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1571 ABSTRACT

A multistrand cable for transmission of electrical power in-
cluding aluminum alloy strands having a minimum electrical
conductivity of 61 percent IACS and at least one strand of
high-strength material with a maximum conductivity of less
than 61 percent IACS.

18 Claims, 6 Drawing Figures
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REINFORCED COMPOSITE ALUMINUM ALLOY
CONDUCTOR CABLE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of my copending
application Ser. No. 814,198, filed Apr. 7, 1969, now Pat. No.
3,513,251, issued May 19, 1970, which is a continuation-in-
part of application Ser. No. 779,376, filed Nov. 27, 1968 (and
now abandoned ), which is in turn a continuation-in-part of ap-
plication Ser. No. 730,933, filed May 21, 1968 (and now
abandoned).

The present invention concerns a composite electrical con-
ductor and more particularly relates to a multistrand alu-
minum alloy electrical conductor including at least one rein-
forcing strand of high-strength material. The cable of the
present invention is especially adaptable and useful for power
frequency transmission of electrical energy where great
strength for the conductor is required.

It is an object of this invention therefore, to provide an im-
proved relatively lightweight multistrand conductor of com-
posite construction wherein certain strands of the conductor
have a relatively higher electrical conductivity but less
strength than the remaining strands making up the conductor.
The multistrand electrical conductor of this invention is par-
ticularly adaptable and useful in those environments where a
conductor of composite construction not only must have the
overall characteristic of relatively high electrical conductivity
but at the same time a relatively high strength-to-weight ratio.

These and other objects, features, and advantages of the in-
stant invention will become apparent from a review of the fol-
lowing specification when taken in conjunction with the ac-
companying figures of the drawing, wherein:

FIG. 1 illustrates a typical cross-sectional view of one form
of a multistrand conductor embodying the present invention;

FIGS. 2-6 inclusive illustrate similar cross-sectional views
of further multistrand conductors embodying the present in-
vention.

With further reference to the drawings, and particularly
FIG. 1, a multistrand conductor 10 is illustrated wherein a plu-
rality of strands, such as the three strands 12 make up the
high-strength portion 14 of the conductor and a plurality of
strands, such as the four outer strands 16, make up the high-
conductivity portion thereof. This particular cross-sectional
pattern illustrates an innermost core of relatively high-
strength strands 12 surrounded by an outer concentric layer
including two diametrically opposed high-strength strands 12
positioned between circumferentially opposed pairs of the
outer relatively high conductive strands 16. It is to be un-
derstood, of course, that the outer strand layer made up of
strands 12 and 16 is tightly wound in a suitable helical fashion
in either direction about the innermost core strand 12. The
outer strands 16 are made from material that has a relatively
higher electrical conductivity than that of strands 12. The
strands 12, on the other hand, are made from a material of
relatively greater strength but lower electrical conductivity
properties when compared to strands 16. Since strands 16 ad-
vantageously have high electrical conductivity and desirably
have relatively light weight, a material such as an aluminum
alloy is preferred for the construction thercof. In addition, it is
quite preferred that the aluminum alloy of strands 16 have the
highest tensile strength available together with acceptable
electrical conductivity and percent elongation. On the other
hand strands 12 should be constructed from a material which
will supply initially great strength and secondarily other
available characteristics. If high overall conductivity is desired
for the composite cable a heat-treatable alloy such as alloy
No. 6201-T81 (Aluminum Association designation) is
preferred for strands 12. If lower overall conductivity is ac-
ceptable for the composite cable but greater overall strength is
desired, a material such as steel is preferced for strands 12.

Referring to FIG. 2 a multistrand conductor 18 is shown
comprising a core 20 made up of seven high-strength alloy
strands 22 of which six are helically and tightly wound about a
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central strand. The core is surrounded by 12 helically and
tightly wound outer strands 24 of electrically conductive alu-
minum alloy. The cross-sectional pattern of the conductor 18
in FIG. 2 preferably has one core strand 22 completely sur-
rounded by a concentric layer of the remaining six core
strands 22, all generally disposed in nesting contact with each
other. The relatively high-conductivity strands 24 making up
the outer layer of the conductor 18 may or may not be in
abutting contact with the associated core strands 22 of the
concentric core layer depending upon how the outer strands
are spirally wrapped about the core during manufacture. As
compared with the multistrand conductor 10 of FIG. 1 it is ob-
vious that both the number of the strands 22 of the core 20
and the number of the outer strands 24 have been increased to
thereby provide not only for increased electrical conductance
but to provide for an increase in strength of the cable or con-
ductor.

The multistrand conductor 26 of FIG. 3 has a core 28, the
core strands 30 of which may be the same number as that of
the core 20 in FIG. 2 and the core has the same general cross-
sectional pattern. An additional layer of strands, however,
have been added to increase substantially in number the high-
conductivity strands so that there are now 30 of these strands
32. The core of the multistrand conductor of FIG. 3 also has
for all practical purposes the same strength properties as the
core of FIG. 2. The electrical conductance of the cable, how-
ever, has been greatly increased in view of the greater number
of high-conductivity strands present.

In FIG. 4 a multistrand conductor 34 is shown which has a
core 36 in which the number of preferably helically wound
core or high-strength strands 38 and central strand exceed the
number of helically wound outer high-conductive strands 40
which surround core 36. The particular cross-sectional ar-
rangement of the core strands 38 in FIG. 4 differentiates from
the similar pattern shown in FIGS. 2-3 in that an additional
concentric layer of core strands 38 is employed. In this em-
bodiment certain of the strands making up the outermost con-
centric core layer are advantageously in nesting engagement
with various strands of the outer conductor layer, as well as
with various strands making up the remainder of the core.
Although the conductor of FIG. 4 may be of the same overall
size as that of FIG. 3 it has a greater strength since it employs a
larger number of high-strength alloy strands.

In FIG. § a multistrand conductor 42 is disclosed wherein
the three high-strength strands 46 of the six-strand layer 44
are preferably interdigited in a symmetrical fashion with the
three high-conductivity strands 50 in that layer. As compared
to the conductor 18 in FIG. 2, the conductor 42 is of
decreased strength but of greater electrical conductance by
virtue of the fact that three high-conductivity strands are used
to replace three high-strength alloy strands. This, together
with the comparison of conductors 26 of FIG. 3 and 34 of FIG.
4 cited above demonstrates the flexibility made possible by the
instant invention to meet conductor strength and conductance
requirements at optimum economy without resorting to dif-
ferent strand diameters.

The above-described patterns for the multistrand conduc-
tors 10, 18, 26, 34 and 42 are to be considered as preferred
embodiments of the invention and other cross-sectional pat-
terns for a multistrand conductor are contemplated by the in-
stant invention. Furthermore, although the strands in the
aforedescribed FIGS. 1-5 have substantially the same diame-
ter, the multistrand conductor of the instant invention can be
comprised of strands of different diameters, i.e., for different
strand layers.

In the embodiments illustrated in the above FIGS. 1-5, the
preferred materials for the core strands and the outer conduc-
tor strands are respectively a high-strength metallic material in
combination with a particular electrically conductive grade of
aluminum. The multistrand conductor in one application of
the aforedescribed embodiments utilizes outer relatively high-
conductive strands of aluminum alloy which have an electrical
conductivity of at least 61 percent while the high-strength
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alloy strands are made from a heat-treated aluminum alloy
commercially identified as 6201-T81 wire, which has an elec-
trical conductivity of at least 52% percent. These conductivity
percentages were established according to the American
Society for Testing Materials.

In one embodiment it is preferred to use a suitable heat-
treated aluminum alloy for the aforedescribed high-strength
alloy strands of the multistrand conductor. The chemical com-
position limits of such an aluminum alloy as listed with the
Aluminum Association is as follows:

Elements: 6201 Aluminum Alloy

1. Caopper 0.10%

2. lron 0.50%

3. Silicon 0.50%-0.90%
4. Manganese 0.03%

5. Magnesium 0.60%-0.90%
6. Zinc 0.10%

7. Chromium 0.03%

B. Boran 0.06%

9. Other elements, each 0.03%

10. Other elements, total 0.10%

t1. Aluminum Remainder

It is to be understood that in the above composition the per-
centages are maximum figures unless shown as a range.

In another embodiment of this invention it is preferred to
use steel for the high-strength strands. Those steels customari-
ly used in power transmission lines are suitable for use in this
embodiment of the present invention. -

The chemical composition of the high-conductivity strands
is one of the most critical features of the present invention. It
has been found that when the alloying elements are carefully
controlled within certain prescribed ranges and the high-con-
ductivity strands are prepared from the aluminum alioy com-
position in a particular fashion, a strand is obtained with im-
proved tensile strength, percent elongation and bendability. It
should be understood that while the alloy of the high-conduc-
tivity strands is essentially all aluminum, the amount devoted
to alloying elements is extremely significant even though quite
small in total quantity. The aluminum content of the present
alloy comprises from about 98.95 to less than about 99.45
weight percent. Particularly superior results are achieved
when from about 99.15 to about 99.40 weight percent alu-
minum is employed. The iron content of the present alloy for
the high-conductivity strand is of extreme importance and
should be from about 0.45 to about 0.95 weight percent. Su-
perior results are achieved when from about 0.55 weight per-
cent to about 0.80 weight iron is employed.

The silicon content of the high-conductivity strands is also
of significant importance and should be from about 0.01 to
about 0.15 weight percent. Superior results are achieved when
the silicon content is from 0.01 to about 0.07 weight percent.
The ratio between the percentage iron and percentage silicon
is another important consideration in this alloy. That ratio
should be 1.99:1 or greater with a preferable ratio between
percentage iron and percentage silicon being 8:1 or greater.
Thus, if the present aluminum alloy contains an amount of
iron within the Jow area of the present range for iron content,
the percentage of aluminum must be increased rather than in-
creasing the percentage of silicon outside the ratio limitation
previously specified. It has been found that properly processed
wire having aluminum alloy constituents which fall within the
above-specified ranges possesses acceptable electrical con-
ductivity and improved tensile strength and ultimate elonga-
tion and in addition has a novel unexpected property of sur-
prisingly increased bendability and fatigue resistance.

The high-conductivity aluminum alloy is prepared by ini-
tially melting and alloying aluminum with the necessary
amounts of iron or other constituents to provide the requisite
alloy for processing. Normally, the content of silicon is main-
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tained as low as possible without adding additional amounts to
the melt. Typical impurities or trace elements are also present
within the melt and it is important to closely control these ele-
ments within a range of from about 0.0001 to about 0.05
weight percent for each element. The total content of trace
elements should be from about 0.004 to about 0.15 weight
percent. Of course, when adjusting the amounts of trace ele-
ments due consideration must be given to the conductivity of
the final alloy since some trace elements affect conductivity
more severely than others. The typical trace elements include
vanadium, copper, manganese, magnesium, zinc, boron and
titanium. If the content of titanium is relatively high (but still
quite low compared to the aluminum, iron and silicon con-
tent), small amounts of boron may be added to tie up the ex-
cess titanium and keep it from reducing the conductivity of
the wire.

Iron is the major constituent added to the melt to produce
the alloy of the present invention. Normally, about 0.50
weight percent is added to the typical aluminum component
used to prepare the present alloy. Of course, the scope of the
present invention includes the addition of more or less iron
together with the adjustment of the content of all alloying con-
stituents.

Strands of high-conductivity aluminum alloy are prepared
by initially continuously casting the melted alloy into a con-
tinuous bar. The bar is then hot-worked in substantially that
condition in which it is received from the casting machine. A
typical hot-working operation comprises rolling the bar in a
rolling mill substantially immediately after being cast into a
bar.

One example of a continuous casting and rolling operation
capable of producing continuous rod as specified in this appli-
cation is as follows:

A continuous casting machine serves as a means for solidify-
ing the molten aluminum alloy metal to provide a cast bar that
is conveyed in substantially the condition in which it solidified
from the continuous casting machine to the rolling mill, which
serves as a means for hot forming the cast bar into rod or
another hot formed product in a manner which imparts sub-
stantial movement to the cast bar along a plurality of angularly
disposed axes.

The continuous casting machine is of conventional casting
wheel type having a casting wheel with a casting groove par-
tially closed by an endless belt supported by the casting wheel
and an idler pulley. The casting wheel and the endless belt
cooperate to provide a mold into one end of which molten
metal is poured to solidify and from the other end of which the
cast bar is emitted in substantially that condition in which it
solidified.

The rolling mill is of conventional type having a plurality of
roll stands arranged to hot form the cast bar by a series of
deformations. The continuous casting machine and the rolling
mill are positioned relative to each other so that the cast bar
enters the rolling mill substantially immediately after solidifi-
cation and in substantially that condition in which it solidified.
In this condition, the cast bar is at a hot-forming temperature
within the range of temperatures for hot-forming the cast bar
at the initiation of hot-forming without heating between the
casting machine and the rolling mill. In the event that it is
desired to closely control the hot-forming temperature of the
cast bar within the conventional range of hot-forming tem-
peratures, means for adjusting the temperature of the cast bar
may be placed between the continuous casting machine and
the rolling mill.

The roll stands each include a plurality of rolls which en-
gage the cast bar. The rolls of each roll stand may be two or
more in number and arranged diametrically opposite from one
another or arranged at equally spaced positions about the axis
of movement of the cast bar through the rolling mill. The rolls
of each roll stand of the rolling mill are rotated at a predeter-
mined speed by a power means such as one or more electric
motors and the casting wheel is rotated at a speed generally
determined by its operating characteristics. The rolling mill
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serves to hot-form the cast bar into a rod of a cross-sectional
area substantially less than that of the cast bar as it enters the
rolling mill.

The peripheral surfaces of the rolls of adjacent roll stands in
the rolling mill change in configuration; that is, the cast bar is
engaged by the rolls of successive roll stands with surfaces of
varying configuration, and from different directions. This
varying surface engagement of the cast bar in the roll stands
functions to knead or shape the metal in the cast bar in such a
manner that it is worked at each roll stand and also to simul-
taneously reduce and change the cross-sectional area of the
cast bar into that of the rod.

As each roll stand engages the cast bar, it is desirable that
the cast bar be received with sufficient volume per unit of time
at the roll stand for the cast bar to generally fill the space
defined by the rolls of the roll stand so that the rolls will be ef-
fective to work the metal in the cast bar. However, it is also
desirable that the space defined by the rolis of each roll stand
not be overfilled so that the cast bar will not be forced into the
gaps between the rolls. Thus, it is desirable that the rod be fed
toward each roll stand at a volume per unit of time which is
sufficient to fill, but not overfill, the space defined by the rolls
of the roll stand.

As the cast bar is received from the continuous casting
machine, it usually has one large flat surface corresponding to
the surface of the endless band and inwardly tapered side sur-
faces corresponding to the shape of the groove in the casting
wheel. As the cast bar is compressed by the rolls of the rolt
stands, the cast bar is deformed so that it generally takes the
cross-sectional shape defined by the adjacent peripheries of
the rolls of each roll stand.

Thus, it will be understood that with this apparatus, cast alu-
minum alloy rod of an infinite number of different lengths is
prepared by simultaneous casting of the molten aluminum
alloy and hot-forming or rolling the cast aluminum bar.

The continuous rod produced by the casting and rolling
operation is then processed in a reduction operation designed
to produce continuous high-conductivity strands of various
gauges. The unannealed rod (i.e., as rolled to f temper) is cold
drawn through a series of progressively constricted dies,
without intermediate anneals, to form a continuous strand of
desired diameter. At the conclusion of this drawing operation,
the alloy strand will have an excessively high tensile strength
and an unacceptably low ultimate elongation, plus a conduc-
tivity below that which is industry accepted as the minimum
for an electrical conductor, i.e., 61 percent IACS. The strand
is then annealed or partially annealed to obtain a desired ten-
sile strength and cooled. At the conclusion of the annealing
operation, it is found that the annealed alloy strand has the
properties of acceptable conductivity and improved tensile
strength together with unexpectedly improved percent ulti-
mate elongation and surprisingly increased bendability and
fatigue resistance as specified previously in this application.
The annealing operation may be continuous as in resistance
annealing, induction annealing, convection annealing by con-
tinuous furnaces or radiation annealing by continuous fur-
naces, or, preferably, may be batch annealed in a batch fur-
nace. When continuously annealing, temperatures of about
450° to about 1200° F. may be employed with annealing times
of about 5 minutes to about 1/10,000 of a minute. Generally,
however, continuous annealing temperatures and times may
be adjusted to meet the requirements of the particular overall
processing operation so long as the desired tensile strength is
achieved. In a batch annealing operation, a temperature of ap-
proximately 400° to about 750°F. is employed with residence
times of about thirty (30) minutes to about twenty-four (24)
hours. As mentioned with respect to continuous annealing, in
batch annealing the times and temperatures may be varied to
suit the overall process so long as the desired tensile strength is
obtained. Simply by way of example, it has been found that the
following tensile strengths in the present aluminum strand are
achieved with the listed batch annealing temperatures and
times.
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TABLE 1
Tensile Strength Temperature Time
12,000 to 14,000 650°F. 3 hours
14,000 to 15,000 S50°F. 3 hours
15,000 1o 17,000 $20°F. 3 hours
17,000 to 22,000 480°F. 3 hours

During the continuous casting of this alloy, a substantial
portion of the iron present in the alloy precipitates out of solu-
tion as iron aluminate intermetallic compound (FeAl,). Thus,
after casting, the bar contains a dispersion of FeAl, in a super-
saturated solid solution matrix. The supersaturated matrix
may contain as much as 0.17 weight percent iron. As the bar is
rolled in a hot-working operation immediately after casting,
the FeAl, particles are broken up and dispersed throughout
the matrix inhibiting large cell formation. When the rod is
then drawn to its final gauge size without intermediate anneals
and then aged in a final annealing operation, the tensile
strength, elongation and bendability are increased due to the
small cell size and the additional pinning of dislocations by
preferential precipitation of FeAl; on the dislocation sites.
Therefore, new dislocation sources must be activated under
the applied stress of the drawing operation and this causes
both the strength and the elongation to be further improved.

The properties of the present aluminum alloy strand are sig-
nificantly affected by the size of the FeAl; particles in the
matrix. Coarse precipitates reduce the percent elongation and
bendability of the wire by enhancing nucleation and thus, for-
mation of large cells which, in tum, lowers the recrystalliza-
tion temperature of the strand. Fine precipitates improve the
percent elongation and bendability by reducing nucleation
and increasing the recrystallization temperature. Grossly
coarse precipitates of FeAl; cause the strand to become brittle
and generally unusable. Coarse precipitates have a particle
size of above 2,000 angstrom units and fine precipitates have a
particle size of below 2,000 angstrom units.

A typical alloy No. 12 AWG wire strand of the present in-
vention has physical properties of 15,000 ps.i. tensile
strength, ultimate elongation of 20 percent, conductivity of 61
percent IACS, and bendability of 20 bends to break. Ranges of
physical properties generally provided by No. 12 AWG wire
strand prepared from the present alloy include tensile
strengths of about 12,000 to about 22,000 p s.i., ultimate elon-
gations of about 40 percent to about 5 percent, conductivities
of about 61 percent to about 63 percent and number of bends
to break of about 45 to 10.

A more complete understanding of the nature of the high
conductivity strands will be obtained from the following exam-
ples.

EXAMPLE NO. |

A comparison between prior EC aluminum alloy strands
and the present aluminum alloy strands is provided by prepar-
ing a prior EC alloy with aluminum content of 99.73 weight
percent, iron content of 0.18 weight percent, silicon content
of 0.059 weight percent, and trace amounts of typical impuri-
ties. The present alloy is prepared with aluminum content of
99 .45 weight percent, iron content of 0.45 weight percent, sil-
icon content of 0.056 weight percent, and trace amounts of
typical impurities. Both alloys are continuously cast into con-
tinuous bars and hot-rolled into continuous rod in similar
fashion. The alloys are then cold-drawn through successively
constricted dies to yield a No. 12 AWG continuous strand.
Sections of the strand are collected on separate bobbins and
batch furnace-annealed at various temperatures and for vari-
ous lengths of time to yield sections of the prior EC alloy and
the present alloy of varying tensile strengths. Several samples
of each section are tested in a device designed to measure the
number of bends required to break each sample at a particular
flexure point. Through uniform force and tension, the device
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fatigues each sample through an arc of approximately 135°.
The wire is bent across a pair of spaced opposed mandrels
having a diameter equal to that of the strand. The mandrels
are spaced apart a distance of about 1% times the diameter of
the strand. One bend is recorded after the strand is deflected
from a vertical disposition to one extreme of the arc, returned
back to vertical, deflected to the opposite extreme of the arc,
and returned back to the original vertical disposition. The
speed of deflection, force and tension are substantially equal
for all tested samples. The results are as follows:

TABLE HIA

EC Alioy Strand Present Alloy Strand

Tensile No. of Bends Tensile Average No. of
Strength to Break Strength Bends to Break
10,083 43-% 13,500 44
12,788 24 14,300 43
13,480 21-% 15,100 36
14,168 14 16,025 29-%

15,200 13-% 17,050 23
16,100 17,134 18
17,128 9-% 18,253 14
18,186 8-% 19,571 13
23,069 5% 25,286 4-%
29,309 4 35,986 3-%

As shown in Table IIA, the present alloy has a surprisingly
improved property of bendability over conventional EC alloy.

Several samples of the present alloy No. 12 AWG strand
and EC alloy No. 12 AWG strand, processed as previously
specified, are then tested for percent ultimate elongation by
standard testing procedures. At the instant of breakage, the in-
crease in length of the strand is measured. The percent ulti-
mate elongation is then figured by dividing the initial length of
the strand sample into the increase in length of the strand sam-
ple. The tensile strength of the strand sample is recorded as
the pounds per square inch of cross-sectional diameter
required to break the strand during the percent ultimate elon-
gation test. The results are as follows:

TABLE IIB

EC Alloy Strands Present Alloy Strands

Tensile Percent Ultimate Tensile Percent Uhimate
Strength Elongation Strength Elongation
13,500 30.8%
10,000 30.5% 14,300 3%
12,700 21% 15,525 24%
13,500 14% 16,150 19%
14,200 11.5% 16,550 16%
15,000 8% 17,200 13.2%
16,500 3.5% 18,270 8.6%
18,300 2% 19,000 6.7%

As shown in Table IIB, the present alloy has a surprisingly
improved property of percent ultimate elongation over con-
ventional EC alloy

EXAMPLES 2 THROUGH 7

Six aluminum alloys are prepared with varying amounts of
major constituents. Those alloys are reported in the following
table:

TABLE Il
Example No. % Al % Fe % Si
2 99.73 0.180 0.059
3 99.52 0.385 0.063
4 99.46 0.450 0.056
5 99.36 0.540 0.064
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0.680
0.750

-

99.278
7 99.20

0.018
8.030

The six alloys are then cast into six continuous bars and hot-
rolled into six continuous rods. The rods are cold-drawn
through successively constricted dies to yield No. 12 gauge
strands. The strands produced from the allows of examples
No. 2 and 4 are resistance annealed and the remainder of the
examples are batch furnace annealed to yield the tensile
strengths reported in Table [V. After annealing, each of the
strands is tested for percent conductivity, tensile strength, per-
cent ultimate elongation and average number of bends to
break by standard testing procedures for each, except that the
procedure specified in Example No. 1 is used for determining
average number of bends to break. These results are reported
in the following table.

TABLEIV
Average No.
E ph Cond ity Tensile Ultimate of Bends
No. in % IACS Strength Elongation ta Break
2 628 15,150 8.1 15%
3 61.3 15,153 28.0 2%
4 615 15,152 s 28
5 61.8 15,152 350 28%
6 61.28 14,300 28.0 32
7 612 15,800 25 28

From a review of these results, it may be seen that Example
No. 2 falls outside the scope of the present invention in per-
centage of components. In addition it will be noted for Exam-
ple No. 2 that the percentage of ultimate elongation is
somewhat lower than desirable and the average number of
bends to break the sample is lower than the remaining exam-
ples.

A characteristic of high-conductivity aluminum alloy
strands which is not indicated by the historical tests for tensile
strength, percent elongation and electrical conductivity is the
possible change in propertics as a result of increases,
decreases or fluctuations of the temperature of the strands. It
is apparent that the maximum operating temperature of a
strand or series of strands will be affected by this temperature
characteristic. The characteristic is also quite significant from
a manufacturing viewpoint since many insulation processes
require high-temperature thermal cures.

It has been found that the aluminum alloy strands for use in
the high-conductivity portion of the present cable have a
characteristic of thermal stability which exceeds conventional
EC grade aluminum alloy strands. In order to demonstrate this
feature a group of three-eighths inch continuously cast and
rolled aluminum alloy rods is selected. All samples of the
present high-conductivity strands are fabricated from these
quantities of rod. Three commercially pure alloy rods, with
compositions and properties normally associated with electri-
cal conductor (EC) alloy, are also chosen in order to broaden
the base for comparison. The chemical composition of the
alloy rod samples is listed in Table V.

TABLE V

Chemical Composition, Weight Percent

(Rod

Designation) Fe Si Mg Mn Cu B Ti, V,
Ni, Cr

EC Al-No. 1 09 054 002 005 003 006 Less
than

EC Al-No.2 10 052 002 001 003 006 001%
each

EC Al-No. 3 14 053 002 001 002 on

Present Alloy 60 050 .002 002 004 006
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Processing methods such as the sequences and amounts of
each drawing operation and associated anneals have an effect
on the properties of finished strands. The manufacturing
processes used were limited to five (5) common methods to
produce commercially pure aluminum strands with fairly wide
ranges of properties or tempers. The processing of the present
alloy was limited to three tempers, each of which are annealed
after all drawing operations. Table VI lists the values for ulti-
mate tensile strength ultimate elongation as measured in 10
inches, and electrical conductivity of 14 AWG solid strands
obtained by the various methods of manufacture.

TABLE VI
Temper H-138 H-26 H-24 H-12 o
Tensile 26.2 180 153 143 92
EC-No.1 Elongation 1.5 1.2 8.3 10 280
Conductivity 62.7 63.6 635 617 6348
Tensile 29.7 17.7 151 150 10.2
EC-No:2 Elongation 14 13 7.2 21 268
Conductivity 624 633 634 636 639
Tensile 23.0 178 149 146 92
EC-Na.3 Elongation L6 11 43 28 293
Conductivity 63.4 [3X] 63.7 636 64.0
Tensile 18.2 188 13.0
Present Elongation 10.0 190 279
Alloy Conductivity 62.1 62.6 629
Tensile—KSI
Elongation—%

Conductivity—%I1ACS

H—18 — drawn from %-in. Rod to 0.064 Dia.

H—26 — drawn from %-in. Rod to 0.064 Dia. — partially annealed 1o 18 KS1
H—24 — drawn from %-in. Rod 10 0.064 Dia. — partially annealed to 15 KSI

H-—12 — drawn from %-in. Rod to 0.081 Dia. — fully annealed — Drawn to 0.064
Dia.

0" —drawn from %-in. Rod to 0.064 Dia. — fully anncaled

Several significant points stand out in this comparison. The
ultimate elongation of the present alloy in the H26 and H24
tempers is significantly greater than any other alloy temper ex-
cept fully annealed. In the fully annealed condition the present
alloy tensile strength is from 27 to 41 percent greater than the
EC alloys. The electrical conductivity of all alloy wires is well
within the range of present specifications for electrical con-
ductor grade aluminum alloy. The strained hardened H12
temper alloys have considerably less elongation than those of
the same tensile strength in the H24 temper.

Two particular thermal tests are performed. A recrystalliza-
tion hardness test of the alloys in which Rockwell H hardness
readings are taken on samples after thermal soaks at various
temperatures is run. Specimens used for this test are 0.060
inches thick strips fabricated from the alloy rods by cold
rolling. The results of this test are reported in Table Vil

TABLE VI
Rockwell H Hardness
At Varying Temperatures
100° 150° 200° 250° 300°

EC No. | 8s 80 78 70 19
EC No. 2 83 Y] 80 mn 25
EC No. 3 78 72 68 id 20
Present

Alloy 92 92 9t Be 43

The second thermal test consists of measuring the ultimate
tensile strength of the alloy strands in the H26 temper series
after thermal soak periods of 4 hours at 225°C., 250°C., and
275° C. The strand tensile thermal stability test results are re-
ported in Table VIIL
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TABLE VIII

THERMAL STABILITY
ULTIMATE TENSILE STRENGTH — KSI

Finished

Strand After After After
Wire Tensile 4 hr. at 4 hr. a1 4 hr at
Designation Strength 225°C. 225°C. 225°C.
EC No. 1—H26 18.0 176 187 118
EC No. 2—H26 177 177 16.1 127
EC No. 3~H26 178 100 100 L X
Present
Alloy—H26 182 18.8 18.2 171

A significant aspect shown by the results of these tests is the
lack of thermal stability obtainable with commercially pure
EC aluminum alloys. The test samples fabricated from alloy
rod EC No. 3 show a significant decrease in thermal stability
in both the recrystallization hardness and the tensile strength
tests. In fact, this alloy has almost completely softened after a
4-hour soak period at 225° C. On the other hand, the strands
fabricated from the present high-conductivity alloy demon-
strate a relatively high degree of thermal stability in both the
recrystallization hardness and tensile strength tests.

One of the principal advantages of a multistrand conductor
having both high-strength strands and high-conductivity
strands of aluminum is that the high-strength strands not only
provide the strength needed but even enhance rather than
detract from the electrical conductivity of the cable as a
whole. When used in combination with the strands of electri-
cally conductive aluminum, fewer high-conductivity strands
are needed to meet a given conductance requirement. Ac-
cordingly, the multistrand conductor of relatively small cross
section can be readily tailored to meet the particular strength
and electrical conductivity requirements for any given appli-
cation. A unique feature of tailoring the conductor for dif-
ferent applications, assuming all strands are of the same
diameter, is that a high-conductivity strand can be selectively
exchanged for a high-strength strand to thereby meet the
required new properties of strength and electrical con-
ductance. Another unique feature involved in tailoring the
conductor by selectively exchanging strands is that the overall
weight of the conductor remains substantially the same. An
example of such an exchange is the aforedescribed FIGS. 34
with the same overall number of strands employed, but
wherein the number of strands 38 in FIG. 4 have been in-
creased while the number of strands 40 have been propor-
tionately reduced. Similarly, FIGS. 2 and 5§ have the same
overall total number of strands but the strength strands and
conductivity strands have been selectively interchanged. The
multistrand conductor is especially adaptable for power trans-
mission lines at extra high voltages often identified by the ab-
breviation, “EHV,” wherein the voltage carried ranges from
345,000 to 1,000,000 volts.

Another notable property of the all aluminum multistrand
conductor is that the aluminum making up each set of strands
is relatively corrosion resistant. Further the solution potential
of each set of strands is approximately the same and therefore
the cable assembly is not subject to galvanic action that nor-
mally occurs in cable structures of dissimilar and exposed
materials. Thus, the strength of the alloy strands cannot be
seriously affected by corrosion during use.

The unique structure and advantage of the conductor of the
instant invention will be further apparent from a comparison
of this conductor with a multi-strand conductor of the prior
art, such as an “ACSR,” i.e., Aluminum Conductor Steel
Reinforced, having EC aluminum alloy strands and steel
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strands. A listing of the properties of the two conductors is as
follows:

TABLEIX
Conductors
of Application ASCR

Construction 4/3* 3/4+ 6/1°
Diameter of Strands 0.1878 0.1878 0.1878
Actual Area {Circular Mills):

Conductivity strand 141,076 105,807 211614

6201 105,807 141,076

Steel 35,269

Total Area 246,883 246,883 246,883
Percentage of Area:

Conductivity strand 57.15% 4285% 45.7%

6201 42.85% 57.15%

Steel 14.3%

Total 100.00 160.60 100.00
Equivalent Conductivity (IACS) 579% 56.6% 53.1%

(Based on international Annecaled

Copper Standards)

Weight, Ib, per 1,000 ft. cable length:

Conductivity strand 132.5 993 1977
6201 993 1325

Steel 93.4

Total 231.8 218 2911
Rated Strength 6,330 6.890 8,420
Strength/Weight ratio 27,310 29720 28,920

* The 4/3 construction is shown in FIG. | while the 3/4 construction is shown in
FIG. § with the outer strand layer removed. The 6/1 ASCR conductor is the same
cross-sectional pattern of FIG. | wherein the core strand is steel and the outer
strand layer is six strands of E.C. grade aluminum.

It can be obviously concluded from the above figures, that
the conductor of the instant invention not only provides
greater equivalent electrical conductivity than the prior art
ACSR conductor but also provides less weight per unit length
and a more controllable strength to weight ratio, to meet given
requirements.

In a further advantageous embodiment of this invention and
as indicated for example in FIG. 6, an outer layer of high-
strength alloy strands 22a is located on the outside of the cable
while the relatively higher conductivity strands 24a are
disposed toward the inside of the cable structure. This struc-
ture retains all of the advantages of the conductor assembly of
the instant invention.

One advantage of such an interchange of strands is that the
outermost layer of alloy strands presents a relatively harder
surface. This harder surface remains substantially smooth and
unbroken during handling and installation of the conductor or
engagement of the conductor by the customary suspension
elements or other accessories to thereby minimize the
phenomena of corona effect and consequent current loss,
thereby as well as to minimize interference to radio and T.V.
reception in proximity of the transmission lines.

As used in this application the word ‘‘strand” means a
product that is long in relation to its cross section. In cross sec-
tion, the strand is square or rectangular with sharp or rounded
corners or edges, or is round, elliptical, hexagonal or oc-
tagonal. The diameter or greatest perpendicular distance
between parallel faces is between 3 and 0.0031 inches. In ad-
dition it should be understood that the word “strand ™ may also
mean a synthetic material such as a fiber or a thread or yarn
prepared from fibers of such material as graphite, a polyamide
such as nylon, polyethylene, polypropylene, copolymers of
polyethylene and polypropylene and/or other polymers, and
polyesters such as polyethylene terephtalate.

Furthermore, as used in this application, the expression *-
high strength” when used together with the words “strand” or
“material” means a strength in excess of 40,000 p.s.i. tensile
strength.

While this invention has been described in detail with par-
ticular reference to preferred embodiments thereof, it will be
understood that variations and modifications can be effected
within the spirit and scope of the invention as described
hereinbefore and as defined in the appended claims.

I claim:
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1. A multistrand cable for transmission of electrical power
having at least two strands, one strand consisting essentially of
a high strength material with a conductivity of less than 61
percent [ACS, the second strand having a minimum conduc-
tivity of 61 percent JACS and a diameter or greatest perpen-
dicular distance between parallel faces of between 0.460 and
0.0031 inch and consisting essentially of from about 0.55 to
about 0.95 weight percent iron; 0.01 to about 0.15 weight per-
cent silicon; 0.0001 to 0.05 weight percent each of trace ele-
ments selected from the group consisting of vanadium,
copper, manganese, magnesium, zinc, boron, and titanium,
and from about 98.95 to less than 99.45 weight percent alu-
minum with from 0.004 to 0.15 weight percent trace elements
and an iron to silicon ratio of 8:1 or greater.

2. Multistrand cable of claim 1 wherein the second strand
consists essentially of from about 0.80 to about 0.95 weight
percent iron; from about 0.07 to about 0.15 weight percent sil-
icon; and from about 98.95 to about 99.13 weight percent alu-
minum.

3. Multistrand cable of claim 1 wherein the second strand
consists essentially of from about 0.55 to about 0.80 weight
percent iron; from about 0.01 to about 0.07 weight percent sil-
icon; and from about 99.15 to about 99.40 weight percent alu-
minum.

4. Multistrand cable of claim 1 wherein the second strand
consists essentially of from about 0.55 to less than 0.60 weight
percent iron; and from about 0.01 to about 0.15 weight per-
cent silicon; and from about 99.10 to about 99.44 weight per-
cent aluminum.

§. Multistrand cable of claim 1 wherein in the second strand
the silicon content is from 0.01 to 0.15 weight percent, the in-
dividual trace element content is from 0.0001 to 0.05 weight
percent, and the total trace element content is from 0.004 to
0.15 weight percent.

6. Multistrand cable of claim 1 wherein said one strand con-
sisting essentially of high-strength material is selected from the
group consisting of strands of steel, aluminum alloy, synthetic
fibers and combinations thereof.

7. A multistrand cable for transmission of electrical power
having at least two sets of strands, the strands in one set of
strands consisting essentially of a high-strength material with a
conductivity of less than 61 percent IACS, the strands in the
second set of strands having a minimum conductivity of 61
percent IACS and a diameter or greatest perpendicular
distance between parallel faces of between 0.460 and 0.0031
inch and consisting essentially of from about 0.55 to about
0.95 weight percent iron; 0.01 to about 0.15 weight percent
silicon; 0.0001 to 0.05 weight percent each of trace elements
selected from the group consisting of vanadium, copper, man-
ganese, magnesium, zinc, boron, and titanium; and from about
98.95 to less than 99.45 weight percent aluminum with from
0.004 to 0.15 weight percent trace elements and an iron to sil-
icon ratio of 8:1 or greater.

8. A multistrand cable for transmission of electrical power
having at least two strands, one strand consisting essentially of
a high-strength material with a conductivity of less than 61
percent IACS, the second strand being an aluminum alloy and
having a minimum conductivity of 61 percent IACS and a
diameter or greatest perpendicular distance between parallel
faces of between 0.460 and 0.0031 inch and containing sub-
stantially evenly distributed iron aluminate inclusions ina con-
centration produced by the presence of about 0.45 to about
0.95 weight percent iron in an alloy mass consisting essentially
of about 98.95 to less than 99.45 weight percent aluminum,
0.01 to about 0.15 weight percent silicon; and 0.0001 to 0.05
weight percent each of trace elements selected from the group
consisting of vanadium, copper, manganese, magnesium, zinc,
boron, and titanium, said iron aluminate inclusions having a
particle size of less than 2,000 angstrom units.

9. Multistrand cable of claim 8 wherein in the second strand
iron is present in a concentration of about 0.55 to about 0.95
weight percent; silicon is present in a concentration of about
0.01 to about 0.15 weight percent; and aluminum is present in
a concentration of about 98.95 to about 99.44 weight percent.
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10. Multistrand cable of claim 8 wherein in the second
strand iron is present in a concentration of about 0.80 to about
0.95 weight percent; silicon is present in a concentration of
about 0.07 to about 0.15 weight percent; and aluminum is
present in a concentration of about 98.95 to about 99.13
weight percent.

11. Multistrand cable of claim 8 wherein in the second
strand iron is present in a concentration of about 0.50 to about
0.80 weight percent; silicon is present in a concentration of
about 0.01 to about 0.07 weight percent; aluminum is present
in a concentration of about 99.15 to about 99.40 weight per-
cent.

12. Multistrand cable of claim 8 wherein in the second
strand iron is present in a concentration of about 0.45 to less
than 0.60 weight percent; silicon is present in a concentration
of about 0.01 to about 0.15 weight percent; and aluminum is
present in a concentration of about 99.10 to about 99.54
weight percent.

13. Multistrand cable of claim 8 wherein in the second
strand iron is present in a concentration of about 0.55 to less
than 0.60 weight percent; silicon is present in a concentration
of about 0.01 to about 0.15 weight percent; and aluminum is
present in a concentration of about 99.10 to about 99.44
weight percent.

14. Multistrand cable of claim 8 wherein in the second
strand the silicon content is from 0.01 to 0.15 weight percent,
the individual trace element content is from 0.0001 to 0.05
and the total trace element content is from 0.004 to 0.15
weight percent.

15. Multistrand cable of claim 8 wherein said one strand
consisting essentially of high-strength material is selected from
the group consisting of strands of steel, aluminum alloy,
synthetic fibers, and combinations thereof.

16. A multistrand cable for transmission of electrical power
having at least two sets of strands, the strands of one set of
strands consisting essentially of a high-strength material with a
conductivity of less than 61 percent 1ACS, the strands in the
second set of strands being an aluminum alloy and having a
minimum conductivity of 61 percent IACS and a diameter or
greatest perpendicular distance between parallel faces of
between 0.460 and 0.0031 inch and containing substantially
evenly distributed iron aluminate inclusions in a concentration
produced by the presence of about 0.45 to about 0.95 weight
percent iron in an alloy mass consisting essentially of about
98.95 to less than 99.45 weight percent aluminum, 0.01 to
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0.15 weight percent silicon; and 0.0001 to 0.05 weight percent
each of trace elements selected from the group consisting of
vanadium, copper, manganese, magnesium, zinc, boron, and
titanium, said iron aluminate inclusions having a particle size
of less than 2,000 angstrom units.

17. A multistrand cable for transmission of electrical power
having a plurality of high-strength core strands and a plurality
of outer conductor strands, said high-strength core strands
consisting essentially of an aluminum alloy having up t0 0.10
percent by weight copper, up to 0.50 percent by weight iron,
up to 0.03 percent by weight manganese, up to 0.10 percent
by weight zinc, up to 0.03 percent by weight chromium, up to
0.06 percent by weight boron, about 0.50 to 0.90 percent by
weight silicon, about 0.60 to about 0.90 percent by weight
magnesium, and the balance aluminum; said outer conductor
strands consisting essentially of an aluminum alloy with a
minimum conductivity of 61 percent IACS and containing
from about 0.55 to about 0.95 weight percent iron; 0.01 to
about 0.15 weight percent silicon; 0.0001 to 0.05 weight per-
cent each of trace elements selected from the group consisting
of vanadium, copper, manganese, magnesium, zinc, boron,
and titanium; and from about 98.95 to less than 99.45 weight
percent aluminum with from 0.004 to 0.15 weight percent
trace elements and an iron to silicon ratio of 8:1 or greater.

18. A multistrand cable for transmission of electrical power
having a plurality of high-strength core strands and a plurality
of outer conductor strands, said high-strength core strands

consisting essentially of an aluminum alloy having up 10 0.10
percent by weight copper, up to 0.50 percent by weight iron,

up to 0.03 percent by weight manganese, up to 0.10 percent
by weight zinc, up to 0.03 percent by weight chromium, up to
0.06 percent by weight boron, about 0.50 to 0.90 percent by
weight silicon, about 0.60 to about 0.90 percent by weight
magnesium, and the balance aluminum; said outer conductor
strands consisting essentially of an aluminum alloy with a
minimum conductivity of 61 percent IACS and containing
substantially evenly distributed iron aluminate inclusions in a
concentration produced by the presence of about 0.45 to
about 0.95 weight percent iron in an alloy mass consisting es-
sentially of about 98.95 to less than 99.45 weight percent alu-
minum, 0.01 to about 0.15 weight percent silicon, and 0.0001
to 0.05 weight percent each of trace elements selected from
the group consisting of vanadium, copper, manganese, mag-
nesium, zinc, boron, and titanium, said iron aluminate inclu-
sions having a particle size of less than 2,000 angstrom units.
* * * * *



