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This invention relates to improvements in electrical
stock removal apparatus.

As is well known in the process utilizing electrical
stock removal apparatus and commonly referred to as
Electric Discharge Machining, a series of time spaced
electrical discharges are generated across a gap formed
between cutting tool and workpiece electrodes. These
electrical discharges take place in the presence of an
ionizable fluid and cause particles to be eroded from
the workpiece electrode in accordance with a certain
scheme or pattern as determined by the configuration of
the cutting tool electrode. When machining workpieces
such as dies or the like having thru-openings, there is
a problem of maintaining dimensional control with this
process, for if the dielectric fluid containing eroded
particles is allowed to flow past machined surfaces, sec-
ondary erosion results and also the finish deteriorates.
As a consequence, the opening becomes tapered. To
overcome this, clean dielectric fluid is caused to flow in
the same direction as the stock is removed from a work-
piece, e.g., the direction the cutting tool is fed into the
workpiece, so that the machined surfaces are only ex-
posed to clean dielectric fluid. This presents a problem
of quickly withdrawing the contaminated dielectric flnid
so that it cannot get into the machined area and so that
gaseous formations developed in the fluid because of
the stock removal are not permitted to remain in the
gap area. These gas formations are potential hazards
because they contain highly combustible and explosive
gases that can be ignited by the sparks from electrical
discharges. A vacuum pump has been proposed for the
withdrawal of the contaminated fluid, but this usually
requires both a vacuum pump and a positive displace-
ment pump and without special provision can encourage
explosions. Moreover, the apparatus to be versatile
vsually demands a somewhat expensive vacuum pump
control for permitting the apparatus to be used over a
wide range of vacuum pressures. Additionally, the
commercially available vacuum pumps are limited as to
the amount of vacuum that ¢an be developed.

With the foregoing in mind, the invention contem-
plates electrical stock removal apparatus incorporating
a novel flow system in which clean ionizable fluid is
delivered fo the cutting gap and then the contaminated
ionizable fluid containing eroded particles and any gas-
eous formations developed as a result of the stock re-
moval are quickly removed by relatively uncomplicated
and simple equipment utilizing a minimum of parts.

More particularly, the invention seeks to provide a
flow system of the foregoing type employing a source
of pressure that is utilized to develop both a suction
pressure for withdrawing the contaminated dielectric fluid
from the gap area before an explosion can happen or
the - contaminated fluid can move out to the machined
areas and a positive pressure for transferring the con-
taminated dielectric fluid to some desired place.

Specifically stated, the invention utilizes a positive
pressure source and has in the outlet thereof provision
for developing a pressure differential between the gap
area and the source outlet such that contaminated di-
electric fluid containing eroded particles and gaseous for-
mations is withdrawn due to the resultant suction and
delivered to a reserrvoir from which the fluid may there-
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after be withdrawn and processed prior to being returned
to the gap.

The foregoing and other objects and advantages of
the invention will be apparent from the following de-
scription and the accompanying drawings in which:

FIGURE 1 is a schematic diagram of electrical stock
removal apparatus incorporating the principles of the
invention; and

FIGURE 2 is an enlarged fragmentary view of a part
of the FIGURE 1 apparatus.

Referring now to the drawings in detail and particularly
to FIGURE 1, the numerals 10 and 12 denote, re-
spectively, a cuiting tcol and a workpiece. The work-
piece 12 is fixedly mounted in a workpiece reservoir 14
centaining clean dielectric fluid. The workpiece 12 in
this embodiment forms the upper portion of a sealed
chamber 16, the remaining part of this chamber 16 be-
ing defined by the base of the reservoir 14 and a side
member 17.

The maneuvering of the cutting tool 10 and the work-
piece 12 relative to each other and the generation of elec-
trical discharges across a gap 18 (see FIGURE 2) may
be accomplished in any known manner, such as described
in a prior United States Patent No. 3,059,150 to Colten
et al. Since this patent contains a complete disclosure,
this part of the apparatus will only be briefly described.
The cutting tool 1§ is maneuvered relative to the work-
piece 12 by a servomotor 28 of the fluid pressure operated
piston type in turn controlled by a servo valve 22. If
prefeired, only workpiece 12 need be moved or both the
cutting tool 1@ and the workpiece can be maneuvered.
Preferably, the disposition of the cutting tool 10 relative
to the workpiece 12 is determined by the gap voltage,
which reflects gap spacing. Therefore, a control circuit
24 is employed to compare the gap voltage with some
reference and any difference is applied to the servo valve
22, whereupon a change in the position of the cutting tool
10 is made. The electrical discharges across the cutting
gap 18 are induced by a power supply shown at 26.

Clean dielectric fluid is supplied to the workpiece reser-
voir 14 by a pump 28 of the positive displacement type.
Pump 28 has the inlet thereof communicating with a main
reservoir 39 in which a supply of dielectric fluid is main-
tained and has in the outlet thereof a suitable filter 32,
which filters the fluid before transfer to the reservoir 14.

As best seen in FIGURE 2, the clean dielectric fluid
flows to the cutting gap 18 in the direction of the arrows
and therefore machined surface 34 is only exposed to clean
fluid. This in itself protects the surface 34 against sec-
ondary erosion and any deterioration of the finish. In
the gap 18 the clean fluid causes the eroded particles to
be washed away as well as the gaseous formations that
develop during the stock removal. The contaminated
dielectric fiuid containing the eroded particles and the
gaseous formations then flows through an opening 36
and into the chamber 16, which is positioned downstream
from the gap 18 and which is, as mentioned, sealed from
the clean dielectric fluid. Of course, unless this cham-
ber 16 is evacuated quickly, the gaseous formations pre-
sent a safety hazard in that an explosion can take place
since the sparks are constantly occurring in the gap 18.

For this reason, a withdrawal system designated gen-
erally by the numeral 37 is provided and includes a posi-
tive displacement pump 38 having the inlet thereof com-
municating with the main reservoir 3¢ and the outlet
thereof discharging also into the reservoir 36 above the
level of the fiuid therein. The outlet of the pump 38 is
provided with a suitable provision for developing a suc-
tion pressure, which in this embodiment is a restriction as
a venturi type ejector denoted at 40. At the venturi
ejector 48, a conduit 42 extending from the chamber 16
is connected such that the pressure on the upstream side
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of the venturi ejector 48 produces a pressure differential
adequate to cause discharging and continuous flow of the
contaminated dielectric fluid from the chamber 16. The
gaseous formations are dissipated in the main reservoir 30
where they are allowed to expand and separate from the
dielectric fluid. . A vacuum gage 44 may be positioned
in the conduit 42 in order to permit the pressure to be
visually observed.

The levels beween the main reservoir 30 and the work-
‘piece. reservoir 14 are maintained according to the re-
‘quirements of a particular job by an overflow pipe 46.
This pipe 46 is connected to the reservoir 14 above the
normal level. The clean dielectric fluid is preferably
transferred to the reservoir 14 at a faster rate than it

is being returned by the pump 38 to the main reservoir

38. The clean dielectric fiuid merely flows back via the
overflow pipe 46 to the main reservoir 3¢.
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From- the foregoing, it will be appreciated that with ;

this flow system, clean dielectric fluid is always supplied
to the gap via the machined surfaces or in the direction
stock is being. removed from the workpiece 12 such
that damage cannot be caused to the machined surfaces
nor can secondary erosion take place due to contam-
inated dielectric fluid. Also significant is the mode. of
withdrawing the contaminated dielectric fluid so as to
eliminate any possible explosion from the ignition of the
kighly combustibie gaseous formations. This is done by
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a single positive displacement pump 38 thereby render- -

ing the system suited for many diverse applications in
which a suction pump would be unable to produce the
differential pressures needed. Instead of a suction pump,
a positive pressure pump develops the required suction
pressure thereby -eliminating the need for an expensive
suction pump. . - . ‘
The invention. is to be limited only by the following
claims,
We claim: :
. 1. Apparatus for generating electrical stock removing
discharges across a dielectric fluid filled gap formed be-

tween cutting tool and workpiece electrodes comprising

means supplying dielectric fluid to the gap for aiding
in the removal of eroded particles from the workpiece
electrode, a chamber positioned downsiream from the
gap for collecting the contaminated dielectric fluid con-
taining the eroded particles and gaseous formations so
as to prevent the gaseous formations from -accumulat-
ing in the gap, and means withdrawing the contami-
nated dielectric fluid from the chamber; the withdrawing
means including. a reservoir and a fluid pressure source

arranged . to circulate fluid in the reservoir, the source

producing a pressure differential between the chamber
and - the reservoir so that the contaminated dielectric
fluid is withdrawn from the chamber and delivered to
the reservoir where the gaseous formations are allowed
to dissipate thereby avoiding explosions thereof.

2. Apparatus for generating electrical stock removal
discharges across a dielectric -fluid filled gas formed
between cutting tool and workpiece electrodes compris-
ing a reservoir containing the workpiece means supply-
ing dielectric fluid to the reservoir and accordingly to
the gap for aiding in the removal of eroded particles from
the workpiece electrode, a chamber -positioned down-
stream from the gap for collecting the contaminated
dielectric fluid from the gap containing the eroded par-
ticles and gaseous formations so as to isolate the gaseous
formations from the dielectric fluid in the reservoir, and
means withdrawing the contaminated dielectric fluid from
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the chamber, the withdrawing means including a reser-
voir, a conduit extending from the chamber to the reser-
voir, a pump having the inlet and outlet thereof com-
municating with the reservoir, a conduit extending from
the chamber to the pump outlet, pressure differential
producing means situated in the pump outlet and develop-
ing a pressure differential between the chamber and the
reservoir for causing the contaminated dielectric fluid to
be delivered to the reservoir, the pump outlet exhausting
into the reservoir at such a level that the gaseous for-
mations are dissipated thereby avoiding an explosion
thereof. :

3. Apparatus for generating electrical - stock remov-

_ing discharges across a dielectric fluid filled' gap formed

between cutting tool .and workpiece electrodes compris-
ing means supplying clean dielectric fluid to the. gap for
aiding in removing eroded particles from the workpiece
electrode, a chamber arranged downstream from the gap
for collecting the contaminated dielectric fluid containing
the eroded particles and gaseous formations so as to pre-
vent the contaminated dielectric fluid from commingling
with the clean dielectric fluid, and means withdrawing
contaminated dielectric fluid from the chamber, the with-
drawing means including a reservoir, a positive displace-
ment pump for circulating fluid in the reservoir, the pump
having in the outlet thereof a restriction, and a conduit
for connecting the chamber to the pump outlet to the
restriction so that a pressure differential is created for
transferring the contaminated dieleciric fluid to the reser-
voir, the pump outlet discharging into the reservoir at
such a position that the gasecous formations are dis-
sipated thereby avoiding an explosion thereof.

4. Apparatus for generating electrical stock removing
discharges across a dielectric fluid filed gap formed be-
tween cutting tool and workpiece electrodes comprising
a reservoir containing the workpiece, means. supplying
clean dielectric fluid to the reservoir .and accordingly to
the gap for aiding in the removal of eroded particles
from the workpiece electrode, the supplying means be-
ing so arranged that dielectric fluid flows in the same di-
rection as stock is removed from the workpiece: electrode
and including a supply reservoir containing 'dielectric
fluid, a pump interconmected between the supply reser-
voir “and the gap, and a filter for filtering the flujd de-
livered to the gap, a chamber positioned in.the reser-
voir containing the workpiece downstream from the gap
for collecting contaminated dielectric fluid containing
eroded particles and gaseous formations so as to prevent
the contaminated. dielectric fluid from commingling with
the clean dielectric fluid, and means withdrawing the con-
taminated. dielectric fluid from the chamber, the with-
drawing. means including a positive displacement pump
for circulating fluid in the reservoir and having an orifice
in the outlet thereof, and-a conduit for connecting the
chamber to the. orifice so that a suction is created in the
conduit for withdrawing the contaminated dielectric fluid
from - the chamber and delivering the contaminated di-
electric fluid . to the reservoir, to the pump outlet dis-
charging into the reservoir at such a position that the
gaseous formations are separated from the contaminated
fluid and . dissipated thereby avoiding an explosion thereof.
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