the . reference
voltage setting unit 7. Upon receipt of that signal, the
control unit 4 also outputs a signal to the reference voltage
setting unit 7, so that the reference voltage Vref is set to a
larger value. For example, if the reference voltage has been
set to 40 (V), the reference voltage is increased by about 10
(V). As a result of the increase in the reference voltage
Vref, the length of the gap is controlled so that Vave in
Equation (1) can increase. It is only required to increase the
delay time To in order to increase Vave. For this reason, the
occurrence of the électrical discharge is controlled so as to

be delayed by increasing the length of the gap. Consequently,

the length of the gap increases, which in turn makes it easy



Fig. 3 shows the relationship between the position of the electrode 1 and
the length of the gap when a powder-m xed

19 electrical discharge machining is carried out in several steps. As can
be*seen fromFig. 2, the length of the gap obtained when the concentration
of the m xed powder is 20 to 30 (g/I) ;f | arger than the gap |ength
obt ai ned when the concentration of %i xed powder is less than 10 (g/l).
For this reason, the powder-m xed electrlcal di scharge nachining starting
position fortthe pqwdesed sathatianae Whekot eatesnthatgap: offharefrre:

powder is less than 10(g/l) is slightly forward in the . direction of the
advancenerfoRferbgatient PEJELG) mhxﬁésB@WeFolnt kBes gaR iiNFLs589s on

(gl 1) . by onl'y t nF éﬁ%&ﬁ%é&?rf&r%f&w% L R e FAeRERoe
the Sta”j£¥hégf E 8lance comparison unit 41, the machining condition
changing unit 33 outputs the signal to the control unit 4 so as
to increase the quiescent time Toff set in the machining
condition at that time. Upon receipt of that signal,'ﬁhe
control unit 4 outputs the signal to the machining power source _
5, whereby the machining power source 5 sets the quiescent time
Toff so that i£ can be increased. Then, the discharge pulse is
applied to the gap. For example, if the quieécent time is 4
(us), it will be doubled, namely, it will be increased to about
8 (us). If the quiescent time Toff becomes.loﬁgeg, Vave in
Equation (1) will become smaller. For this reason, the length
- of the gap is controlled so thét vave can be maintained at a
constaﬂt value. It is only required to increase-the discharge
delay time To in order to maintain Vave constant. Therefore,
the occurrence of the elecﬁrical discharge is controlled so as
to be delayed by increasing the length of the gap. The 1epgth
of the gap is consequently increased, which makes it easy fof
the powdered substance 15 to enter the gap. .As a result, the
concentration of the mixed powder in the gap increases.
.Upon receipt of the signal from the electrode travel
distance comparison unit 41, the machining copdition changing
unit 33 outputs the signal to the control unit 4 so as to.

increase the regular amount of the lift of the electrode at



for the electrical discharge machining of the (k-1)-th step is represented
by Zk-'1, that the powder-m xed el ectrical discharge machining operation at
the k-th step obtained when the concentration of the m xed powder is 10
(g/l) is represented by Z, that the Iength of the gap obtai ned when the
concentration of the m xed powder is 10 (g/l) is represented by Ga, that
the starting position for the powder-niXked el ectrical discharge nachining
of the k-th step obtained when the concentration of the m xed powder is 20
to 30 (g/lthdts tipeeseliped mecéiptaraf that shgnadngtthefcomerghpunbtaidned
when the concentration of the m xed powder is represented by (o,

Zb - @xrputzc-the signal Mo the- s@rvo @otor. §.2) The servo gqu:@m & ig2)

can be expressed as Z - Zk-1 = (zZb - Zk-1) - (& - @) ( g

20 actuated so as to increase the regular amount of the lift o
the electrode. For instance, if the timed 1lift of the

electrode is 0.5 (mm), the regular amount of the lift of the
electrode will be doubled, namely, it will be increased to
about 1 (mm). Consequeht;y, the 1length of the gap is
increased, which in turn makes it easy for the powdered
substance 15 to enter the gap. As a result,.the concentration
of the mixed powder in the gap increases. |

Evidently, the .powder—mixed électrical. discharge
machining operation at the k+1-th step will be carried out in
the same manner as previously described. N

After the receipt of the signal from the electrode
travel distance comparison unit 41, the powde;ed'substance is
fed into the working “fluid, or the length of the gap is
increased by increasing the reference voltage Vref, the
quiescent time Toff, or the regular amount of the lift of'the
electrode, which makes it easy fer the powdered_substance 15 to
enter the gap. As a result, it is possible to reliably achieve
a desired mirror surface as well as to ihcrease the
concentration of the mixed powder.

The following-.effects will be obtained by the
electrical discharge apparatus having the above described

configurations.



A val ue obtained fromthe subtraction G - Ga is evident from Fig. 2, and

a value o
t he shape

previously cal cul ated, and

btai ned by the subtraction Zb - Zk-1 is constant irrespective
to be machined and the depth to be nachined. Therefore, Zk-1

(k-1)-th step and the starting position for the powder-m xed el ectri cal

di schar ge
bet ween Z

Zk-1 [err]

machi ning of the k-th step are gigtected. . If the difference
k-1 and Z satisfies the conditions expressed by Equation (4)

of
is

the end position Zk-1 for the machining of the

Z -

(Zb - Mhep a multisiGmye mdehinifgeoperastianchsstantried out(,4),

it is determned that the concentration of the m xed powder is |ess than
10 (g/1). theacongengration @f | theeonpoedipbeden ipr thenworkéngefdniidr disi on

of the m
concentra
signal fo
el ectrode
conpl etin

rror property of a machined surface by increasing the
e

ineck By qampaxing .the end pepbhiencEest the maghininandnend

unit 4 and an

r the (k-1)-th machining step fromthe control .an
a ﬁ&ﬁt%%atea Q’ﬁ%&l Sheptagitdnga predddons £gre the machiaingnefof

%ﬂé“aéé§€)'§€béfep’ &?e_g%ph%g;ngngﬂéﬂéé{gﬁﬁghed that the
concentration of the.:mixed. powder is small, the powdered
substance is fed into the working fluid, whereby the
concentration of the mixed powder is increased. As a result,
it is possible to prevent the deterioration of the mirror
property of the machined surface resulting from the reduction
in the concentration of the mixed powder. Consequently, a
desired mirror surface can be obtained. |
When a multistage machining operation is clrried out,
the concentration of the mixed powder in the working fluid is
determined by comparing the end position for the machining in
a certain step with the starting position for the machining of
the next step. If it has been determined ;hat the
cohcentration of the mixed powder is small; the machining
condition is changed so as to increase the léngth of thé gap.
As a result, it becomes easy for the powdered substance to
enter the gap, which in turn increases the‘conéentration of the
mixed powder. Accordingly, it is possible to prevent the
deterioration of the mirror property of the machined surface
due to the reduction in the concentration of the mixed powder,

and hence a desired mirror surface can be obtained.



position detecting unit 31 detects the position Zk-1 of the electrode when
the (k-1)-th step is conpl et ed. The thus detected position is output to
t he machining position conparison unit 32. Upon recei pt of a machining
start signal wth regard to the k-th step, in which a powder-m xed
el ectrical discharge machining operation is carried out, from the control
unit 4, and an el ectrode position signal33romthe o
21 linear scale 11 obtained at the tine of starting the k-th machining
step, the machi ni fheparanebrdigtandephddie iedrectimds ey predet3ormigtett s
a starting position Z for a machining operation of the k-th machining
step.  THelRus gepdendategodromothes e o6 effertéNpnipud sessiwhish
conparison unit,. 32. Upon receipt, of Zk-1 and Z, the nachining posjtion
conparisoﬁQﬁ#ﬁl%EF%aFgugg?eg Q$qqeﬁRﬁEﬁF%&Rm@EneZeﬁﬁdRaﬁdé%ermlned
period -of time, the amount of the workpiece to be machined
every one electrical discharge pulse under every electrical
discharge machining condition, and the area to be machined
under every machining condition. The thus obtained travel
distance of the electrode is compared to'the distance over
which the electrode actually'traVels per predetermined time,
whereby the concentration of the mixed powder in the working
fluid is determined. If the concentration of the mixed powder
has been determined as being small, the powdered substance is
fed into the working fluid. Hence, the concentration of the
mixed powder is increased, which in turn prevents the
deterioration of the mirror property of. the machined surface
due to the”ieductidn in the concentration of the mixed powder;
Therefore, a desired mirror surface can be achieved.

The travel distance of the electrode per predetermined
time is calculated from the number of effective pulses which
contribute to the machining operation at every predetermined
period of time, the amount of the workpiece to be machined
every one electrical discharge ‘pulse under every electrical
discharge machining condition, and the area to be machined
under every machining condition. The thus obtained travel

distance of the electrode is compared to the distance over

which the electrode actually travels per predetermined time,



1. If the difference becones | ess than the predeterm ned constant [err],
nanely, if the relationship expressed by Equation (4) is achieved, the
machi ni ng position conparison unit 32 deternmines that the concentration of
the m xed powder in the gap has dropped. Signals are then sent to the
control valve 35 and the machining condition changing unit 33. Upon
receipt of the signal, the control val¥& 35 is opened for a predetermn ned
period of tinme, so that the powdered substance 15 stored in the powder

f eedi ng uwhexby sthedcencentrabienngff lthied nized Powde@nninqbbet Wprking
concentration of the powder in the powder- mxed working fluid 16 is

i ncr eased.fluid is degqrmiqied pt 1 congeatratdan f ﬁ%@]mwgl PO Xon
conparison uniit 32, the nmachining condition, chapgi out puts a

it 33
signal tohaf Resh dptemmined as hekpatgmahts ek ' pRwdeyed, substaRce 18
ocel pt oftthclBgnRe PREKIg, ALRian Hencamdid SriRantrgtine Pk shente
recei pt of nal; n ani n ce
| t £ ' : e I f.th f
vol e SGiids sl HU°TERN UGNl nfly ! el SEESR BrkobiRe i 1
deterioration of the mirror property of the machined surface

due to the reduction in the concentration of the mixed powder.

Therefore, a desired mirror surface can be achieved.



|s,<pf to 40 (M), the reference voltage is set so as to increase by

out If the reference vol tage Vref has increased, the length of
the ga nu "HtW"“o that Vave in Equation (1) can be increased. Al l
t hat 1 ncrease Vave is to increase a discharge delay tine

To. For |s reason *the occurrence of the electrical discharge is
controlled so as to be del ayed by increasdsg the length of the gap. As a

result, the length of the gap is increased, and it becones easy for the
powder ed 5E¥%$a£§e_&£_¥52eg§ér the gap, whereby the concentration of the

m xed powd in the ga |ncreases Upon receipt of the signa
fromt Ee t:hl ni ndHoFIeGF L @hpdiisshargs « apparefasmépni Rackiniingi om
[ trol unit 4 so_as to
fggpg;gg ﬁﬂ%ﬁkgfecguﬁguapp Qﬁn%' npuféethiéggerw1thln a worklng fluid

which includes a mixture of a powdered substance and is filled
into a gap between an electrode and the workpiece, when a
multistage machining operation is carried out, said electrical
discharge apparatus comprising:

means for detecting.a starting position for a machining
operation at each step;

means for detecting an end position for the machining
operation at each step;

means for comparing an end position for the machining
of a previous step detected by said means for detedt}ng an end
position for the machining operation with a starting position
for the machining operation of a next step detected by said
means for"aetecting a‘startino position for the machining
operation; and |

means for changing machining conditions depending on a
comparison result output from eaid means for comparing the

positions for the machining operation. -



qui €

qui ese

ff which is set on the machining conditions at that tine.

it can be increased, and an el ectri cal

escent—H-re_Tof f whi
Upon i of that signal, the control unit 4 outputs a signal to the
mach”"’i@”ﬂ& ”mw, 5. The machi ning power source 5 sets the
eng Ty ug t hat

di scharge pul'se i’s *applied to the gap. For exanple, if the quiescent time
is 4 ([err]s), the quiescent tinme is sel6so as to be doubled, i.e., it
set so as to becone about 8 ([err]s). The longer the quiescent time Tof
becones, tde snal IBre \electricaliadischitgebapparatusTRér eledim lyhe | ength
of the gap is controlled so that Vave can be constantly maintained. To

hol d Vave const antWhexrein sadid, meanfifan qanpardnadde mosditsions goxidihg

time To.

) \ . 23
occur r encdaffhinkng opanatdgn judges fbatsa copeentratics of the powia

For, thjs reason, the

by In-creasslurlgséahr?cel einrgt&gfwctar fluid is small, if a difference between

the starting position for the machining operation of the next
step detected by said means fer detecting the starting position
and the end position for the machining operation of the
previous step detected by said means for detecting the end

position is smaller than a predetermined value.

3. The electrical discharge apparatus of claim 2, further

comprising:

means for 'feeding the powdered substance into the
working fluid, if said means for comparing the positions for
the machining operation judgee that a concentrai:ion of the

powdered substance in the working fluid is small. -

4, An electrical discharge apparatus for machining a
workpiece by applying a pulse voltage within a working £fluid
which includes a mixture of e powdered substance and is filled
into a gap between an electrode and the lworkpiece r Said
electrical discharge apparatus comprising:

means for counting the number of the effective
electrical discharge pulses which contribute to a machining

operation for every predetermined time;

f
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gap. Conmsequentiy, the length of the gap increases, which in turn makes it

easy forn ﬂﬂgstance 15 to enter the gap. Hence, the
- concent r|gﬂmmmml“r“1 d powder in the gap increases. Upon
recei pt tchetsi §naf f*om t he nmachining position conparison unit 32, the
machi ni ng condition changing unit 33 outputs the signal to the control
unit 4 so that the regular anount of thg7lift of the el ectrode at that
time can be increased. Upon receipt of that signal, the control unit 4
outputs a signal tweansefor nedtringg thd aheuner \uf nther workpdicdet etso SBeas
to increase the regular amount of the lift of the electrode. For
i nst ance, Mpchhiaedepeiraplestmicads dilschiairige puflsehairglacteacte ébedthical),
t he regular,anBunt of the lift of the electrode is increased so as to be
doubl ed, i|d&schprgpsmachindngegondidonsg becone about 1 (). |
Consequently, the Iengt? of the gap increases, and it becomes easy for the
o]

powder ed subst ance™@818o Lo%k: fetting an aKeretp the mashivpdr andgy oeache

I xed powd ' h ' o I.n . thi , aft th | pt
g}theg?gngiekgaiggﬁgggshﬂggggsﬁgchining conthiJn% way, arter € tecelp

means for calculating a scheduled distance over which
the electrode travels during a predetermined period of time,
from the number of the effective electrical discharge pulses
detected by said means for counting the number of the effective
electrical discharge pulses, the amount of the wbrkpiece to be
machined per electrical discharge pulse set in said means for
setting the amount of the workpiece to  be machined, and the
area to be machined set in said means for setting “the area to
be machined; | !
means for detecting the distance over which the
electrode &Etually'traVels during the machining operation, far
every predetermined time; '

means for comparing the scheduled travel distance
calculated by said means for calculating a scheduled travel
distance with the actual travel distance_detected'by said means
for detecting the distance over which the electrode travel

- distance; and | |
means for changing the.machining conditions in response
to a comparison result output from said means for comparing the

electrode travel distances.



machi rting position conparison unit 32, the powdered substance is

fed iz#ﬂg?ﬁgaﬁﬁTFTﬁg‘f+ﬁ+_, or the length of the gap is increased by .

increa}ﬁ M,ﬂe’" e voltage Vref, the quiescent tinme Toff, or the
FIﬂ,@IIft of the el ectrode, whi ch nmakes it easy for the

regul a
powder.ed sub§taﬁce 24 enter the

gap. As a result, it is possible to reliaBly achieve a desired mrror
surface as well as to increase the concentration of the m xed powder.

( SECOND EMBODI MENTThe electrirgl ddschaxgel selchdindgraarapparakug ef claim
el ectrical discharge apparatus according to a second enbodi nent of the
present inéention. As shown in Fig. 4, the electrical discharge

apparatus conprises unit 36 for counting the nunber, of_ effective
di scharge pul ses mHhEﬁeéBnﬁﬁﬁﬁuﬁéapé &oknCRMpATgng the electrode travel

distance judges that a concentration of the powdered substance
in the work fluid is small, if the difference between the
travel distance of the electrode detected by said means for
detecting the electrode travel distance and the scheduled
travel distance calculated by said means for calculating the

electrode travel distance is more than a predetermined value.

6. ' .The'electrical discharge machining apparatus of claim
5, further comprising:

means for feeding the powdered substance into the
working fluid, if said means for comparing the electrode travel
distances judges that a concentfation of the powdered substance

in the ﬁorking fluid is small.

7. The électrical.discharge machining apparatus of claim
1, _ '

wherein said means for’ changiné fhe machining
conditions changes a reference voltage ‘wifh respect to a

discharge voltage developing in the gap.



operati-en—for—every predetermned tine, a unit 37 for setting the anount

of a wor kgi j hed per electrical discharge pulse for every
machi ni ngmmammm‘“ﬂ“t 38 for setting the area to be machined, a unit
39 Tor ccalklulkatrngtth® *travel distance of the electrode 1 (i.e., a
schedul ed travel distance of the electrode 1) per predetermned tine, from
the nunber of effective discharge pul sé2 per unit of time detected by the
effective di scharge pul se nunber counting unit 36, the anount of the '
wor kpi ece &.0 be ndhe edéqiericdlectidclwrgs suichiminguapparatusnofhelaim
machi ni ng anount setting unit 37, and the area to be nmachined set in the
area settidng unit 38, a unit 40 for detecting the actual travel distance

of the electrode 1 _per , unit of tine upon receigﬁ of, a signal from.the
linear scale 11, ARFedmni%ald fBeagsnpdhg FHENCGLRGel thet aRaehdringe

el ectrode per,.pr.edetermned time cal cul-ated by the el ectrode travel
i st ance COMGHLIGNR, GRRAISS 7t FEIRFStG%al with' %apetl’ %o a

discharge voltage developing in the gap.

9. The electrical discharge machining apparatus of claim
1,
wherein said means for changing the machining

conditions changes a gquiescent time of an electrical discharge.

10. The electrical discharge machining apparatﬁs of claim
4, _ ' °
wherein said means for changing the machining

conditions changes a quiescent time of an electrical discharge.

11. The electiical discharge machining apparatus of claim
1,

wherein said means for changing the machining
conditions changes a regular amount of 1lift of the electrode.
12, ‘The electrical discharge machining apparatus of claim
4,

wherein said means for changing the machining

conditions changes a regular amount of 1ift of the electrode.



25 distance per predetermned tinme detected by the electrode trave

di stan tecting unit 40. The operation of the electrica

di sgﬁajmﬂ ﬁ m "\J“LI now be described. Even if the concentration of
the m c Me starting point for the machining operation is 20
- 30 .(g/l), the powder precipitates out of the working fluid as a result
of stagnation of the working fluid strearh0 n the manner as previously
descri bed. Therefore, if the machining time becones |onger, the

preci pitatidn of tie ¢beweribcal sisthawge ridchim gy esstisod ffot heichining As
a result, the concentration of the m xed powder decreases to |ess than
10 (g/1) dwerkpieee deyrapplyingea rpulsenivilttage aritnin andvdmdoieg £heid
mrror surface is not obtained. Fig. 5 shows the relationship

bet ween t HERiThelngludes 3onmture @fl alpandered substanregandcts fingled

operation and the anDuEt of the progress of the nmachining operation. |If
the concent?a?i 8n HIP t RELHELRY a’go grtredeopidinthe mEkRAeGet etlENOfa 20

to 30 (g/Lﬂnlti£%%ge machining operation is carried out, said electrical

discharge machining method comprising the steps of:

detecting a starting position for the machining at each
step;

detecting an end position for the machining at each
step;

comparing the detected end position for the machining
of a previous step with the detected starting position for the
positioning of a next step; and ?

changing the machining conditions depending on a
comparison result output obtainea in said step of comparing the

positions for the machining operation.-

14. The electrical discharge_machining method of-claim 13,

wherein it is judged, in said step of comparing the
positions for the machining operation, that the concentration
of the powdered substance in the work fluid ié small, if the
difference between a starting position for the machining of a
next step detected at the machining starting position detecting
'step and an end position for the machining of a previous- step
detected at the machining end position detecting step is

smaller than a predetermined value.



nachin[ng time becones proportional to the anmobunt of the progress of the

machi ni'ng op ] hining rate defined by the machining

condktions aamum"l"lmmuHMEs the constant of proportionality. If the

concentration *of ¢t he ntxed *powder is decreased during the course of the

machi ning operation, the length of the gap is al so decreased even under

I denti cal machining conditions, as showaijn Fig. 2. For this reason, the

anount of the progress of the nmachining operation

26 increas®s proprh¢ielsdtticahadileclifrge maciineihgnythod dhHheclanp, 145

shown in Fig. 5. During the electrical discharge nmachining

oper at i on,fuxrtizee| compoileing posteponéd away fromthe surface of the

wor kpi ece 2 so as to be nachined by only the length of the gap determ ned

by the machini ng ckeeldingnthet powderednsubstinee into the working fluid
if it is judged that the concentration of the powdered

substance in the working fluid is small.

16. An electrical diécharge machining method for machining
‘a workpiece by applying a pulse voltage within a working fluid
which includes a mixture of a powdered substance and is filled
into a gap between an electrode and the workpiece, said
electrical discharge machining method comprising the steps of:

counting the number of the effective electrical
-discharge pulses which contribute to a machining oﬁération for
every predetermined time;

setting the amount of the;workpiece to be machined per
electricaIJdischafge pulse under each electrical dischérge
machining condition; _

| setting an area td be machined under each electrical

discharge machining condition;

calculating a scheduled distance over which the
electrode travels during a predetermined .period of time, from
the number of the effective electrical discharge pulses
detected by said step of counting the number of the effective
electrical discharge pulses, fhe amount of thé workpiece to be
machined per electrical discharge pulse set in said step of .

setting the amount of the workpiece to be machined, and the



length of the gap is constantly controlled such that an appropriate

di stance is ensured in the manner as previously nmentioned. Ther ef or e,
whep * theJImMHM ﬂﬁ M" ectrical discharge machining of the k-th step
is started)t " [ operation continues while the length of the gap
G is maintai‘ned until the k-th machi ni ng operation is conpleted, unless
a drop in the concentration of the m xed2owder occurs. Assum ng that the
anount of the workpiece to be machined per electrical discharge on the
wor ki ng coadeti tosbet mabhinkinBetsinVsaidagtépeor €att on§etRBCAF880LbSHE,
that the nunber of effective discharge pul ses per predetermned tine is m
and that mhehdpedi;fic gravity of the workpiece is p, the travel distance
Lb per predetermned tine at that tine can be approximated to

Lb = mV/p.S ... (8yletecting Hthevedistincee owesentwlsitdlon et heletkedde
powder in the gap during the predeterm ned period of tine becones 10
(g/l), andaFFngéyl diipvels dugipap the tmachinipgbcepemation, a foredeveryn

AC T the | ergib 96,108 §3Ray ! D oxpressed as

comparing the scheduled travel distance calculated.by
said step of calculating a scheduled travel distance with the
actual travel distance detected by said step of detecting the
distance over which the electrode travels; and

changing the machining conditions in response to a
comparison result output from said step. of comparing the
electrode travel distancee.
17. The electrical discharge machining metﬁod of claim 16,
. wherein it is judged, in said step of comparing the
electrode travel distances, that a' concentration -of the
powdered substance in the work fluid is small, if the
difference between the travel distance of the electrode
detected by said step of detecting the electrode travel
distance and the scheduled travel distance calculated by said
step of calculating the electrode travel distence is more-than

a predetermined value.



[err] G _"’,,,—be”””’/”’/” 27 Further,
t he travel di s m gbe el ectrode at that time becones the sumof a -
di stance L al el ectrode travels as a result of the machining

opeTatlon “reauctlon AG in the Iength of the gap. Specifically,
La is expressed as Lb + AG ... (10) Accordingly, the
reduction in the Iength of the gap resulting froma drop in the
concentratlon of the m xed powder is given by [err]G = La - Lb

(11) AG i@. Equattie éﬂé&trscsgldxmaegé hdENifrigg. m@thod 5f cldem BT} ual
travel distance L of the electrode at a predetermned tinme and the travel
di st ance furthetheompeisingea shephoifs
feeding the powdered substance into the working fluid,
if said step of comparing the electrode travel distances judges

that a concentration of the powdered substance in the working

fluid is small.



cal cul ated on the assunption that the concentration of the m xed powder
does in decrease, are respectivel,y-detected.. |f the difference between
them¥satisfies. the relationship defined by Equation (12), nanely,
L- L [err] La- Lb =T[err] ([err] is a constant) ... (12). it is
determ ned that the concentration of the m xed powder is I|ess than 10
(g/l). It is possible to prevent the mrror property of the nachined
surface frombeing deteriorated if the cagacentration of the m xed powder
is increased. The el ectrode travel distance calculating unit 39
cal cul ates the distance L' over which the electrode traveled during a
predeterm ned period of tinme when the concentration of the m xed powder is
not decreased, fromthe nunber of effective
28 electrical discharge pul ses which contribute to the machining
ELECTRICAL DISCHARGE APPARATUS AND ELECTRICAL DISCHARGE

MACHINING METHOD
ABSTRACT

A machining operation end position detecting unit (31) detects the end position
for a machining operation at a (k-1)-th step. A machining operation starting position
detecting unit (30) detects the starting position for the machining operation at a k-th
step. A machining position comparisdn unit (32) compares them with each other. If
the difference between them is less than a predetermined value, a signal is output to a
machining condition changing unit (33) and a control valve (35). As a result, the
machining condition is changed, and a powdered substance (15) is fed into a working

fluid (16).

Fig. 1.
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operation for every predeternmined time and are detected by the effective
di scharge pul se nunber detecting unit 36, the anpbunt of the workpiece to
be machi ned per di scharge pul se for every machining condition set by the
machi ni ng amount setting unit 37, and the area to be nachined for every
machi ning condition set in the area setting unit 38, using Equation (8).
The thus calculated travel distance L' is output to the electrode travel
di stance conparison unit 41. The effectivé/&8ischarge pul se numnber
counting unit 36 detects high frequency conponents of the discharge
vol tage using such a nethod as disclosed in the Unexam ned Japanese Patent
Application Publication. No. Hei.5- 293714, and then integrates the thus
detected high frequency conponents. If a resultant value is nore than the
reference value, the discharge volt udged as an effective
di scharge pulse. Then, the effective discharge gul se nunber counting unit
36 counts the pulses for gvery predeterpmned tire. The electrode travel

di stance detecting unit 40 detects the]act trjavel distance L of the
electrode 1 per unit pf tipe—upon receipt{Mi&he signal fromthe |inear
scale 11. The '
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. thus «detected travel distance L is output to the electrode travel distance
conparison unit 41. Upon receipt of L and L', the electrode travel

di stance conparison unit 41 calculates the. difference between L and L'. If
the difference increases nore than the predetermned value [err], that is,
if the relationship given by Equation (12) is satisfied, the electrode
travel . 29 distance conparison unit 35
determ nes that the concentration of the m xed powder in the gap decrease
to less than 10 (g/l). Then, a signal i%/%utput to the control valve 35
and the machining condition changing unit 33, respectively. Upon

receipt of the signal, the control valve 35 is opened only for a
predeterm ned perigg,of tine. so that the powdered substance 15 stored in
t he powder feeding unift 34 is fed to the working fluid tank 13] As a
result, the concentéation of the m xed
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powder in the powder-m xed working fluid 16 is increased. Upon
receipt of the signal fromthe electrode travel distance conparison unit
41, the machining condition changing unit 33 outputs the signal to the
control unit 4 so as to increase the reference voltage Vref set in the
reference voltage setting unit 7. Upon receipt of that signal, the
control unit 4 also outputs a signal to the reference voltage setting unit
7, so that the reference voltage Vref is/set to a |arger value. For
exanple, if the referenceg)oltage has been set to 40 (V), the reference
voltage is increased by agéﬂ 10J(V). As a result of the increase in the
reference vol tage Vref, tquiength of the gap is controlled so that Vave
in Equation (1) can increaSe. It is only reqU|red2to |ncr ase the, delay
time To in order to increase Vave. For this reason eeur?éﬂfé’of t he
el ectrical discharge is controlled so as to be degggéd by increasing the

|l ength of the gap. Consequently, the Tengthy ot 4 b i ncreases, which in
turn makes i-§p easy
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30 for the powdered substance 15 to enter the gap. Therefore, the
concentration of the m xed powder in the gap increases. Furt her
upon receipt of the signal fromthe el ectrode travel distance conparison
unit 41, the machining condition changing unit 33 outputs the signal to
the control unit 4 so as to increase the quiescent tine Toff set in the
machi ning condition at that tine. Upon recei pt of that signal, the
control unit 4 outputs the signal to the ngghining power source 5, whereby
the machining power source 5 sets the quiescent time Toff so that it can
be increased. Then, the discharge pulse is applied to the gap. For

exanpte, if the quiescent timeis 4 ([err]s), it will be doubled, nanely,
it will be increased to about 8 ([err}s) lf the quiescent tine Toff
becones | onger, Vave in Equatlon (1) wll co smaller. For this
reason, the length f [n gap is contirol llew] sp] that Vave can be mai ntai ned
at a constant value. It its Gnly:req“'fed ol ingrease the discharge
o]
% Vref
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delay-tinme To in order to maintain Vave constant. Therefore, the
occurrence of the electrical discharge is controlled so as to be del ayed
by increasing the length of the gap. The length of the gap is consequently
i ncreased, which nmakes it easy for the powdered substance 15 to enter the
gap. As a result, the concentration of the m xed powder in the gap

i ncr eases. Upon recei pt of the signalyfromthe el ectrode travel

di stance conparison unit 41, the machining condition changing wunit 33
outputs the signal to the control unit 4 so as to increase the regular
amount. of the Iift of the el ectrode at

31 that tine. Upon recebpt—ef—that signal the control unit 4 outputs

the signal to the servo not ¢ he servo nF%g%ngh%; actuated sojas to
i ncrease the regular anount jof the ﬁh&ﬁﬁof el ectft8de. For ifJstance,
if the tinmed lift of the 45¢ 5 HaeBdnhg comolit, |
' Vo : 3061V) fmpliad obizpe
a0t ip:8(A) /DT:%:,M, +
Ton:2(us) A Aokt

Toff : 4{us) CLilrveont tot
a5 | .
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elecgrode is 0.5 (m), the regular amount of the lift of the electrode

w Il be doubled, nanely, it will be increased to about 1 (mm.
Consequent |y, t he |l ength of the gap is increased, which in turn rmakes it
easy for the powdered substance 15 to enter the gap. As a result, the

concentration of the m xed powder in the gap increases. Evi dently,
t he powder-m xed el ectrical discharge machining operation at the k+l-th
step will be carried out i t he sane mannef/&s previously descri bed.

After the receipt of the signal fromthe el ectrode travel distance
conparison unit 41, the p ered substance is fed into the workimg fl uid,
or the length of the gap i i ncreased by increasing the reference vol tage
Vref, the quiescent tine Yoff; e TegufrarT a nt—of thg lift of the
el ectrode, which HBEEF it as&Nfor LkaNogmdéredvsgﬁstance 15| to enter -the

gap. As a result, it is p#ssiple th™NeN| &bl y ach| e "a] §dN¥fred nirror
surface as well as t& i nckeasie t he onctentdatiob df- the ni xled powder.
The foll ow ng effect%i\m Ig?be obt aj ned by the
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el’ectrical discharge apparatus having the above described. configurations.
32 When a nmulti stage machining operation is carried out, the
concentration of the m xed powder in the working fluid is determ ned by
conparing the end position for the machining in a certain step wth the
starting position for the machining of the next step. If it bhas
been determned that the concentration of the m xed powder is small
‘the powdered substance is fed into the mork?ﬁb fluid, whereby the
concentration of the m xed powder is increased. As a result, it is

possi ble to prevent the deterioration of the mrror_. property of the

machi ned surface resulting fromthe reduction iqp tge concentration of the

m xed powder . Consequently, a desired mirror S$urffaBg—€anR]|be obtai ned.
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Wien a nulti stage nmachi ning operation is carried out, the concentration of
the m xed powder in the working fluid is determ ned by conparing the end
position for tthe machining in a certain step with the starting positibn
for the machining of the next step. If it has been determ ned
that - the concentration of .the m xed powder is small, the machining
condition is changed so as to increase the leggfh of the gap. As a result,
it becones easy for the powdered substance to enter the gap, which in turn
i ncreases the concgntration of the m xed powder. Accordingly, it is
possible to preWéﬂ%%@he deterioration of the mrror property of the

machi ned surface e twj the reduction in the concentrati of tépnéjxed
powder, and hence a desjred Jror surface can be obtai 623’?
33 The travelvgistan E of 1P e| deffrqde per predegdr i ned
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tinme i's galg the nunber of effective pul ses which 99 Rifbgbe to
t he machipEBOACfid | BRI every predetermined period of tineg, e amount _
of the weprigaeess: e=BfCNi ned every one electrical discharge pulse under
every. el gctri | {ge nmachining condition, and the area to be '
machi ned} & ning condition. The thus obtained travel

di stancefot_t he s conpared to the di stance over which the

electrodﬁ actually travel st per predetern1néd8t|ne wher eby the

concentr =the--grxodl powder in the working fluid is determned. |f
the concentration of the nixed powder has been deternined as being-smal |l
t he powdered substance is fed into the working fluid. Hence, the
concentration of the m xed powder is increased, which in turn prevents the
deterioration of the mrror property of the machined surface due to the
reduction in the concentration of the m xed powder. Therefore, a desired
mrror surface can be achi eved. ﬁ?g? vel distance of the

el ectrode per predetermned tinme is calc fromthe nunber of
effective pulses which contribute to the machi ning operation at every

pr edet er m ned '
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i 7
period df ﬂﬁ@ﬁ%ﬂwf @ﬁ@‘p of the workpiece to be machined every one

el ect ri gqalj-di-scharge=98Hsq -under every electrical discharge nmachi ning
condi tign ag%@v,i% be machi ned under every machining condition.
The thug qgbt 1 elf fdistance of the electrode is conpared to the

di stancqg dver——which thé ¢l ectrode actually travels per predeterm ned tine,
34 wherjeby the concentrati on of the mi xed powder in the working fluid is
determ —=Hf=t-he=concent rati on of the m x®@ powder has been determ ned

- as bheing snall, t he powdered substance is fed into the working fluid.
Hence, the concentration of the m xed powder is increased, which in turn
prevents the deterioration of the mrror property of the nmachined surface
due to the reduction in the concentration of the m xed povvder Ther ef or e,
a desired mrror surface can be achi eved.

FIG. 2
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&
35 WHAT | — An el ectrical discharge apparatus for
machi ni n - E@fapplylng a pulse voltage within a working fluid
whi ch inf R a powdered substance and is filled into a gap
bet ween an elﬁh@vdﬁggnd t e wor kpi ece, when a nultistage nachining

operati oh aid electrical discharge apparatus conpri sing:
nmeans foF det.ecting-a-starfing position for a machining operation at each
st ep; : nmeans for detecting an end p@tion for the machining
operation at-—each step;"- means for conparing an end position for

the machining of a previous step detected by said neans for detecting an
end position for the machining operation with a starting position
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f or the;ﬁf '.: ;ax,a'Qé n of a next step detected by said nmeans for

det ect i jgtih el pgEaitti on for the machi ning operation; and

nmeans for'CJahg1hg nachlnlng conditions depending on a conparison result
out put fron1§ﬁ§NQMé@§6 flor] conparing the positions for the machining
oper ati on. 36 2. The el ectri cal
di schar gp epparatras ~tlaj ml, . Wwherein said neans for conparing

hi ni ng operation #/8dges that a concentration of

t he powdé&red—3ubStance in the work fluid is small, if a difference between
the starting position for the machining operation of the next step
detected by said neans for detecting the starting position and the end
position for the machining operation of the previous step detected by said
means for detecting the end

FIG. 4
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positio

Tein N | predeterm ned val ue. 3. The el ectri cal
di schar gatiAhy L P dim 2, further conprising: means f or
f eedi ng ' ovvd’ered suljstjance into the working fluid, if said neans for
conpari ng thEEN@Vt’]QQ@s fdqr the machining operation judges that a

concentriatiion of the pdwjered substance in the working fluid is small

4, An electricar drscharge apparatus for machining a workpiece by
applying a pulse voltage Within a working f§/@id which includes a m xture
of a powdered substance and is filled into a gap between an el ectrode and
t he workpi ece, said electrical discharge apparatus conprising:

means for counting the nunber of the effective electrical discharge pul ses
which contribute to a nmachining operation for every predeterm ned tine;

FIG. 5

50

ELECTRODE: 1100 COPPER  WORKPIECE: IRON

45 - MACHINING CONDITIONS:
APPLIED VOLTAGE Vo: 300 V

PEAK CURRENT Ip: 8 A

40 PULSEWIDTH Ton:2 .us
: QUIESCENT TIME Toff: 4 s

35

THE CASE WHERE THE CONCENTRATION
30 - OF THE MIXED POWDER IS REDUCED
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10
THE CASE WHERE THE CONCENTRATION
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st ance over
fromthe

#ing the anmount of the workpiece to be machined

| se under each electrical discharge machining
flor setting an area to be machi ned under each

i ng condition; means for calculating a
h the electrode travels during a predeterm ned
unber of the effggtive electrical discharge

ans for countin he nunber of the effective

pul ses detect ed by said
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el ectrical discharge pul ses, the anount of the workpiece to be nachined
per electrical discharge pulse set in said neans for setting the anount of
the workpi ece to be nmachi ned, anf@ [i€ Jlarga o be|naghi heqd set | n saijd
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» !
el ectrode agtual. ring the machi ning operation, for every
predeterninr;ﬁgV'. ‘ BTheans for conparing the schedul ed trave

di stance chl guicat means for cal culating a schedul ed travel

di stance w {h t@g iﬁ%@ﬁg@e aval di stance detected by said neans for
detecting thejdi 5 whi ch the el ectrode travel distance; and

means for chahgi ,Nntng conditions in response to a conparison
result out put fron1sa|d neanst f or conpaHlu;ﬂ@e el ectrode travel

di stances. = 38 5. The el ectri cal
di scharge nachlnlng apparatus of claim 4, wherein said neans for
conparing the el ectrode travel distance Judges that a concentration of the
powder ed substance
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O
in the work f = @ﬁ?ﬁﬁﬁ% the difference between the travel distance
of the electr : jld nmeans for detecting the electrode travel
di stance and ft e scheddTéda“" vel distance cal cul ated by said neans for
cal cul ati ng the 2E5NOY t=a el distance is nore than a predeterm ned
val ue. 6. The elec di scharge machi ni ng apparatus of claim 5,
further conpélsFﬁg==ﬁ“““ —— ns for feeding the powdered substance into
t he morklng.ﬁIU|d if said nmeans for conpggng the el ectrode travel
di stances ju rati on of the powdered substance in the
working fluid is small. 7. The el ectrical discharge machining
appar at us of clpgz; i? wherein said neans for changing the
machi ni ng cond n Aghanges a reference voltage with respect to a

di scharge vol tage devel opi ng in the gap.
VOLTAGE Vi
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39 8.
‘wherein sg

3 st
e‘vat to a discharge voltage developing in the

| té‘m%z

reference
gap. = 9. rijcdl discharge machining apparatus of claim 1
wher ei n sdi d_ngan aL—changi ng the machijpgng conditions changes a
qui escent ftinme of an el ect rilcal di schar ge. 10.  The el ectrical
di schar ge Lweekaiag—cpp fF=eis of claim 4, wherein said neans
for changlng the machining conditions changes a qui escent tinme of an
el ectrical discharge. L -
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7 [ rge machi ni ng apparatus of claim 1,

11. Thd

" wherein sd ieham@i Nng the nmachining conditions changes a regul ar
amount of §l ift ofﬁw egt ode 12. The el ectrical discharge

. machi ni ng jagp 4, wherein said nmeans for changi ng
t he machi i§i g condltlons cl anges a reg@fgr amount of lift of the
el ectrode. 40 13. An el ectri cal
di schar ge flor machining a workpiece by applying a pul se

voltage within a working fluid which includes a mixture of a powdered
substance and is filled into a gap between an el ectrode and the workpi ece,

when a

THE LENGTH OF A MACHINING GAP um
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fon is carried out, said electrical discharge

.mul ti st agd i EFT'

machi ni ng etk -{;jj‘ the steps of: detecting a starting
posi tion fljorj the ma it each step; detecting an end
.posi tion flor| t2d HAN t each = step; conparing the detected

ng of a pre§ffous step with the detected

end positilorf for the
ositioning of a next step; and

starting gosttron ror—tie

changi ng t | ijti ons depending on a conparison result output
obtained in said step of conparing the positions for the nmachining
operati on. 14. - The el ectrical discharge nmachining nethod of claim13,

wherein it is judged, in said step of conparing th® positions for the
machi ni ng operation, that the concentration of tﬁg)powdered substance in
the work fluid is small, if the difference bewee® austarting position for

the machining of a next step detected at the Eﬁcqgniﬂﬁ §g9rting posi tion
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for the machining of a previous step detected at
tifon detecting step is smaller than a predeterm ned

t he

val ue. 41 15. The el ectri cal
-di sch t jod of claim 14, further conprising a step of:
feedi rf lust ance into the rking fluid if it is judged

f the powdered ubstance in the working fluid is

t hat tlhe concentration
smal | .*® 6+ trical discharge nmachining nmethod for machining a
wor kpi ece by applying a pulse voltage within a working fluid which

I ncludes a m xture of a powdered substance and is filled into a gap

bet ween an el ectrode and the workpi ece, said electrical discharge
machi ni ng met hod conprising the steps of:

FIG. 4
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.count i pg—th e effective electrical discharge pul ses which

contri ‘EBLTB'M”L‘ BB hY operation for every predeterm ned tinge;
set t i n@  fNE- arBut>0 hg workpi ece to be machi ned per electrical

-di schaitg W ¢agh el ectrical discharge machining condition;
settin n%&@f :

a¢hi ned under eacsﬂylectrlcal di scharge machi ni ng
condi t ifoNs———=—==—matic§l ati ng a schedured di stance over which the

el ectrdde travels duringa predeterm ned. period of time, from the nunber
of the '&F Fre—ereccrreal di scharge pul ses detected by said step of
counting the nunber of the effective electrical discharge pul ses, the
anount of the workpiece to be nachined per electrical discharge pul se set
in said step of setting the amobunt of the workpiece to be nachi ned, and

FIG. 5
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e=0RGH-R set in said step of setting the area to be
. mach &EB[;AEE IENT SHBBTbcting the distance over which the el ectrode

act ugl “ravetrs™ ng the machining operation, for every predeterm ned
Ltimeg | WpPa i hg the schedul ed travel distance calculated by said
stepgo c%f‘eé-atlng chedul ed travel B/&tance with the actual travel
di st §nce—oet said step of detecting the distance over which the
el ectir ode travels; and changi ng the machining conditions in
resp ; on result output fromsaid step of conparing the
el ectrode travel di st ances. Lu17- The el ectfri dal di sgharge| ma¢hi i ng
met hod of cl aim 16, wiee ) it} is judggd, |{in saifl step|of {corfparing
the electrode travel di stcmc@sthat a concent|ratfi gn| of [ t he pgwherﬁd
substance in the work fluig |§: NI Qe di fflekepi®| bet weprt 1 kg |t r avel
di stance of the el ectrode E&t) N N
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LT AN Y L #oince cal cul ated by said step of calculating the

el ectYoffle travel distjance is nore than a predeternined val ue.

1 24 JAN WP#ctyijcal di scharge machining nmethod of claim17, further
s{ng a step of: f eedi ng t#HB powdered substance into the
g¥FHard=—=%ai dl step of conparing the el ectrode travel distances
“that a concentription of the powdered substance in the working

fluid TS snarl.

i=ds m it det ect i ng the el ectrode travel distance and the
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