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TITLE OF THE INVENTION
Electrode Tube for Electrical Discharge Machining and
Manufacturing Method Thereof
BACKGROUND OF THE INVENTION
5 Field of the Invention
The present invention relates generally to electrode
tubes for electrical discharge machiming and manufacturing
methods thereof, and more specifically, to improvements in
an electrode tube for electrical discharge machining
10 having substantially a plurality of through holes and a
method of manufacturing such an elec;:og tube.
Description of the Related Art
When small holes are formed in a metal or alloy
workpiece by meané'of electrical disghagge nachining, an
15 electrode is used which is formed of a copper tube having
an outer diameter for example in the range from 0.3 to
3.0mm. A working fluid for cooling is passed through
through holes of the elecﬁréde tube, electrical discharge
is caused between the electrode tube and the workpiece
20 while turning.the electrode tube, and the workpiece is
thus perforated.
However, as illustrated in a cross section in Fig. 8,
an undesired core 7 forms inside electrode tube 1 during

electrical discharge machining of workpiece 6. Core 7

25 lowers the precision of electrical discharge machining,
R




The present invention relates generally to electrode tubes for electrical
di scharge nmachi ni ng-and manuf acturing nethods thereof, and nore
specifically, to inprovenents in an electrode tube for electrical
discharge machining having substantially a plurality of through holes and
a nmethod of manufacturing such an electron tube. Description of the

Rel ated Art When smal|l holes are fornmed in a netal or alloy workpiece
by- means of el ectrical discharge machining, an electrode is used which is
formed of a copper tube having an outer dianeter for exanple in the range
fromO0.3 to

impedes smooth electrical discharge machining operation
and lowers working efficiency as a result.

In order to solve such a problem, electrode tubes
shown in Figs. 9 to 11 have been suggested (see Japanese

5 Patent Laying-Open No. 63-11239).

Electrode tube 1 in Fig. 9 includes a cylindrical
metal ¥ube 2 and a metal partition 8 inserted in
cylindrical portion 2.

Electrode tube 1 illustrated in Fig 10 includes

10 cylindrical metal tube 2 and two metal rods 9 inserted in
cylindrical portion 2.

Electrode tube 1 shown in Fig. 11 includes a
cylindrical metal tube 2 and two inner metal tubes 10
inserted in cylindrical portion 2.

15 In electrode tubes 1 shown in Figs. 9 to 11, the
space in cylindrical portion 2 is divided into a plurality
of through holes. Therefore, if electrical discharge
machining is conducted while turning electrode 1, an
undesired core does not form in electrode tube 1.

20 In the manufacture of electrode tubes as illustrated
in Figs. 9 to 11, a partitioning plate, thin rods, ox
inner tubes are inserted in tube 2 and then drawing
working must be conducted. A tube material wound in a
long coil cannot be used if such a partitioning plate,

25 thin rods or thin inner tubes are inserted in tube 2.
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3.0mm A working fluid for cooling is passed through through holes of the
el ectrode tube, electrical discharge is caused between the el ectrode tube
and the workpiece while turning the electrode tube, and the workpiece is

t hus perforated. However, as illustrated in a cross section in Fig. 8,
an undesired core 7 fornms inside electrode tube 1 during electrical

di scharge nmachi ni ng of workpiece 6. Core 7 |owers the precision of

el éctrical discharge nachi ning,

Tube material 2 to which the partitioning plate, thin rods
or thin inner tubes are inserted must be relatively short
and straight. Therefore, the electrode tubes as shown in
Figs. 9 to 11 cannot be continuously produced from long
5 tube material 2 wound in a coil for example, and working
efficiency cannot be improved. | |
SUMMARY OF THE INVENTION £
In view of the foregoing problems associated with the
related art as described above, it is an object of the
10 invention to provide an electrode tube which has no
undesired core formed therein during electrical discharge
machining and can be continuously formed from a long
coiled tube material, and a manufacturing method thereof.
An electrode tube for electrical discharge machining
15 accorxding to one aspect of the invention includes an outer
peripheral portion and a plurality of rail like portions
projecting from the outer peripheral portion toward the
central axis of the tube, these rail like portions are
formed integrally with the outer peripheral portion, and
20 the space in .the tube is substantially divided into a
plurality of through holes along the central axis by the
plurality of rail like portions..
A method of manufacturing an electrode tube for
electrical discharge machining according to another aspect

25 of the invention includes the steps of forming a shaée



- 2- | npedes snooth el ectrical discharge machining operation and | owers
wor king efficiency as a result. In order to solve such a problem
el ectrode tubes shown in Figs. 9 to 11 have been suggested (see Japanese

Patent Layi ng- Open No. 63-11239).
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tube by means of one working method selected from the
group consisting of hot extrusion, cold rolling and
drawing, and subjecting the shape tube to drawing a
plurality of times through dice having a normal circular
hole, and thus produced is an electrode tube having a
plurality of through holes substantially divided by a
plurality of rail like portiongprojecting from the outer
peripheral portion toward the central axis in a cross
section taken perpendicularly to the central axis.

The foregoing and other objects, features, aspects

and advantages of the present invention will become more

.apparent from the following detailed description of the

present invention when taken in conjunction with the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing a metal tube
material for an electrode tube according to one embodiment
of the invention;

Fig. 2 is a cross sectional view showing an electrode
tube produced by drawing the tube material in Fig. 1
through dice;

Fig. 3 is a cross sectional view showing an electrode
tube according to another embodiment similar to Fig. 2;

Fig. 4 is a cross sectional view showing a tube

material used to manufacture an electrode tube according

1T T



El ectrode tube 1 in Fig. 9 includes a cylindrical netal tube 2 and a netal

partition 8 inserted in cylindrical portion 2. El ectrode tube 1
illustrated in Fig 10 includes cylindrical netal tube 2 and two netal rods
9 tnserted in cylindrical portion 2. El ectrode tube 1 shown in Fig.
11 includes a cylindrical netal tube 2 and two inner netal tubes 10
inserted in cylindrical portion 2. In electrode tubes 1 shown in

Figs. 9 to 11, the space in cylindrical portion 2 is divided into a
plurality

to yet another embodiment of the invention;

Fig. 5 is a cross sectional view showing a tube
material used to manufacture an electrode tube according
to a still further embodiment of the invention;

5 Fig. 6 is a cross sectional view showing a tube
material used to manufacture an electrode tube according
to a still further embodiment of the invention;

Fig. 7 is a cross sectional view showing a tube
material changed by drawing the tube material shown in

10 Fig. 6 through dice having a normal circular hole;

Fig. 8 is a cross sectional view showing how an
undesired core forms during electrical discharge machining
in a prior art elecﬁrode tube;

Fig. 9 is a cross sectional view showing an example

15 of a prior art electrode tube having a plurality of
through holes; .

Fig. 10 is a cross sectional view showing another
example of a prior art electrode tube having a plurality
of through holes; and

20 Fig. 11 is a cross sectional view yet another example
of a prior art electrode tube having a plurality of
through holes.

Detailed Description of the Invention
Copper or copper alloy is most preferably used as a

25 well conductive metal forming an electrode tube for
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of through holes. Therefore, if electrical discharge machining is

conducted while turning electrode 1, an

el ectrode tube 1. In the manufacture of el ectrode tubes as

il4ustrated

in Figs. 9 to 11, a partitioning plate, thin rods, or inner

undesired core does not formin

tubes are inserted in tube 2 and then drawing working nust be conducted. A

tube material wound in a long coil cannot be used if such a partitioning

plate, thin rods or thin inner tubes are inserted in tube 2.
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electrical discharge machining according to the present
invention. One method of forming rail like portions
integrally with a tubular body toward the central axis of
the tubula; body is for example to draw a metal tube
through shape dice to produce a tube material 2 having a
cross section including rail like portions 3 as
illustrated in Fig. 1. Conducting drawing working to
metal tube 2 having such a cross section as shown in Fig.
1 provides an electrode tube 1 as shown in Fig. 2. 1In
electrode tube 1 in Fig. 2, a plurality of rail like
portions 3 are in contact with each other along the
central axis of electrode tube 1, and the space in
electrode tube 1 is divided into a plurality of through
holes 4 by these rail like portions 3. Note that the
number of through holes 4 is of course not limited to
three, and an arbitrary number suitable for desired
discharge machining conditions can be selected.

The plurality of rail like portion 3 do not have to
be exactly in contact with each other, but need only be
close enough.to each other such that an undesired core
does not form along central axis during discharge
machining. Morxre specifically, the plurality of through
holes 4 do not have to be discretely separated from each
other, and it is substantially possible to avoid an

undesired core from forming during the machining even if

N



3- Tube material 2 to which the partitioning plate, thin rods or thin

I nner tubes are inserted nust be relatively short and straight. Therefore,
the el ectrode tubes as shown in Figs. 9 to 11 cannot be continuously
produced fromlong tube material 2 wound in a coil for exanple, and
wor ki ng

-

the plurality of through holes communicate through a
narrow space along the central axis as shown in Fig. 3.
A shape metal tube material for forming an electrode
tube according to the present invention can be provided by
5 hot extrusion, cold rolling, or drawing. By applying
these working processes, for example, metal shape tubes as
shown in Figs. 4 t&:6 can be formed. Shape tubes 2 as
illustrated in Figs. 4 and 5 include a plurality of raised
portions 3 toward the central axis. Shape tube 5 shown in
10 Fig. 6 has a substantially square outer shape and a
circular inner shape. An electrode tube having the spacé
inside the tube divided into a plurality of through holes
can be manufactured by drawing such a shape tube a number
of times. Fig. 7 illustrates an example in which tube
15 material 5 shown in Fig. 6 is drawn through dice to have a
circular outer shape, and changed into tube material 2
having four raised rail like portions 3.
For the shape tube, a tube having a circular inner
shape and én outer shape including a plurality of raised
20 portions in a.direction away from the central axis, or a
shape tube having an elliptical outer shape may be used,
besides the above. More specifically, a tube material
having a wall thickness significantly changing
periodically along the circumferential direction is

25 subjected to drawing through die having a circular hole,
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efficiency cannot be inproved. SUMVARY OF THE | NVENTI ON In view of
the foregoing problens associated with the related art as described above,
it is an object of the invention to provide an el ectrode tube which has no
uncdesired core forned therein during electrical discharge nachining and
can be continuously forned froma long coiled tube material, and a

manuf act uri ng net hod t her eof. An el ectrode tube for electrica
di Scharge machining according to one aspect of the invention includes an
outer peripheral portion and a plurality of rail |ike portions

the mass of a thick wall portion is shifted toward the
central axis of the tube, and rail like portioms
.projecting toward the central axis can be formed in the
tube.
5 DESCRIPTION OF THE PREFERRED EMBODIMENTS
A tube material of copper deoxidized by phosphorus
having an outer diameter of 6.0mm and a thickness of 0.5mm
is drawn into an outer diameter of 1.8mm, then continues
to be drawn with shape dice, and a shape tube having a
10 cross section as shown in Fig. 1 is formed and coiled.
The shape tube taken out from the coil is drawn through
dice having a normal circular hole, continues to be
repeatedly drawn into the size of outer diameter of 0.8mm,
and an electrode tube having a cross section as shown in
15 Fig. 2 is wound in a coil. An electrode tube having a
length of 300mm is cut out from thus manufactured coil of
electrode tube, straightened and used for an electrode for
electrical discharge machining to form small holes in
cemented carbide parts. As a result, it was confirmed
20 that with the. discharge electrode tube of this embodiment,
an undesired core 7 as shown in Fig. 8 does not form and
highly precise small holes can be formed.
The Effect of the Invention
As in the foregoing, according to the present

25 invention, the space inside the electrode tube is

This Sheet Has Been
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projecting fromthe outer peripheral portion toward the central axis of
the tube, these rail like portions are fornmed integrally with the outer
peri pheral portion, and the'space in.the tube is substantially divided
into a plurality of through holes along the central axis by the plurality
of rail |ike portions. A met hod of manufacturing an el ectrode tube
for electrical discharge machining according to another aspect of the
i nvention includes the steps of form ng a shape
substantially divided into a plurality of through holes by
rail like portions raised toward the central axis, and
therefore, an undesired core does not form during
electrical discharge machining. In the electrode tube
5 according to the present invention, insertion of a
partitioning member in the tube material as practiced
conventionally is not necessary, the rail lgke portions
can be formed by continuously plastic-working the tube
material, and a long electrode tube which can be wound in
10 a coil can be efficiently manufactured.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of

15 the present invention being limited only by the terms of

the appended claims.
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-4- tube by neans of one working nmethod selected fromthe group
consi sting of hot extrusion, cold rolling and draw ng, -and_-subjecting the
shape tube to drawing a plurality of tinmes through dice having a nornal

o1 thr ough ot es substant a1y arvided oy a - IR

WHAT IS CLAIMED IS:

1. An electrode tube for electrical discharge
machining (1), comprising:
an outer peripheral portion (2); and
a plurality of rail like portions (3) projecting from
5 said peripherad.cportion (2) toward a central axis of said
tube (1),
said rail like portions (3) being formed integrally
with said outer peripheral portion (2)
the space inside said tube (1) being substantially.
10 divided into a plurality of through holes (4) along said

central axis by said plurality of rail like portions (3}.

2. The electrode tube for electrical discharge
machining as recited in claims 1, wherein
said plurality of rail like portions (3) are in

contact with each other along said central axis.

5
3. The electrode tube for electrical discharge
machining as recited in claim 1, wherein
said outer peripheral portion (2) has a substantially
circular outer shape in a cross section taken
10 perpendicularly to said central axis.

mmBmmRTTww
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plurality of rail |ike portions projecting fromthe outer peripheral
portion toward the central axis in a cross section taken perpendicularly

to the central axis. The foregoi ng and ot her objects, features;
aspects and advantages of the present invention will bec

fromthe follow ng detail ed description of the present Fﬂ@mm
taken in conjunction with the acconpanying draw ngs.

THE DRAW NGS Fig. 1 is a cross sectional view showing a netal tube

4. The electrode tube for electrical discharge
machining as recited in claim 1, wherein

said electrode tube (1) is formed of a material
selected from the group consisting of copper and copper

5 alloys.

5. A method of manufacturing an electrode tube for
electrical discharge machining, comprising the steps of:
forming a shape tube (2, 5) by one working process
selected from the group consisting of hot extrusion, cold
5 rolling and drawing; and |
drawing said shape tube (2, 5) a plurality of times
through dice having a normal ciicular hole, thereby
forming said electrode tube having a plurality of through
holes (4) substantially divided by a plurality of rail
10 like portions (3) projecting from the outer peripheral
portion (2) toward said central axis in a cross sectional

taken perpendicularly to the central axis.

6. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said shape tube (2) has a wall of an even thickness

5 in a cross section taken perpendicularly to the central

axis and said wall includes a plurality of projecting

This Sheet Has Been RTi
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material for an el ectrode tube according to one enbodi nent of the
I nventi on; Fig. 2 is a cross sectional viem/shomﬁng—an eLeeLpede—n__
t ube produced by drawi ng the tube material in Fi

I g. :
Fig. 3is a cross sectional view showing an el ectrode tjmﬂ l !wmﬂl"ﬂﬂ
anot her enbodi nent simlar to Fig. 2; Fig. 4 is a dm
view show ng a tube material used to manuf acture an el ectrode fube
actordi ng

portions (3) curved toward said central axis.

7. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said shape tube (2, 5) has a wall having a changing

5 thickness in a cross section taken perpesidticularly to the
central axis, and said wall includes a portion (3)

projecting toward said central axis.

8. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said shape tube (2, 5) has a wall having a changing

5 thickness in a cross section taken perpendicularly to the
central axis, and said wall includes on its outer surface
a plurality of projecting portions away from said central

axis.

9. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said step of drawing said shape tube (2, 5) is

5 repeated until said plurality of rail like portions (3)

are in contact with each other along said central axis.
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to yet another enbodi nent of the invention; Fig. 5is a cross
sectional view show ng a tube nmaterial used to manufacture an el ectrode
tube according to a still further enbodi nent of the invention;” — 7 "FQ.

6 FSs a cross sectional view showing a tube material us gy an
el ectrode tube according el I“”mr‘ lﬁﬂ lmm
* ¢ L #H s *

-

10. The method of manufacturing an electrode tube
for electrical discharge machining as recited in claim 5,
wherein

said electrode tube (1) is wound in a coil after said

5 plurality of drawing workings.
e
—_—
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to a still further enbodi nent of the invention; Fig. 7 is a cross
sectional view show ng a tube nmaterial changed by draw ng the tube
material shown in Fig. 6 through dice having a normal circular hole;
Fig. 8 is a cross sectional view show ng how an undesired core forns
during electrical discharge machining in a prior art el ectrode tube;
Fig. 9 is a cross sectional view show ng an exanple of a prior art

el ectrode tube having a plurality of through hol es;

ABSTRACT OF THE DISCLOSURE
Electrode tube for electrical discharge machining (1)

includes an outer peripheral portion (2), a plurality of
rail like portions (3) projecting from outer peripheral

5 portion (2) toward the central axis of the tube, these
rail like portions (3) are formed integrally with the
outer peripheral portion (2) and the space inside the tube
is substantially divided into a plurality of through holes
(4) along the central axis by the plurality of rail like

10 portions (3).

Sheet Has Been Tlaced
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Fig. 10 is a cross sectional view show ng another exanple of a prior art

el ectrode tube having a plurality of through holes; and Fig. 11 is a
cross sectional view yet another exanple of a prior art el ectrode tube
having a plurality of through holes. Detailed Description of the

| nventi on Copper or copper alloy is nost preferably used as a well
conductive netal formng an el ectrode tube for

—_—
This Sheet
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- 6- el ectrical discharge machining according to the present invention.
One nethod of formng rail like portions integrally with a tubular body
taward the central axis of the tubular body is for exanple to draw a netal
tulfe through shape dice to produce a tube nmaterial 2 having a cross
section including rail like portions 3 as

......

T



illustrated in Fig. 1. Conducting drawing working to netal tube 2 having
such a cross section as showmn in Fig. 1 provides an electrode tube 1 as
shown in Fig. 2. In electrode tube 1 in Fig. 2, a plurality of rail I|ike
portions 3 are in contact with each other along the <central axis of

el ectrode tube 1, and the space in electrode tube 1 is divided into a
plurality of through holes 4 by these rail |like portions 3. Note that the
nunber of through holes 4 is of course not limted to three, and an
arbitrary nunber suitable for desired discharge nachining conditions can
be sel ected.

FIG. 8

PRIOR ART /6

e

FIG. 9 1
PRIOR ART

L
(e

FIG. 10

PRIOR ART

FIG. 11
PRIOR ART
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Electrode Tube for Electrical Discharge Machining and

Manufacturing Method Thereof

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to electrode

tubes for electrical discharge machining and ménufacturing

methods thereof, and more specifically, to improvements in

an electrode tube for electrical discharge machining

having substantially a plurality of through holes and a

method of manufacturing such an electron tube.

Description of the Related Art

When small holes are formed in a metal or alloy

workpiece by means of electrical discharge machining, an

electrode is used which is formed of a copper tube having

an outer diameter for example in the range from 0.3 to

3.0mm.

A working fluid for cooling is passed through

through holes of the electrode tube, electrical discharge

is caused between the electrode tube and the workpiece

while turning.the electrode tube, and the workpiece is

thus perforated.

However, as illustrated in a cross section in Fig. 8,

an undesired core 7 forms inside electrode tube 1 during

electrical discharge machining of workpiece 6.

Core 7

lowers the precision of electrical discharge machining,

This is the teplacement sheet



-7- the plurality of through holes communi cate through a narrow space
“along the central axis as shown in Fig. 3. A shape netal tube
material for formng an electrode tube according to the present invention
can be provided by hot extrusion, cold rolling, or drawi ng. By applying

t hese wor ki ng processes, for exanple, nmetal shape tubes as shown in Figs.
4 to 6 can be forned. Shape tubes 2 as2 -

impedes smooth electrical discharge machining operation
and lowers working efficiency as a result.

In order to solve such a problem, electrode tubes
shown in Figs. 9 to 11 have been suggested (see Japanese
Patent Laying-Open No. 63-11239).

Electrode tube 1 in Fig. 9 includes a cylindrical
metal tube 2 and a metal partition 8 inserted in
cylindrical portion 2.

Electrode tube 1 illustrated in Fig 10 includes
cylindrical metal tube 2 and two metal rods 9 inserted in
cylindrical portion 2. |

Electrode tube 1 shown in Fig. 1l includes a
cylindrical metal tube 2 and two inner metal tubes 10
inserted in cylindrical portion 2.

In electrode tubes 1 shown in Figs. 9 to 11, the
space in cylindrical portion 2 is divided into a plurality
of through holes. Therefore, if,electrical discharge
machining is conducted while turning electrode 1, an
undesired core does not form in electrode tube 1.

In the manufacture of electrode tubes as illustrated
in Figs. 9 to 11, a partitioning plate, thin rods, or
inner tubes are inserted in tube 2 and then drawing
working must be conducted. A tube material wound in a
long coil cannot be used if such a partitioning plate,

thin rods or thin inner tubes are inserted in tube 2,
This is the replacement sheet
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illustrated in Figs. 4 and 5 include a plurality of raised portions 3
‘toward the central axis. Shape tube 5 shown in Fig. 6 has a substantially
square outer shape and a circular inner shape. An el ectrode tube having
the space inside the tube divided into a plurality of through holes can
be manufactured by drawi ng such a shape tube a nunber of tines. Fig. 7
illustrates an exanple in which tube - rBaterial 5 shown in Fig. 6 is drawn
through dice to have a circular outer shape, and changed into tube
material 2 having four raised rail like portions 3.

Tube material 2 to which the partitioning plate, thin rods
oxr thin inner tﬁbes are inserted must be relatively short
and straight. Therefore, the electrode tubes as shown in
Figs. 9 to 11 cannot be continuocusly produced from long
tube material 2 wound in a coil for example, and working
efficiency cannot be improved. |
SUMMARY OF THE INVENTION

In view of the foregoing problems associated with the
related art as described above, it is an object of the
invention to provide an electrode tube which has no
undesired core formed therein during electrical discharge
machining and can be conﬁinuously formed from a long
coiled tube material, and a manufacturing method thereof.

An electrode tube for electrical discharge machining
according to one aspect of the invention includes an outer
peripheral portion and a plurality of rail like portions
projecting from the outer peripheral portion toward the
central axis of the tube, these rail like portions are
formed integrally with the outer peripheral portion, and
the space in .the tube is substantially divided into a
plurality of through holes along the central axis by the
plurality of rail like portions.

A method of manufacturing an electrode tube for
electrical discharge machining according to another aspect

of the invention includes the steps of forming a shape
This is the replacement sheet
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For the shape tube, a tube having a circular inner shape and an outer
"shape including a plurality of raised portions in a.direction away from
the central axis, or a shape tube having an elliptical outer shape may be
used, besides the above. Mire specifically, a tube material having a wall
t hi ckness significantly changing periodically along the circunferenti al
direction is subjected to drawi ng thréugh die having a circul ar hole,

tube by means of one working method selected from the
group consisting of hot extrusion, cold rolling and
drawing, and subjecting the shape tube to drawing a
plurality of times through dice having a normal circular
hole, and thus produced is an electrode tube having a
plurality of through holes substantially divided by a
plurality of rail like pow¥tdions projecting from the outer
peripheral portion toward the central axis in a cross
section taken perpendicularly to the central axis.

The foregoing and other objects, features, aspects
and advéntages of the present invention will become more
'apparent from the following detailed description of the
present invention when taken in conjunction with the.
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view showing a metal tube
material for an electrode tube according to one embodiment
of the invention;

Fig. 2 is a cross sectional view showing an electrode
tube produced by drawing the tube material in Fig. 1
through dice;

| Fig. 3 is a cross sectional view showing an electrode

tube according to another embodiment similar to Fig. 2;

Fig. 4 is a cross sectional view showing a tube

material used to manufacture an electrode tube according
cns is s 1eplacement shest

Date: | ‘q(,

© B s ageatmate



- 8- the mass of a thick wall portion is shifted toward the central axis
‘of the tube, and rail like portions projecting toward the central axis can
be formed in the tube. DESCRIPTION OF THE PREFERRED EMBODI MENTS A
tube material of copper deoxidized by phosphorus having an outer dianeter
of 6.0mm and a thickness of 0.5mm

- 5 -

to yet another embodiment of the invention;

Fig. 5 is a cross sectional view showing a tube
material used to manufacture an electrode tube according
to a still further embodiment of the invention;

Fig. 6 is a cross sectional view showing a tube
material used to manufacture an electrodé tube according
to a still further embodiment of the invention;

Fig. 7 is a cross sectional view showing a tube
material changed by drawing the tube material shown in
Fig. 6 through dice having a normal circular hole;

Pig. 8 is a cross sectional view showing how an
undesired core forms during electrical discharge machining
in a prior art elecérode tube;

Fig. 9 is a cross sectional view showing an example
of a prior art electrode tube having a plurality of |
through holes; '

Fig. 10 is a cross sectional view showing another
examplé of a prior art electrode tube having a plurality
of through holes; and

Fig. 11 is a cross sectional view yet another example
of a prior art electrode tube having a plurality of
through holes.

Detailed Description of the Invention
Copper or copper alloy is most preferably used as a

well conductive metal forming an electrode tube for

This i3 the replacement sheet
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is drawn into an outer diameter of 1.8nm then continues to be drawn with

'shape dice, and a shape tube having a cross section as showmn in Fig. 1 is

formed and coiled. The shape tube taken out fromthe coil is drawn through
dice having a normal circular hole, continues to be repeatedly drawn into

the size of outer dianeter of 0.8mm and an el ectrode tube having a cross

section as shown in Fig. 2 is wound +n6a-coil. An el ectrode tube having a

| ength of 300mmis cut out fromthus manufactured coil of electrode tube,

strai ghtened and used for an el ectrode for

electrical discharge machining according to the present
invention. One method of forming rail like portions
integrally with a tubular body toward the central axis of
the tubula; body is for example to draw a metal tube
through shape dice to produce a tube material 2 having a
cross section including rail like portions 3 as
illustrated in Fig. 1. Conducting drawing working.sto
metal tube 2 having such a cross section as shown in Fig.
1 provides an electrode tube 1 as shown in Fig. 2. 1In
electrode tube 1 in Fig. 2, a plurality of rail like
éortions 3 are in contact with each other along the
central axis of electrode tube 1, and the space in
electrode tube 1 is divided into a plurality of through
holes 4 by these rail like portions 3. Note that the
number of through holes 4 is of course not limited to
three, and an arbitrary number suitable for desired
discharge machining conditions can be selected.

The plurality of rail like portion 3 do not have to
be exactly in contact with each other, but need only be
clbse enough .to each othexr such that an undesired core
does not form along central axis during discharge
machining. More specifically, the plurality of through
holes' 4 do not have to be discretely separated from each
other, and it is substantially possible to avoid an

undesired core from forming during the machining even if
ond e e epiacement sheet
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el ectrical discharge machining to formsnall holes in cenented carbide
parts. As aresult, it was confirmed that with the discharge el ectrode
tube of this enbodi nent, an undesired core 7 as shown in Fig. 8 does not
formand highly precise small hol es can be forned. The Effect of the
| nventi on As in the foregoing, according to the present invention,
the space inside the electrode tube is- 7 -

the plurality of through holes communicate through a
narrow space along the central axis as shown in Fig. 3.

A shape metal tube material for forming an electrode
tube according to the present inﬁention can be provided by
hot extrusion, cold rolling, or drawing. By applying
these working processes, for example, metal shape tubes as
shown in Figs. 4 to 6 can Pe formed. Shape tubes 2 as
illustrated in Figs. 4 and 5 include a plurality of raised
portions 3 toward the central axis. Shape tube 5 sﬁown in
Fig. 6 has a substantially square outer shape and a
circular inner shape. An electrode tube having the spacé
inside the tube divided into a plurality of through holes
can be manufactured by drawing such a shape tube a number
of times. Fig. 7 illustrates an example in which tube
matexial 5 shown in Fig. 6 is drawn through dice to have a
circular outer shape, and changed into tube material 2
having four raised rail like portions 3.

For the shape tube, a tube having a circular inner
shape and én outer shape including a plurality of raised
portions in a.direction away from the central axis, or a
shape tube having an elliptical outer shapé may be used,
besides the above. More specifically, a tube material
having a wall thickness significantly changing
periodically along the circumferential direction is

subjected to drawing through die having a circular hole,
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-9- substantially divided into a plurality of through holes by rai

‘i ke portions raised toward the central axis, and therefore, an undesired
core does not formduring electrical discharge machining. In the el ectrode
tube according to the present invention, insertion of a partitioning
menber in the tube material as practiced conventionally is not necessary,
the rail |ike portions - 8 -

the mass of a thick wall portion is shifted toward the
central axis of the tube, and rail like portions
projecting toward the central axis can be formed in the
tube.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

A tube material of copper deoxidized by phosphorus
having an outer diameter of 6.0mm and a -thickness of 0.5mm
is drawn into an oute: diameter of 1.8mm, then continues
to be drawn with shape dice, and a shape tube having a
cross section as shown in Fig. 1 is formed and coiled.
The shape tube taken out from the coil is drawn fhrough.
dice having a normal circular hole, continues to be
repeatedly drawn into the size of outer diameter of 0.8mm,
and an electrode tube having a cross section as shown in
Fig. 2 is wound in a coil. BAn electrode tube having a
length of 300mm is cut out from thus manufactured coil of
electrode tube, straightened and used for an electrode for
electrical discharge machining to form small holes in
cemented carbide parts. As a result, it was confirmed
that with the.discharge electrode tube of this embodiment,
an undesired coxe 7 as shown in Fig. 8 does not form and
highly precise small holes can be formed.

The Effect of the Invention

As in the foregoing, according to the present

invention, the space inside the electrode tube is

This is the raplacement sheet
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can be forned by continuously plastic-working the tube material, and a
long el ectrode tube which can be wound in a coil can be efficiently

manuf act ur ed. Al t hough the present invention has been described and
illustrated in detail, it is clearly understood that the sanme is by way of
Il lustration and exanple only and is not to be taken by way of limtation,
the spirit and scope of the present kngention being limted only by the
terms of the appended cl ai ns.

substantially divided into a plurality of through holes by
rail like portions raised toward the central axis, and
therefore, an undesired core does not form during
electrical discharge machining. 1In the electrode tube
according to the present invention, insertion of a
partitioning member in the tube material as practiced
conventionally is not necessary, the rail like portionsg:.
can be formed by continuously plastic-working the tube
material, and a long electrode tube which can be wound in
a coil can be efficiently manufactured.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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10 CLAI V5 1. An electrode tube for electrical discharge nmachining
(1), conprising: an outer peripheral portion (2) having a
substantially circular shape in a cross section

- 10 -

WHAT IS CLAIMED IS:

1. An electrode tube for electrical discharge
machining (1), comprising:

an outer peripheral poxtion (2); and

a plurality of rail like poxrtions (3) projecting from
said: peripheral portion (2) toward a central axis of_said
tube (1),

said rail like portions (3) being formed integrally
with said outer peripheral portion (2)
| the space inside said tube (1) being substantiallyi
divided into a plurality of through holes (4) along said

central axis by said plurality of rail like portions (3).

2. The electrode tube for electrical discharge
machining as recited in claims 1, wherein
said plurality of rail like portions (3) arxe in

contact with each other along said central axis.

3. The electrode tube for electrical discharge
machining as recited in claim 1, wherein

said outer peripheral portion (2) has a substantially
circular outer shape in a cross section taken

perpendicularly to said central axis.

————
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taken perpendicularly to said central axis; a plurality of rail

1ike portions (3) projecting fromsaid peripheral portion (2)
toward a central axis of said tube (1), said rail like
portions (3) being forned integrally with said outer periphera
portion (2) the space inside said tube (1) being divided into

a plurality of through holes (4) al ong KRnid central axis by said
plurality of rail Iike portions (3). 2. The el ectrode tube for
el ectrical discharge machining as recited in clains 1, wherein

said plurality of rail like portions (3) are in. contact with each

other along sai dgcenthal edékbtrode3tubdNeod! 8Ekbeds chyPAils@hagigert ri cal
di scharge machi ni ng as
machining as recited in claim 1, wherein
said electrode tube (1) is formed of a material
selected from the group consisting of copper and copper

alloys.

5. A method of manufacturing an electrode tube for
electrical discharge machining, comprising the steps of:

forming a shape tube (2, 5) by one working process
selected from the group congisting of hot extrusion, cold
rolling and drawing; and |

drawing said shape tube (2, 5) a plurality of times
through dice having a normal circular hole, thereby
forming said electrode tube having a plurality of through
holes (4) substantially divided by a plurality of rail
like portions (3) projecting from the outer peripheral
portion (2) toward said central axis in a cross sectional

taken perpendicularly to the central axis.

6. The method of manufacturihg an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said shape tube (2) has a wall of an even thickness
in a cross section taken perpendicularly to the central

axis and said wall includes a plurality of projecting

A
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recited in claiml1, wherein said outer peripheral portion

(2) has a substantially circular outer shape in a cross
section taken perpendicularly to said central axi s.
- 12 -

portions (3) curved toward said central axis.

7. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said shape tube (2, 5) has a wall having a changing
thickness in a cross section taken perpendicularly to the
central axis, and said wall includes a portion (3)

projecting toward said central axis.

8. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

~ said shape tube (2, 5) has a wall having a changing
thickness in a cross section taken perpendicularly to the
N
central axis, and said wall includes on its outer surface

a plurality of projecting portions away from said central

axis.

9. The method of manufacturing an electrode tube for
electrical discharge machining as recited in claim 5,
wherein

said step of drawing said shape tube (2, 5) is
repeated uﬁtil said plurality of rail like portions (3)

are in contact with each other along said central axis.
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4. The el ectrode tube for electrical discharge machining as recited in
claim1, wherein said electrode tube (1) is fornmed of a materi al
selected fromthe group consisting of copper and copper alloys.

A nmet hod of manufacturing an el ectrode tube for electrical discharge
machi ni ng, conprising the steps of: form ng a shape tube (2, 5) by
one working process selected fromthe gnBoup consisting of hot extrusion,
cold rolling and drawi ng; and

10. The method of manufacturing an electrode tube

for electrical discharge machining as recited in claim 5,
wherein

said electrode tube (1) is wound in a coil after said

plurality of drawing workings.

R 0 A I Tris s the replaceront shot
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drawi ng said shape tube (2, 5) a plurality of tines ¢through dice having a
‘normal circular hole, thereby formng said electrode tube having a
plurality of through holes (4) substantially divided by a plurality of

rail like portions (3) projecting fromthe outer peripheral portion (2)
toward said central axis in a cross sectional taken perpendicularly to the
central axis. 6. The net hod-of4nmanufacturing an el ectrode tube for

el ectrical discharge nmachini'ng as recited in claimb5,

ELECTRODE TUBE FOR ELECTRICAL DISCHARGE MACHINING
AND MANUFACTURING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

Electrode tube for electrical discharge machining (1)
includes an outer peripheral portion (2), a plurality of
rail like portions (3) projecting from outer peripheral
portion (2) toward the central axis of the tube, these
rail like portions (3) are formed integrally with the
outer peripheral portion (2) and the space inside the tubesg:e
is substantially divided into a plurality of through holes
(4) along the central.axis by the plurality of rail like

portions (3}.

FIGURE 2.
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wherein sai d shape tube (2) has a wall of an even thickness in a
‘cross section taken perpendicularly to the central axis and said wall
includes a plurality of projecting - 12
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portions (3) curved toward said central axis. 7. The net hod of
manuf acturing an el ectrode tube for electrical discharge machining as
recited in claimb5, wherein sai d shape tube (2, 5) has a wall having
a changing thickness in a cross section taken perpendicularly to the
central axis, and said wall includes a portion (3) projecting toward said
central axis. 8. The net hod of- manufacturing an el ectrode tube for

“This is the replacement shes:
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el ectrical discharge machining as recited in claim5, wherein sai d
shape tube (2, 5) has a wall having a changing thickness in a cross

section taken perpendicularly to the central axis, and said wall includes
on its outer surface a plurality of projecting portions away from said
central axis. 9. The nethod of manufacturing an el ectrode tube for

el ectrical discharge machining as recitegl in claim5, wherein

FIG. 8
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saied—step of drawing said shape tube {2. 5) is- repeated until said 7es

pluralirty—ofTtail |ike..portions (3) are in contact
said central axis. ) LT
The method of manuf act Urf i gn €He€tr

"

EP 94 11 .8
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—

1. An electrode tube for electrical discharge machining (1},
. ) s
comprising: . . 2
prising Lansy Lo 7 )
an outer peripheral portion (2)f <&€
-
& plurality of rail like portions (3) projecting from
said peripheral portion (2} toward a c:==n‘.z:a1 axis of said

L4
said rail like portions (J} being formed integrally with

sai permheral portion (2) qfha.ac:@:—.ﬁ.-ed’n%?"

the space inside said tube (1) being Sesso=s====jf divi-
ded into a plurality of through holes (4) A=—eRansel
Q

ng said central axis by said plurality of rail liks

ons (3) §/..ér-%5-a-3/ o
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for electrical discharge machining as recited in clai ms#s mhé?gﬁﬁEMENTSHEET

said electrode tube (1) is wound in a coil after said plurality of draw ng
wor ki ngs.
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CLAIMS

1. An electrode tube for electrical discharge machining
(1), comprising:

an outer peripheral portion (2) having a

substantially circular shape in a cross section
i

taken perpendicularly to said central axis; a

plurality of rail like portions (3) projecting
from said peripheral portion (2) toward a central
axis of said tube (1}, '

said 1rail 1like ©portions (3) being formed
integrally with said outer peripheral portion (2}
the space inside said tube (1) being divided into
a plurality of through holes (4} along said
central axis by said plurality of zrail 1like
portions (3).

2. The electrode tube for electrical discharge machining as
recited in claims 1, wherein

said plurality of rail 1like portions (3) are in
contact with each other along said central axis.

3. The electrode tube for electrical discharge machining as
recited in claim 1, wherein

gaid outer peripheral portion (2) has a
substéntially circular outer shape in a crossg
section taken perpendicularly to said central
axis.



