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1
ELECTRIC WIRE OR CABLE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This is a reissue of U.S. Pat. No. 8,850,863, issued on Oct.
7, 2014 from U.S. patent application Ser. No. 13/352,506,
which is a national phase application and claims priority to

PCT/JP2010/061464, filed Jul. 6, 2010. The entive contents

of all of the above-referenced applications ave expressly
incorporated herein by reference.

TECHNICAL FIELD

The present mvention relates to an aluminum-alloy for
conductive wire, an aluminum-alloy strand using the same,
and an electric wire or cable using the strand.

BACKGROUND ART

Copper has been mainly used as a conductor material of
an electric wire (1.e., a conductive wire) for used 1n wire
harness for automobiles but, from the request for weight
saving of the conductor, aluminum has also attracted atten-
tion. Although copper 1s excellent 1n tensile strength and
clectric conductivity as the material but has a problem of
large weight (1.e., large density). On the other hand, alumi-
num 1s light in weight but a problem of insuilicient strength
remains.

As aluminume-alloy materials for conductive wire, there
have been disclosed an aluminum-alloy wiring material
wherein 1ron (Fe), zirconium (Zr), and other element(s) are
blended 1nto a parent metal formed of lughly pure aluminum
having a purity of 99.95% or more in Patent Literature 1; an
aluminum-alloy wiring material wherein copper (Cu) and/or
magnesium (Mg) and Zr and/or silicon (S1) are contained in
a parent metal formed of highly pure aluminum having a
purity of 99.95% or more in Patent Literature 2; aluminum-
alloy wiring materials each containing Fe, Mg, and Si 1n
prescribed amounts 1n Patent Literatures 3 and 4; and an
aluminum-alloy wiring material containing a prescribed
amount of titanium (T1) or the like in Patent Literature 5.

CITATION LIST

Patent Literature

Patent [iterature 1: JP-A-2008-38207
Patent [iterature 2: JP-A-2006-176832
Patent [iterature 3: JP-A-2006-19163
Patent Literature 4: JP-A-2004-134212
Patent Literature 5: JP-A-2003-13162

SUMMARY OF THE INVENTION

Technical Problem

A strand to be a conductor 1s usually produced by casting
and rolling an alloy material to form a wire rod and then
repeating a thermal treatment (i1.e., annealing) and wire-
drawing the wire rod.
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For example, mn the case of the aluminum-alloys
described 1n the above Patent Literatures 1 to 4, it becomes
possible to thinning a wire until becoming a desired thick-
ness with preventing the wire from breaking by performing
the thermal treatment between wire-drawing and wire-draw-
ing process. However, 1t 1s not preferable 1n view of both of
time and cost to perform a plurality of thermal treatment
steps 1n batch-wise or another way.

On the other hand, in the above Patent Literature 5,
continuous wire-drawing 1s performed after the thermal
treatment before wire-drawing. However, when the thermal
treatment 1s performed before wire-drawing, the wire 1s
prone to be hard owing to hardeming by the subsequent
wire-drawing and thus there 1s a problem of lowered electric
conductivity and elongation property. Furthermore, there 1s
a concern that the electric conductivity of the electric wire
remarkably lowers by the incorporation of a prescribed
amount of Ti.

Accordingly, an object of the present invention 1s to
provide an aluminum-alloy material having suflicient elec-
tric conductivity and tensile strength as a wiring material
and excellent 1n wire-drawing property, and an electric wire
or cable using the same.

Solution to Problem

A first aspect of the invention provides an electric wire or
cable which includes an aluminume-alloy strand formed of an
aluminum-alloy 1ncluding:

Fe: 0.1% by mass or more to less than 1.0% by mass;
Zr: 0 to 0.08% by mass;

S1: 0.02 to 2.8% by mass;

at least one of Cu: 0.05 to 0.63% by mass and Mg: 0.04
to 0.45% by mass; and

the remainder being aluminum and unavoidable impuri-
ties.

A second aspect of the mvention provides an aluminum-
alloy for conductive wire, including:

Fe: 0.1% by mass or more to less than 1.0% by mass;
Zr: 0 to 0.08% by mass;

S1: 0.02 to 2.8% by mass;

at least one of Cu: 0.05 to 0.63% by mass and Mg: 0.04
to 0.45% by mass; and

the remainder being aluminum and unavoidable 1mpuri-
ties.

A third aspect of the mvention provides a method for
producing an aluminume-alloy strand, the method including
the steps of:

(1) forming a wire rod using the aluminum-alloy for
conductive wire;

(2) wire-drawing the wire rod until becoming a desired
final wire diameter; and

(3) continuously annealing or batch-wise annealing the
wire rod which has been wire-drawn.

Tects of the Invention

Advantageous E

The aluminum-alloy for conductive wire according to the
present invention has a composition capable of providing
clectric conductivity and tensile strength necessary as a
conductor for an electric wire or cable and also a composi-
tion excellent in wire-drawing property and capable of
wire-drawing a wire rod until becoming a final wire diam-
cter of a strand without annealing (thermal treatment) 1n
midstream. Therefore, by using the aluminume-alloy, 1t
becomes possible to produce an aluminum-alloy strand
through continuous annealing or batch-wise annealing after
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wire-drawing with omitting the thermal treatment to be
performed before the wire-drawing and 1n midstream of the
wire-drawing. Thus, cost reduction and productivity
improvement can be realized.

The electric wire or cable according to the invention 2
includes an aluminum-alloy strand excellent 1n electric
conductivity, tensile strength, and elongation property, while
the strand 1s light 1n weight.

MODE FOR CARRYING OUT THE INVENTION 10

An aluminum-alloy for use in the invention contains
prescribed elements added to an aluminum base metal to be
a parent metal.

As the aluminum base metal, 1t 1s preferred to use pure
aluminum having a purity of 99.7% by mass or more.
Namely, among pure aluminum base metals defined 1n JIS H
2102, those having a purity of a first-class aluminum base
metal or higher can be preferably used. Specifically, a ,,
first-class aluminum base metal having a purity of 99.7% by
mass or more, a special second-class aluminum base metal
having a purity of 99.85% by mass or more, a special
first-class aluminum base metal having a purity of 99.90%
by mass or more may be mentioned. Thus, 1n the invention, 25
it 1s one characteristic feature that not only expensive high
purity ones such as special first-class and special second-
class ones but also an aluminum base metal having a purity
of 99.7% by mass that 1s a reasonable price can be used.

The elements to be added into the parent metal (i.e., >V
aluminum basic material) formed of the pure aluminum are
iron (Fe), zircommum (Zr), silicon (S1), and copper (Cu)
and/or magnesium (Mg).

Fe 1s an element which has a low solid solubility limit and
can 1ncrease strength without lowering electric conductivity
with precipitation strengthening as a main strengthening,
mechanism. In order to preferably obtain the effect, Fe 1s
contained 1n the aluminum-alloy 1n an amount of 0.1% by
mass or more to less than 1.0% by mass, preferably 0.4 to ,,
0.9% by mass. In this regard, 1n the case of the statement of
“ato b % by mass” in the description, 1t means a % by mass
or more to b % by mass or less.

Zr 1s an element effective for improvement of thermal
resistance and 1s an element which can improve strength 45
through precipitation strengtheming. In order to preferably
obtain the eflect, Zr 1s contained 1n the aluminume-alloy 1n an

amount of 0 to 0.08% by mass, preferably 0 to 0.05% by
mass. Moreover, practically, the amount may be 0.02 to
0.08% by mass. 50
S11s an element effective for improvement of strength. In
order to preferably obtain the effect, S1 1s contained 1n the
aluminum-alloy 1 an amount of 0.02 to 2.8% by mass,
preferably 0.02 to 1.8% by mass, more preferably 0.02 to
0.25% by mass. 55
Cu and Mg are elements which can improve strength
through precipitation strengtheming. In order to preferably
obtain the effect, Cu 1s contained in the aluminum-alloy 1n
an amount of 0.05 to 0.63% by mass, preferably 0.2 to 0.5%
by mass. Moreover, practically, the amount may be 0.06 to 60
0.49% by mass. Mg 1s contained 1n the aluminum-alloy 1n an
amount of 0.03 to 0.45% by mass, preferably 0.04 to 0.45%
by mass, more preferably 0.15 to 0.3% by mass. Moreover,
practically, the amount may be 0.03 to 0.36% by mass. In the
case where Cu and Mg are both contained, the total amount 65
of both metals in the aluminum-alloy 1s preferably 0.04 to
0.6% by mass, more preferably 0.1 to 0.4% by mass.
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The contained amounts of the respective elements include
respective amounts of Si1, Fe, Cu, and Mg, and not neces-
sarily mean the amounts added.

Since the respective elements lower electric conductivity
of the aluminum-alloy when they are contained in large
amounts exceeding the above ranges, the cases are not
preferred. Specifically, 1n order to achieve the electric con-
ductivity of 38% IACS necessary as electric wire for auto-
mobiles, Zr, S1, Cu, and Mg are contained 1n the ranges of
0.08% by mass or less, 2.8% by mass or less, 0.63% by mass
or less, and 0.45% by mass or less, respectively.

As unavoidable impurities which are possibly contained
in the aluminum-alloy, zinc (Zn), nickel (N1), manganese
(Mn), rubidium (Pb), chromium (Cr), titantum (11), tin (Sn),
vanadium (V), galllum (Ga), boron (B), sodium (Na), and
the like may be mentioned. They are unavoidably contained
in the range where the eflect of the imnvention 1s not inhibited
and the properties of the aluminum-alloy of the invention are
not particularly influenced, and elements previously con-
tained 1n the pure aluminum base metal to be used are also
included in the unavoidable impurities referred to here.

The amount of the unavoidable impurities 1s preferably
0.07% or less, more preferably 0.05% or less 1n total 1n the
alloy.

The aluminume-alloy can be cast according to usual pro-
duction methods after prescribed elements are added to the
aluminum base metal.

The electric wire or cable according to the invention
includes a strand formed of the above aluminum-alloy for
conductive wire. Here, to include the aluminum-alloy strand
means to contain a strand that 1s a solid wire (1.e., a solid
conductor) as a twisted wire (1.¢., a twisted wire conductor)
formed by twisting a plural pieces of strands (3 to 13500
pieces, e.g., 11 pieces) together and generally, the strand 1s
contained 1n the form of a twisted wire (also referred to as
a core wire).

The electric wire 1s a covered wire where the twisted wire
that 1s a bare wire 1s covered with any 1nsulating resin layer,
and one obtained by bundling a plural pieces of electric
wires to form single sheathed one 1s a cable or a wire
harness.

Namely, the electric wire or cable according to the inven-
tion 1s suiliciently one containing a conductor (1.e., a twisted
wire) including a strand formed of the above aluminum-
alloy and a covering layer provided on the outer circumfier-
ence of the conductor. The other specific constitution and
shape and the production method are not particularly lim-
ited.

The shape and the like of the aluminum-alloy strand
constituting the conductor 1s also not particularly limited
but, in the case where the strand is, for example, a round
wire and 1s used for the electric wire for automobiles, the
diameter (1.e., final wire diameter) 1s preferably about 0.07
to 1.5 mm, more preferably about 0.14 to 0.5 mm.

With regard to the kind of the resin for use 1n the covered
layer, known isulating resins such as olefin resins, e.g.,
crosslinked polyethylene, polypropylene, and the like and
vinyl chloride can be arbitrarily used, and the covering
thickness 1s appropriately determined.

The electric wire or cable can be used in various uses such
as electric or electronic components, mechanical compo-
nents, vehicle components, and building materials. Of these,
the electric wire or cable can be preferably used as an
electric wire or cable for vehicles.

The aluminum-alloy strand that constitutes a conductor of
the electric wire or cable 1s produced by producing a wire
rod according to a usual production method and wire-
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drawing 1t. At the wire-drawing, a thermal treatment (an-
nealing) may be approprately performed but the strand 1s
preferably an aluminume-alloy strand wire-drawn until
becoming the final wire diameter betore the thermal treat-
ment. Work hardening 1s suppressed by performing wire-
drawing without the thermal treatment performed before the
wire-drawing and in mid-stream of the wire-drawing, and
also the properties such as the electric conductivity and the
clongation can be improved by performing annealing after
the wire-drawing.

Therefore, as a preferred production method of the alu-

minum-alloy strand, the production method according to the
invention including the following steps may be mentioned.
Namely, the steps are (1) a step of forming a wire rod using,
the above aluminume-alloy for conductive wire (rolling step),
(2) a step of wire-drawing the obtained wire rod until
becoming a final wire diameter (reduction work step), and
(3) a step of continuously annealing or batch-wise annealing
the wire rod which has been wire-drawn. Here, the step (2)
of the wire-drawing means a reduction work and does not
include a step of the thermal treatment. Therefore, the
wire-drawing 1n the step (2) i1s performed without the
thermal treatment.

Thus, according to the production method according to
the mvention, when the method 1s described mvolving the
casting step of the alloy, the strand can be produced 1n the
flow of steps of casting, rolling, wire-drawing, and thermal
treatment. Therefore, the invention relates to a remarkably
ellective production method 1n view of both time and cost as
compared with the steps of casting, rolling, wire-drawing,
thermal treatment, wire-drawing, and thermal treatment.

The respective steps can be performed by known methods
and, 1n addition to the above (1) to (3), the other steps for
strand production, e.g., a facing step may be included.

The above process into the wire rod in the above (1) can
be performed by a continuous casting and rolling method, an
extrusion method, and the like. Rolling may be either hot
rolling or cold rolling.

The wire-drawing 1n the above (2) 1s performed using a
dry or wet wire-drawing machine and conditions thereof are
not particularly limited.

Since the above aluminum-alloy for conductive wire 1s
excellent 1n wire-drawing property, for example, a wire rod
having a diameter of 9.5 mm can be drawn until becoming,
a final diameter of about 0.3 mm without the thermal
treatment.

Of the annealing step in the above (3), the continuous
annealing can be performed using a continuous annealing
furnace and, for example, an aluminum wire can be trans-
terred at a prescribed speed to be passed through a heating
furnace and be heated at a prescribed zone to perform the
annealing. As a heating means, for example, a high-fre-
quency heating furnace and the like may be mentioned.
Also, batchwise annealing can be suitably utilized. The
transierring speed, annealing time, annealing temperature,
and the like are not particularly limited and cooling condi-
tions after annealing are also not particularly limited.

As mentioned above, in the mvention, 1t 1s possible to
perform wire-drawing before the thermal treatment and
subsequent annealing by using the aluminum-alloy having
the above composition. The electric conductivity and the
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6

clongation property of the strand can be improved by
performing the thermal treatment after the wire-drawing but,
on the other hand, the treatment results in lowering the
strength (tensile strength) since the alloy hardened by the
wire-drawing 1s to be softened. However, the above alumi-
num-alloy has a composition which can satisly various
required properties including strength even when the
strength 1s lowered and thus an aluminume-alloy strand
having lightness 1n weight that 1s a characteristic feature of
aluminum, maintaining a good electric conductivity, and
having a good elongation ratio and a suflicient tensile
strength can be obtained.

With regard to the properties of the aluminum-alloy
strand, 1t 1s preferred that the tensile strength 1s 80 MPa or
more, the electric conductivity 1s 38% IACS or more, and
the elongation ratio 1s 10% or more. The tensile strength 1s
preferably 80 to 150 MPa, more preferably 110 to 130 MPa.
The elongation ratio 1s preferably 10 to 30%, more prefer-
ably 15 to 20%. The electric conductivity 1s 64% IACS or
less of pure aluminum. Furthermore, with regard to the
wire-drawing property, wire breaking preferably occurs 5
times or less/ton as a rough standard at the production of the
strand from 1 ton of the wire rod.

EXAMPLES

The following will explain the present invention in detail
with reference to Examples, but the invention 1s not limited
thereto.

Examples and Comparative Examples

Using a first-class aluminum base metal of JIS H 2102,
prescribed amounts of Fe, Zr, S1, and Cu or Mg were added
thereto to obtain each aluminum-alloy having a component
composition shown in Table 1. This 1s melted by a usual
method and processed mto a wire rod having a diameter of
9.5 mm by a confinuous casting and rolling method.

Then, the wire rod was wire-drawn using a continuous
wire-drawing machine to obtain a wire material (thin wire)
having a diameter of 0.32 mm. The wire material was
subjected to continuous annealing to produce an aluminum-
alloy strand.

For the obtained aluminume-alloy strand having a wire
diameter of 0.32 mm, the following properties were evalu-
ated 1n accordance with JIS C 3002. As for the electric
conductivity, resistivity thereof was measured in a constant-
temperature bath kept at 20° C. (x0.5° C.) using a four-
terminal method and the electric conductivity was calcu-
lated. The distance between the terminals was 1000 mm. The
tensile strength and elongation ratio were measured at a
tensile rate of 50 mm/minutes.

Furthermore, as evaluation of the wire-drawing property,
the number of times of wire breaking was counted at the
production of the strand from 1 ton of the wire rod and the
wire-breaking property was evaluated as follows: the case of
5> times/ton or less 1s marked “good™ and the case of 6 to 9
times/ton 1s marked “moderate”, and the case of 10 times or
more/ton 1s marked “bad”.




The obtained results are shown 1n Table 1.

Example

Comparative
Example

The aluminum-alloy strands of .
in all of electric conductivity, tensile strength, elongation
property, and wire-drawing property. Thus, it 1s confirmed
that they can be preferably used as electric wires or cables
for automobiles.

On the other hand, the aluminum-alloy strands of Com-
parative Examples could not achieve desired electric con-
ductivity. Moreover, 1t was found that the elongation prop-
erty was low as compared with
since the aluminum-alloy strands o:
were poor 1n wire-drawing property, wire breaking occurred
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10 times/ton or more during the production process.

The present application 1s based on Japanese Patent
Application No. 2009-159549 filed on Jul. 6, 2009, the
contents of which are incorporated herein by reference.

Since the electric wire or cable of the invention contains
an aluminume-alloy strand excellent 1n electric conductivity,
tensile strength, and elongation property although the strand
1s light 1n weight, 1t can be suitably utilized particularly for

INDUSTRIAL APPLICABILITY

wire harness for automobiles.

The invention claimed 1s:

50

55

1. A method for producing an aluminume-alloy strand from 60
an aluminum-alloy comprising:

Fe: [0.1% by mass or more to less than 1.0% by mass] 0.4
to 0.8% by mass;

Zr: [0] 0.02 to 0.08% by mass;

S1: 0.02 to 2.8% by mass;

at least one of Cu: 0.05 to 0.63% by mass and Mg: 0.04
to 0.45% by mass; and

65

TABLE 1

Electric Tensile Elongation
Mg conductivity strength ratio Wire-breaking

% IACS MPa %o property
- 60.6 81 28 go0d
0.03 00.% 80 29 good
- 58.2 82 24 good
0.03 58.3 80 29 good
- 59.4 121 17 good
0.03 59.6 120 17 good
- 58.5 195 11 good
0.03 58.6 194 11 good
- 58.3 112 15 go0d
0.35 58.0 115 17 good
- 58.3 111 1% go0d
0.05 58.6 107 21 g00d
- 58.3 127 16 good
0.1 58.7 122 17 g00d
0.04 60.4 83 23 good
0.2 58.1 114 23 good
0.03 58.0 84 23 good
0.08 58.6 131 16 good
- 61.5 80 24 good
— 58.0 126 23 good
0.04 61.5 80 18 good
0.45 58.0 126 23 good
0.05 58.1 126 20 g00d
0.02 61.5 80 1% g00d
- 57.4 82 24 g00d
0.03 57.5 80 29 g00d
— 57.5 136 13 moderate
0.05 57.7 137 11 moderate
- 57.8 230 8 bad
0.03 57.9 229 9 bad
- 57.4 124 17 good
0.4 57.6 121 16 good

- 35 : : : : : :
Hxamples were excellent the remainder being aluminum and unavoidable 1impuri-
ties,
the method comprising the steps of:
(1) forming a wire rod using the aluminum-alloy;

" (2) wire-drawing the wire rod, without a thermal treat-
ment before the wire-drawing or in midstream of the
wire-drawing, until becoming a desired final wire
diameter; and

Hxamples. Furthermore, (3) continuously annealing or batch-wise annealing the
" Comparative Examples 44 wire-drawn wire rod [which has been wire-drawn] 7o

produce the aluminum-alloy strand.

2. The method of claim 1, wherein the desived final wire
diameter is 0.07 mm to 1.5 mm.

3. The method of claim 1, wherein the desived final wire
diameter is 0.14 mm to 0.5 mm.

4. The method of claim 1, wherein the unavoidable
impurities ave 0.07% or less by mass.

5. The method of claim I, wherein the unavoidable
impurities are 0.05% or less by mass.

6. The method of claim I, wherein the wire-drawing is
performed using a dvy wirve-drawing machine.

7. The method of claim I, wherein the wire-drawing is
performed using a wet wire-drawing machine.

8. The method of claim 1, wherein the forming is per-
formed by a continuous casting and rolling method.

9. The method of claim 8, wherein the rolling of the
continuous casting and rvolling method is hot rolling.

10. The method of claim 8, wherein the rolling of the
continuous casting and rolling method is cold rolling.

11. The method of claim I, wherein the forming is pevr-
Jormed by an extrusion method.
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