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ABSTRACT OF THE DISCLOSURE

.. An improved electrode having dual mode capability for
use- in electrolytic machining, particularly small holes,
comprises a.dielectric electrolyte guide member having a
hollow interior adapted to receive and to discharge elec-
trolyte toward:a conductive workpiece. Within the hollow
interior is a first electrode and carried by the guide mem-
ber outwardly of its dielectric wall is a second electrode,
conveniently shaped as a collar, and having a tool surface
facing the workpiece.

- Apparatus adapted for electrolytic machining using such
a cathode-tool includes means to supply to the first elec-
trode electric current at a first potential sufficient to create
in the electrolyte directed from the guide member a condi-
tion at least of incipient glow, and means to supply to
the second electrode electric current at a second. poten-
tial less than the first potential to provide electrolytic ma-
chining in the normal electrolysis range below incipient
glow. :

BACKGROUND OF THE INVENTION

* This invention relates to electrochemical material re-
moval and, more particularly, to a dual mode tool and
apparatus for cavity or hole generation.

In the gas turbine art, it has become increasingly more
important to provide the flow of cooling fluid through the
interior of some of the higher temperature operating com-
ponents such as turbine blades. In some cases, it is desir-
able to discharge such cooling fluid through walls of the
component. In order to control the character of such dis-
charge flow, it has, in- some cases, become desirable to
provide an enlarged diffuser mouth or tapered section at
the discharge surface. . :

Various methods for providing such countersunk type
openings in the difficult-to-work high temperature super-
alloys used in manufacture of gas turbine blades had in-
cluded the steps of first casting the tapered section into
the part and then drilling the smaller hole into the part’s
hollow interior such as through electrochemical machin-
ing. Another method has involved the two-step process of
first providing a hole by electrolytic drilling followed by a
separate electrochemical machining of the diffuser section
in a second operation. Both of these methods are undesir=
able from several standpoints. One is that it is difficult to
achieve, in two separate operations, proper alignment be-
tween the hole and the diffuser section. Secondly, because
at least two operations are involved, the cost of providing
such openings is significantly increased.

SUMMARY OF THE INVENTION

It is a principal object of the present invention to pro-
vide an improved electrolytic machining electrode which
will have dual mode capability for electrolytically drilling
a cavity or hole as well as providing a countersunk mouth
portion in a single operation.

Another object is to provide such an electrode which will
be capable of the electrolytic generation of a cavity using
a stream of cathodically charged electrolyte in a condi-
tion at least of incipient glow and be capable of generat-

[

.10

15

20

2

ing a diffuser or tapered mouth by ordinary electrochemi-
cal machining in the normal electrolysis range.

- These and other objects and advantages will be more
clearly understood from the following detailed descrip-
tion, the examples and the drawing, all of which are in-
tended to be typical of rather than limiting on the scope
of the present invention.

Briefly, the present invention, in one form, provides an
improved cathode-tool for use in apparatus for removing
material electrolytically from a conductive workpiece. The
apparatus includes means to supply electrical power, an
electrolyte supply and means to hold the cathode-tool in
opposed relationship with the workpiece. The cathode-tool
comprises an electrolyte guide member having dielectric
walls defining a hollow interior adapted to receive electro-
lyte. The guide member terminates in an electrolyte dis-
charge port which directs electrolyte in the stream toward
the workpiece. Within the hollow interior is a first elec-
rode. Carried by the guide member outwardly of the di-
electric walls is a second electrode which has a tool sur-

. face facing the workpiece and preferably is coated on
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other outward surfaces with a dielectric material. Associ-
ated with the first electrode is a means to supply electric
current at a first potential sufficient to create in the stream
of electrolyte directed toward the workpiece a condition
at least of incipient glow. Associated with the second elec-
trode is a means to supply electric current at a second po-
tential less than the first potential and less than that suf-
ficient to create in electrolyte associated with the second
electrode a condition at least of incipient glow so that the
second electrode operates in the normal electrolysis range.

BRIEF DESCRIPTION OF THE DRAWING

FIG: 1 is a fragmentary, partially sectional, partially
diagrammatic view of the cathode-tool of the present in-
vention in operation;

FIG. 2 is a partially sectional, enlarged view of the
cathode-tool of FIG. 1; and

FIG. 3 is a sectional view taken on line 3—3 of FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The dual mode operation of the cathode-tool of the
present invention, shown generally at 10 in the drawing,
involves the direction of a stream of electrolyte 12 in

" FIG. 1, charged cathodically with respect to workpiece

- 14 from eléctrolyte discharge port 15 in FIG. 2 toward
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and into contact with such workpiece. Impressed between
workpiece 14 and first electrode 16; within hollow interior
17 of electrolyte guide member 18, is a first electric poten-
tial generated from first electric power source shown
generally at 20. Such first potential is sufficient to create
in the electrolyte stream between first cathode 16 and
workpiece 14 a condition at least of incipent glow.

Such condition is more fully described in U.S. Pat.
3,403,084—Andrews, issued Sept. 24, 1968 and is dis-
cussed in related copending application, Ser., No. 245,374,
filed concurrently with this application, both assigned to
the assignee of the present invention. The usual condition
which is thus created results in enhanced material removal
over that which would normally be anticipated from
Faraday’s law. In order to achieve such enhanced mate-
rial removal, the condition in such electrolyte stream is
adjusted through the application of relatively high voltage
for electrolytic material removal to create a condition at
least of incipient glow. Under such a condition, the cur-
rent begins to decrease with increasing voltage rather than
increase as is the case in normal electrolysis. This is
reported by Kellogg in the Journal of Electrochemical
Society 1950, 97, 133-142. Therefore, this transition re-
gion is sometimes referred to as the “Kellogg Region.”
The voltage required will vary depending upon the gap
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between the cathode and the workpiece. An electrlcal po-

tential as low.as 50 volts has been used successfully, =~

although generally at least about 75 volts is required for
practical application, More frequently, however,- because
of the distance between. the cathodic first.electrode 16
and the anodic workpiece 14, the potential impressed by
first electric power source 20 is at least about 200 volts.

Because the stream of cathodically charged electrolyte
12 is in the unusual electrical condition at least of incipi-
ent glow, it is necessary that the walls of electrolyte guide
member 18 contacting the electrolyte be electrically iso-
lated from other components of the system. For con-
venience, the term “dielectric” is used herein-to denote
such electrical isolation, Such isolation is necessary from
both the electrolyte stream as well as from the anodic
workpiece which, as shown in the drawing, the guide mem-
ber penetrates, This avoids premature dissipation of ‘the
electric charge in the electrolyte stream. Conveniently,
the electrolyte ‘guide member is made of glass.

Carried by and electrically isolated from guide member
18, outwardly of its walls, is a second electrode 22 shown
in the drawing as a shaped metal collar surrounding guide
member 18. The second electrode shown in more detail
in FIG. 2 and in section in FIG. 3, includes a tool surface
24 positioned in opposed relationship with workpiece 14
and located on guide member 18 at a predetermined
point at which it is desired to operate with workpiece 14.
Second electrode 22 preferably includes a dielectric. sur-
face or coating 26, other than on tool surface 24, to avoid
stray electrolytic action with the workpiece. Tool surface
24 is positioned so that it will electrolytically remove
material from workpiece 14 in a desired contour, for ex-
ample as shown in FIG. 3. This creates a diffuser mouth
in the entrance of the hole which was created by the
action of cathodically charged stream of electrolyte 12
on workpiece 14.

A second potential is impressed between electrode 22
and workpiece 14 by second electric power source shown
generally at 28 in FIG: 1. Such second electric potential is
less than the first electric potential impressed between first
electrode 16 and anodic workpiece 14. Also, it is less
than the potential which is sufficient to create in the elec-
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trolyte the condition at least of incipient glow discussed. -

before. Therefore, electrolytic material: removing action
between second electrode 22 and the workpiece is. in the
normal electrolysis. or electrochemical machining range.
Conveniently, second electric. power source 28 impresses
a potential of less than 50 volts and generally less than
20 volts, for example about 6-8. volts, between cathodic
second electrode 22 and anodic workpiece 14.
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Electrolyte 'which supports the electrolytic machining

action between second electrode 22 and the workpiece

comes from the same electrolyte source -30 as:that used .

. 4

to produce cathodic electrolyte stream 12. Initially stream
12, in the condition ‘at least of incipient glow, contacts
the workpiece and participates in the enhanced electrolytic
material removal discussed above. Then it flows-out of
the cavity thus created to form electrolyte flow 32 be-
tween the workpiece and tool surface 24. When second
electrolyte power source 28 -impresses: electric. potential
between second. electrode 22 and workpiece 14 to make
the 'second electrode cathodic with respect to. the work-
piece, normal electrolytic machining occurs between the
second electrode ‘and the workpiece as: the second elec-
trode approaches the workpiece.

Thus, there is created a contoured mouth or counter-
sunk-depression at the entrance of the hole created by
charged electrolyte stream12. Such hole and ‘mouth both
are created in a single operation and at a lower cost
through ‘the use ‘of a cathode-tool of the present inven- -
tion ‘without repositioning of either the tool or the work-
piece. This provides accurate alignment of the counter-
sunk opening with-the balance of the hole.

What is claimed is:

1. For-use in apparatus for removing material elec-
trolytically from a conductive workpiece, a cathode-tool
comprising:

an electrolyte -guide’ member having a wall of a di-

* electric: material. defining a hollow interior adapted
to receive electrolyte and terminating in an electro-
lyte " discharge port which directs electrolyte in a
stream toward the workpiece;

a first cathode within the hollow interior;

a second cathode carried by the guide member out-
wardly of the wall, the second cathode having a tool
surface facing the workpiece;

the wall of the electrolyte guide member being located
between- and extending .beyond the first and second
cathodes.

2, .The: cathode-tool -of claim ‘1.in which the second

cathode has an outer surface of a dielectric material ex~ -
cept for the tool surface facing the workpiece.
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