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" ELECTRIC 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

Background Technology , B

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 alvoltace
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 ool electrode. During electric
dischaxrge machining, the wire,uwhich travele between a pair of-.
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 f

polycrystalline silicon, is used to improve surface roughness of
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the worknzece oe;ng macnznec -and increase machlnrng stabzlr-v.

-

‘British Patent No 828,336 and U.S. Patent Nos. 4,392,042 ‘and

_4 952,768 disclose the use of thls sort of flulc._

When thls sort of fluid is used in a wrre-cut nDM, ‘the
powder may go- lnto the rotating parts in a wors tank, for
example, into rollers, which are provided along a wire transport

path, and reach the bearlngs of the rollers, affectlng the

transportatlon of wire,. whlch in turn may. result in an undesired

-

effect on: the mach;nlng. o 3*”.{1: nf,;..u N .;j,
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f f‘ Further, 1f the powder enters a wire gurde assembly,

which contains moveable wzre guzdes and moveable current pickups

for delivering current to a wire, it may 1mpede the movements of

the wire guides and . the current pickups. In addition, it is

- troublesome to remove the powder that is remaining in the wire

transport mechanism and the wire guide assembly after the
machining operation is finished. .

_ An object of the present'invention_is to provide an
electric discharge machining apparatus for preventinq'
powder-containing fluidffron adhering to_the necessary parts_in
the work tank. | "

Another object of the present invention is to provide

an electric dzscharge machlning apparatus in which the work of

'removrng the powder adher;ng to the parts in the work tank after

the machrnlng operation is fznzshed, is reduced.
Additional objects, advantages and . novel features of

theninventlon will be set forth in part in the description whzch

follows, and in part will become apparent to those skilled in,the__,
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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 hy means of. electric disoharges using a

F

“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

is provided along a wire transport path, and the fluid supply

device supplies'powder-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.



example of =n unpe* gu1u= assembly.

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

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

téke-up.deviqé. s ‘_3'j'. . , - o ) g' e,
“FIG. S is a cross—seqtional'view illustra;ing an '
eXamplé_of a wire take-up device éhown'in FIG. 4 taken on line

c-C,

FIG 6 is 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
latex, to a machining.qap 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 elsctric dzscharge

zmachlnzng, voltage pulse are xntEImitténﬁly 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.wgrkpiece 2.

In the lllustrated embodlment, a dielectric flu1d

supply device 6 is provided for selectlvely supplylng an
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‘oil-based, powder;free dielectric fluid 7 and oil-besed;
i poW@er;containing dielectric £luid 8 to the machining gap.  The

' dielectric fluidlsupply'device 6 includes a tank 20 for reserging

the powder-free fluid 7, a tank 30 for reserving powderefree;

fluid 7 used in the maohining and discharged from the work.tank

5, a tank 40 for reservzng the powder-containing fluid 8._

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

powder-containing fluid 8 for finishmmachining. :

' With reference to FIG._l, 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 tank 5 ‘via

solenoid valves 22 and 23 through an inlet SA by actuating a pump
21 to £ill the work tank ‘5. During machining, by actuating a
pump 21, the dielectric fluid 7 in the tank. 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 threader is
provxded for automatically threading the wire 1 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 brakes. For example, Japanese Patent Application
Laid—Open No. 62- 130129 discloeee an automatie wire threaaer inl
which a wire is introduced into a vertically moveable pipe and
then threaded into the machining gap and a lower wire guide by

means of a jet 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 wize threader via
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solenoid valves Zé and 27 by actuat*né the oump 21 to create the
necessary jet llow. An overrlow out’et 5B is provrqed on the.
work tank 5 for draining any overflow rluld or malntaznlng flurd
of the work tenk 5 at a predetermlned 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

tank 30 is returned to the tank 20 via a fllter 32, whlch is
provzded for removing chxps produoed durzng machxn;ng, by
actuatlng a pump 31.

Next, a supply path of d:electrzc £lurd 8 wzll now be
desoribed.- When preparlng for machining, the dLelectrrc 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

the guide assemblles 3 and 4, from whlch the. fluid 8 is flushed

'toward the machining gap.

In addition, powder-free fluid is supplied to parts of

the gulde assemblies, where moveable elements, such as wire
'guldes or current prckups are’ dlsposed, to pravent the ingress of
”the,powder into the parts. The flu;d 7 may be used for

-preventing the ingress of the powder.' ‘It is preferred to use

£luid made rree 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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_ is routed to the guide assemblies 3 and 4, respectively, via a
solenoid valve 36, the baokwashing 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 solencid valves 38 and 41, to.rotating

parts in the work tank 5, such as bearings in rqllers, which are

' proVided along a wire transport path, to prevent the ingress of

~the powder into the - rotating parts. Preferably, the £fluid 8 is

additionally routed £o the automatic wire threader via the‘
solenoid velve 36, the backwashing 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 suoh

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.i _ _ _
- When the-machining'iS'over,-the fluid 8 will be

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



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

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

.evaporated, the powdexr Willjadhere“firmly.tb some'memberS'in"the"'
- work tank 5 and will be difficult to'rembve. It is preferred

that the'fldid 8 is routed into 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 to wash ofl the
_'powder contalnlnga*eSLdual £luid in the wcrk tank 5._ In
'addltzcn,'when necessary, the fluld 8 may be route& to respectlve
' nozzle parts of the guide essembliee 3 and 4 via the solencid
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 process is drained from the work

.tank 5 and returned to'the tank 40 via the solenocid valves 28 and

4z,

_ In order to return the powder, which.wae capturad With
the beckwashing filter 37, to the tank 40, the fluid 8 in the

tank 40 is circulated via a eolenold valve 44, the backwashinq“

filter 37 and a solenoid valve 45 by actuating the pump’ 35 For a

predetermxned time period while closing valves 36, 38 and 43.

s descr;bed in the fcregclng, 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 ingress of

- the powder into moveable parts or slidable parts or to remove the

powder remaining in the work tank 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
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.'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 in the work tank
‘9

S5 are finally’ returned to the tank 40. so there is no loss of

, precious powder. _' o _ - h'- .f . -g.' ' ' - 'f'

'Further, a control unit 9 is provrded on the w1re-cut

electrro drscharge mechznlng apparatus of thée embodiment for

controlling any solenozd valve's and . pumps - zllustrated in FIG. 1.

‘The control unit 9 respﬁneive, for example, to a signal S
representative-of_the operating state of the machine bedy,

'determines the operatiné seqﬁenoe of.the sclenoid valves and

pumps using a microcomputer'and generates a control'signel Cs.

Or, the control unit 9 may read commands input manually by an

operator or commands from a program to generate the control

signal Cs.

With reference to_FIG.'z, an upper guide essembly 3 of

-FIG;.; will now be described. ‘The upper gulde assemhly 3

“includes a nozzle housing 56. The nozzle hOUSlng 56 forms a'

chember 57 therein and includes a nozzle 70, which is positroned
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 111ustreted) to pass through it in the

':automatzc wire threadzng process.. During machznmng, dzelectrrc

£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



£luid commnn:catron with the openlng 59;\

-10-

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

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

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 guldee 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 actuatcrs 58 and 65 to form a gulde 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

"guldes 51, 52 and 53.are moved away from the wrreul by_means of

' the actuators 58 and 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 and 64;-
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which'resuits,in the accurate positicning of the wire 1 defined

'by the CQntac*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

same value as or 'slightly higher than the pressure of the fluid

. introduced from the inlet 90.

-

With reference to PIG. 3r anpther embodiment of the

B upper guide assembly will ncw 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-introduCed 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

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

.direction orthogcnal to the ‘axis of the travelling wire 1 by

means of an actuator 72 The moveable member 71_has a hole 73

therein to allow the wire 1 to be threaded through. it. A

flat-shaped current pickup 60 is attached to the moveable member

71 by 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
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'moveable member 71 by 'oosening the set screw 74, so as to change

l'the 51te of contact Wlth the travelling wire 1.

: Further, a wire gulde 50 is formed on the guide houSing

66 in close vicinity of the nozzle 70 to define the posrtion of

the wire 1l 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 the guide’housing 66, and

through the wire guide 50, powder-free fluid is introduced into

the chamber 67 from an inlet 80. This surely enables .the

-moveable members 71 to smoothly move and the current pickuo 60 to

.”smcothly slide. Also, cleaning after the machining_is not

necessary since_powder-containing-fluid will not remain in such a

confined soace 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 1s'

provxded for transporting the used.Wire to an appropriate Wire

'discharge part.

With reference to FIGS. 4 and 5, a wire take-up device

- 190 far transporting the used wire 1, which ‘is eent out from the

lower guide asgsembly 4 supported_on a lower arm 120, to an

appropriate wire discharxge oart,'will now be described;' o
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"The wire take-up devzce -00 includes wire conv Vi)

-belts 101 and 102 -nd a number of rollers 103. These rollers 103"

are- attached on.tne arm 120 which supports:the.lower-guide' o

” assembly'4. Further, a case 116, which encloses those Belts'and

As best seen in FIG 5, the rollerxr 103 lncludes a

' roller .shaft ‘115, an inner rlng 104 and an outer ring 105. The

roller shaft 115 is fzxed to the arm 120 by means of“bolt 111.

-

The inner ring 104 is provzded on the outs;dejof the roller shaft

115 by meaﬁs of a key 123. The outer ring. 105 is prOVided on the
outside of the innex ring 104 by means of a number of rolling
elements. |

In addition, a cover 122 is attached to the roller

-shaft 115 by means of a bolt 110 and also to the case 116 by

means of a bolt 112. The cover 122 hae an inlet 119 therein. As

mentioned above, the fluid is fed from 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 lnto a void

124 deflqed 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, prevent;ng
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 another embodiment of the wire take-up

devioe.,:similar elements are labelled with similar reference“

‘e
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numerals as used in FIG. 5 and their'expianations nill not be_'
repeated. _ o L | . | y -
In the illnstrated.embodiment,'aioulleyﬁllstisuproVided
" on the outside of tle outer riné 105 by means of a key 123. The
puiiey'lls has a V-shaped groove to guide the wire.i. A cover
c 125, whlch covers a’ number .of rollers 103, lS attached to the arm
120 and to the lower guzde assembly 4 The fluld, whlcn is fed
 via the Valve 41, passes through an approprxate feed plpe inside
the arm 120 and is 1ntroduced throhgh the inlht 119 to the void
124 defined by the cover 125.. ) '
,EIG. 7 is a cross—sectionel viewdillustrating 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'
modlflcatzons and variations are posslble in the light of the

above teaching. It is lntended that the scope of the invention

be defined bj the clalms appended hereto.
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CLAIMS

" 1. A eléétric discharge.machining.apparatus:usingIan'
"tool electrode.for machinino a ﬁorkpiece'by means of.electric
discharges by applying voltage'across a machining Qap formed
between the tooi electrode.and the wq;kpiece and filled witn_
.dielectric fluid, compr151ng. | . L
a storage tank for storing 2 first fluid in which a

~ . PN A - .
.. el

"powdery substance is addedi k RIS R4

AT
- .-'.
PR A

_ a coverinq means ror covering 2 member to be.Drotected
| against the adherence of said first fluid; and .
a fluid supply deVice for introducing a second rluid)‘
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 eiectric discharge machining apparatus of claim
.l wherein said tool electrode includes a travelling wire, _
| ‘3. The elect ic discharge machining apparatus of claim
2, nherein said covering means_includes a'houSing.for housing a
- current.pickup for delivering’machining current to said
'travelling wire and a wire 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 includes a cover member for -
'covering a moveable member which is provided along a transport

lpath of said travelling wire.



