
- 1  -    TITLE OF THE INVENTION       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 manufacturing  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,    



-2-    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.
11 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.    



3-    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  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 continuously 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    



-4-    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 portions 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 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     



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
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  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 electrode 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  example 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     



-6-    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 tubular 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. In  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. 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      



-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 invention
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 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  Fig. 6 has a substantially
square outer shape and a  circular inner shape. An electrode tube having
the space  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  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 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. 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,



-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 outer 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 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  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  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  invention,
the space inside the electrode tube is       



-9-    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  according to the present invention, insertion of a  partitioning
member in the tube material as practiced  conventionally is not necessary,
the rail like portions 



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.    



10      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 



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  rail  like
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 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.   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.               



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  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  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 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  in a
cross section taken perpendicularly to the central  axis and said wall
includes a plurality of projecting                                    - 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  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 until said
plurality of rail like portions (3)  are in contact with each other along
said central axis.                                     - 13 -         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.    


