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TITLE
HYBRID CONDUCTOR CORE

RELATED APPLICATION

[001] This application is being filed on 11 March 2014, as a PCT International
Patent application and claims priority to U.S. Patent Application Serial No. 61/775,816
filed on 11 March 2013, the disclosure of which is incorporated herein by reference in its

entirety.

COPYRIGHTS

[002] All rights, including copyrights, in the material included herein are vested
in and the property of the Applicant. The Applicant retains and reserves all rights in the
material included herein, and grant permission to reproduce the material only in

connection with reproduction of the granted patent and for no other purpose.

BACKGROUND

[003] There are many types of overhead conductor designs. One such
conductor design is Aluminum Conductor Steel Reinforced (ACSR). ACSR conductor is
a high-capacity, high-strength stranded power cable used as electrical conductors in
overhead power lines. The outer strands in an ACSR conductor are aluminum.
Aluminum has very good conductivity, low weight, and relatively low cost. The center
strands (i.e., core) in an ACSR conductor are made of steel, which provides extra
strength for the ACSR conductor. The lower electrical conductivity of the steel core has
only a minimal effect on the overall current-carrying capacity of the conductor due to the

“skin effect.” With the skin effect, most of the current in an ACSR conductor is carried
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by the aluminum portion of the conductor. Consequently, the higher resistance of the

steel strands has only a small effect on the conductor’s overall resistance.

SUMMARY

[004] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key features or essential features of the claimed
subject matter. Nor is this Summary intended to be used to limit the claimed subject
matter’s scope.

[005] An electric conductor may be provided. The electric conductor may
comprise a conductor core and a plurality of conductor strands wrapped around the
conductor core. The conductor core may comprise a plurality of core strands
comprising an overall number of strands. The plurality of core strands may comprise a
first portion of core strands and a second portion of core strands. The first portion of
core strands may comprise a first number of strands. The first portion of core strands
may comprise steel. The second portion of core strands may comprise a second
number of strands. The second portion of core strands may comprise a composite
material or Aluminum or Aluminum alloy. A ratio of the first number of strands to the
overall number of strands and a ratio of the second number of strands to the overall
number of strands may be optimized to give the conductor core a predetermined
characteristic.

[006] Both the foregoing general description and the following detailed
description provide examples and are explanatory only. Accordingly, the foregoing

general description and the following detailed description should not be considered to
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be restrictive. Further, features or variations may be provided in addition to those set
forth herein. For example, embodiments may be directed to various feature

combinations and sub-combinations described in the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[007] The accompanying drawings, which are incorporated in and constitute a
part of this disclosure, illustrate various embodiments of the present invention. In the
drawings:

[008] FIG. 1 shows an electrical conductor; and

[009] FIG. 2 shows a multi-member strand.

DETAILED DESCRIPTION

[010] The following detailed description refers to the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and the
following description to refer to the same or similar elements. While embodiments of
the invention may be described, modifications, adaptations, and other implementations
are possible. For example, substitutions, additions, or modifications may be made to
the elements illustrated in the drawings, and the methods described herein may be
modified by substituting, reordering, or adding stages to the disclosed methods.
Accordingly, the following detailed description does not limit the invention.

[011] The first conductors used in overhead applications were homogeneous,
being made of individual strands of aluminum or copper, stranded together
concentrically around a single center strand. Problems existed with these conductors,

including large amounts of sag under mechanical and electrical loadings.
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[012] To correct the lack of mechanical strength, and reduce the thermal
elongation, steel strands were added to these conductors. The steel strands are
concentrically stranded into a “steel core”, and then layers of aluminum or aluminum
alloy are concentrically stranded around the steel core. While the steel core carries
small amounts of current, its primary function is to reduce sag by increasing strength
and reducing thermal elongation of the completed conductor.

[013] Steel cores may be replaced with composite cores. These composite
cores may be homogeneous, light weight, monolithic (i.e., being one large strand), and
may have a low thermal elongation compared to steel cores. One disadvantage of
composite cores may be poor mechanical performance (e.g., low modulus of elasticity)
under mechanical loading. Another disadvantage may be that fibers in composite cores
may be damaged by bending or torsional forces during stranding.

[014] “Concentric-Lay-Stranded Conductor” is a conductor comprising a center
core surrounded by one or more layers of helically wound conductor wires. The
conductor’s “lay” may refer to the length and direction of strands in layers comprising
the conductor. The lay length may comprise the axial length of one complete revolution
of a helical strand. The lay direction may be defined as right-hand or left-hand, referring
to the individual strands’ wrap direction as viewed axially in a direction away from an
observer. The conductor may comprise, for example, a homogeneous or a non-
homogeneous material. Individual strands comprising the conductor may be, but not

limited to, round or trapezoidal-shaped.
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[015] FIG. 1 shows a hybrid core conductor 100 consistent with embodiments of
the invention. Hybrid core conductor 100 may comprise a high-capacity, high-strength
stranded conductor used, for example, in overhead power lines. Hybrid core conductor
100 may include a plurality of conductor strands (e.g., disposed in a first conductor layer
105 and in a second conductor layer 110) and a conductor core 115.

[016] Conductor core 115 may comprise a plurality of core strands. The
plurality of core strands may comprise a core center strand 120 with round or shaped
core layer strands 125 helical wrapped around core center strand 120. While FIG. 1
shows conductor core 115 having one center strand and one layer of strands around
the center strand, conductor core 115 is not so limited. Conductor core 115 may
comprise any number of strands in any number of layers arranged in any orientation.
For example, conductor core 115 may comprise one core center strand 120 and seven
core layer strands 125.

[017] Second conductor layer 110 may be helical wrapped around first
conductor layer 105. First conductor layer 105 may be helical wrapped around
conductor core 115. First conductor layer 105 and second conductor layer 110 may be
wrapped in respective alternating hand lay. First conductor layer 105 and a second
conductor layer 110 may comprise conductor strands that have a trapezoidal cross-
sectional shape. Moreover, first conductor layer 105 and a second conductor layer 110
may comprise conductor strands that are compacted. First conductor layer 105 may
comprise first conductor layer strands 130. Second conductor layer 110 may comprise
second conductor layer strands 135. First conductor layer strands 130 and second

conductor layer strands 135 may be considered within the plurality of conductor strands.
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First conductor layer strands 130 and second conductor layer strands 135 may
comprise aluminum or an aluminum alloy that may be chosen for aluminum’s high
conductivity, low weight, and low cost.

[018] Core center strand 120 and core layer strands 125 may comprise core
strands. Any one or more of the plurality of core strands (e.g., core layer strands 125
and core center strand 120) may comprise a first material (e.g., steel, standard strength
steel, high strength steel, extra high strength steel, ultra-high strength steel, aluminum
zirconium, or 1350-“O” temper aluminum), providing strength to conductor 100. In
addition to the first material, any one or more of the plurality of core strands (e.g., core
layer strands 125 and core center strand 120) may comprise a composite material, such
as, but not limited to fibers (e.g., carbon fibers) disposed in a thermoplastic matrix (e.g.,
polyphenylene sulfide). The first material, for example, may have a higher elasticity
modulus than the composite material, the first material may have a higher thermal
elongation than the composite material, and the first material may have a higher
conductivity than the composite material.

[019] Any one or more of the plurality of core strands may comprise a composite
core as described in United States Patent Application Publication US 2012/0261158A1,
which is incorporated herein by reference in its entirety. For example, the composite
material may have any one or more of the following: an elastic modulus in a range from
about 70 GPa to about 300 GPa; a density in a range from about 1.2 g/cc to about 1.8
g/cc; a strength to weight ratio in a range from about 500 MPa/(g/cc) to about 1,100
MPa/(g/cc); a percent elongation at break in a range from about 1% to about 2.5%; a

linear thermal expansion coefficient in the longitudinal direction in a range from about -
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0.4 to about 5 ppm per °C; a bending radius in a range from about 1 cm to about 50 cm;
and a void fraction of less than about 6%.Elastic modulus (or modulus of elasticity) may
be the mathematical description of an object or substance's tendency to be deformed
elastically (i.e., non-permanently) when a force is applied to it. The elastic modulus of
an object may be defined as the slope of its stress—strain curve in the elastic
deformation region. For example, a stiffer material will have a higher elastic modulus.

[020] As stated above, ones of the plurality of core strands (e.g., core layer
strands 125 and core center strand 120) of conductor core 115 may comprise either the
first material or the composite material, for example. The first material (e.g. steel,
aluminum zirconium, or 1350-“O” temper aluminum) may provide good strength, good
ductility, and has a high modulus of elasticity, but has high weight and relatively
(compared to the composite material) high thermal elongation. This may make an
electrical conductor made with a wholly steel core perform well under mechanical
loadings (e.g., ice and wind), but not as well under thermal loads. On the other hand,
the composite material may have a high strength to weight ratio, very low thermal
elongation, but may break if bent to sharply, and may have a low modulus of elasticity.
This may make an electrical conductor made with a wholly composite material core sag
more under mechanical loads for example.

[021] Consistent with embodiments of the invention, some of the plurality of core
strands may comprise a high modulus of elasticity material, such as steel, and some of
the plurality of core strands may comprise a low modulus of elasticity material such as
the composite material. Low thermal expansion, low weight materials, such as the

composite material, may have a low modulus of elasticity, thus, while they may perform
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well under thermal loads, they may not perform as well as steel under mechanical loads
such as ice and wind. Most high modulus materials, such as steel, may perform well
mechanically by having high thermal elongations.

[022] By combining high modulus of elasticity material and low modulus of
elasticity material into conductor core 115: i) the low modulus, low weight, low thermally
expanding material in conductor core 115 may allow hybrid core conductor 100 to have
a high strength to weight ration and lower expansion (i.e., less sag) under thermal
loading; and ii) the high modulus material in conductor core 115 may reduce the
elongation (i.e., sag) of hybrid core conductor 100 under heavy mechanical (e.g., ice
and wind) loading.

[023] Consequently, hybrid core conductor 100 with conductor core 115 that
incorporates both a low modulus of elasticity material (e.g., the composite material) and
a high modulus of elasticity material (e.g., steel or aluminum zirconium) may improve
the modulus of elasticity of the overall construction of hybrid core conductor 100.
Accordingly, compared to conventional conductors, hybrid core conductor 100 may
have a low weight, low thermal expansion strength member (e.g., core) with a higher
modulus, thus able to carry mechanical loads with less sag. Consistent with
embodiments of the invention, hybrid core conductor 100 may optimizes both the
thermal and mechanical properties of the materials used in conductor core 115.

[024] A hybrid core conductor 100 may be provided. The hybrid core conductor
100 may comprise conductor core 115 and a plurality of conductor strands wrapped
around conductor core 115. Conductor core 115 may comprise the plurality of core

strands comprising an overall number of strands. The plurality of core strands may
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comprise a first portion of core strands and a second portion of core strands. The first
portion of core strands may comprise a first number of strands. The first portion of core
strands may comprise a high modulus of elasticity material (e.g., steel, aluminum
zirconium, or 1350-“O” temper aluminum). The second portion of core strands may
comprise a second number of strands. The second portion of core strands may
comprise a low modulus of elasticity material (e.g., the composite material).

[025] Consistent with embodiments of the inventor, a ratio of the first number of
strands to the overall number of strands and a ratio of the second number of strands to
the overall number of strands may be optimized to give the conductor core a
predetermined characteristic. The predetermined characteristic may comprise, but is
not limited to, modulus of elasticity (i.e., elasticity modulus), thermal elongation, and
conductivity. For example, the overall number of strands in conductor core 115 may
comprise seven (e.g., Six core layer strands 125 and one core center strand 120). The
first number of strands may comprise one and the second number of strands may
comprise six. Consequently, the ratio of the first number of strands to the overall
number of strands may be 1:7. This may provide a desired and predetermined modulus
of elasticity value for the overall construction of hybrid core conductor 100 by having
conductor core 115 incorporate both a low modulus of elasticity material (e.g., the
composite material in the second portion of core strands) and a high modulus of

elasticity material (e.g., steel in the first portion of core strands).
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[026] If the desired and predetermined modulus of elasticity value for the overall
construction of hybrid core conductor 100 may not be realized with a ratio of the first
number of strands to the overall number of strands of 1:7, this ratio may be modified.
By modifying this ratio, a higher modulus of elasticity value for the overall construction
of hybrid core conductor 100 may be realized than with a ratio of the first number of
strands to the overall number of strands is 1:7. For example, the ratio of the first
number of strands to the overall number of strands may be moved to 2:7 by having an
overall number of strands in conductor core 115 comprising seven (e.g., six core layer
strands 125 and one core center strand 120), the first number of strands comprising
two, and the second number of strands comprising five. Similarly, the ratio of the first
number of strands to the overall number of strands may be moved to 3:7, 4:7, 5.7, or
6:7 until the optimal predetermined modulus of elasticity value for the overall
construction of hybrid core conductor 100 is realized. The ratio of the first number of
strands to the overall number of strands may comprise any ratio and is not limited to the
aforementioned ratios. The first number of strands, the second number of strands, and
the overall number of strands are not limited to the aforementioned values. Other
characteristics (e.g., thermal elongation, conductivity, or a combination of any two or
more of thermal elongation, conductivity, and modulus of elasticity) may be optimized by
adjusting the aforementioned ratios.

[027] FIG. 2 shows a multi-member strand 205. As stated above, conductor
core 115 may comprise core center strand 120 with core layer strands 125 helical
wrapped around core center strand 120. Any one or more of the plurality of core

strands (e.g., core center strand 120 and core layer strands 125) may comprise multi-

-10 -
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member strand 205. While conductor core 115 may have one center strand and one
layer of strands around the center strand, conductor core 115 is not so limited.
Conductor core 115 may comprise any number of strands in any number of layers
arranged in any orientation.

[028] As shown in FIG. 2, multi-member strand 205 may comprise a plurality of
filaments 210. Each one of plurality of flaments 210 may comprise different materials
selected and optimized to give strand 205 desired overall characteristics. Ones of
plurality of filaments 210 may comprise different characteristic that when aggregated
together give multi-member strand 205 a desired characteristic or characteristics. Such
characteristic may comprise, but are not limited, to modulus of elasticity and thermal
elongation. For example, multi-member strand 205 may comprise low-thermal
elongation filaments that may improve tension sharing between plurality of filaments
210 and also allow for higher tensile filaments (e.g., steel). For example, the more steel
is drawn, the more cold working thus the higher the tension, but lower ductility.

[029] Consistent with embodiments of the invention, for example, the modulus
of elasticity and the thermal elongation of multi-member strand 205 may be optimized.
Modulus of elasticity and the thermal elongation are examples and other characteristics
may be optimized. To optimize the modulus of elasticity, a material with a low modulus
(e.g., carbon fiber) may be used in a first portion of plurality of filaments 210 and
another material with a higher modulus (e.g., steel) to improve the overall performance
of multi-member strand 205 under heavy mechanical loads may be used in a second
portion of plurality of filaments 210. The ratio of the first portion of plurality of flaments

210 to the overall number of filaments in plurality of filaments 210 and the ratio of the

-11 -
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second portion of plurality of filaments 210 to the overall number of filaments in plurality
of filaments 210 may be optimized to give multi-member strand 205 a desired modulus
of elasticity. Each filament may have a thin capping layer over it that may isolate, for
example, carbon fiber from aluminum.

[030] To optimize thermal elongation, a material with a high thermal elongation
(e.g., steel) may be used in a third portion of plurality of filaments 210 and a material
with low thermal elongation (e.g., carbon fiber, metal matrix, high nickel steel) may be
used in a fourth portion of plurality of filaments 210. The ratio of the third portion of
plurality of filaments 210 to the overall number of filaments in plurality of filaments 210
and the ratio of the fourth portion of plurality of filaments 210 to the overall number of
filaments in plurality of filaments 210 may be optimized to give multi-member strand 205
a desired thermal elongation. Ones of plurality of flaments 210 may overlap within the
groups comprising the first portion, the second portion, the third portion, and the fourth
portion. A number of multi-member strands 205 having different optimized
characteristics may be used as core center strand 120 and core layer strands 125 to
give conductor core 115 a desired optimized aggregated characteristic or
characteristics.

[031] While certain embodiments of the invention have been described, other
embodiments may exist. Further, the disclosed methods’ stages may be modified in
any manner, including by reordering stages and/or inserting or deleting stages, without
departing from the invention. While the specification includes examples, the invention’s
scope is indicated by the following claims. Furthermore, while the specification has

been described in language specific to structural features and/or methodological acts,

-12-
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the claims are not limited to the features or acts described above. Rather, the specific
features and acts described above are disclosed as example for embodiments of the

invention.

-13-
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a conductor core comprising a plurality of core strands wherein each one of the
plurality of core strands comprises one of the following: a first material and a composite
material, wherein a first one of the plurality of core strands comprises the first material
and a second one of the plurality of core strands comprises the composite material; and

a plurality of conductor strands wrapped around the conductor core.

2. The apparatus of claim 1, wherein the first one of the plurality of core

strands is a core layer strand.

3. The apparatus of claim 1, wherein the first one of the plurality of core

strands is a core center strand.

4. The apparatus of claim 1, wherein the second one of the plurality of core

strands is a core layer strand.

5. The apparatus of claim 1, wherein the second one of the plurality of core

strands is a core center strand.

6. The apparatus of claim 1, wherein the composite material comprises fibers

disposed in a thermoplastic matrix.

-14 -
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7. The apparatus of claim 6, wherein the fibers comprise carbon fibers.

8. The apparatus of claim 6, wherein the thermoplastic matrix comprises a

polyphenylene sulfide.

9. The apparatus of claim 1, wherein the composite material has an elastic

modulus in a range from about 70 GPa to about 300 GPa.

10.  The apparatus of claim 1, wherein the composite material has at least one
of the following: a density in a range from about 1.2 g/cc to about 1.8 g/cc; a strength to
weight ratio in a range from about 500 MPa/(g/cc) to about 1,100 MPa/(g/cc); a percent
elongation at break in a range from about 1% to about 2.5%; a linear thermal expansion
coefficient in the longitudinal direction in a range from about -0.4 to about 5 ppm per °C,;
a bending radius in a range from about 1 cm to about 50 cm; and a void fraction of less

than about 6%.

11.  The apparatus of claim 1, wherein the first material comprises one of the

following: steel, standard strength steel, high strength steel, extra high strength steel,

and ultra-high strength steel, aluminum zirconium, and 1350-“0” temper aluminum.

-15-
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12.  An apparatus comprising:
a conductor core comprising a plurality of core strands comprising an overall
number of strands, the plurality of core strands comprising:

a first portion of core strands comprising a first number of strands, the first
portion of core strands comprising a first material, and

a second portion of core strands comprising a second number of strands,
the second portion of core strands comprising a composite material wherein a
ratio of the first number of strands to the overall number of strands and a ratio of
the second number of strands to the overall number of strands are optimized to
give the conductor core a predetermined characteristic, the first material having a
higher elasticity modulus than the composite material, the first material having a
lower thermal elongation than the composite material, and the first material

having a higher conductivity than the composite material.

13.  The apparatus of claim 12, wherein the predetermined characteristic

comprises elasticity modulus.

14.  The apparatus of claim 12, wherein the predetermined characteristic

comprises thermal elongation.

15.  The apparatus of claim 12, wherein the predetermined characteristic

comprises conductivity.

-16 -
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16.  The apparatus of claim 12, wherein the ratio of the first number of strands

to the overall number of strands is 1:7.

17.  The apparatus of claim 12, wherein the ratio of the first number of strands

to the overall number of strands is 2:7.

18.  The apparatus of claim 12, wherein the composite material comprises

fibers disposed in a thermoplastic matrix.

19.  The apparatus of claim 12, wherein the first material comprises one of the
following: standard strength steel, high strength steel, extra high strength steel, ultra-

high strength steel, aluminum zirconium, and 1350-“O” temper aluminum.

20. The apparatus of claim 12, further comprising a plurality of conductor

strands wrapped around the conductor core.

21.  An apparatus comprising:
a conductor core comprising a plurality of core strands comprising an overall
number of strands, the plurality of core strands comprising:
a first portion of core strands comprising a first number of strands, the first
portion of core strands comprising a first material, and
a second portion of core strands comprising a second number of strands,

the second portion of core strands comprising a composite material comprising

-17 -
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fibers disposed in a thermoplastic matrix, wherein a ratio of the first number of
strands to the overall number of strands and a ratio of the second number of
strands to the overall number of strands are optimized to give the conductor core
a predetermined characteristic comprising at least one of the following: elasticity
modulus, thermal elongation, and conductivity; and

a plurality of conductor strands wrapped around the conductor core.

-18 -
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