
EP 0185 492 B1 Description The present invention relates to an electrode
wire for use in a wire electric discharge machining process wherein a
workpiece is machined by melting desired portions thereof by electric spark
discharge. 5  The invention relates also to a process for preparing such an
electrode wire. Fig .1 is a schematic illustration showing a general wire
electric discharge machining process, wherein a workpiece 1 is formed with
a starting hole 2 through which an electrode wire 3 is inserted. The
electrode wire 3 is then passed In the direction perpendicular to the
workpiece 1 (in the direction shown by the arrow In Fig. 2) while applying
an electric voltage between the electrode 3 and the Interior wall of the
hole 2 to 10 develop spark discharge therebetween so that the workpiece 1
Is melted. As the workplace 1 Is moved In the direction perpendicular to
the passing direction of the electrode wire 2, the wire 2 traverses through
the workplace 1 along the desired cut line to melt the same, whereby the
workplece 1 is cut to have a desired contour. As shown in Fig. 1, the
electrode wire 3 is continuously supplied from a feed reel 4 to pass over
guide rollers 5 and taken up by a take-up reel 6. A tension roller 7 Is
disposed between one of the guide 15 rollers 5 and the take-up reel 6 to
adjust the tension applied on the electrode wire 3. Although not shown in
the figure, a processing liquid is supplied to the portion which Is
machined by electric discharge so as to cool the electrode wire 3 and to
remove debris. The electrode wire 3 generally used in such a wire electric
discharge machining process is a copper, brass (an alloy typically
containing 65% of Cu and 35% of Zn) or zinc-plated brass wire having a
diameter 20  generally ranging from 0.05 mm to 0.3 mm. A tungsten or
molybdenum wire may be used for special applications. During the electric
discharge machining step, the electrode wire 3 is heated to about [err] to
be subjected to severe thermal loading while being applied with a tension
from the tension roller 7 for maintaining a stable spark discharge for the
accurate machining and for the increase in machining speed. It 25 is thus
required that the electrode wire 3 should have a high strength at high
temperatures, particularly high tensile strength at high temperatures.
Although a copper wire may be easily elongated to form a small diameter
electrode wire, it is inferior in tensile strength and apt to break to
reduce the efficiency of electric discharge machining operation. A brass
wire has a tensile strength as high as about two times as that of a copper
wire at room temperature, but the tensile strength thereof at around [err]
is only slightly higher 30 than that of the copper wire. It leads often to
the breakdown of a brass wire when the machining speed is raised at such a
high temperature with the use of the brass wire. On the other hand,
although the stability of electric discharge Is enhanced by the presence of
a surface zinc layer when a zinc-plated brass wire Is used, the strength of
such a wire at high temperatures is almost the same as that of the brass
wire, so that a breakdown of the wire results if the machining speed is
increased. Although tungsten and molybdenum 35  wires have high strengths
at high temperatures, they are Inferior in adaptability to elongation and
too expensive to be used as consumable electrode wire. In order to overcome
the aforementioned problems, it has been proposed In US-A-4,287,404 to use
an electrode wire composed of a core steel wire coated with a conductive
material, such as copper or silver, and further coated with zinc. However,
a satisfactory electrode wire having excellent machining properties 40 has
not yet been developed. CH-A-646083 described an electrode wire for use in
wire electric discharge having a core wire and an outermost layer made of
nickel-zinc alloy. The nickel-zinc alloy layer however has no nickel or
zinc concentration gradient. The present invention seeks to provide an
improved electrode wire for use in wire electric discharge 45  machining,
which comprises a core including a steel wire coated with copper and a
surface coating layer of zinc. Accordingly, the present invention provides
an electrode wire for machining a workpiece by means of electric spark
discharge, the wire comprising a core wire made of a copper clad steel wire
and a copper- zinc alloy layer covering the outer periphery of said core
wire; wherein said alloy layer has a thickness of 50  from 0.1 to 15
microns, 10 to 70% of the sectional area of said core wire Is occupied by
copper, and the 



concentration of zinc in said copper-zinc alloy layer is increased
gradually along the radially outward, direction at a predetermined
concentration gradient. Preferably, the average concentration of zinc in
the copper-zinc alloy layer is less than 50% but not less than 10% by
weight. 55     The present invention also provides a process for preparing
an electrode wire for use in wire electric discharge machining of a
workplece by means of electric discharge, comprising the steps of preparing
a core wire made of a copper clad steel wire wherein 10% to 70% of the
sectional area Is occupied by copper, the step of depositing a zinc layer
over the outer periphery of the core wire by electroplating, and 2    EP
0185 492 B1 the step of heating the core wire coated with the zinc layer so
as to disperse copper in the zinc layer to convert the zinc layer into a
copper-zinc alloy layer. The electroplating at the second step may be
substituted for a molten zinc plating so that a zinc layer covering the
outer periphery of the core wire Is formed. 5     The invention will now be
further described, by way of example only, with reference to the accompany-
ing drawings in which Fig. 1 is a schematic illustration showing the
process for electric discharge machining of a workpiece while using an
electrode wire; Fig. 2 is a sectional view of the electrode wire according
to the first and second embodiments of the 10   invention; Fig. 3 shows a
longitudinal section of a portion of the electrode wire which has not yet
been subjected to heating treatment, and shows the concentration
distribution of copper and zinc; Fig. 4 shows a longitudinal section of a
portion of the electrode wire which has been subjected to insufficient
heating treatment, and shows the concentration distribution of copper and
zinc; Fig. 5 shows a longitudinal section of a portion of the electrode
wire which has been subjected to sufficient heating treatment, and shows
the concentration distribution of copper and zinc; Fig. 6 is an
illustration showing the results of measurement of copper and zinc of the
electrode wire of Fig. 5; and Fig. 7 is a graph showing the machining speed
in terms of the concentration of zinc in copper-zinc alloy 20   layer. In
an electrode wire for use in wire electric discharge machining, the
conductivity of the copper clad steel wire is reduced to result in a lack
of the machining current which lowers the machining speed, if the ratio of
the cross-sectional area of the copper to the total cross-sectional area of
the copper clad steel wire is less than 10%; whereas the strength of the
wire at high temperatures is decreased to result in easy 25  breakdown of
the wire, if the ratio is more than 70%. In the case of an electrode wire
having no copper-zinc alloy layer, the copper layer Is exposed at the
surface thereof, so that the copper is liable to be deposited on the
surface of the workpiece, which makes the electric discharge unstable to
extremely lower the machining speed. if the thickness of the copper-zinc
alloy layer is less than 0.1 micron, a sufficient machining speed cannot be
obtained for the reasons as described above for the wire having no
copper-zinc 30 alloy layer. On the contrary, if the thickness of the
copper-zinc alloy layer is increased to more than 15 microns, the
manufacturing costs will increase but the machining speed will not be
further improved. it has been found that an electrode wire having a
copper-zinc alloy layer formed thereon provides an improved machining speed
as compared with an electrode wire only with a zinc layer. This Is the
reason why only the copper-zinc alloy layers are taken into consideration.
35    Referring now to Fig. 2, an electrode wire 10, which is a first
embodiment of the invention for use  in electric discharge machining
process, comprises a copper clad steel wire 13 Including a steel core wire
11 covered with a copper coating layer 12 of a uniform thickness, and a
copper-zinc alloy layer 14 of generally 



uniform thickness ranging within 0.1 to 15 microns. The electrode wire 10
has a diameter of about 0.2 mm. The copper clad steel wire 13 Includes a
core wire made of steel or iron-steel alloy and a copper 40 coating layer
covering the steel core wire at a  coating ratio of 10 to 70%. The term
"coating ratio" as herein used in the specification means the ratio of the
sectional area occupied by the coating copper layer based on the total
cross-sectional area of the copper clad steel wire. The electrode wire 10
for use in electric discharge machining process may be prepared through the
following steps. For example, a 0.49 mm diameter copper clad steel wire is
dipped in a zinc chloride bath 45  (an aqueous solution containing 42
g/liter of zinc chloride and 210 g/liter of ammonium chloride), followed by
electroplating, to deposit a zinc layer of desired thickness over the outer
periphery of the copper clad steel wire. Using an oven, the copper clad
steel wire coated with the zinc layer is heated at about [err] for seven
hours in air to disperse copper into the zinc layer to convert the zinc
layer into a copper-zinc alloy layer. Thereafter, the wire is elongated so
that the wire has a diameter of 0.2 mm. The heating step  and the 50
elongation step may be  reversed, so that the wire coated with zinc is
elongated subsequent to the electroplating step and then the elongated wire
is subjected to heating treatment. Since the thus prepared electrode wire
10 has a core made of a copper clad steel wire 13, it has a high strength
at high temperatures and a high conductivity, and in addition It Is
excellent in electric discharge stability due to the presence of the
copper-zinc alloy layer 14. Adhesion of copper to the workpiece during 55
the electric discharge machining step is prevented by the provision of the
copper-zinc alloy layer 14. The advantageous performance characteristics of
the electrode wire for use in electric discharge machining process,
prepared following to the aforementioned procedure, will now be described
with reference to some experimental runs. 3    EP 0 185 492 B1 In the
following experiments, a variety of electrode wire samples, each having a
diameter of 0.2 mm, were produced by varying the coating ratio of copper in
the copper clad steel wire 13 and by varying the -   thickness of the
copper-zinc alloy layer 14. As the control samples, a copper wire and a
brass wire (Cu: 65%, Zn: 35%), each having a diameter of 0.2 mm, were used
as the electrode wire In the wire electric 5  discharge machining process.
The machining speed, accuracy in machining and frequency of breakdown of
each of the electrode wire samples, copper wire and brass wire were
compared and appraised. The results of comparison are shown in Table 1. In
the experiments, using each of the wires, a 20 mm thick workpiece made of
an alloy of JIS Alloy Code No. SKD-11was cut to separate a 30 mm square
plate therefrom under the following conditions: 10    Applied voltage:
110 volts Pulse time:                ON - 5 microseconds OFF - 5
microseconds Peak current:              10 amperes Condenser capacity:
0.8 microfarads 15    Processing liquid:         Pure water Tension applied
on the wire:   7.35N [750 gf (gram force)] The machining speed was
Indicated on the basis of the unit machining speed which was attained by
the use of the copper wire (0.8 mm/min). The accuracy in machining was
determined by measuring and calculating the error range of the 20 25 30 35
40 



45 50 55 4    EP 0 185 492 B1 [err] [err] [err] 10 [err] 20 [err] 25 30
[err] 35 40                       [err] 50 dimensions of the cut-out plate
to learn the difference between the maximum dimension and the minimum 55
dimension, and evaluated in the order of A (less than 0.01 mm), B (0.01 to
0.03 mm) and C (more than 0.03 mm). The frequency of breakdown of the wire
was indicated by A (stable operation without breakdown of the wire), B(1)
(the wire was broken at a high machining speed), B(2) (the wire was broken
when a tension of more than 7.35N [750 gf] was applied) and C (the wire was
frequently broken). 5    EP 0185 492 B1 As will be seen from Table 1 the
electrode wires for use in electric discharge machining process prepared in
accordance with the aforementioned procedure and having  a coating ratio of
from 10 to 70% and a thickness of the copper-zinc alloy layer of from 0.1
to 15 microns, are superior over the the conventional electrode wires
including the copper and brass wire In machining speed and accuracy In 5
machining and are subjected to fewer breakdowns than the conventional
wires. if the coating ratio of copper in the copper clad steel wire is
outside of the defined range (see the samples shown in Table 1 and having
the coating ratios of 5% and 80%), the wires are apt to break frequently.
Although the coating ratio is in the defined range of from 10% to 70%, the
wire having a thickness of the copper-zinc alloy layer of less than the
defined range (see the sample shown in Table 1 10  wherein the thickness of
the copper-zinc layer is 0.05 microns) is inferior in machining speed,
accuracy in machining and frequency of breakdown, while the wire having a
thickness of the copper-zinc alloy layer of more than 16 microns is not
economical and will provide no further improvement in machining speed and
accuracy. An electrode wire for use In electric discharge machining was
prepared from a 0.196 mm diameter 15  copper clad steel wire having a
coating ratio of 60% by electroplating with zinc in a zinc sulfate bath (an
aqueous solution containing 0.14 mol/liter of sulfuric acid and 0.23
mol/liter of zinc sulfate) to form a 2 micron thick zinc layer, followed by
heating in an oven at about [err] for an hour in air. Another electrode
wire was prepared by heating the same core wire coated with the same zinc
layer in an electric furnace filled with a nitrogen gas and maintained at
about 380C over a period of one hour. The both electrode wires 



20 were subjected to comparison tests similar to the aforementioned
comparison test to reveal that the wires had excellent performance
characteristics comparable to those of the samples fulfilling the essential
condition of the invention as described hereinbefore. Thus, the step of
heating the copper clad steel wire having the outer periphery coated with
the zinc layer to convert the same into a copper-zinc alloy layer is the
important and critical step for the preparation 25 of excellent electrode
wire for use In electric discharge machining process. Another process for
preparing an electrode wire for use in electric discharge machining process
will now be described. The process comprises the step of applying a copper
clad steel wire, for example having a diameter of 0.49 mm, with zinc by hot
galvanizing (for example, by passing the wire through a molten zinc bath 30
maintained at [err] and then passing the wire through a bed of pulverized
charcoal having a particle size of not more than 30 meshes to squeeze the
excess zinc) to form a copper-zinc alloy layer of desired thickness over
the outer periphery of the copper clad steel wire and simultaneously to
form a zinc layer covering the copper-zinc layer and having a desired
thickness, the step of cooling and elongating the wire to have a diameter
of 0.2 mm, and the step of heating the elongated were in an oven to promote
the growth 35  of copper-zinc phase so that the zinc layer is completely
converted into a second copper-zinc alloy layer. The sequential order of
the elongation step and the heating step in this process may be reversed.
This process has advantages that the time required for the formation of
zinc layer is decreased as compared to the electroplating, and that the
time required for heating treatment is also decreased since a copper-zinc
alloy layer having a thickness of more than 0.1 microns is formed at the
hot galvanizing step, 40 whereby the production efficiency can be improved.
Various electrode wire samples were prepared in accordance with this
process by varying the coating ratio of copper in the copper clad steel
wire and by varying the thickness of the copper-zinc alloy layer, and the
thus prepared samples were subjected to comparison tests similar to the
aforementioned procedure to obtain similar excellent results as those shown
in Table 1. 45     The electrode wire for use in electric discharge
machining, according to the invention, provides the following merits. (a)
Since a copper clad steel wire having a copper coating ratio of from 10 to
70% is used, the wire has a high strength at high temperatures while
retaining a high conductivity. (b) Since the outer periphery of a copper
clad steel wire having a high conductivity is coated with a 50
copper-zinc alloy layer having a thickness of more than 0.1 micron but not
more than 15 microns, the electric discharge stability is Improved and
adhesion of copper to the workplace, otherwise caused by the use of a wire
having a copper layer exposed on the surface thereof, is prevented to
provide accuracy in machining and to allow the machining current to
increase to enhance the machining speed. In summary, in the electrode wire
for use in wire electric discharge machining according to the 55 invention,
the properties of steel, copper and copper-zinc alloy are utilized
favorably and most suitably to exhibit synergistic functions to provide the
merits (a) and (b) set forth above. From the observation of the aforesaid
examples by a microscope or the like, it has been found that the improved
features of the wires have a close relationship to the presence of the
copper-zinc alloy layer 6    EP 0185 492 B1 formed through the heat
treatment and that the most preferable features of the wires can be
obtained when the zinc layer is entirely Converted into the copper-zinc
alloy layer in such a manner that the concentration of the zinc is
gradually decreased along the radially Inward direction to form an alloy
layer of a multilayer construction. A copper-zinc alloy layer of such a
multilayer construction can be formed through a heat 5  treatment. In a
preferred embodiment, the average concentration of zinc in the copper-zinc
alloy layer 14 Is 



adjusted to be less than 50% but not less than 10% by weight, and the
concentration of zinc in the copper- zinc alloy layer is increased
gradually along the radially outward direction, whereby the machining
performance characteristics of the wire is further improved. 10    A second
embodiment of the invention characterized by the aforementioned preferred
features will now be described. An electrode wire according to this
preferred embodiment has a structure similar to the electrode wire 10 shown
in Fig. 2 except that the average concentration of zinc in the copper-zinc
alloy layer 14 is controlled to be less than 50% but not less than 10% by
weight, and the concentration of zinc in the 15 copper-zinc alloy layer is
increased gradually along the radially outward direction. Such an electrode
wire for use in wire electric discharge machining may be prepared through
the following process. A copper clad steel wire having, for example, a
diameter of 0.49 mm is dipped in a zinc chloride bath (an aqueous solution
containing 42 g/liter of zinc chloride and 210 g/liter of ammonium
chloride), followed by electroplating, to form a zinc layer having a
desired thickness over the outer periphery 20 of the copper clad steel
wire. Then, the copper clad steel wire coated with the zinc layer is
elongated to have an outer diameter of 0.2 mm, and this elongated wire is
heated at 300Cfor an hour in an inert gas (such as nitrogen gas atmosphere)
in a non-oxidative oven to disperse copper into the zinc layer to convert
the zinc layer into a copper-zinc alloy layer completely. The wire may be
heated after the electroplating step, and then elongated. 25     Since the
thus prepared electrode wire 10 has a core made of a copper clad steel wire
13, it has a high strength at high temperatures and a high conductivity. in
addition, It is excellent in electric discharge capacity, since the average
concentration of zinc in the copper-zinc alloy layer 14 is controlled
within the range of from not less than 10% by weight to less than 50% by
weight and the concentration of zinc in the copper-zinc alloy layer is
gradually increased along the radially outward direction at a predetermined
so gradient. Adhesion of copper to the work piece during the electric
discharge machining step is prevented by the provision of the copper-zinc
alloy layer 14. A uniform thick zinc layer can be deposited over the outer
periphery of the core wire by electroplating, followed by heating to
convert the zinc layer into the copper- zinc alloy layer In its entirety,
to result in formation of uniform thick copper-zinc alloy layer 14. The
advantageous performance characteristics of the electrode wire for use in
electric discharge 35 machining process, according to the second embodiment
of the invention, will now be described with reference to some experimental
data. In accordance with this second embodiment, a variety of electrode
wire samples, each having a diameter of 0.2 mm, were produced by varying
the coating ratio of copper in the copper clad steel wire 13 and by varying
the thickness of the copper-zinc alloy layer 14 having an average
concentration of zinc 40 within the range of not less than. 10% by weight
and less than 50% by weight and having a concentration gradient such that
the concentration of zinc therein Is increased gradually along the radially
outward direction. As the control samples, a copper wire and a brass wire
(Cu: 65%, Zn: 35%), each having a diameter of 0.2 mm, were used as the
electrode wires in the wire electric discharge machining process. The
machining speed, accuracy in machining, frequency of breakdown of each wire
(showing the strength of 45 each wire at high temperatures and the
stability at the spark discharge step) and economical evaluation of each of
the electrode wire samples, copper wire and brass wire were compared and
appraised. The results of comparison are shown in Table 2. In Table 2, B(3)
indicates that the electrode wire was broken at the initial stage of spark
discharge, i.e., at the time of initiating the spark discharge between the
electrode wire and the work piece. so     As will be seen from Table 2, the
electrode wires for use in electric discharge machining process, prepared
in accordance with the second embodiment and having a copper 55 7    



EP 0 185 492 B1 [err] [err] [err] 10 C [err] [err] [err] [err] [err] [err]
[err] 0                                       [err] [err] 50
[err] coating ratio of from 10% to 70% and a thickness of the copper-zinc
alloy layer of from 0.1 to 15 microns (wherein the average concentration of
zinc is not less than 10% by weight and less than 50% by weight, 55  and
the concentration of zinc is gradually increased along the radially outward
direction), are superior over the conventional electrode wires including
the copper and brass wires In machining speed, accuracy In machining, and
resistance to breakdown. The electrode wire, according to the second
embodiment of the Invention wherein the concentration of 8    EP 0185 492
B1 zinc In the copper-zinc alloy layer is increased gradually, Is further
Improved in machining speed, accuracy in machining and resistance to
breakdown, when compared with the copper clad steel wire coated with a
copper-zinc alloy layer wherein the concentration of zinc Is not changed
gradually. When the thickness of the copper-zinc alloy layer exceeds 15
microns, the manufacturing costs will 5  increase but a further improvement
in machining speed, accuracy and resistance to breakdown will not be
expected. The relation between the concentration gradient of zinc and the
kinds of copper-zinc alloys formed will now be briefly described. The
copper-zinc alloy layer formed through the heating step under certain
conditions includes from the outer surface thereof an e phase alloy layer
(Zn: about 80%), a [err] phase alloy 10  layer (Zn: about 65%), a [err]
phase alloy layer (Zn; about 45%) and a a phase alloy layer (Zn: about
35%), the [err] and [err] phases being those used In a Hansen's phase
diagram. The copper-zinc alloy layer having a certain concentration
gradient of zinc indicates that the layer includes some of the
above-described different phase alloy layers. Upon an extensive study of
the relation between the formation of the alloy layers and the machining
performance, It has been found that the is machining speed is remarkably
improved when the copper-zinc alloy layer formed on the wire Includes the
alloy layer having the concentration of zinc of 40 to 50% by weight, that
is the [err] phase alloy layer. The average concentration of zinc in the
copper-zinc alloy layer is preferably controlled within the range of not
less than 10% by weight and less than 50% by weight, for the following
reasons. Fig. 3(a) shows a longitudinal section of a portion of an
electrode wire 20 which has not yet been subjected to heating 20 treatment.
The electrode wire 20 comprises a copper clad layer 22 covering the outer
periphery of a steel wire, and a uniform thick zinc layer 24 covering the
outer periphery of the copper clad layer 22. Fig 3(b) shows the
concentration distribution of copper in the copper layer 22 and the
concentration distribution of zinc in the zinc layer 24 in the electrode
wire shown in Fig. 3(a) (the concentration of copper being shown 



by the real line and the concentration of zinc being shown by the broken
line). The ordinate of Fig. 3(b) 26 represents the percentage of
concentration of copper and zinc, and the abscissa of the figure represents
the radial location of the electrode wire 20. As seen from Figs. 3(a) and
3(b), since the electrode wire 20 has not yet been subjected to heating
treatment, no thermal dispersion is found and no copper-zinc alloy layer is
formed in the outermost layer of the electrode wire 20. Fig. 4(a) shows a
longitudinal section of a portion of an electrode wire 30 which has been
subjected to 30 insufficient heating treatment. The electrode wire 30 has a
copper layer 32 covering the outer periphery of a steel wire, and a
copper-zinc alloy layer 34 covering the outer periphery of the copper layer
32. Referring to Fig. 4(b) to inspect the concentration distributions of
copper and zinc in the copper-zinc alloy layer 34 (the concentration of
copper being shown by the real line and the concentration of zinc being
shown by the broken line), it is found that the area BCE is larger than the
area ABCD. This means that the average 35 concentration of zinc is more
than 50% by weight Fig. 5(a) shows a longitudinal section of a portion of
an electrode wire 10 which has been subjected to sufficient heating
treatment. The electrode wire 10 has a copper layer 12 covering the outer
periphery of the steel wire, and a copper-zinc alloy layer 14 covering the
outer periphery of the copper layer 12. Referring to Fig. 5(b) to inspect
the concentration distributions of copper and zinc in the copper-zinc alloy
layer 14 (the 40  concentration of copper being shown by the real line and
the concentration of zinc being shown by the broken line), it is found that
the area GHJ is smaller than the area FGHI. This means that the average
concentration of zinc is less than 50% by weight. The concentration
gradient of zinc will now be more fully described with reference to Fig. 6
which illustrates the results of measurement of the copper and zinc at a
cross-section of the electrode wire 45 identified by Fig. 5. In Fig. 6, the
solid line represents the relative value of the copper to the zinc measured
by an electron probe micro analyzer (EPMA), while the broken line
represents the relative value of zinc to the copper measured by the same
EPMA. It will be appreciated from Fig. 6 that the relative value of the
zinc or the concentration of zinc, at the surface of the wire is 53%,
however that the average concentration of copper of so  the copper-zinc
alloy layer having a thickness of 10 microns exceeds 50%. In other words,
the average concentration of zinc of the alloy layer is less than 50%. It
should be noted that the broken line representing the concentration of zinc
in Fig. 6 has a plateau at the concentration level of 45%. Some examples
show that the concentration of zinc may have a plurality of plateaus and
that the plateaus may appear at concentration levels of other than 45%. 55
Electrode wire samples were prepared by changing the temperature and time
of the heating treatment to vary the average concentration of zinc in the
copper-zinc alloy layer, and the samples including those shown in Figs.
3(a), 3(b). 4(a), 4(b), 5(a) and 5(b) were then subjected to comparison
tests to learn the difference in machining speed of respective samples. The
results are shown in Fig. 7. The ordinate of Fig. 7 9    EP 0 185 492 B1
represents the average concentration of zinc in the copper-zinc alloy layer
and the abscissa  of Fig. 7 represents the machining speeds of the
electrode wires, each comprising a copper clad steel wire having a coating
ratio of 50% and a 1 micron thick copper-zinc alloy layer, on the basis of
the machining speed of a brass wire. The machining speed of a zinc-plated
brass wire which was used as a control example was 1.4 5  times as high as
that of the brass wire, the result being plotted by the broken line in Fig.
7. It should be apparent from Fig. 7 that the electrode wires, each
comprising a copper clad steel wire having a coating ratio of copper of 50%
and a 1 micron thick copper-zinc alloy layer containing zinc in an average
concentration of not less than 10% by weight and less than 50% by weight,
are higher in machining speed than that obtainable by the use of a control
sample made of a zinc-plated brass wire. 10     The spark discharge
characteristics of the electrode wire according to the second embodiment of
the 



invention is thus further improved by the provision of a 0.1 to 15 micron
thick copper-zinc alloy layer covering the outer periphery of a highly
conductive copper clad steel wire and having an average concentration of
zinc of not less than 10% by weight and less than 50% by weight, with the
concentration of zinc being Increased at a substantially linear gradient
along the radially outward direction. 15 Claims 1. An electrode wire for
use in wire electric discharge for machining a workpiece by means of
electric spark discharge, the electrode wire (10) comprising a core wire
made of a copper clad steel wire (13) 20     and a copper-zinc alloy layer
(14) covering the outer periphery of said core wire; wherein said alloy
layer has a thickness of from 0.1 to 15 microns, 10 to 70% of the sectional
area of said core wire Is occupied by copper, and the concentration of zinc
in said copper-zinc alloy layer is increased gradually along the radially
outward direction at a predetermined concentration gradient. 25  2. An
electrode wire according to claim 1, wherein the average concentration of
zinc in said copper-zinc alloy layer (14) is less than 50% by weight but
not less than 10% by weight. 3. A process for preparing an electrode wire
for use in wire electric discharge machining a workpiece. by means of
electric spark discharge, comprising: 30        (a) the step of preparing a
core wire made of a copper clad steel wire (13) wherein 10 to 70% of the
sectional area is occupied by copper: (b) the step of depositing a zinc
layer over the outer periphery of said core wire by electroplating; and (c)
the step of heating said core wire coated with said zinc layer so as to
disperse copper in said 36        zinc layer to convert said zinc layer
into a copper-zinc alloy layer (14). 4. A process according to claim 3,
further comprising the step of elongating said core wire (13) coated with
said zinc layer prior to said heating step (c). 40  5. A process according
to claim 3, further comprising the step of elongating said core wire (13)
coated with said copper-zinc alloy layer after said heating step (c). 6. A
process for preparing an electrode wire for use in wire electric discharge
machining a workplece by means of electric spark discharge, comprising: 45
(a) the step of preparing a core wire made of a copper clade steel wire
(13) wherein 10 to 70% of the sectional area is occupied by copper; (b) the
step of dipping said core wire in a molten zinc bath so as to form a
copper-zinc alloy layer (14) covering the outer periphery of said core wire
and a zinc layer covering said copper-zinc alloy layer; and 50       (c)
the step of heating said core wire coated with said copper-zinc alloy layer
and said zinc layer to disperse copper in said zinc layer thereby to covert
said zinc layer into a second copper-zinc alloy layer. 7. A process
according to claim 6, further comprising the step of elongating said core
wire (13) coated 55     with said copper-zinc alloy layer and said zinc
layer prior to said heating step (c). 8. A process according to claim 6,
further comprising the step of elongating said core wire (13) coated with
said second copper-zinc alloy layer after said heating step (c). 10    EP 0
185 492 B1 represents the average concentration of zinc in the copper-zinc
alloy layer and the abscissa of Fig. 7 represents the machining speeds of
the electrode wires, each comprising a copper clad steel wire having a
coating ratio of 50% and a 1 micron thick copper-zinc alloy layer, on the
basis of the machining speed of a brass wire. The machining speed of a
zinc-plated brass wire which was used as a control example was 1.4 5  times
as high as that of the brass wire, the result being plotted by the broken
line in Fig. 7. 



It should be apparent from Fig. 7 that the electrode wires, each comprising
a copper clad steel wire having a coating ratio of copper of 50% and a 1
micron thick copper-zinc alloy layer containing zinc in an average
concentration of not less than 10% by weight and less than 50% by weight,
are higher in machining speed than that obtainable by the use of a control
sample made of a zinc-plated brass wire. 10     The spark discharge
characteristics of the electrode wire according to the second embodiment of
the invention is thus further improved by the provision of a 0.1 to 15
micron thick copper-zinc alloy layer covering the outer periphery of a
highly conductive copper clad steel wire and having an average
concentration of zinc of not less than 10% by weight and less than 50% by
weight, with the concentration of zinc being Increased at a substantially
linear gradient along the radially outward direction. 15 Claims 1. An
electrode wire for use in wire electric discharge for machining a workpiece
by means of electric spark discharge, the electrode wire (10) comprising a
core wire made of a copper clad steel wire (13) 20  and a copper-zinc alloy
layer (14) covering the outer periphery of said core wire; wherein said
alloy layer has a thickness of from 0.1 to 15 microns, 10 to 70% of the
sectional area of said core wire is occupied by copper, and the
concentration of zinc in said copper-zinc alloy layer is increased
gradually along the radially outward direction at a predetermined
concentration gradient. 25  2. An electrode wire according to claim 1,
wherein the average concentration of zinc in said copper-zinc alloy layer
(14) is less than 50% by weight but not less than 10% by weight 3. A
process for preparing an electrode wire for use in wire electric discharge
machining a workpiece by means of electric spark discharge, comprising: 30
(a) the step of preparing a core wire made of a copper clad steel wire (13)
wherein 10 to  70% of the sectional area is occupied by copper; (b) the
step of depositing a zinc layer over the outer periphery of said core wire
by electroplating; and (c) the step of heating said core wire coated with
said zinc layer so as to disperse copper in said 36        zinc layer to
convert said zinc layer Into a copper-zinc alloy layer (14). 4. A process
according to claim 3, further comprising the step of elongating said core
wire (13) coated with said zinc layer prior to said heating step (c). 40
5. A process according to claim 3, further comprising the step of
elongating said core wire (13) coated with said copper-zinc alloy layer
after said heating step (c). 6. A process for preparing an electrode wire
for use in wire electric discharge machining a workpiece by means of
electric spark discharge, comprising: 45       (a) the step of preparing a
core wire made of a copper clade steel wire (13) wherein 10 to 70% of the
sectional area is occupied by copper; (b) the step of dipping said core
wire in a molten zinc bath so as to form a copper-zinc alloy layer (14)
covering the outer periphery of said core wire and a zinc layer covering
said copper-zinc alloy layer; and 60       (c) the step of heating said
core wire coated with said copper-zinc alloy layer and said zinc layer to
disperse copper in said zinc layer thereby to covert said zinc layer into a
second copper-zinc alloy layer. 7. A process according to claim 6, further
comprising the step of elongating said core wire (13) coated 55     with
said copper-zinc alloy layer and said zinc layer prior to said heating step
(c). 8. A process according to claim 6, further comprising the step of
elongating said core wire (13) coated with said second copper-zinc alloy
layer after said heating step (c). 10    EP 0 185 492 B1 



Revendications 1. Fil d6lectrode pour etre utilise dans la decharge
6lectrique I fil pour l'usinage d'une piece A travalilbr *           au
moyon d'une decharge a 6tincelle electrique, le fll d'electrode (10)
comprenant un fill central fait 5      d'un fll (13) d'acier plaqu4 de
culvre et une couche (14) dalmlage culvre-zinc couvrant la peripherie
exterieure dudit fil central; dans lequel ladite couche d'almlage a une
dpalsseur comprise entre 0,1 et 15 microns, 10 a 70% de lalre sectionnelle
dudit fil central est occupee par le cuivre, et la concentration en zinc
dans ladite couche d'alliage cuivre-zinc est augmentde progressivement le
long de la direction extdrleure radiale A un gradient de concentration
determind. 10 2. Fil de6lectrode selon la revendication 1, dans lequel la
concentration moyenne de zinc dans ladite couche (14) d'alliage cuivre-zinc
est infdrieure & 50% en polds mal nWest pas molns que 10% en polds. 15  3
Procede pour la preparation d'un fil d'6lectrode pour Stre utilis6 dans l
usinage par decharge 6lectrique a fll d'une piece a travailler au moyen
d'une decharge a etincelle electrique, comprenant: (a) I'etape do preparer
un fil central falt d'un fil (13) d'acler plaqud de cuivre dans loquel 10 a
70% de lFaire sectionnelle est occupdo par le cuivre; (b) Ietape de d6poser
une couche de zinc sur la pdriphdrie exterieure dudit fil central. par 20
electrodeposition; et (c) I 6tape de chauffer ledit Ill central rov8tu de
ladite couche de zinc de maniere a disperser le cuivre dans ladite couche
de zinc pour convertir ladite couche de zinc en une couche (14) d'alliage
cuivre-zinc. z6  4. Proc6d6 selon la revendication 3, comprenant en outre
it6tape d allonger ledit fil central (13) rev~tu de ladite couche de zinc
avant ladite etape de chauffage (c). 6. Proc6d4 selon la revendication 3,
comprenant en outre l dtape d'allonger ledit fll central (13) revAtu de
ladite couche d'alliage cuivre-zinc apres ladite etape de chauffage (c).
930 6. Procede pour la prdparation d'un fil d'eiectrode pour Otre utillsd
dans l'usinage par decharge electrique a fil d'une pibce a travalifer au
moyen d'une ddcharge & etfncelle dlectrique, comprenant: (a) I etape de
prdparer un fil central fait d'un fli (13) d'acler plaque de culvre dans
loquel 10 a 70% de lPairs sectionnelle est occupee par le culvre; 35
(b) 16tape de tremper ledit fil central dans un bain de zinc en fusion de
maniire & former une couche (14) d'alliage cuivre-zinc couvrant la
periphdrie extdrleure dudit fil central et une couche de zinc couvrant
ladite couche d'alilage cuivre-zinc; et (c) I etape de chauffer ledit fil
central revetu de ladite couche d'allage zinc-cuivre et ladite couche de
zinc pour disperser le cuivre dans ladite couche de zinc pour convertir par
I& m~me ladite 40       couche de zinc on une seconde couche d'alliage
culvre-zinc. 7. Proc~d6 selon la revendication 6, comprenant en outre
letape d'allonger ledit fil central (13) rev~tu de ladito couche d'alliage
cuivre-zinc et ladite couche de zinc avant laditb 6tape de chauffage (c).
i6  8. Proc~dd selon la revendication 8, comprenant en outre l'tape
d'allonger ledit fil central (13) revetu de ladite seconde couche d'aliiage
cuivre-zinc aprbs ladite etape de chauffage (c). PatentansprUche 50  1.
Elektrodendraht zur Verwendung bel elektrischer Entladung mit Draht zur
Bearbeitung elnes Werk- stUcks mittels elektrischer Funkenentladung, wobel
der Eloktrodendraht (10) elnen aus elnem'kupfer- piatterten Stahldraht (13)
bestehenden Kemdraht und elne den AuBenumfang des Kerndrahtes bedek- kende
Schicht (14) aus Kupfer-Zhnk-Leglerung umfalt; wobel die Leglerungsschicht
eine Dicke von 0,1 bia 15 Mlkrometem aufwelst, 10 bis 70% der Schnittfilch6
des Kemdrahtes mit Kupfer belegt sind, und 66     die Zinkkonzentration in
der Schicht aus Kupfer-Zink-Legierung entlang der radial nach auBen gehen-
den Richtung bei einem vorbestimmten Konzentrationsgefalle allmAhllch
erh6ht wird. 2. Elektrodendraht nach Anspruch 1, wobel die
durchschnittliche Zlnkkonzentratlon In der Schicht (14) aus 11
1 1||~~~~~~~11 11111 1111l11111 11 11111 



EP O  185 492 B1 Kupfer-Zink-Legierung geringer als 50 Gewichtsprozent,
doch nicht geringer als 10 Gewichtsprozent ist. 3  Verfahren zum
Vorbereiten eines Elektrodendrahtes zur Verwendung be! elektrischer
Entladung mit Draht zur Bearbeitung eines Werksttcks mittels elektrischer
Funkenentiadung, welches die folgenden 5      Schritte umfa0t: (a)
Vorbereiten eines aus einem kupferplaffierten Stahldraht (13) bestehenden
Kemdrahtes, bel dem 10 bis 70% der Schnittfilche mit Kupfer belegt sind;
(b) Aufbringen einer Zinkschicht Uber dem AuBenumfang des Kerndrahtes durch
Galvanisieren; und (c) Erwarmen des mit der Zinkschicht beschichteten
Kerndrahtes, um in der Zinkschicht zur - 0       Umwandlung der Zinkschicht
In eine Schicht (14) aus Kupfer-Zink-Leglerung Kupfer zu verteilen. 4.
Verfahren nach Anspruch 3, weiches femer den Schritt des Dehnens des mit
der Zinkschicht beschichteten Kerndrahtes (13) vor dem Erwgrmungsschritt
(c) umfatt. 16  5. Verfahren nach Anspruch 3, weiches ferner den Schritt
des Dehnens des mit der Schicht aus Kupfer- Zink-Legierung beschichteten
Kerndrahtes (13) nach dem Erwarmungsschritt (c) umfaBt. 8. Verfahren zum
Vorbereiten eines Elektrodendrahtes zur Verwendung bel elektrischer
Entladung mit Draht zur Bearbeitung eines Werkstflcks mittels elektrischer
Funkenentladung, weiches die folgenden 20     Schritte umfaet. (a)
Vorbereften eines aus einem kupferplattierten Stahidraht (13) bestehenden
Kemdrahtes, bei dem 10 bis 70% der Schnittfilche mit Kupfer bebegt sind;
(b) Tauchen des Kemdrahtes In eln Zinkbad zur Bildung einer Schicht (14)
aus Kupfer-Zink- Leglerung, die den AuBenumfang des Kemdrahtes bedeckt, und
elner ZInkschicht, die die Schicht 2S        aus Kupfer-Zink-Legierung
bedeckt; und (c) Erwarmen des mit der Schicht aus Kupfer-Zink-Legierung und
der ZInkschicht beschichteten Kemdrahtes, urn in der Zinkschicht Kupfer zu
verteilen und darnit die Zinkschicht in eine zweite Schicht aus
Kupfer-Zink-Legierung umzuwandeln. ao, 7. Verfahren nach Anspruch 8,
welches ferner den Schritt des Dehnens des mit der Schicht aus Kupfer-
Zink-Legierung und der Zinkschicht beschichteten Kerndrahtes (13) vor dem
Erwarmungsschritt (c) umfapt. &  Verfahren nach Anspruch 6, welches ferner
den Schritt des Dehnens des mit der zweiten Schicht aus 3s
Kupfer-Zink-Legierung beschichteten Kerndrahtes (13) nach dem
Erw~rmungsschritt (c) umfaRt. 40 45 50 55 12
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