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COPPER ALLOY WIRE, AND INSULATED ELECTRIC WIRES AND
MULTIPLE CORE PARALLEL BONDED WIRES MADE OF THE SAME

BACKGROUND Of THE INVENTION
Fleld of the Invention

The present invention relates to a copper alloy wire
suitable for a conductor for use in wirings for magnetic
heads, and insulated electric wires and multiple core
parallel bonded wires including the copper alloy wire as a
conductor. More particularly, the present invention
relates to those which are suitable for use as fine wires
having excellent electroconductivity, tensile strength and
elongation and having é wire diameter of no larger than 90
- .
Brior Art

Recently, there has been rapidly increased a demand
for fine copper wires having a wire diameter of no larger
than 0.1 mm, particularly those having a wire diameter of
no larger than 50 jm in the field of copper wires and core
wires for magnetic head windings élong with the development
of electronic devices.

Along with the fining of copper wiréd, hoWevér, there
have arisen some problems that upon windiﬁg of wifes
breakage of the wires tends to occur and the terminals of
the wires tend to be bent . For example, when a copper

fine wire is wound around the ferrite core portion of a



magnetic head through its window portion, it will be
difficult to pass the wire through the window portion if
the terminals of the wire are bent. If this did actually
otcur, emergency measures could be taken in the case where
winding was carried out by manual operation. However, in
automatic winding steps using robots whose introduction has
recently been accelerated for labor-saving, the ocCcurrence
of such breakage or bending of wires unavoidably leads to
reduction in productivity. Therefore,.copper fine wires
used as a core wire of a magnetic head winding are required
to have increased tensile strength, elongation, as well as
improved bending resistance without decreasing in
electroconductivity.

However, when copper fine wires are formed by a
drawing method comprising drawing a copper wire stock to a
high reduction ratio which is a method generally used for
increasing the tensile strength of copper wires, the
elongation of wire decreases so that desired elongation
cannot be obtained and electroconductivity of the resulting
fine wire is deteriorated. On the other hand, whgH the
copper fine wire obtained by reduction is annealed to fully
soften in order to increase elongation, there ariseés a
problem that no desired tensile strength and bending

resistance can be obtained.



SUMMARRY OF THE INVENTION

Under the circumstances, it is an object of the
present invention to provide é copper alloy wire which has
an improved bending resistance without decreasing of
electroconductivity and can prevent breakage and bending of
the wire upon winding.

Another object of the present invention is to provide
insulated electric wires made from such improved copper
alloy wire.

Still another object of the present invention is to
provide multiple core parallel bonded wires made from such
improved copper alloy wire.

As a result of extensive investigations, the present
invention has been completed and provides a copper alloy
wire having a composition composed of no less than 0.01 %
by weight of Ag and balance Cu and unavoidable impurities,
wherein saild copper alloy wire has been prepared by drawing
a wire stock having said composition at a reduction ratio
of no lower than 40 % and subjecting said wire stock to
heat treatment for half annealing to have a tensile
strength of no lower than 27 kg-f/mm2 and an elongation of
5 %.

Also, the present invention provides an insulated
electric wire comprising the above copper alloy wire as a

conductor and an insulation layer covering the conductor.



Furthermore, the preseﬁt invention provides a multiple
core parallel bonded wire comprising two or more of the
above insulated electric wire parallel bonded to each other

as cores.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagrammatical perspective view of the
multiple core parallel bonded wire of the present
invention; and |
Fig. 2 is a graph representing the relationship
between the wire diameter and elongation strength of the
multiple core parallel bonded wire according to a épecific

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The copper alloy wire of the present invention is made

of a copper alloy which comprises 0.01 % by weight of Ag
and balance Cu and unavoidable impurities. The content of
Ag is preferably in the range of 0.02 to 0.5 % by weight.
The Cu may be tough.pitch copper which is usually used but
it is preferred to use oxygen free copper (OFC), if
possible. The oxygen free copper is preferably of a purity

of no lower than 99.,99%.
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If the Ag content is less than 0.01 % by weight, the
Ag content is insufficient and the softening temperature
{recrystallization temperature) cannot be elevated
sufficiently, resulting in that the resulting copper alloy
wire tends to be fully softened ih an enameling step or the
like. For this reason, the Ag content in the wire stock is
set up to no less than 0.01 % by weight. On the contrary,
the Ag content exceeding 0.5 % by weight is inconvenient
because not only the resistance of the conductor increases
but also cost becomes higher. The oxygen content of the
oxygen free copper is set up to no more than 30 ppm. If it
exceeds 30 ppit, the amount of non-metal contaminants
composed of oxides increases, resulting in that there tends
to occur breakage of the wire upon drawing. The oxygen
free copper to be used in the present invention may contain
some unavoidable impurities but itlis preferred that total
amount of the unavoidable impurities be no more than 0.008
% by weight.

Wires are cast from the copper alloy having the above-
described composition by a conventional casting method, and
then the resulting wires are processed by a conventional
drawing method at a reduction ratio of no lower than 40 %
to obtain multiple fine wires having a desired outer

diameter, e.g., 50 pm. The drawing can be carried out

dividedly in several steps. For example, wires having a
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diameter of 16 to 20 mm are cast and drawn to wires having
a diameter of 1 to 2 mm. Then, the wires are annealéd in
an inert gas atmosphere to full anneal them (full softening
treatment), followed by drawing them at a reduction ratio
of no lower than 40 %, preferably no lower than 90 %, and
more preferably no lower than 99.9 %, to obtain fine wires
having én objective outer diameter, for example, 50 pm. By
the term "reduction ratio of no lower than 40 %" referred
to herein is meant that the reduction ratic of the wire
after the final drawing step in order to obtain the
objective outer diameter of the wire is no lower than 40 %.
Therefore, while it is possible to carry out annealing
properly in a series of drawing steps, the reduction ratio
of the wire in the final drawing must be no lower than 40
%.

If the reduction ratio as defined above is lower than
40 %, the resulting copper alloy wire cannot have a desired
tensile strength after production.

Next, the wire stock which has been subjected to the
drawing at a reduction ratio of no lower than 40 % as |
described above is then subjected to heat treatment for
half annealing. By the term "heat treatment for half
annealing” herein is meant a heat treatment which is
carried out on a generally cold-worked meta; to a degree

such that recrystallization proceeds halfway.
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Theréfore, specific conditions under which the heat
treatment for half annealing is carried out include
temperature and time which can be set up in very wide
ranges, respectively. Principally, it is sufficient to
select temperature and time conditions which meet
activation energy for recrystallization.

In the present invention, the conditions, i.e.,
temperature and time of heat treatment for half annealing
are set up so that the wire after the heat treatment for
half annealing has a tensile strength of no lower than 27
kg-£/mm2, . preferably 27 to 35 £/mm? and an elongation of no
lower than 5 %, preferably 5§ to 15 %. It is preferred to
carry out the heat treatment_for.half annealing in a non-
oxidative atmosphere such as an inert gas atmosphere.

If the copper alloy wire has a tensile strength of
lower than 27 kg-f/mmz, a desired bending strength cannot
be obtained in the winding step and breakage of the wire
tends to occur. On the other hand, if the wire has an
elongatioh of lower than 5 %, the wound, coil-shaped wire
tends to be bent back to cause so-called spring back, thus
making it difficult to carry out winding. Therefore, it is
necessary to carry out heat treatment for half annealing so
that there can be obtained sufficient mechanical
characteristics such as a tensile strength of no lower than

27 kg-f/mm2 and an elongation of no lower than 5 %.



In the present invention, it is preferred to prepare

fine wires having a diameter of no larger than 90 pm,
preferably no larger than 50 pum from the thus-obtained
wire.

The copper alloy wire thus obtained has a tensile
strength more than is necessary and a proper elongation,
and its mechanical characteristics such as tensile strength
and elongation in the subsequent enameling step are not
deteriorated to below values desired for cores of winding.

Therefore, the wire causes no breakage in the step of
winding and has an excellent bending resistance, resulting
in that the terminals of the copper alloy wire are not
bent, for example, when it is passed through the window
portion of a magnetic head iﬁ the step of winding it around
the ferrite core portion of the magnetic head.

Accordingly, according to the present invention, the
mechanical characteristics, such as bending resistance,
tensile strength and elongation, of the wire can be
improved without deteriorating its electroconductivity so
that breakage and bending of the copper alloy wire in the
step of winding can be prevented.

Next, explanation will be made on the insulated
electric wire of the present invention.

The insulated electric wire of the invention comprises

the above-described copper alloy wire as a conductor and an
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insulation layer covered on the conductor. The insulation
layer can be formed by coating and baking an insulation
coating material such as polyester, polyurethane,
polyesterimide, polyamideimide, polyamide, polyhydantoin,
polyimide, polyvinylformal, polyvinylbutyral, epoxy resins
and silicone resins by conventional methods. Among the
coating materials, most preferred is polyurethane in view
of solderability. The thickness of the insulation layer is
not limited particularly but is preferably small for the
purpose of the present invention. Usually, the thickness of
the insulation layer is no larger than 10 um, preferably 5
.,

In addition, a protective layer may be provided on the
insulation layer, if desired.

The protective layer, which is provided in order to
prevent mechanical damages and the like of the insulation
layer, can be formed by coating and baking an insulation
coating material such as polyester, polyurethane,
polyesterimide, polyamideimide, polyamide, polyhydantoin,
polyimide, polyvinylformal, polyvinylbutyral, epoxy resins
and silicone resins. Instead of the protective layer, a
self-lubricating layer made of polyamide or the like or a
self-bonding layer made of polyvinylbutyral, polyamide or

the like may be provided on the insulation layer.
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It is preferred that the insulated electric wire of
the present invention be an fine electric wire also having
a small outer diameter of no larger than 90 jm.

Now, referring to the accompanying drawings,
explanation will be made on the multiple core parallel
bonded wire of the present invention.

| Fig. 1 illustrates a mulﬁiple core parallel bonded
wire accbrding to one embodiment of the present invention.
In Fig. 1, reference numeral 1 designates an insulated
wire. The insulated wire 1 includes a conductor 2 on which
an insulation layer 3 is covered, and a protective layer 4
is further covered on the insulation layer 3.

The conductor 2 is made of the above-described copper
ailoy wire, whose diameter is not limited particularly.

However, for the purpose of the present invention, it is

desirable that the diameter is no larger than 50 pm as
described above, preferably no larger than 40 um.

On the conductor 2 is provided an insulation layer 3.
The insulation layer can be formed by coating and baking an
insulation coating material such as polyester,
polyurethane, polyesterimide, polyamideimide, polyamide,
polyhydantoin, polyimide, polyvinylformal,
polyvinylbutyral, epoxy resins and silicone resins by
conventional methods. Among these coating materials, most

preferred is polyurethane in view of solderability. The
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thickness of the insulation layer 3 is not limited
particularly but is preferably small for the purpose of the
present invention. Usually, the thickness of the insulation
layer 3 is no larger than 10 pm, preferably 5 Hm.

Furthermore, on the insulated layer 3 is provided a
prétective layer 4 to form the insulated wire 1.

The protection layer 4 is to prevent mechanical
damages or the like of the insulation layer 3 and thus is
not always indispensable. The protection layer 4 can be
formed by coating and baking an insulation coating material
such as polyester, polyurethane, polyesterimide,
polyamideimide, polyamide, polyhydantoin, polyimide,
polyvinylformal, polyvinylbutyral, epoxy resins and
silicone resins by conventional methods. Among these
coating materials, most preferred is polyurethane in view
of solderability. Instead of the protection layer 4, a
self-lubricating layer made of nylon or the like or a self-
bonding layer made of polyvinylbutyral or the like may be
"provided on the insulation layer 3.

Two pieces of the above-described insulated wire 1 are
arranged and bonded parallel.to each other with an adhesive
resin composition to form a double core parallel bonded
wire 5. In Fig. 1, reference numeral 6 designates an
adhesive layer 6 composed of the adhesive resin

composition. As the adhesive resin composition, there can
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be cited, for example, polyamide, polyvinylbutyral,
polysulfone, polysulfone ether, epoxy resins, phenoxy
resins and the like, and thermosetting resins compbsed of
one or more of the above-described resins and a curing
agent such as an isocyanate compound, an aminoplast
compound or an acid anhydride. The thickness of the
adhesive layer 6 is on the order of 1 to 10 Um. Of course,
the thinner the more preferred. |

Double core parallel bonded wire 5 can also be
obtained without using the above-described adhesive resin
composition. That is, the protective layer 4 or the
insulation layer 3 itself can be used simultaneously as an
adhesive resin composition. This can be realized by
properly selecting the resin composition which constitutes
the protective layer 4 or the insulation layer 3 and
properly setting up the thickness thereof.

In the present invention, the parallel bonded wire may
be those which can be obtained by bonding two pieces of the
insulated wire 1 to each other along their longitudinal
direction with interruptions or intermittently. In other
words, bonded portions and non-bonded portions may appear
alternately in the longitudinal direction of the double

core parallel bonded wire.
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Furthermore, three or more pieces of the insulated
wire 1 can be arranged parallel to each other and bonded to
form a multiple core parallel bonded wire.

The multiple core parallel bonded wire thus obtained
has a high tensile strength despite its conductor diameter
being small and therefore it will not break upon automatic
winding or upon assembling after separation of the wire
stock. In addition, despite the conductor diameter being:
small, the resistance of the conductor does not increase,
resulting in that there is no increase in the direct
current resistance even when the number of winding
increases. Furthermoré, the use of oxygen free copper
gives rise to good high frequency characteristics,
permitting transmission of signals up to 10 MHz at a low
transmission loss.

Hereafter, the invention will be explained in greater
detail by concrete examples.

Test Examples 1 to 6

Silver (Ag) was added to oxygen free copper containing
8 ppm of oxygen and 0.006 % by weight of unavoidable
impurities in various proportions and the resulting copper
alloys were manufactured by a dip forming method to obtain
wires having an outer diameter of 16 mm. Then the wires

were drawn at a reduction ratio of no lower than 99.9 % to

obtain fine wires of a diameter of 40 {m using a continuous
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drawing machine. The fine wires were subjected to heat
treatment for half annealing in an annealing furnace at
400°C to obtain conductors.

These conductors were measured on their condnctivity.

The results obtained are shown in Table 1 below.

Table 1 (Test Examples 1 to 6)

Diameter

Run Amount of
No. of Ag Conductor Conductivity
(wt. %) (Hm} {%, IACS)
1 0.005 40 : 1q00
2 0.01 40 ' 100
3 0.1 40 100
4 0.2 40 99
5 0.5 - 40 98
6 0.6 40 97

The results in Table 1 revealed that when th& content
of silver was not larger than 0.5 % by weight, theg

conductivity becomes practically 100% of IACS.

Test Examples 7 to 9
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Silver (0.1 % by weight) was added to oxygen free
copper containing 8 ppm of oxygen and 0.006 % by weight of
unavoidable impurities, and the resulting copper alloy was
drawn by a dip forming method to obtain a wire having a
diameter of 2.6 mm. Then the wire was drawn to obtain a
wire having a diameter of 50 to 1270 jm, which was then
fully annealed in an annealing furnace at 600°C.

The resulting wire was drawn at various reduction
ratios to obtain fine wires having a diameter of 40 um.

These conductors were measured on their, tensile
strength and elongation.

The results obtained are shown in Table 2 below.

Table 2 (Test Examples 7 to 9)

Diameter
Run of Tensile Elongation
No. Ratio Conductor Strength
(%) (}m) (kg £/mm?) (%)
7 99.9 40 50.0 0.2
8 42 40 27.5 11
9 37 40 26.4 15

As will be apparent from the results in Table 2, when

the reduction ratio was lower than 40 %, the tensile
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strength of the wire before the heat treatment for half
annealing was lower than 27 kg+£f/mm2, thus failing to give

a sufficient strength.

Test Examples 10 to 12

Silver (0.1 % by weight) was added to oxygen free
copper containing 8 ppm of oxygen and 0.006 % by weight of
unavoidable impurities, and the resulting copper alloy was
drawn by a dip forming method to obtain a wire having a
diameter of 16 mm. Then the wire was drawn to obtain a
wire having a diameter of 1.27 mm, which was full annealed.
Then the wire was drawn at a reduction ratio of no lower
than 99.9 % to obtain an fine wire having a diameter of 40
pm.

The fine wire was subjected to no heat treatment for
half annealing (Test Example 10), subjected to heat
treatment for half annealing at a temperature of 600°C
(Test Example 11) or subjected to heart treatment for half
annealing at a temperature of 700°C (Test Example 12) to
prepare respective conductors.

These conductors were measured on their, tensile
strength and elongation.

The results obtained are shown in Table 3 below.
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Table 3 (Test Examples 10 to 12)

Diameter
Run of Tensile
No. Conductor Strength Elongation
(Hm) (Kgf/mm?) (%)
10 40 50.0 0.2
11 40 27.5 11
12 40 23.2 16.5

As will be apparent from the results in Table 3, the
fine wire subjected to no heat treatment for half annealing
showed hardening due to the drawing, resulting in that it
had a decreased elongation and a poor flexibility. The
fine wire subjected to heat treatment for half annealing
revealed to have undérgone excessive softening, thus

failing to give sufficient tensile strength.

Test Example 13

The same conductor as obtained in Test Example 3
except that the diameter was changed to 30 «m was coated
with a polyurethane coating material and baked to cover
thereon a polyurethane insulation layer having a thickness

of 4 Um to prepare an fine insulated wire.
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The fine insulated wire was measured on the number of
pin-holes in the insulation layer, dielectric breaXdown
voltage, tensile strength, elonéation and solderability.
The number of pin-holes was expressed in number per 5 m of
enameled wire according to JIS-C-3003K. The soldexubility
was judged to be good when the wire was wetted with solder
at a solder temperature of 380°C in 2 seconds.

The results obtained are shown in Table 4 beldw.

Table 4 (Test Example 13)

Test Exampleé 13

Number of pin-holes (No./5 m) 0
Dielectric breakdown voltage (V) 2,905
Tensile strength (kg:f/mmZ2) 27.5
Elongation (%) 11
Solderability good
Resistance of conductor (£2/m) ' 23.25
Example 1

A phenoxy resin coating material was coated on the

fine insulated electric wire obtained in Test Example 13

(outer diameter: 38 um) and baked to cover thereon an
adhesive layer having a thickness of 1 lm., Two piedes of

the thus obtained wire were arranged parallel to each other

and passed through a heating furnace at about 200°C in
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close contact with each other to melt the adhesive layer to
bond the wires, thus preparing an fine double core parallel
bonded wire.

Various qharacteristics of the fine double core

parallel bonded wire are shown in Table 5 below.

Table 5 (Example 1)

Appearance good
Final diameter (um) 40 X 81
Separability of wires 1 to 2 seconds

Dielectric breakdown voltage (V) 3,000

Solderability good

Number of pin-holes after
separation of wires (No./5 m) 0

The graph illustrated in Fig. 2 represents
relationship between the wire diameter and tensile strength
for each of an enameled wire (A) containing 0.1 % by weight
of silver, an enameled wire (B) containing no silver, a
double core parallel bonded wire (C) obtained from the
enameled wire (A) and a double core parallel bonded wire

{D) obtained from the enameled wire (B).
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The graph clearly shows that the tensile strength of
the wire was significantly improved by the addition of
silver.

Example 2

A copper alloy wire containing 0.01 %_by weight of Ag
and having a diameter of 16 mm was drawn to obtain a wire
stock having a diameter of 2.6 mm. Then, after fully
annealing it in a furnace of an inert gas atmosphere, the
stock wire was drawn at a reduction ratio of no lower than
99.9 % to obtain an fine wire having a diameter of 40 pm.
Thereaftef, the fine wire was converted in a half-softened
state by annealing it at a temperature of 400°C in a
transfer annealing furnace of an inert gas atmosphere to
prepare an Ag containing-copper alloy fine wire having a

tensile strength of 35 kg-f/mm2 and an elongation of 5 %.

Example 3

The procedures of Example 2 were repeated except that

the speed at which the wire was transferred was made slower

to make longer retention time in the transfer annealing
furnace, i.e., annealing time than that in Example 2 to
prepare an Ag containing-copper alloy fine wire having a
tensile strength of 27 kg-f/mm2 and an elongation of 14.5

%.
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Example 4

A copper alloy wire containing 0.1 % by weight of Ag
and having a diameter of 16 mm was drawn to obtain a wire
stock having a diameter of 2.6 mm. Then, after fully
annealing it in a furnace of an inert gas atmosphere, the
stock wire was drawn to obtain an fine wire having a
diameter of 52 jim. Further, after fully annealing it in a
transfer annealing furnace of an inert gas atmosphere, the
wire stock thus obtained was drawn at a reduction ratio of
40.8 % to obtain an fine wire having a diameter of 40 Hm.
Thereafter, the fine wire was converted in a half-softened
state by annealing it at a temperature of 400°C in a
transfer annealing furnace of an inert gas atmosphere to
prepare an Ag containing-copper alloy fine wire having a
tensile strength of 27.7 kg-f/mm? and an elongation of 11

%‘

Comparative Example 1

The procedures of Example 2 were repeated except that
the speed at which the wire was transferred was made slower
to make longer retention time in the transfer annealing
furnace, i.e., annealing time than that in Example 3 to
prepare an Ag containing-copper alloy fine wire having a
tensile strength of 23.2 kg-f/mm2 and an elongation of 16.5

%‘
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Comparative Example 2

The procedures 6f Example 2 were repeated except that
the temperature of the transfer annealing furnace was
changed to 300°C and the speed at which the wire was
transferred was made slower to make longer retention time
in the transfer annealing furnace, i.e., annealing time
than that in Example 2 to prepare an Ag containing-copper
alloy fine wire having a tensile strength of 41 kg-f/mm2

and an elongation of 2.5 %.

Comparative Example 3

The progedures of Example 2 were repeated using the
same annealing treatment and reduction ratio except that
the starting material was changed to 99.99 % by weight
(four nine) oxygen free copper wire (diameter: 16 mm) and
the temperature of the transfer annealing furnace was
changed to 300°C to prepare a pure copper fine wire having
a tensile strength of 28 kg-:f/mm? and an elongation of 10 .
%.

Comparative Example 4
The procedures of Example 2 were repeated using the
same full annealing treatment and reduction ratio except

that the starting material was changed to 0.005 % by weight
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Ag containing-copper alloy rod (diameter: 16 mm} and the
temperature of the transfer annealing furnace was changed
to 300°C to prepare an Ag containing-copper alloy fine wire
having a tensile strength of 32 kg-f/mm? and an elongation
of 7 %.

Comparative Example 5

The same copper alloy wire as used in Example 4 was
drawn to obtain a wire stock having é diameter of 2.6 mm.
Then, after fully annealing it in a furnace of an inert gas
atmosphere, the stock wire was drawn to obtain a wire
having a diameter of 43 gum. Further, after fully annealing
it in a transfer annealing furnace of an inert gas
atmosphere, the wire thus obtained was drawn at a reduction
ratio of 13.5 % to obtain an Ag containing-copper alloy
fine wire'having a diameter of 40 gum and having mechanical
characteristics of a tensile strength of 25 kg.f/mm2 and an

elongation of 18 %.

The copper alloy fine wires (including copper fine
wires) obtained in Examples 2 to 4 and Comparative Examples
1 to 5 were measured on their conductivity (% IACS). Then,
after coating enamel on the periphery of the copper or
copper alloy wire wires and baking, they were examined if

they were softened. Furthermore, each of the resulting
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wire wires was wound around the ferrite core portion of a

magnetic head and degree of easiness of winding was

examined. The results obtained are shown in Table 6 below.

Table 6
Occurrence of
Conductivity softening in Basiness
{% IACS) enameling step of winding
Example 2 99 No Good
Example 3 100 No Good
Example 4 100 No : Good
Comparative 100 No Difficult to
Example 1 wind because
the wire
tended to be
bent.
Comparative 99 No Difficult to
Example 2 wind because
the wire
tended to
cause spring-
back.

Comparative 101 Yes Difficult to
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Exanmple 3 wind because
the wire
tended to be
bent.

Comparative 100 Yes Difficult to

Example 4 wind because
the wire
tended to be
bent.

Comparative 100 No Difficult to

Example 5 wind because

. the wire
tended to be
bent .

From Table 6 above, it will be clear that the copper
alloy fine wires having high conductivities as high as 99
to 100 $ IACS showed no softening after the baking of
enamel and were wound easily.

On the other hand, the copper alloy or pure-copper
fine wires obtained in Comparative Examples 1 to 5 had
sufficiently high conductivities of 99 to 101 % IACS.
However, the copper alloy fine wire obtained in Comparative
Example 1 in which the transfer annealing time was longer
than Example 1 and that obtained in Comparative Example 5
in which the reduction ratio was as low as 13.5 % did not

show softening after the baking enamel but had insufficient
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tensile strengths in the winding step, resulting in that
they had poor bending resistances and thus were difficult
to be wound. |

Also, the copper alloy fine wire obtained in
Comparative Example 2 in which the transfer annealing time
was shorter than Example 2 did not show softening after the
baking enamel but caused spring-back because of
insufficient elongation during he windihg step, thus making
it difficult to wind it. Furthermore, the pure copper fine
wire containing no Ag obtained in Comparative Example 3 and
the copper alloy fine wire with an Ag content of 0.005 % by
weight obtained in Comparative Example 4 suffered from
softening due to the baking of enamel to decrease their
tensile strengths, resulting in that their bending
resistances were poor and therefore it was difficult to

wind them.
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WHAT IS CLAIMED IS:

1. A copper alloy wire having a composition composed
of no less than 0.01 % by weight of Ag and balance Cu and
unavoidable impurities, wherein said copper alloy wire has
been prepared by drawing a wire stock having said
composition at a reduction ratio of no lower than 40 % and
subjecting said wire stock to heat treatment for half
annealing to have a tensile strength of no lower than 27

kg-£/mm?2 and an elongation of 5 %.

2. A copper alloy wire as claimed in Claim 1, wherein
said copper alloy wire has a tensile strength of 27 to 35§

kg-£/mm2,

3. A copper alloy wire as claimed in Claim 1, wherein

said copper alloy wire has an elongation of 5 to 15 %.

4, A copper alloy wire as claimed in Claim 1~3,

wherein oxygen free copper is used as Cu.

5. A copper alloy wire as claimed in Claim 1~4,

wherein said copper alloy wire has an outer diameter of no

larger than %0 um,
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6. A copper alloy wire as claimed in_Claim 5, wherein
said copper alloy wire has an outer diameter of no larger

than 40 fm.

7. An insulated electric wire having a copper alloy
wire as a conductor and an insulation layer covering the
conductor, wherein said copper alloy wire has a composition
composed of no less than 0.01 % by weight of Ag and balance
Cu and unavoidable impurities, and wherein said copper
alloy wire has been prepared by drawing a wire stock having
said composition at a reduction ratio of no lower than 40 %
and subjecting said wire stock to heat treatment for half
annealing to have a tensile strength of no lower than 27

kg-f/mm?2 and an elongation of 5 $%.

8. An insulated electric wire as claimed in Claim 7,

wherein said insulated electric wire is an fine electric

wire having a final diameter of no larger than 90 um.

9. An insulated electric wire as claimed in Claim 7,
8, wherein said insulation layer is composed of

polyurethane.

Sheet Has Been Replaced

e

THIS SHEET HAS BEEN
REPLACED




2

[T

29

10. An insulated electric wire as claimed in Claim
7~9, further comprising an adhesive layer provided on said

insulation layer.

11. A multiple core parallel bonded wire comprising
two or more insulated electric wires bonded parallel to
each other as cores, wherein said insulated electric wires
each are an insulated electric wire having a copper alloy
wire as a conductor and an insulation layer covering the
conductor, wherein said copper alloy wire has a composition
composed of no less than 0.01 % by weight of Ag and balance
Cu and unavoidable impurities,'and wherein said copper
alloy wire has been prepared by drawing a wire stock having
said composition at a reduction ratio of no lower than 40 %
and subjecting said wire stock to heat treatment for half
annealing to have a tensile strength of no lower than 27

kg-£f/mm2 and an elongation of 5 %,

12. A multiple core parallel bonded wire as claimed
in Claim 11, further comprising a protective layer provided

on said insulation layer,

13. A multiple core parallel bonded wire as claimed

in Claim 11, 12, wherein said two or more insulated wires
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are bonded to each other intermittently in a longitudinal
direction. |
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ABSTRACT

A copper alloy wire has a composition composed of no
less than 0.01 % by weight of Ag and balance Cu and
unavoidable impurities. The copper alloy wire has been
prepared by drawing a wire stock having the composition at
a reduction ratio of no lower than 40 % and subjecting the
wire stock to heat treatment for half annealing to have a
tensile strength of no lower than 27 kg-f/mm2 and an
elongation of 5 %. An insulated electric wire includes the
copper alloj wire as a conductor and an insulation layer
covering the wire. Also, a multiple core parallel bonded
wire includes two or more such insulated electric wires

bonded parallel to each other .
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COPPER ALLOY WIRE, AND INSULATED ELECTRIC WIRES AND
MULTIPLE CORE PARALLEL BONDED WIRES MADE OF THE SAME

ABSTRACT

A copper alloy wire has a composition composed of né
less than 0.01 % by weight of Ag and balance Cu and
unavoidable impgrities. The copper alloy wire has been
prepared by drawing a wire stock having the composition at
a reduction ratio of no lower than 40 % and subjecting the
wire stock to heat treatment for half annealing to have a-
tensile strength of no lower than 27 kg f£/mm? and an
elongation of 5 %. An insulated electric wire includes the
copper alloj wire as a conductor and an insulation layer
covering the wire. Also, a multiple core parallel bonded
wire includes two or more such insulated electric wires

bonded parallel to each other .

FIGURE 1
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An insulated electric wire consisting of copper alloy wire
having a final diameter of no larger than 90 um as a
conductor and an insulation layer covering the conductor,
wherein said copper alloy wire has a composition composed
of no less than 0.01% by weight of Ag and balance Cu and
unavoidable impurities, and wherein said copper alloy wire
has been prepared by drawing a wire stock having said
composition at a reduction ratio of no lower than 40% and
subjecting said wire stock to heat treatment for half
annealing to have a tensile strength of 265 to 343 [N/mn’]
(27 to 35 kgf/mm?) and an elongation of 5% to 15% of said
copper alloy wire.

An insulated electric wire as claimed in claim 1, wherein
oxygen free copper is used as Cu.

An insulated electric wire as claimed in claim 1, wherein
said copper alloy wire has an outer diameter of no larger
than 40 um.

An insulated electric wire as claimed in claim 1 wherein
said insulation layer is composed of polyurethane.

An insulated electric wire as claimed in anyone of claims
1 - 4, comprising two or more insulated electric wires
bonded parallel to each other as cores.

An insulated electric wire as claimed in anyone of claims
1 - 5, further comprising an adhesive layer provided on said
insulation layer.

An insulated electric wire as claimed in 5 or 6, wherein
said two or more insulated wires are bonded to each other
intermittently in a longitudinal direction.
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claims 1 - 7, for a magnetic head winding.
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A use of an insulated electric wire 4s claimed in anyone of
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COPPER ALLOY WIRE, AND INSULATED ELECTRIC WIRES AND
MULTIPLE CORE PARALLEL BONDED WIRES MADE OF THE SAME

ABSTRACT

A copper alloy wire has a composition composed of nd
less than 0.01 % by weight of Ag and balance Cu and
unavoidable impgrities. The copper alloy wire has been
prepared by drawing a Qire stock having the composition at
a reduction ratio of no lower than 40 % and subjecting the
wire stock to heat treatment for half annealing to have a. .
tensile strength of no lower than 27 kg-f/mm2 and an
elongation of 5 %. An iqsulated electric wire includes the
copper alloj wire as a conductor and an insulation layer
covering the wire. Also, a multiple core parallel bonded
wire includes two or more such insulated electric wires

bonded parallel to each other .

FIGURE 1




