ELECTRIG‘EHEGHARGE“NACHINING APPARATUSS Techni cal Field The present

~“invention relates to an el ectric discharge machining ("E atus.
More specifically, the present invention relates to an elec scharge
machi ni ng: appar at us whi ch uses powder-contai ning dielectrjc fI ui d and
powder-free dielectric fluid. Backgrgynd Technology In g |,. an EDM

apparatus is classified into two typeS, a die-sinking EDM and & wire-cut
EDM A die- S|nk|ng EDM -

ELECTRIC DISCHARGE MACHINING APPARATUS

Technical Field

The bresent invention relates to an electric discharge
machinihg ("EDM") apparatus. More spe¢ifically, thé present
invention relates to an electric discharge machining apparatus
.which uses powder-containing dielectric £fluid and powder-free

dielectric fluid.

Background Technology

In genéral, an.ﬁDM apparatus is classified into two
types, a die-sinking EDM and a wire-cut EDM. A die-sinking EDM .
includes a threefdimensional'shaped tqol electrode to induce
eleétric discharges across a gap formed between the wofkpiece
being machined and the.tool electrode by applying.a\voltage
across the gap while filling the gap with dielectric fluid such
as, kerosine or solution having a high molecular compound. |

' dn the other hand, a wire~cut EDM includes a wire ﬁéde

f:ém such mate;iai as brass dr.tungsten having 0.02 to 0.63
millimeters in diameter as a tool electrode. During electric
discharge machining, the wire, which travels between a pair of
wire guides, is bositioned opposite to a workpieée to machine the
workpiece. In general, deionized water o# kexrosene based fluid -
is used as'dieléctric fluid which is filled in:the gap formed
between the travelling wire and the workpiecé;" |

.It is well-known that during flnlsh-machlnlng a sort of
dlelectrlc fluid, which mixes with fine powder such as

polycrystalllne 51llcon, is used to, %mprove surface roughness of
oy
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1 ncl udes &-t'lee- di mensi onal shaped tool electrode to induce electric
di scharges across a gap forned between the-workpi ece being machi ned and the
tool electrode by applying a voltage across the gap while filling the gap
with dielectric fluid such as, kerosine or solution having a high nol ecul ar
conpound. On the other hand, a wire-cut EDMincludes a wire nmade from such
material as brass or tungsten having 0,02 to 0.03 mllineters in dianmeter
as a tool electrode. During electric discharge machining, the wire, which
travel s between a pair of wire guides, is positioned opposite to a
wor kpi ece to machi ne the

the workpiece being machined and increase machining stability.

British Patent No. 828,336 and U.S. Patent Nos. 4,392,042 and
4,952,768 disclose the use of this sort of fluid.

When this sort of fluid is'used in a wire-cut EDM, the
powder may go intb ihe_rotating parts in a work tank, for
example, into rollers, which are provided along a wire transport

. - path, and reach the bearings of the rollers, affecting the
transportation of wire, which in turn may result_in an undesired
effect on the machining.

| Further, if.the po@der enters a wire guide assembly,
which contains moveable wire guides and moveable current pickups
for delivering current to a wire, it may impede the movements of
the wire guides and the current pickups. In addition, it is
troublesome to remove the powdéf.that is remaining in the wire
transport mechanism and the wire guide assembly after the
machining operation is finished.

An objéct of the present invention is to provide an
electric discharge machining apparatus for preventing
powaer—containing fluid frdm adhering to the necessary parts in
the work tank. . |

Aﬁother object'of the present invention is to provide
an.electric discharge machining appafatus in which the work of
removing the poﬁder adhering to the.pafts in #pg work tank af;er
‘the machiqing'operation is finished, is reduced.

Additional objects, advantages and novel features of
the invention will be set forth in éart in the description wh;ch

follows, and. in part will become appéfznt to those skilled in the
Y P | |
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wor kpi ece. I n general, deionjized water or kerosene based fluid is used as
dielectric fluid -which is filled in the gap formed between the travelling
wire and the workpiece: It is well-known that during finish-machining a
sort of dielectric fluid, which nixes with fine powder such as
polycrystalline silicon, is used to inprove surface roughress of - 2-

-3-

art upon examination of the following, or may be learned by
practice of the invention. The objects ahd advantages of the
invention may be realized and attained by means of the
instrumentalities and combinations particularly p01nted out in
the appended_claims.

Disclosure of the Invention

"In order to achieve the foregoing objects, an electric
~discharge machiniug apparatus of the present invention for
machining a workpiece by means of electric discharges using a’
tool electrode,.c?mprises a housing for containing such sliding
parts as eurrent pickups and wire guides for guiding a wire
electrode and a fluid supply device for supplying powder-free.

- *fluid into the housing While'supplying powder-containing
dielectric fluid to_the machininé gap formea.between the wire
electrode and the workpiece.

Further, preferably, the electric discharge machining
apparatus comprises a cover for covering a moveable part, which
is provided aiong a wire transport path, and the fluid supply'
device supplies powder-free fluid into the cover during electric -
discharge ﬁachining using powder—containing fluid.

' Brief Description of The Drawings

" FIG. 1 is a schematic.diagram illustrating an
embodiment of an electric discharge machining;apparatus of the
present invention.

FIG. 2 is a'cross—sectional view illustrating one

example of an upper éuide assembly shown in FIG. 1.



t he wor kpi ece bei ng machined and ‘i ncrease ‘machining stability. British
Patent No. 82 8,33 6and U S. Patent Nos. 4,392,042 and 4,952, 768 di scl ose
the use of this sort of fluid.. Wien this soit of fluid is usedin a
wire-cut EDM the powdef nmay go into the rotating parts in a work tank, for
exanple, into rollers, which are provided along a wire transport path, and
reach the bearings of the rollers, afjggting the transportation of wre,
which in turn may. result in-an undesifed effect on the machining. Further,
if the powder enters - a wire guide assenbly -

FIG. 3 is a cross—sectiénal view illustrating another
example of én upper guide assembly.

FIG. 4 is a schematic diagraﬁ illustrating a wire
take-up device.

| FIG. 5 is a croés—sec;ional view illustrating an

example of a wire take-up device shown in FIG. 4 taken on line
C-C.

FIG. 6 is a éross—sectional view illustrating another
example of a wire take-up device.

FIG. 7 is a cross-sectional view illustrating yet
another example of a wire take-up device.

Best Mode of Embodying the Invention

FIG. 1 shows an embodiment of a wire-cut electric
discharge machining apparétus. In the apparatus, a wire
electrode 1 is continuougly fed from a wire feeding device.(not_
iilustrated)_and is quided by a pair of wire guides, §e§cribed
later, to a machining gap formed between the wire 1 and a
workpiece 2 which is disposed in a work tank 5. 1In the
illustrated embodiment, each of the pair of wire guides are
positioned above and below the workpiece 2 and contained in guide
‘assemblies 3 and 4, respectively. During electric discharge
machining, voltage pulse are intermittently supplied from a power
supply device (not illusﬁrated] to the machinipg'gap to induce
electric discharges across the gap,.whicﬁ result in the machining
of the workpiece 2.

In the illustrated embodiment, é dielectric fluid

supply device 6 is provided for selectively supplfing an



whi ch contai ns noveabl e wire guides and noveable. current pickups for deliv
ering current to a wire, it may inpede the novenents of the wire guides and
the current. pickups. In addition, it is troublesonme to renove the powder
that is remaining in the wire transport mechanismand the w re guide
assenbly after the machining operation is finished. An object of the
present invention is to provide an elgetric di scharge machini ng apparatus
for preventing pomder-contalnlng fluid fron1adher|ng to the necessary parts
in the work tank. -

oil-based, powder-free dielectric fluid 7 and oil-based,
powder—-containing dielecﬁric fluid.8 to the machining gap. The
dielectric fluid suppl§ device 6 includes a tank 20 for reserving-
the powder-frge fluid 7, a tank 30 for'reserving powaer4free
fluid 7 used in the machining and discharged from the work tank
5, a tank 40 for reserﬁing the powder-containing fluid 8.
Preferably, tpe powder-free fluid 7 islused for roughihg and the
powder—-containing fluid 8 for finish-machining. .

' With reference to FIG. 1, a supply path of dielectric .
fluid 7 will now be described. When preparing for machining, the
dielectric fluid 7'in the tank 20 is fed to the work fank 5 via
solenoid valves 22 and 23 through an inlet 5A by actuating a pump
21 to fill the work tank S. During machining, by actuéting a
pump 21, the dielectric fluid 7 in the 1|:;'-1nk 30 is fed, via
solenoid valves 22 and 24, to respective nozzles of guide
.assemblies 3.and 4, from which the fluid 7 is flushed toward the
machining gap. Preferably, an automatic wire threéder is
'peridedlfor automatically threading the wire.l into the
machining gap in the workpiece 2 and stringing the-wire 1 between
the pair of wire guides when preparing for machining or when the
wire 1 brakés. ' For example, Japanese Patent Applicatibn
Laid—-Open No. 62-130129 discloses an automatic wire threader in
which a wire is 1ntroduced into a vertlcally moveable pipe and -
then threaded 'into the machlnlng gap and a lower wire gulde by
means of aijet flow by feeding fluid into the pipe under
pressure. In the embodiment of the present invention, the fluid

7 in.the tank 20 is fed to an automatic wire.threader via



Anot her object of the present invention is to provide an electric discharge
machi ni ng apparatus in which the work of renoving the powder adhering to
the parts in the work tank after the machining operation is finished, is
reduced. Additional objects, advantages and novel features of the invention
will be set forth in part in the description which follows, andin part will
becone apparent to those skilled in tjg;

- solenoid valves 22 and 27 by actuating the pump 21 to create the
necessary jet flow. An overflow outlet 5B is provided on the
work tank 5 for draining any overflow fluid for maintaining.fluid
of  the work tank 5 at a predetermined level. The qverflow is
sent to the tank 30 via a solenoid valve 29. When the machining
is finished; the dielectric fluid 7 in the work tank 5 is sent to
the tank 30 via.solenoid.valves 28 and'29; The fluid 7 in the
‘tank 30 is returned to the tank 20 via a filter 32, which is
provided for removihg chips produced during machining; by’
actuating a pump 31.
Next, a supply path of dielectric fluid 8 will now be
described. When_préparing for machining, the dielectric fluid 8
in the tank 40 is féd to the work tank 5 via solenoid valves 34
and 25 through the inlet S5A by actuating a pump 33 tolfill the
work tank S. During machining, by actuating.a pump 21 and
closing a valve 25, the dielgctric fluid 8 in the tank 30 is
roﬁted, via solenoid valves 34 and 24, to respebtivé nozzles of
thé guide assemblies 3 and 4, from which the fluid 8 is flushed
“toward the machining gap..
In-addition, powder—-free fluid is supplied to parts qf

the gnidé assemblies, where movéable elgments, such as wire

. guides or current pickups are disposed, to prevent the ingress of
the powdér'into-thé parts. The fluid 7 may bé:psed for
preventing the ingress of the:powaer{ It is preferrgd to . use
fluid made free of powder by filtering the.diele;tric fiuid 8.
In the illustrated embodiment, a backwashing filter 37 is

provided for removing the powder from the fluid 8. The fluid 8



-3- art upon exani nation of the followi ng, or may be | earned by practice of
the invention. The objects and advantages of the invention may be realized
and attained by neans of the instrunmentalities and conbi nations
particularly pointed out in the appended clains. D sclosure of the
Invention In order to achieve the foregoing objects, an electric discharge
machi ni ng apparatus of the present igygntion for machi ning a workpi ece by
means of electric discharges using a

is routed to the guide assemblies 3 and 4, respectively, via a
solénoid valve 56, the'backwashing filter 37 and soleﬁoid valves
38 and 39 by actuating a pump 35 while closing the valve 25.

: ?urther,.the fluid 8 is'routed, via the solenoid valve 36, the
backwashing filter 37 and solenéid valves 38 and 41, to rotating
parts in the work.- tank 5, such as bea;ings in rollers, whiéh are
provided along-a wire transport path, to prevent the ingress of -
the p0wder.into the rotaﬁing parts. Preferably, the fluid 8 is
additionally routed fo the automatic wire threader via the
solenoid valve 36, the'backwashing filter 35 and Fhe solenoid
valves 38 and 27 during the autoﬁatic wire threading operation,
by actuating the pump 35. Any overflow fluid of the work tank 5
'is sent from the outlet 5B to the tank 40 via a solenoid valve
42. . After-the machining is finished, the dielectfic fluid 8 in

. the work tank 5 is returned to the tank 40 via thé solenoid .
valves 28 and 42.

As the dielectric fiuid 8 is used only for
finish-machining, tpe-qﬁantity of chips produced by glectric
discharge machining is relatively small. A filtering device such
as, a centrifugal filter or a magnet filter may be prqvided in
the tank 40 for removing fhose chips. 1In addition, a density
controlling device haviﬁg a density detector may be provided for
controlling the density of the powder in the fiuid 8. An'
agitator may also be provided for prevented the settling of
powder.

. When the machining is over, the fluid 8 will be

remaining at the bottom of the work tank 5 and in the guide



tool electrode, conprises a housing for containing such sliding parts as
current pickups and wire guides for guiding a wwre electrode and a fluid
supply device for supplying powder-free fluid into the housing while
suppl yi ng powder-containing dielectric fluid to the machining gap forned
between the wire el ectrode and the workpi ece. Further, preferably, the

el ectric di scharge machi ni ng apparatusg, conpri ses a cover for covering a
moveabl e part, which is provided along a wire transport path, and the fluid
supply device supplies powder-free fluid into the cover during electric

assemblies 3 and 4 or will be_adhering tolthe nork stand, which
supports the workpiece 2, and_sone jigs. After the fluid has
evaoorated, the powder will adhere firmly to some members in the
work tank S and willlbe difficult to remove. It is preferred

: tnat the fluid 8 is routed into the work tank 5 via the solénoid
valve 36, the backwashing filter 37, solenoid valves 43 and 23
and the outler SA by actuating the pump 35 so as to wash off the
powder-conteining residual fluid in the work tank 5. 1In
addition, when necessary,-the fiuid 8 may be routed to respective
nozzle parts of the guide assemblies 3 and 4 via the solenoid
valve 36, the backwashing filter 37 and the solenoid valves 38
and 39 to remove any powder remaininé in tnoée nozzleé; The'fluid
8 used for the above cleaning process is drained from the work
tank S and returned to the tank 40 via the solenoid valves 28 and
42. |

In order to return the -powder, which was captured with

the backwashing filter: 37, to the tank 40, the fluid 8 in the
tank 40 is circulated vie a solenoid valve 44, the backwashing
filter 37 and A solenoid valve 45 by actneting-the pumo 35 for a

_ predetermined'tihe period while-cloeing valves 36, 38 and 43.

As.described.in_the foregoing, in the present

invention, the fluid 8, not the fluid 7, is routed to the work
tank 5 wvia the backwashing filter 37 to prevent the ingress of
the powder into moveable parts or slidable parts or to remove the
powder remaining in the work tank_S after the machining with the
fluid 8 is finished.. Therefore, the density of powder in the

- tank 40 is maintained at a constant value after the powder, which



di scharge machi ni ng usi ng powder-containing fluid. Brief Description of The

Drawings FIG 1 is a schematic diagramillustrating an enbodi nent of an
el ectric discharge machi ning apparatus of the present invention. FIG 2 is.

a cross-sectional viewillustrating one exanple of an upper guide assenbly
showm in FIG 1. .

-g-

has begn.capturea with the backwashing filter 37, is recovered.
And it is easy té-control_thg density of powder. Also, the fluid
8 sent from the tank 40 and the powder remaining in the work tank
5 are finally returned to the tank 40 so there is no loss of
precious powder.

’ 'Furthe;, a control unmit 9 is provided on the wire-cut
electric discharge machining'apparatus of the embodimeht for
controlling any solenoid'valves aﬁd puﬁps illustrated in FIG. 1.
The controi unit 9 responsive, for egample, to a signal S
representative of the operating state of the machine body,
determines the operating sequence of the solenoid valves and
pumbs'using a microcomputer and generates a control signal CS.
Or, the control unit 9 may réad commands input manually by an
operator or commands from a program to generate the control
signal CS} ‘ |

Wiih_reference to FIG. 2, an upper guide assembly 3 of
FiG. 1 will now be‘desgribed; The upper guide assembly 3
“includes a nozzle hoﬁsing 56. The nozzle housing 56 forms a
chamber.57 thereiﬁ and includes a nozzle 70, which is positioned
opposite to the workpiece 2. An opening 59'is-forméd on the
gozzle housing 56 to thread the wire 1. The hole.has a diameter
that permits a pipe (not illustrated) to pass through it in the
autométic wire threéding érocesé. During mac#éning, dielectrié
fluid is introduced into the chamber 57 from an inlet 90 and
flﬁshed toward the machining gap froﬁ the nozzle 70.

‘'The guide assembly 3 further includes a guide housing

54, which is provided on the top of the nozzle housing 56. The



FIG 3 is a cross-sectional viewillustrating another exanple of an upper
gui de assenbly. FIG 4 is a schematic diagramillustrating a wire. take-up
device. FIG 5 is a cross-sectional viewillustrating an exanple of a wre
t ake-up device shown in FIG 4 taken on line c-c. FIG 6 is a

cross-sectional view il Lustrating another exanple of a wre take-up devi ce.

FIG 7 is"a cross-sectional viewillustrating yet

gulde hou51ng 54 forms a chamber 55 therein. The chamber 55
houses a current pickup 60 for dellverlng current, Wthh is fed

from the power sugply through an appropriate feeder cable, to the
wire 1. The current pickup 60 is attached to a moveable member
" ‘64, which is moveable by méans of an actuator 65, so as to
pushingly come into contact with and ﬁove away from the wire 1:

The chambef 55 further houses a wire guide 51 and wire
guides 52 and 53, which are, respectively, positioned above and |
below the current pickup 60. Each of the wire guidés 51, 52 and
53 h;ve a V;shaéed groove. The upper wire guide 51 is attached
to a moveable member 63, which.is moVeable by means of an
actuator 58, so as to éome into contact wifh and move away from
the wire 1. The lower wire guides 52 and 53 are, respectively,
attached to the moveable members 63 and 64. During machinipg;
guides 52 and 53 are positioned intd an abutted relationship by
means of the actuators 58 and 65 to form a guide hole in the
fluid communication with the opening 59. The guide hole, which
is slightly larger in diameter than the wire 1, defiﬁes the’
position of the wire 1 ;elative to the workpiece 2. In the
automatic wir; threading process, the current pickup 60 and
guides 51, 52 and 53 are moved away from the wireﬁl by means of
- the actuators 58 and 65.
in order to prevent powder—cont;iniég,fluid from

entering the chamber 55 throﬁgh a die guide 69,_&hich is proyide&
on £he guide houéing 54, and éhropgﬁ the opening 59, powdef-free
fluid is introduced into the chamber 55 from an inlet 80. This

ensures the smooth movement of the moveable members 63 and 64,



anot her exanple of a wire take-up device. Best Mde of Enbodying the

I nvention FIG 1 shows an enbodi nent of a wire-cut electric discharge
machi ni ng apparatus. In the apparatus, a wire electrode 1 is contlnuously
fed froma wire feeding device (not illustrated) and is guided by a pair of
Wi re guides, described later, to a machining.gap formed between the wire 1
and a workpiece 2 which is disposed in.a work tank. 5. In the illustrated
enbodi ment, each of the pair-of wire des are positioned above and bel ow
t he morkplece 2 and contai ned in guide ' '

which result; in the accurate positioning of the wire 1 defined
by thé contacting of guides 52 and 53 Also, cleaning after ﬁhe
machlnlng is not necessary 51nce powder-contalnlng fluid w1ll not
remain in such a conflned space as the V-shaped groove of the
wire guides. 1t is preferred_that the pressure of-the fluld,
that is introduced from the inlet 80, should be controlled to the
same value as or .slightly highér than the pressure of the fluid
in;roduced from the inlet 90.

With reference to FIG. 3, aaother embodiment of the
uppér guide ‘assembly will now be described. An upper guide
assembly 3A includes a nozzle housing él. The nazzle'housing 61
forms a chamber 62 therein and includes a nozzle 70, which is
positibned_opposite to the workpiéce 2. Dufing machining;
dielectric fluid is introduced iato the -chamber 62 from an inlet
90 and flushed toward the machining gap from the nozzle 70.

The guide assembly 3A further includes a-guide housing
66, which is provided on the inside of the nozzle housing 61.
Tﬁe guide housing 66 forms a chamber 67 therein and houses a
moveable member 71; The moveable member 71 can be moved in a
.direction orfhogonal to the axis of the travelling wire 1 by
means of an actuator 72. The moveable member 71 has a holé 73
therein to allow the wire 1 to be threaded through it. A
flat—éhaped current pickup 60 is attached;to éhe moveable member
71 by means of a set screw 74 so as to pushlngly come into
contact w1th and move away from the wire 1. The current plékug
60 can slide in a direction orthogonal to the axis-of'thé

travelling wire 1 and orthogonal to the axis of movement of the



assenblies 3 and 4, respectively. During electric discharge machi ning,

vol tage pulse are intermttently supplied froma power supply device (not

dillustrated) to the nachining gap to induce el ectric discharges across the
gap, which result in the machining of the workpiece 2. In the illustrated

enbodi nent, a dielectric fluid supply device 6 is provided for selectively

suppl ying an 12—

moveable member 71 by loosening the set screw 74, so as to change
the site of contact with the travelling wire 1.

Further, a wiré guide 50 is formed on the guide hbusing
66 in close vicinity of the nozzle 70 to define the position of
the wire 1 relative to the workpiece 2. In order to prevent
powder-containing fluid from entering the chamber 67 through a
die guide 69, which is provided on tﬁe'guide housing 66, ana
through the wire guide 50, powder-free fluid is introduced info
the chamber 67 from an inlet 80. This sgrely enables the
moveable ﬁembers 71 to émodthly move and the current pickup 60 to
smoothly slide. Also, cleaning after the machining is not
necessary since powder-containing fluid will-not.remain in.such a
confined space as the wire guide 50. As mentioned above,
preferably, . the pressure of the flﬁi&, that is introduced from
the inlet-SOL is controlled to the éame valﬁe'as or slightly
higher than the pressure of the fluid introduced from the inlet
90.

fhe invention may be adapted for use with a wire-cut
electric discharge machining apparatﬁs in which moveable members
are used in the work tank S5in a wire take—up mechanism which is
provided for transporfing the used wire to an appropriate wire
discharge part.

"With reference to FIGS. 4 and 5,.a %@re take—up.device
100 for transportin§ the used wire 1, which is sent out from the
lower gﬁide assembly 4 suppprted-on-a lower arm 120, to an

appropriate wire discharge part, will now be described.



oil -based, powder-free dielectric fluid 7 and oil -based, powder-contai ning
dielectric fluid 8 to the machining gap. The dielectric fluid supply
device 6 includes a tank 20 for reserving the powder-free fluid 7, a tank
30 for reserving powder-free fluid 7 used in the machining and di scharged
fromthe work tank 5, a tank 40 for reserving the powder-containing.fluid
8. Preferably, the powder-free fluid 7_is used for roughing and the

powder -containing fluid 8 for finish?&éﬁhining. Wth reference to FIG 1, a
supply path of dielectric fluid 7 will now be described. Wen preparing
for machi ning, the '

The wire take-up device 100 includes wire conveyor -
belts 101'and 102 and a number of rollers 103. These rollers 103
are attached on the arm 120 which supports the lower guide
assembly 4. -Further, a case 116, which encloses those belts and
rollers, is fixed to the arm 120 by means of bolts 113 and 114.

As best seen in FIG. 5, the roller 103 includes a
.roller shaft 115, an inner ring 104 and an outer ring 105. The
roller shaft 115 is fixed to the arm 120 by means of bolt 1l1l. -
The inner ring i04 is provided on the outside of the roller shaft
115 by means of a key 123. The outer ring 105 is provided on the
outside of the inner ring 104 by means of a number of rolling
elements.

In addition, é cover 122 is attached to the roller
shaft 115 by means of a bolt 110 and also ﬁo the case 116 by
means of a bolt 112. The cover 122 has an inlet 119 therein. As
mentioned above, thg fluid is féd from the tank 40 via the
solenoid valg 36, the backwashing filter 37 and the solenoid
valves 38 and 41, ahd then enters at the inlet 119 into a void
124 definéd'by the case 116. and the cover 122. A flow rate of
the fiuid is regulated so that 5 very small amount of the gluid
can flow out of the.void 124 through an 6utlét 121 and a guide
hole 117, both of which are formed in the case 116, preventing
the ingress of the powderééontaining fluid in£9_the void 124.
Therefore, in particularly, powder does not adhere to the rolling
elements used in rollers..

FIG. 6 shows.another embodiment of the wi;e take-up

device. Similar elements are labelled with similar reference



dielectric fluid 7 in the tank 20 is fed to the work tank 5 via sol enoid
val ves 22 and 23 through an inlet 5A by actuating a punp 21 to fill the
work tank 5. During machining, by actuating a * punp 21, the dielectric
fluid 7 in the tank 30 is fed, via solenoid valves 22 and 24, to respective
nozzl es of guide assemblies 3 and 4, fromwhich the fluid 7 is flushed
toward the nmachini ng gap. Preferably 2N automatic wire threader is-
provided for automatically threading e wire 1 into the machi ning gap in
the workpiece 2 and stringing the wire 1 between the pair of wre gU|des
when preparing for machi ning or when the

numerals as used in FIG. 5 and their explanations will not be
repeated.

In thé illustrated embodimeﬁt, a pulley 118.;5 provided
on the outside of the outer ring 105 by means of a key 123. The
pulley 118 has a V-shaped groove to guide the wire 1. A cover
125, which covers a number of rollers 103, is attached to fhe arm
120 and to the lower guide assembly 4. The fluid, which is fed
via the vélvel41, passés through an appropriate feed pipe iﬁside
the arm 120 and is introduced through the inlet 119 to the void
124 defined by the cover 125.

FIG. 7 is_a-bross—sectional view illustrating yet
another example of a wire take-up device.

In the illustrated embodiment, a cover 126 is attached
to the arm 120 and covers each roller 103 individually.

.It is not intended to be exhaustive or to limit the
. "’ invention to the precise form disélosed, and-qbviously many
modificaﬁions and variations are possiblé'in the light of the
above teaching. It is inéenaed that the scope of the invention

be defined by the claims appendéd hereto.



wire 1 brakes. For exanple, Japanese Pat ent Appl i cation La| d- Open No.

62- 130129 di scl oses an autonatic wire threader in which a wire is

introduced into a vertlcally noveabl e pi pe and then threaded into the
machi ni ng gap and a | ower wire guide by neans of a jet flow by feeding
fluid int pressure. In the enbodi ment of the present :

_ |nven't|o mﬂi\m‘ﬂmﬂcm ‘“lthe tank 20 is fed to an automatic wire threader

vi a -15-

CLAIMS

1. A electric discharge machining apparatus using an
tool electrode for machining a workpiece by means of electric
discharges by applyihg voltage across a machining gap.formed
between the tool electrode and the workpiece and filled with
dielectric fluid, comprising;

..a_storage tank for storihg a first fluid ih.which a
powdery substance is added; |

a covering means for covering a member to.be protected
against the adhérence of said figst fluid; and |

a fluid supply device for introduéing-a'sécond fluid,
which does not contain any of said powdery'substance,.to the
inside of said covering means'while supplying said first fluid to
the machining gap to thereby protect said member against the
adherence of said first fluid.

2. The electfic discharge machining apparatus of claim
1, wherein said tool eléctrod;'inciudes a travelling wire.
| 3. The electric dlscharge machining apparatus of claim
2 wherein said- coverlng means lncludes a housing for housing a

- current pickup for dellverlng machlnlng'current to said
travelllng wire and a.wire guide for defining the p051t10n of
sald travelling wire relative to said workplece.'

- 4. The electrlc dlscharqe machlnlng apparatus of claim
2, wherein said covering means lncludes a cover member for
coverlng a-moveable member' which is provlded along a transport

path of said travelllng wire.



sol enoi d val ves 22 and 27 by'actuating the punp 21 to create t

he necessary

jet flow An overflow outlet 5B is provided on the work tank 5 for

£ 4 Jo

drai ning any overflow fluid for maintaining fluid#g
predeterm ned | evel. The overflowis sent to the
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val ve 29. Wen the nmachining is finishgg- the dielactrlaEﬂh&QEDY.ln fihe

work tank 5 is sent to the tank 30 via sol enoi d varves 28 and
fluid 7 in the tank 30 is returned to the tank 20 via a filter

29. 1he
32, which is

provided for renoving chi ps ‘produced durln% machi ni ng, by actuating a punp

31. - ABSTRACT

. ELECTRIC DISCHARGE MACHINING APPARATUS

An electric discharge machining apparatus machines a

worxplece by means of electrlc discharges while powder-containing

-machlnlng ‘luld is supplled to a machining gap lorned between a

tool electrode and workpiece to be machined. The necessary parts

in a work tank-are housed in a cover member so as to be

'protected

against .the adherence of ‘the powder which is contained in the

mnchlnlng fluld. Durzng_mnchxnxng, a fluid sapply,dev;ce

supplies powder-free fluid to the inside of the cover member

while supplying the powder-containing fluid to the machining gap.

Therefore, the adherence of the powder-to the sliding parts, such

as a wire electrode guide or a current plckup and to the rotatlnq

parts, such as bearlnas of rollers, which are provided along a

wire transport path, is prevented so that the machlnlnq is
periormed with a high precision.
I
eet Has Been\ll{ﬁ‘lird



Next, a supply path of dielectric fluid 8 will now be described. Wen
preparing for machining, the dielectric fluid 8 in the tank 40 is fed to
the work tank 5 via solenoid valves 34 and 23 through the inlet 5A by
actuating a punp 33 to fill the work tank 5. During machining, by
actuating a punp 21 and closing a valve 25, the dielectric fluid 8 in the
tank 30 is routed, via solenoid valves 34 and 24, to respective nozzles of
t he gui de assenbl i es 3 and 4, fromwhich the fluid 8 is flushed toward the
machi ning gap.: I n addition, powder- frééffluidis supplied to parts of
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the gui de assenblies, where noveable el ements, such as wire guides or
current pickups are disposed, to prevent the ingress of the powder into the
parts. The fluid 7 may be used for preventing the ingress of the powder.

It is preferred to use fluid made free of powder by filtering the
dielectric fluid 8. In the illustrated enbodi ment, a backwashing filter 37°
is provided for renoving the powder fromthe fluid 8. The fluid 8
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-=7- is routed to the guide assenblies 3 and 4, respectively, via a solenoid
val ve 36, the backwashing filter 37. and sol enoid val ves 38 and 39 by
actuating a punp 35 while closing the valve 25 Further, the fluid 8 is
routed, via the solenoid valve 36, the backwashing filter 37 and sol enoi d
valves 38 and 41, to rotating parts in the work tank 5, such as bearings in
rollers, which are provided along a wire transport path, to prevent the

i ngress of the powder into the rotating parts. Preferably, the fluid 8 is
additionally routed to the automatic mgpg t hreader via the :

FIG.3
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sol enoi d 'val ve 36, the backwashing filter 37 and the sol enoid val ves 38 and
27 during the automatic wire threading operation, by actuating the punp 35.
Any overflow fluid of the work tank 5 is sent fromthe outlet 5B to the
tank 40 via a solenoid valve 42. After the machining is finished, the
dielectric fluid 8 in the work tank 5 is returned to the tank 40 via the
sol enoi d val ves 28 and 42. As the dielectric fluid 8 is used only for

fini sh-machi ning, the quantity of .chips produced by electric discharge
machining is relatively small. Afiltering device such

4/7

~
< SLY &
o™
> 8
[ N




Y

as, a centrifugal filter or a magnet filter may be provided in the tank 40
for removing those chips. |In addition, a density controlling device having
a density detector nmay be provided for controlling the density of the
powder in the fluid 8. An agitator nmay al so be provided for prevented the.
settling of powder. Wien the machining is over, the fluid 8 wll be

‘remai ning at the bottomof the work tay¢ 5 and in the guide

FIG.5
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assenblies 3 and 4 or will be adhering to the works stand, which supports

t he workpi ece 2, and sone jigs. After the fluid has evaporated, the powder
wi || adhere firmy to sone nmenbers in the work tank 5 and will be difficult
toremove. It is preferred that the fluid 8 is routed into the work tank 5

via the solenoid valve 36, the backwashing filter 37, solenoid valves 43
and 23 and the outlet 5A by actuating _the punp 35 so as to wash off the

powder - containing residual fluidin t B work tank 5. In addition, when

~necessary, the fluid 8 may be routed to respective

FIG.6
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»nozzl e parts of the guide assenblies 3 and 4 via the solenoid val ve 36, the
backwashing filter 37 and the sol enoid valves 38 and 39 to renove any
powder renmining in those nozzles. The fluid 8 used for the above cleaning
process is drained fromthe work tank 5 and returned to the tank 40 via the
sol enoid valves 28 and 42. In order to return the powder, which was
captured with the backwashing filter 37, to the tank 40, the fluid 8 in the
tank 40 is circulated via a sol enoi d A&l ve 44, the backwashing filter 37
and a sol enoid val ve 45 by actuating the punp 35 for a

FIG.7
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predetern1ned time perlod mhlle cI05|ng val ves 36 38" and 43 As deséPﬂbé&ﬁ@
in the foregoing, in the present invention, the fluid 8,..not..the fIﬁ%@QWi?'
|s routed to the work tank 5 vi-a the backmashlng‘TkIter 37 to prevent t he
i'ngress of the powder into noveabl e parts or sligable paris_or t9 renove
the powder remaining in the work -tank G.gfter the machining with the f|UId
-8 ts finished. Therefore, the density of. powder in the tank 40 S
nalntalned at a constant val ue-after the powder mhlch v "

ELnCTRIC DISCHARGE MACHINING APPARATUS

Tecrnical Field

_ . The present invention relates to an electric discharge
machining (“EDM“) apparatus.' More specifically, the present
invention relates to an electric discharge machining apparatus
which uses powder-containing dielectric fluid and powder-free

_ dielectric rluid b - o

(V; : ;' . ”Background Technology , s - “"Nf

In general, an EDM apparatus is classified into two
| types, a die—sinking EDM and a wire—cut EDM.j A die-Sinking EDM
- includes a three-dimenSional shaped tool electrode to induce
electric diacharges across a gap formed between the-workpiece
being machined and the'tool electrode by applying aivoltace
across the gap while filling the gap.with dielectric f£luid such
as, ker051ne or solution having a high molecular compound.
On the other hand a wire-cut EDM includes a wire made
from such material as brass or tungsten having 0.02 to 0.03
millimeters in diameter as a tool electrode. During electric

discharge machining, the wire, which travels between a pair of i

wire guidea,-is positioned opposite to a workpiece to machine the_
workpiece. In general, deionized water or kerosene based £fluid
.is used as dielectric £luid which is filled in the gap formed
between the travelling wire and the workpiece.
It is well—known that during finish-machining a sort of
- dielectric fluid, which mixes with fine ‘powder such as l

polycrystalline silicon, is used to improve surface roughness of



-9: has been captured w th the backwashing filter 37, is recovered. And it
is easy to control the density of powder. Also, the fluid 8 sent fromthe:-
tank 40 and the powder remaining in the work tanki 8 are’filnal'lyiretiurned to
the tank 40 so there is no |oss .of precious powder . “Further, a,pbﬁg[gr uni t
gngs prOV|ded.on t he wﬁre-cut electric dlfcharge.nachlnlng_apparatus of the
entbodi ment for control’ling any sol enoid val ves and punps illustrated in
FG 1. - : o ' o o : -
| | ﬁhe work§ié¢éﬁbging machined-and.increase'machihing stabiliﬁyQ _
British patent’__;_-'No.' 828,336 and U.S. Patent Nos. 4,392,042 and
4,952,768 disclose the use of this sort of £luid.. - |
|  'Whén this soit of fluid i§ used in a wire?cut_EDM}'ﬁh;
powder may goiiﬁto tﬁe rotating pérté in a work tank, for
examélé, into rollers, which aré provided #long a wire transport
path, and reach the bearihés of ;he rollers, affgcting.the"
tfénéPprtﬁtngiof wire;.whiéhfin_turn may_réSﬁlt—iﬂ an undesired
L : . efféct:oh;thg_macﬂining;_ o %“1’:::.:;',% :'_ J;;';-#

_“ o EVQFurtﬁér;:if.éhé”p§wae:ienter; a;wiré gﬁi&e assembly,
wﬁich_contaiﬁs ﬁoveaﬁie wi;é guides aﬁd mé?eaﬁleléurﬁéht pickups
for delivering cur:ent-to a wire, it may_imééde the'mofements of
the wire guides aﬁd[tﬁe current picxﬁps. In a&dition,-it is )

- troublesome to remove the powger that is remaining in the wire
transport mechanism and the Qire_guide assemﬁly after the
machinin§ oéeration_ié finished. | |

_ An object of the Qresent'inveﬁtiqn_is to provide aﬁ
electric discharge machining apparatus for Préventinq'

‘ :l. _ _  powder-contéiniﬁg fluid froﬁ adhering to_fhe neqesséry pérts_in

| the work tank. o "

| Another object of the present invenﬁioﬁ'iS-to provide
an electric_d;scharge machining apparatus in which the work of

';emOVihg the p§wdgr adhering.ﬁo the parts in the work tank after
the_g;;hining operation is finiéhed, is-reduced. |

Addiﬁional pbjeqts, ad§ant#ges and.novei featﬁreé of
theninvention will be set forth in part in the description:which

follows, and in part will become apparent to those skilled ih,the__,



The control unit- 9 responsive, for exanple, to a signal S.representative -of -
~‘the operating state of the machine body, determ nes the operating sequence
~of -the sol enoi d val ves and punps using a m croconput er and generat.gs. a
control signal .CS. O, the control unit. 9 may read commands_i-npui.-nmanually
by an operator or connands froma programto generate the control signal '
CS: Wth reference to FIG 2, an upper. guide assenbly 3 of FIG 1 will now
be described. The upper gU|de assenbly 191 ncl udes a nozzl e housi ng 56.
The nozzle hou3|ng 56 forns a ' -

art upon examination of the followxng, or may be learned by - ..
- practice of the invention. The objects and advantaaes of the
“invention may be realized and’ attained by means of the
instrumentalities ‘and combinations particular-y pointed out in
the appended claims.

Disclosure of the Invention

In order to achieve the foregOing objects, an electric
discharge machining apparatus of the present invention for-
machining a workpiece hyameans of. electric disoharges using a
“tool electrode,‘comprises a houszng for containing such sliding

. parts as current pickups-and wire guides for.guiding_a wire. _
‘electrode and a fluid supply device for supplying'powder;free"
fluid into the housing while supplying powder-containing _

;dielectric £luid to the machining gap formed between the wire
_electrode and the workpiece..

Further, preferably, the electric discharge machining
apparatus comprises a cover for covering a moveable part, which

s provided along a wire transport'path,'and the fluid supply
device supplies'pouder-free fluid into.the cover during electric '
discharge machining using powder-containing £luid. | |

' Brief Description of The Draw;ngs

. FIG. 1 is a schematic diagram illustrating an
'embodiment of an electric discharge machining apparatus of the
present invention. ' '
'FIG. 2 is a cross-sectional view illustrating one

example of an upper guide assembly shoun in FIG. 1.
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chanber 57 thereln and |ncludes a nozzle 70 whi ch is positi oned opposite
to the wor kpi ece 2. An opening 59 is formed on the nozzLe h0u5|ng 56 to
thread the wire 1. The hole has a di aneter that pernits & pi_pe: (et~
illustrated) to pass through it in the automatic-Wire threadi‘ng process..
: Durlng machining, dielectric fluid is introduced into the chanber 57 from

an’

inlet 90 and flushed toward the.machining gap fromthe nozzle 70. The-

gui de assenbly 3 further includes a gU|de*housrng 54., which is provi ded on
the top of the nozzle hou3|ng 56. The _

A

zIG 3 is a cross—sectlonal view’ lllastratlug aﬁotqen .

example of =n unpe* gu1u= assembly.

FIG. 4 i$ a schematic diagram illustrating a wire,

take-up device. = - ._:'f'. . . o S L

“FIG. S is a cross—seqtional'view illustra;ing an

example of a wire take-up device éhown'in FIG. 4 taken on line

c-C,

.:: FIG 6is a cros=~sectlonal v1ew llLustratlng another

..-...

-example of a wire take-up devzce._f}}_ -‘"J  _'%}

PIG. 7 is a cross—sectxdnal v1ew lllustratlng yat

another example of a w;;e take-up dev;ce.
‘Best_Mode of imbodzing the Invention
FIG. 1 shows an embodiment Qf'a wire-cut electric
discharge machining apparatﬁé. In the apparatus, a wire |
électrode 1 is cdﬁtinuously fed from a wiré feeding device (not
illuSttated) and is guided by a pair of wire guides, described
later, to a machining gap forméd between the wire 1 and é
workpiece 2 which is disposed in a work tank 5. Iﬁqthe
illustrated embodiméhﬁ each of the paif'of wiféigﬂideé are

posxtiened above and below the workp;aca 2 and contained in guide

~assemblies 3 and 4, respectlvely. During electric dzscharge

zmachlnzng,_voltage pulse are xntermitténﬁly supplied from a power

supply device (not illustrated) to the machining gap.to induce

eléctric discharges across the gap, which result in the machining

- of the workplece 2.

In the lllustrated embodlment, a dielectric flu1d

supply device 6 is provided for selectlvely supplying an
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- gui dé housing 54 forns a chanber 55 therein. - The chanber 55 houses a
current pickup 60.for delivering current, which is fed fromthe power
supply through an appropriate feeder cable to the.wre-T," " The- turrént

pi ckup 60 is attached to a noveabl e member 64, whi ék-i s”nmbyeabl &-hy" weans
of an actuator 65, so.as to pushingly cone into etontact with and nove away
frgmthe wire 1. The chanber 55 further houses a wire. guide 51 and wire
gui des 52 and 53, which are, ‘respectivel ws-posi tioned above and.

.oil-;aeed, powder;free dielectric.flnid f and oii-based;

i poW@er;containing dieleqtric £luid 8 to the_maéhining gap,ﬂqine

' dielecrric fluidlsnpply'device 6 includes a tankIZO for reserving
the pewder-free fluid 7, a tank_30 fer reserﬁing powderefree;
fluid 7 used in the maChininq and discnarged from the work.tank

5, a tank 40 for reserving the powder-conraining flnid 8._ o

_ Preferably, ‘the powder-free fluid" 7 is.used for roughlng and the

powder-contaznlnq flurd 8 for flnlshmmachinlng. :

) ' With reference to FIG._I, a supply path of-dielectric
fluid 7 will now be descrrbed. ~When preparing for machrnrng, the
.dxelectrrc fluzd 7 in the tank 20 is fed to the work tank 5 ‘via
solenoid valves 22 and 23 through an inlet SA by actuatzng a pump
21 to fill the work tank ‘5. During machzning, by actuatxng a
pump 21, the dielectric fluid 7 in the tank 30 is fed, via
_solenoid valves 22 and 24, to respect;ve nozzles of guide
assemblies 3 and 4, from which the fluld 7 is flushed toward the
machining gap. Preferably, an automatic wire threader is
{';; : ; provxded for automatlcally threadlng the wire 1 into the

machining gap in the workplece 2 and strlnging the wire 1 between'
‘the pair of wire guides when preparing for machining or when the
wire 1 brakes. For example, Japanese Patent Applzcatzon _
La;d—Open No. 62- 130129 discloeee an autemat:c wire threaaer lnl
whlch a wire is introduced into a vertically moveable plpe and
then threaded into the machrn;ng gap and a lower wire gulde by
means of a jet flow by feeding fluzd into the pzpe under
pressure. -In the embodzment of - the present invention, the fluid

7 in the tank 20 is fed to an automatzc wize threader via
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bel ow the current pickup 60. Each of the wire guides 51, 52 and 53 have a

V-shaped groove. The upper wire guide 51 is attached to a noveabl e nenber. |

63, which.is noveabl e by neans of an_actuator 58,:?sp as .to. ‘cone.into-

contact with and nove away fromthe wire 1. The tomer Wi r:e gU|des 52. and

'53 are, respectively, attached to the noveabl e menbers-63 and 64.: -Buring

machi ni ng, guides 52 and 53 are positioned inte an abutted rel ationship by
means of the actuators 58 and 65 to forntg guide hole in the fluid

communi cation with the opening 59. The gui de hol e, whi ch |s sllghtly
l.arger in dlaneter than the wire 1, defines the:-

solenoid.valves 22 and 27 by actuat*nc the éump 21 to create the
neceesar} jer”flow. "An overrlow out’et 5B is provrqec on the.
work tank S:for draining any overflow rluld or maxntaznlng flura “
of the work‘tghk 5 at a éredetermined level. The overflow is -
sent to the tank 30 via a solenoid valve'29. When the machlnlng
rs flnlshed, the dielectric fluld 7 in the work tank 5 is sent to

" the tank 30 via solenold valves 28 and 29. The fluld 7 in the

RN | tank 30 is returned to the tank 20 via a fllter 32, whlch is

provzded for removing chxps produced durzng machxn;ng, by
actuating a pump 31.
Next, a supply path of d:electrzc £lurd 8 wzll now be
described.- When preparlng for machining, the dxelectrrc fluld 8
in the tank 40 is fed to the work tank 5 via. solenoid valves 34
and 23 through the lnlet 53 by actuating a pump 33 to fill the
work tank 5. During machining, by actuatlng a pump 21 and
_ closing a valve 25 ‘the dielectric fluid 8 in the tank 30 is
routed, via solenozd valves 34 and 24, to respectlve nozzles of
&;g_; ' ~ the gulde assemblles 3 and 4, from whlch the. fluid 8 is flushed
B toward: ‘the machining gap. ' _' '
| In addition, powder-free fluid is supplied to parts of
the gurde assemblies, where moveable elements, such as wire

'guldes or current pzckups are’ dlsposed, to prevent the ingress of

ﬁﬁ; : R ”the,powder into the parts. The flgrd 7 may_be_used_for

.preventing the ingress of the powder."It_is preferred to use
£luid made ﬁree of powder by filtering the dielectric fluid 8.
In'the illustrated embodiment, a backwashing filter 37 is

provided for removing the powder from the fluid 8. The £luid 8
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position of the wire 1 relative to the workpiece 2. In the automatic wire

t hreadi ng prOcess the current pickup 60 and guides 51, 52 and 53 are noved
- away fromthe wire 1 by nmeans of the actuators 58.and 65.I'n"order. sto

- prevent pomder-contalnlng fluid fromentering the chaﬂber 55 t hretudh-a die
gui de 69, which is provided on the guide housing 54, “and "'t hrough' t he

opening 59., powder-<free fluid is introduced into the chanber 55 from an
i nl et 80. ThIS ensures the snooth nnvenept of the aneabIe nenbers 63 and

64,

s . . z. . - o
Fs - . . - LA -_-"_‘.'a__.

_ is routed to the guide assemblies 3 and 4, respectively, via a
solenoid valve 36, the backwashing filter 37 and solenoid valves.-
.38 and 39 by actuating a pump 35 while clOSing the valve 25- :
Further, the fluid '8 is routed, via the solenoid- valve 36, the
backwashing filter 37 and solenoid valves 38 and. 41, to rotating
. o parts in the work tank 5, such as bearings in rollers, which are
. ' proVided along a wire transport path, to prevent the ingress of
| Xed ' .~the powder into the - rotating perts. Preferably, the £fluid 8 is
| Fi , ,. additionelly routed £o the eutometic wire threader via the‘
solenoid velve 36, the backweshing filter 37 and the solenOid
valves 38 and 27 during the automatic wire threading operation,
by actuating the pump 3s. Any overrlow fluid- of tne work tank s
is sent from the outlet 5B to the tank 40 via a solenoid valve
42. After the machining is finished, the dielectric fluid 8 in
tha work tank 5 is returned to the tank 40 via the solenoid
valves 28 and 42. | |
| As the dielectric fluid 8 is used only for

finish—machining, the quantity of chips produced by. electric |

| discharge machining is relativelv small. A filtering~deVice such o

as, a centrifugal filter or a magnet filter may be provided in
the tank 40 for'removing those.chips, In addition, a density
controlling device, having a density detector may be provided for
.controlling the density of the’ powder-in the fluid 8. An
'agitatOr-mav also'be provided for prevented the settling'of
powder. S
| _ When the machining is over, the fluid 8 will be
remaining at the bottom of the_work tank S and in the guide
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-11 mhlch results I n the accur at e p05|t|on|ng of the wire 1 defined by the
contacting of guides 52 and 53.- Also, cleaning after the Amachi ni.ng-4.s not
necessary since powder-containing fluid wll not-renaln in suchng c¢onfi ned
space as .the V-shaped groove. of the wire guides.-*:1t”is préferredthat the
pressure of the fluid, that is introduced fron1the i nl-et 80, should be

controlled to the same val ue as or sllghtiy hlgher t han the pressure of the

f|UId

assemblies 3 2nd 4 or will be adhering to the work stand, which .

supports the workpiece 2, and some jigs. After the fluid nas

i

.evaporated, the powdexr Willjadhere“firmly.tb some members 'in thé

- work tank 5 and will be difficult fo'remove. It is preferred
that the'fldid 8 is routea'iito the Wgrk tahk 5 via.the'solenoid
valve 36 the backwashlng fllter 37, soleno;d valves 43 an 23
-and the outlet SA by actuatlng the pump 35 so as Lo wash of; the

_'powder conualnlnga*esxdual £luid in the work tank 5._ In
'addltzon,'when necesqary, the flu;d 8 may be route& ﬁo-reépeétive

' nozzle parts of the guide'assemblie§'3 and 4 via the solenoid
valve 36,'the backwashing filter 37 and the solenoid valves 38 -
~and 39 to remocve any powder remaining in those nozzles. .The fluid
8 used for the above cleaning.proéess is drained froﬁ-the work
“tank_s_and_returned to the tank 40'viﬁ the solenoid vaives 28 and

" . o ,

_ In order to return the powder, which.was captursad With
the backwashing filter 37, to the tank 40, the fluid 8 in the
tank 40 is éirculated via a éolenoid valvé 44, the backwashinq“

?K”;. “ " filter 37 and a solenoid valve 45 by actuating the pump’ 35 For a

: | redetermxned time period while closing valves 36, 38 and 43.

As descr;bed in the forego;ng, 1n the present
'invention, the fluid 8, not the fluid 7, is routed to the work
tank 5 via the backwashing filter 37 to preveqt the ingrass of

- the powder ihto mqveabie.paﬁ#s'or_slidable parts or to rémové the
powder remaining in the workltank 5 after the machining with ‘the
£fluid 8 is finished. Therefore, the density of powder in the

© tank 40 is maintained at a constant value after the. powder, which



|ntroduced fron1the inlet. 90 Wth reference to FIG 3, another enbodi nent
of 't he upper gui de assenbly will now be described. An upper gui de assenbly
“3A includes a nozzie housing 61. The nozzle housing. 61:f ofi8. a"Ehaiiber 62
‘therein and includes a nozzle 70, -which is posi ti.oned opp05|te t-o” the

wor kpi ece-2.© During machining, dielectric fluid is introduced i'nto the
chanber 62 from-an inlet 90 and flushed toward the machi ni ng gap fromthe
nozzl e 70. The gui de assenbly 3A further_g.ncludés a gU|de hou5|ng 66, mhlch
IS prOV|ded on the |nS|de of the nozzle hou3|ng 61..

.'has been captured with ‘the backwashlng fxlter 37, is recovered.
And it is easy to control the denslty of. powder. Also, the flurd
-8 sent from the tank 40 and the powder remalnlng.zn the work tank
5 are finally’ returned to the tenk 40- so there is no loss o;
, precious powder. _' R - h'- -r o -}-‘ . . | o .§:
_' 'Further, a oontrol unit 9 is provrded on the w1re-cut |
electrro d;soharge machznlng apparatus of thée embodiment for
i _ controlling any solenord valve's and . pumps - zllustrated in FIG. 1.
‘The control unit 9 responsrve, for example, to a signal S
representative.of_the.operating'state of the.maohine body(
'determines the operatiné seqﬁenoe of.the solenoid valves and :}
pumps using-s microcompnter'and generates a controlﬂsignei Cs.
Or, the control unit 9 may reed commands input manually by an
'operator or commands from a program to generate the control
signal Cs. _ '
" With reference to_FIG.'é, an upper guide ASsembly 3 of
-EIG;.J will now be described. ‘The upper gulde assemhly 3
U .-incindesla_norzle housing 56. The nozzle hOUSlng 56 forms a'z
) chember 57 therein and includes a nozzle 70, which is positxoned
opposite to.the'workpiece'z;' An'opening.SS is“formed on the
nozzle housing 56 to thread the wire 1. The hole has a diameter
that permits a pipe (not rllustreted) o pase through rt'in tﬁé
':automatzc wire thread;ng process.. During machznmng, dzelectrro
£luid is introduced into the chamber 57 from an. inlet 90 and
flushed toward the machining gap from the nozzle 70. .
" The guide assembly 3 further includes a guzde houszng.

54, . whlch is provzded on the top of the nozzle housing 56. The



- direction orthogonal to the axis of t he T
‘the axis of anenent of the

¢ . & e

The gui de housing 66 forms a chanber 67 thereii and houses ‘& hoveabl e
.nmehber 71.
to the axis of the travelling wire 1 by .neans of-:an actuat0r~72¢" The

noveabl e menber 71 has a hole 73 therein to allow the wire.1:to e thread

through it.

The noveable nenber 71 can be noved in a direction orthogona

A fl at-shaped current pickup 60 is-attached to"- the Toveabl e

menber 71 by means.of a set screw 74 so.as to pushingly come into contact,
with and nove anay fromthe wire 1. The fgrrent pi ckup 60 can slide in a

£luid commnn:catron with the openlng 59;\

velllng wire 1 and orthogonal

guide housing 54 forms a chamber 55 therein. The chamber 55

houses a current plckup 60 for del vering current, whlch is fed

ed

to

from the power supply throuqh an approprlate feeder cable, to tne

‘wire 1. The current plckup 60 is attached to a moveable member

64, which is moveable by means of an actuator 65, s0. as to

.'pushzngly come lnto contact’ with and move away from the wire 1.

. The chamber 55 further houses a wire. gulde 51 .and wire

guides“52 and 53, which are, respectrvely, posrtlonad above and

below the current pickup 60.. Each of the wrre guldes 51, 52 and .

'S3 have a V-shaped groove. The upper wzre gurde 51 is attached

to a mcveable member. 63, which is moveable by means of an_

actuator 58, SO as to come into contact with and move awav from

the wire 1. The lower wire guldes 52 and 53 are, respectlvely,

attached to the moveable members 63 and 64. During machining,

guides 52 and 53 are positioned into an abutted relationship by

means of the actuators 58 and 65 to form a guide hole in the

:T e'gu'de hgle, whlch

“is -slightly. larger in dlameter than the wrre 1, deflnes the

. :pOSlt10n of the wire ‘1 relative to the workplece 2. In the

autcmatrc wire threadrnq process, the currant pickup 60 and

"guides 51, 52 and 53.are moved away from the wire 1 by_means of

" the actuators 58'end 65.

In order to prevent powder-contalnrng fluid from

‘entering the chamber 55 through a die guide 69, which is provrded

on the guide hcuszng_54,_and'through the opening 59, powder-free

£luid is introduced into the chamber S5 from an iniet 80. This

ensures the smooth movement of the moveable members 63 ahd 64;-



-12- noveable menber 71 by | oosening the set screw 74, so as to change the
site of contact with the travelling wire 1. Further, a wire.guide 50.4s

- for-nmed on the guide. housing 66 in close vicinity df the’ nozzle %0 <t-e~ def i ne
the position of the'wire 1 relative to the workpiece-2. I'm.order.to.”
prevent powder-contai ning fl uid fron1enL&ang t he chanber 67 through a-

which results in the accurate pos;tioning of the wire 1 defined”

'bj the contact ing of guides 32 and 53.‘ Also, cleaning a‘tei the
machﬂning is not necessarv since powder-containing fluid will not
remain in such a confined space as the Vbshaped groove of the
. wire guides. It is preferred that the pressure of the £fluid,
that is lntroduced from the inlet 80, should be controlled to the
Q:' _'d: same value as or 'slightly highar than the pressure of the fluid

_ _ introduced from the inlet 90. - o

: -g;ff"." SR :" With rer;rence to PIG. 3r anpther embodiment of the

B upper guide assembly will now be described. An upper guide

- assembly 3A includes a nozzle housing 61. The nozzle “housing 61
forms a chamber 62 therein and includes a nozzle 70, which is .
pOSltloned OppOSlte to the workpiece 2 During machining,
dielectric fluid is-introduded into the chamber 62 from an inlet
90 and flushed toward the machining gap from the nozzle 70.

_The'éuide assemblﬁ 3A further includes a guide housing

66, which is provided on the inside of the nozzle housing 61-

The guide housing 66 forms a chamber 67 therein and houses a

] honcihi e

BEoAL moveable member . 71. The moveable member 71 can be moved in a

‘direction orthogonnl to the ‘axis of the travelling wire 1 by
means of an actuator 72. 'fhe moveeble.memberi7i_has a hole 73
therein to allow the wire 1 to be threaded through it. A _
flat-shaped current;pickup'so is attached‘to the moveable member
71'hy means of a set_screw”74 SO as'to pushingly come into
contact with'snd move-away from the wire 1. The current pickup
60 can slide in a direction orthogonal to the axis of the .

travelling wire 1 and orthogonel to the.axis of movement of the



d|e gUIdé 69, mhlch S prOV|ded on the guide hou5|ng 66, and through the _
wire guide 50, powder-free fluid is introduced ipto- the~chamber," 6% *from an
inlet 80. -This surely enables the noveabl e nenbers 71:to snmoot'hiy”’ ane and: -
the current. pickup 60 to smoothly skide. Al so, -¢l edning-after the-

machi ning i s not necessary since powder-gaataining fluid will not remain’in
such a confined space as the wire guide 50. As nentioned above, _
~preferably, the pressure of the fluid, that is introduced fromthe inlet
.80, is controlled to the same value as or slightly higher than the pressure.
of the fIuudmpneebhnceutkroﬁithe 149a§nlnq the set screw 74, so as to change :

l the site of contact Wlth the travelling wire 1.
| : Further, a wire guide 50 is formed on the guide houSing
66 in close vicinity of the nozzle 70 to define the pQSition of
-the wire 1l relative to the workpiece 2. In.order to-prevent
powder-containing fluid from entering the chamber 67 through a
. die duide 69, which is provided on the guide'housing ss, and
through the wire guide 50, powder-free fluid is introduced into
XNJ-} : the chamber 67 from an inlet 80. This surely enables .the |
-moveable members 71 to smoothly move and the current pickuo 60 to
.”smoothly elide. Aleo,_cleaning after the maohining is not
- - necessary since powder-containing fluid will not remain in such a
confined space as the wire guide 50. As mentioned above,
preferably, the pressure of the fluid, that is introduced from
the inlet 80, is controlled to the same value as or slightly
higher than the pressure of the fluid introduced from the inlet
90, | "
| ' The invention may be adapted for use with a wire-cut _
electric discharge machining apparatus in which moveable members
are ueed in the work tank 5in a wire take-up mechanism which is'
proVided for transporting the used.Wire to an appropriate Wire
'discherge part. | . - _ . l _
N | With reference to FICGS. 4 and 5, a wire take-up device
- 190 for transporting the used wire l, which ‘is eent out from the
lower guide assembly 4 supported on a lower arm 120, to an - |

appropriate wire discharxge part, will now_be described.



+ s

90. The invention may be adapted for use with a wire-cut electric discharge
machi ni-ng apparatus in which noveable nmenbers are used jn_ the wprk-tank 5
in-a wre. take-up nmechanism which is provided f.or: transportlng the uUsed
wire to an appropriate-wire discharge part. Wth-Treference t:d FI-GS. 4 and
5, .a wWire take-up device 100 for transpor{4ng the used wire 1, which |s
'sent out fronlthe | ower gui de assenbly 4 supported on a | ower arm 120,

an appropriate wire discharge part, mnll nom/be descrlbed

'The wire take-up devzce _00 includes w1re conveycr N
-belts 101 and 102 -nd a number of rollers 103. These rollers 103“.
are- attached onltne arm 120 whlcn_supports:the.lower-guidel ) -
:rassembly'4. Purther, a case llG- which eroloses.those Belts'aud“
. rollers, is fixed to the arm 120 by means of bolts 113 and 114.
As best seen in FIG. 5, the roller 103 lncludes a
? roller .shaft ‘115, an inner rlng 104 and an outer ring lOS The
roller shaft 115 is fzxed to the arm 120 by means o6f“bolt 111.
KVJ . o .The lnner rlng IOZ 1e provzded on the outs;de of the roller shaft
. o -l 115 by means of a key 123. The outer ring. 105 is érovxdec on the
' outside of the inner ring l04 by means’ of a number of rolling
elements. : o _
In addition, a cover l22,is attached to the roller
- shaft 115 by means of a bolt 110 and also to the case 116 by
meens of a bolt 112, The cover 122 has an inlet 119 therein. As
meutioned above, the fluid is fed £rom the tank 40 via the
-solenoid vale 36, the-backwashinq filter 37 and the solencid
valves 38 and 41, and then enters at - the inlet 119 into a void
lir..' ' o l_ 124 deflned bj the case 116 and the cover 122 A flow rate of
'the flu;d is regulated so thet a very small amount of the fluid
- can flow out of the void 124 through an outlet 121 and a culde |
hole 117, both of which are formed in the case 116, preventzng
the 1ngress of the powder-contaznlng fluid into the void 124 '
Therefore, in partlcularly, powder does not adhere to the rolling
_elements used in rollers._
FIG. § shows anotter embodiment of the wireltake-up'

devioe.,:similar elements are labelled with_similar reference



-13- The wire take-up device 100 includes wire conveyor belts 101 and 102
and a nunber of rollers 103. These rollers 103 are attaghed.,on the.arm 120
whi.ch supports the |ower guide assenbly 4. Further,.a Case .I16; Waich

-encl oses. those belts and rollers, is-fixed to the arm 120 by, ‘means of bolts
113 and 114. As best seen in FIG 5, the rol l er 103 includes a

—14—-

numerals as used in FIG. 5 and theii'explanatione nill not be_'
repeated. - N | , .
In the illustrated embodiment, a pulley 118 is provided
" on the outside of the outer riné 105 by means of a key 123. .The '
pulley 118 has a V-shaped groove to guide the wire 1. A cover -
c 125, which covers a’ number .of rollers 103, is attached to the arm
120 and to the loefr guide assembly-&, The fluid, whicn is fed
o - ' via“the valve 41;"passee throuéh an appropriate feed pipe inside
the arm 120 and is intrcduced throhgh the inlht 119 to the void
124 defined by the cover 125.. ) '
,EIG. 7 is a cross—sectional viewiillustrating yet_
another example of a wire take=-up device. | | |
In the illustrated:embodiment, a cover 126 is attached
to the arm 120 and covers each roller 103 individually.
_ | It:is not intended to bhe exnaustive or to liﬁit the .
invention to the precise form disclosed, and obviously many'
modifications and variations are possible in the light of the

N o  above teaching. It is intended that the scope of the invention

be defined bj the claims appended hereto.



roIIer shaft 115 an |nner1r|ng 104 and an outer rlng 105. The roller
shaft 115 is fixed to the arm 120 by nmeans of bolt 111. The.d.nner. r.ing 104
.is.provided on the outside of the roller shaft 115 :hy. nmeans -of a, key-,123.
The outer rlng 105.i's provided on the outS|de of .t.he: i nner “cing 104 by .-
means of a_numbér of rolling elements. In addition, a cover 122 is attached
to-the roller shaft 115 by nmeans of a bolt 110 and also to the case 116 by
neans of a”bolt 112. The cover 122 has an inl et 119 t herein: - As nentloned
above, the fluid is fed fromthe tank 40 -via the :

CLAIMS

1 A electric discharge machining apparatus u51ng an

"tool electrode for machining a workoiece by means of electric
drscharges by applying veoltage across a machining gap formed
between the tool electrode.and the wq;kpiece and filled witn_
.dielectric fluid, compr;sang. | o -
| a storage tank for storing a first fluid in Whlch a

\/J 2 . . -?_..::. L __'_ ~ -_; W -..A.-

S0 powdery substance is added‘ .

- lll.
R A R

a covering means ror covering 2 member to be.Drctected
| against the adherence of said first fluid; and : _ .

a fluid supply device for introducing a”second'flnid)‘
which does not contain any of said povdery substance, to the
inside of said covering means while supplying said first’fluid_to
the_machining gap to thereby protect said member against the

 adherence of said first fluid. |
2, The elecﬁric discharge machining apparatus of claim'
.l wherein said tool electrode includes a travelling wire,
| 3. The electrlc discharge machining apparatus of Clalm
2, vherein said covering means_includes a housxng.for houelng a
l current.pickup for delivering’machining current to said
travelling wire and a w1re guide for defining the position of
said travelling wire relative to said workpiece.

| 4. The electric discnarge machining apparatus of claim-
2, wherein said covering means 1nc1udes a cover member for -
'covering a moveable member which is provided along a transport

lpath of said travelling wire.



solen0|d val e 36, the backmashlng f||ter 37 and the sol enoid val ves 38 and
41, and then enters at-the inlet 119 into -a voi d.124 def-ined- -by_the--ease

116 and the cover 122. A flow rate of the fluidii$ regul ated su. that a =z
very smal| anount of the fluid can flow out of tHe voi-d- 124- .t hr ough-- an fjﬂ
outl et 121 and a guide hole 117, both of which are formed in the case 116,
preventing the ingress of the pomder-contalnlng fluid into the void 124.

" Therefore, in particularly, powder does not adhere to the rolling el ements

used in rollers. FIG. 6 shoms _anot her enbodlnent of the wre take up

ABSTRACT -

- An electrlc dlscharge machlnlng apparatus machlnes a. |
Qorxclece by means of electr;c dlscharqes whlle powder-contalntng
machln;nq Lluxﬁ is supplled to a machining gap formed between a

'.tool eiectrode and workpiece to be machined.. The necessary par“r
-ln a wonk tank are housed in a cover member so as to be protected
'aqalnst the adherence of the powdez whzch is contazned 1n the™
_machlnlng fluld._ Dur;ng mach;n;ng, a fluad supply devmce
supplies powder-free fluld to the Lns;de of the cover member
while supplying_the pcwder-containzng fluid to thc machznlng gap.
Therefcre,‘the'adherence of the powder'to the sliding parts, such
as a wire electrode guide or a current plckup and to the rotating
'parts, such as bearlnqs of rcllers, whlch are provided along a.

wire transpcrt path, is prevented so that the machining is

pe:forhed with a High precision.

5&’ £.'ﬁl : . . ';,;'w””- B Rt . e .
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device. . Sim lar el errents are | abeI I ed W|th simlar reference -14-

nuneral s as’used in FIG 5 and their explanations,will not be,repeat.ed.

the illustrated enbodiment, a pulley 118 is provi ded on the out si de-of the
outer ring 105 by neans of a key.123. The pul | ey 118" has a V- shaped groove O
to guide the wire 1.- A cover _ _

1
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125, which covers a-nunber of rollers 103, is attached to the arm.120 and
to.the | ower guide assenbly 4. The fluid, which,is fed-yi-a t hg-varve 41,
passes -through an appropriate feed pipe insi de tbe arn1120 and "ks ° e
irtroduced through the inlet 119 to the void 124:defi néd by -t he- Cover 125.

FIG 7 is a cross-sectional V|em1|llustrét|ng yet. another exanple of a mnré_

t ake-up device. In the illustrated enbodinent, a cover 126 is attached to
the arm 120 and covers each roller 103 individually. It is not intended to
be exhaustive or to limt the - ' ' '
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1nvent|on to the preci se forn1d|sclosed and obvi ously nmany nDdlflcatlons -
and variations are possible in the Ilght of the above teachisng. eo]{aaks

i ntended that the scope of the invention be defi'ied by i he c[alnﬁ"appended
hereto. = CLAIMS 1. A electric discharge nachlnlng ‘appar.atus usvng an tooI
-el ectrode for machi ning a morkplece by neans of -electric :

7?\_ -
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di scharges by appl ying voltage across a nachining gap fornmed between the
tool electrode and the workpiece and filled w th .dielectsi6ohluid, o2-
cohprising:- a storage tank for storing a first fluicd:i n:whi'ch a* powdery.

substance i s ‘added. a covering neans for. covering.a menber to be- pr.otected.
“agai nst the adherence of said first fluid; and a fluid suppl y device for = -

I ntroduci.ng a second fluid, which does not contain any of said powdery

substance, to the i nsi de -of said covering means whil e supplying said-first"'

fluidto
R ~
2 g
B 1o
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| 417



. L

-the machining gap to thereby protect said nenber against the adherence of
said first fluid. 2. The .electric. discharge. machiznjng apparatusﬂoj"cfalnll

wherein said tool electrode includes a travel ling:wike.z 3: The ek®ClEi C

di schar ge ‘machi ni ng apparatus of claim 2, wherei-said covering: “MEENS |

i ncl udes a housing for hou5|ng a current .pickup for delivering nachining

current to'said travelling wire and a-wire guide for ‘défihing the position -

" of said travelling wire relative to said morkplece 4. The electric
dlscharge machi ni ng apparatus of claim '

FIG. 5
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2,- V\,herel n said coveri ng nmeans |ncI udes a cover nember for covering a
_ moveabl e menber: V\/m chis prowded al ong a transpér?é path of salrd iT avel i ng
Wi re, ? »

FIG.6
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ABSTRACT

_ ELECTRIC DISCHARGE MACHINING APPARATUS

An electric discharge machining apparatus machines a
wofkpigce by.mgans of electric discharges while powder-containing
machininq fluiﬁ is supplied to a machining gap formed between a
too% giectrode and workpiece to be machined. The necessary parts
in a wb;k tank are lioused in a cover member so as to be‘protected
against .the adheréhce.of'the'powder.which is contained in the

mnéhining éluid. During mnc@ihihg, a fluid s;pply;device
supplies powder-free fluid to ;he inside of the cover m;mber
while supplying the powder-containing fluid to the machining gap.
Thergfore,.the adherence of the powdef to the sliding parté, such
as a wire electrode quide or a current plckup and to the rotating
parts, such as bearznas of rdllers, which are provxded along a
wire transport path, is prevented so that the machining is

performed with a high precision.

Figure 1



