
ELECTRIC DISCHARGE MACHINING APPARATUSS Technical 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 fluid. Background Technology In general, an EDM
apparatus is classified into two types, a die-sinking EDM and a wire-cut
EDM.  A die-sinking EDM 



includes a three-dimensional shaped tool electrode to induce electric
discharges across a gap formed between the-workpiece 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. 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 wire guides, is positioned opposite to a
workpiece to machine the 



workpiece.  In general, deionized 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 mixes with fine powder such as
polycrystalline silicon, is used to improve surface roughness of    -2- 



the workpiece being machined and increase machining stability. British
Patent No. 82 8,33 6and U.S. Patent Nos. 4,392,042 and 4,952,768 disclose
the use of this sort of fluid.. When this soit of fluid is used in a
wire-cut EDM, the powder may go into the 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 powder enters a wire guide assembly 



which contains moveable wire guides and moveable. current pickups for deliv
ering 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 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 preventing powder-containing fluid from adhering to the necessary parts
in the work tank. 



Another object of the present invention is to provide an electric discharge
machining apparatus in which the work of removing 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
become apparent to those skilled in the    



-3- art upon examination of the following, or may be learned by practice of
the invention.  The objects and advantages of the invention may be realized
and attained by means of the instrumentalities and combinations
particularly 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 by
means of electric discharges using a 



tool electrode, comprises a housing 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 fluid 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 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 guide assembly
shown in FIG. 1.    



FIG. 3 is a cross-sectional view illustrating another example of an upper
guide assembly. FIG. 4 is a schematic diagram illustrating a wire. take-up
device. FIG. 5 is a cross-sectional view illustrating an example of a wire
take-up device shown in FIG. 4 taken on line c-c. FIG. 6 is a
cross-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 apparatus.  In the apparatus, a wire electrode 1 is continuously
fed from a wire feeding device (not illustrated) and is guided by a pair of
wire 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
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
illustrated) to the machining gap to induce electric discharges across the
gap, which result in the machining of the workpiece 2. In the illustrated
embodiment, a dielectric fluid supply device 6 is provided for selectively
supplying an    



oil-based, powder-free dielectric fluid 7 and oil-based, powder-containing
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 discharged
from the 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-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 tank 5 via solenoid
valves 22 and 23 through an inlet 5A by actuating a pump 21 to fill 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
provided 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 discloses an automatic wire threader in 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 wire threader
via    



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 overflow 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 removing chips produced during machining, by actuating a pump
31. 



Next, a supply path of dielectric fluid 8 will now be described.  When
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 pump 33 to fill the work tank 5.  During machining, by
actuating a pump 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
the 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 of 



the guide assemblies, where moveable elements, 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 embodiment, a backwashing filter 37
is provided for removing the powder from the fluid 8.  The fluid 8    



-7- 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 parts in the work tank 5, such as bearings in
rollers, 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 to the automatic wire threader via the 



solenoid valve 36, the backwashing filter 37 and the solenoid valves 38 and
27 during the automatic 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
dielectric fluid 8 in the 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 relatively small.  Afiltering device such 



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 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   



assemblies 3 and 4 or will be adhering to the works stand, which supports
the workpiece 2, and some jigs.  After the fluid has evaporated, the powder
will adhere firmly to some members in the work tank 5 and will be difficult
to remove.  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 pump 35 so as to wash off the
powder-containing residual fluid in the work tank 5.  In addition, when
necessary, the fluid 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 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
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 via a solenoid valve 44, the backwashing filter 37
and a solenoid valve 45 by actuating the pump 35 for a 



predetermined time period while closing 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 via 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 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   



-9- has been captured with the backwashing filter 37, is recovered. And it
is easy to control the 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. Further, a control unit
9 is provided on the wire-cut electric discharge machining apparatus of the
embodiment for controlling any solenoid valves and pumps illustrated in
FIG. 1. 



The control unit 9 responsive, for example, to a signal S representative of
the operating state of the machine body, determines the operating sequence
of the solenoid valves and pumps using a microcomputer and generates a
control signal 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. 2, an upper guide assembly 3 of FIG. 1 will now
be described.  The upper guide assembly 3 includes a nozzle housing 56.
The nozzle housing 56 forms a 



chamber 57 therein and includes a nozzle 70, which is positioned opposite
to the workpiece 2.  An opening 59 is formed on the nozzle housing 56 to
thread the wire 1.  The hole has a diameter that permits a pipe (not
illustrated) to pass through it in the automatic wire threading process..
During machining, dielectric fluid 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 guide housing 54., which is provided on
the top of the nozzle housing 56. The  



guide housing 54 forms a chamber 55 therein.  The chamber 55 houses a
current pickup 60 for delivering current, which is fed from the power
supply through an appropriate feeder cable, to the wire 1.  The current
pickup 60 is attached to a moveable member 64, which is moveable by means
of an actuator 65, so.as to pushingly come into contact with and move away
from the wire 1. The chamber 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 guides 51, 52 and 53 have a
V-shaped 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 come into
contact with 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
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 fluid
communication with the opening 59.  The guide hole, which is slightly
larger in diameter than the wire 1, defines the 



position of the wire 1 relative to the workpiece 2.  In the automatic wire
threading process, the current pickup 60 and guides 51, 52 and 53 are moved
away from the wire 1 by means of the actuators 58 and 65. In order to
prevent powder-containing fluid from entering the chamber 55 through a die
guide 69, which is provided on the guide housing 54, and through the
opening 59., powder-free fluid is introduced into the chamber 55 from an
inlet 80.  This ensures the smooth movement of the moveable members 63 and
64,  



-11- which results in the accurate positioning of the wire 1 defined by the
contacting of guides 52 and 53.  Also, cleaning after the machining is not
necessary since powder-containing fluid will not remain in such a confined
space as the V-shaped groove of the wire guides.  It is preferred that the
pressure of the fluid, that is introduced 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 FIG. 3, another embodiment
of the 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 positioned opposite 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 guide assembly 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 moveable
member 71.  The moveable member 71 can be moved in a direction orthogonal
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 and 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 orthogonal to
the axis of movement of the 



-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 wire guide 50 is
formed on the guide housing 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 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 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 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 used in the work tank 5
in a wire take-up mechanism which is provided for transporting the used
wire to an appropriate wire discharge part. With reference to FIGS. 4 and
5, a wire take-up device 100 for transporting the used wire 1, which is
sent out from the lower guide assembly 4 supported on a lower arm 120, to
an appropriate wire discharge part, will now be described. 



-13- 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 111. The inner ring 104
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, 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 has an inlet 119 therein.  As mentioned
above, the fluid is fed from the tank 40 via the 



solenoid vale 36, the backwashing filter 37 and the solenoid valves 38 and
41, and then enters at the inlet 119 into a void 124 defined by the case
116 and the cover 122.  A flow rate of the fluid is regulated so that a
very small amount of the fluid can flow out of the void 124 through an
outlet 121 and a guide hole 117, both of which are formed in the case 116,
preventing the ingress of the powder-containing fluid into the void 124.
Therefore, in particularly, powder does not adhere to the rolling elements
used in rollers. FIG. 6 shows another embodiment of the wire take-up 



device.  Similar elements are labelled with similar reference    -14-
numerals as used in FIG. 5 and their explanations will not be repeated. In
the illustrated embodiment, a pulley 118 is 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 the  arm 120 and
to the lower guide assembly 4.  The fluid, which is fed via the valve 41,
passes through an appropriate feed pipe inside the arm 120 and is
introduced through the inlet 119 to the void 124 defined by the cover 125.
FIG. 7 is a cross-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 disclosed, and obviously many modifications
and variations are possible in the light of the above teaching.  It is
intended that the scope of the invention be defined by the claims appended
hereto.    CLAIMS 1. A e1ectric discharge machining apparatus using an tool
electrode for machining a workpiece by means of electric 



discharges by applying voltage across a machining gap formed between the
tool electrode and the workpiece and filled with dielectric fluid,
comprising: a storage tank for storing a first fluid in which a powdery
substance is added. a covering means for covering a member to be protected
against the adherence of said first fluid; and a fluid supply device for
introducing a second 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 electric discharge machining apparatus of claim 1,
wherein said tool electrode includes a travelling wire. 3. The electric
discharge machining apparatus of claim 2, wherein 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
discharge machining apparatus of claim 



2, wherein said covering means includes a cover member for covering a
moveable member which is provided along a transport path of said travelling
wire.    






