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ABSTRACT
A hybrid cable for distributing communications signals 

and three-phase moderate-voltage alternating current, and a 

distribution method and network using the hybrid cable. The 

5 cable includes a hollow conduit, an optical fiber pulled

through the conduit and housed within the conduit, power 

conductors disposed around the conduit, and a sheath which 

provides both structural protection and dielectric 

properties encasing the power conductors.
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AUSTRALIA

Patents Act 1990

The Southern New England Telephone Company

ORIGINAL

COMPLETE SPECIFICATION 
STANDARD PATENT

Invention Title:

Hybrid communications and power cable and distribution 
method and network

The following statement is a full description of this invention 
including the best method of performing it known to us:-



TECHNICAL FIELD

5

1 5

This invention relates generally to hybrid cables for 

distributing communications signals and power, and, more 

particularly, to a multi-conductor hybrid optical 

communications and power cable. The invention further 

relates to a method of, and a network for, distributing 

optical signals and equipment-energizing power over such a 

cable.

BACKGROUND OF THE INVENTION
Fiber optic cables are increasingly used to transmit 

video, voice and data signals. Some advantages of fiber 

optics for transmitting communications signals include an 

immunity of optical signals to electromagnetic interference 

and the small size, light weight and wide bandwidths of 

optical fibers.

In an illustrative fiber optic network, electrical 

signals are converted to optical signals by an electrical- 

to-optical transmitter at a sending site. The optical 

signals are transmitted via an optical fiber to optical-to- 

electrical receivers at a receiving location. The receivers 

couple light out of the optical fibers and convert the 

contained signals back into electrical signals. Optical 

receivers are active network components--that is, they 

require power to operate.
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Optical repeaters, which amplify and regenerate optical 

signals at interim points along an optical fiber path, are 

also active network components. The distances which optical 

signals can travel prior to amplification and regeneration 

5. by optical repeaters vary according to the type of optical

fiber and other factors.

Sufficient current and voltage to power optical-to- 

electrical receivers, optical repeaters and other related 

active elements cannot be transmitted via optical fibers.

10 In providing power to these active components, it has often

been necessary to rely on power transmitted by an electric 

utility. Thus, if electric utility power is interrupted,

20

the fiber optic network's operation is disrupted.

Hybrid cables having both optical fibers and electrical 

conductors, and networks utilizing such cables, are well 

known. In general, however, known hybrid cable 

constructions have included optical fibers which are 

permanently fixed within the cable prior to the cable's 

installation. This requires time consuming operations at 

splicing and terminal points to separate the optical fiber 

and metallic conductors from each other and from the other

cable components. Further, neither prior hybrid cables nor 

the networks utilizing the cables have provided satisfactory 

distribution of equipment-energizing power over wide areas.
25
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SUMMARY OF THE INVENTION
According to the present invention, the foregoing and

other disadvantages are ameliorated, while simultaneously- 

satisfying code requirements, by a hybrid cable including a 
5 hollow conduit adapted to have an optical fiber pulled 

through and housed within the conduit subsequent to the 

cable's installation; a plurality of groups of power 

conductors disposed around the hollow conduit; and a sheath

with one or more layers for providing both structural
10 protection and dielectric properties encasing the power

conductors .

• ·
• · • · ·

Other aspects of the invention include means within the
conduit to facilitate the subsequent installation of the
optical fiber. These means take the form of a lubricated

15 surface on the conduit wall and/or a pulling ribbon in the

conduit.

« ·· ·

• · · • ·• · · ·
• · · ·
• · · ·

20

In one preferred embodiment, the

conductors are

aluminum, each

layer. Filler

groups of power

helically disposed and

group being surrounded

material may

groups of power conductors,

include stranded

by an insulation

be interspersed between the

the filler material and groups

* · · ·

• · ·• · ·
of power conductors forming a substantially toroidal core

and being wrapped with tape, e.g., mylar tape .

In still further embodiments, the hollow conduit may be
25 constructed of a polymer such as polyethylene. A first 
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layer of the sheath encasing the power conductors may be 

steel, and a second layer of the sheath may be polyethylene.

The preferred embodiment may also include space within 

the conduit to store additional optical fibers for system

5 growth, e.g., for nodes which may be added at later dates.

In accordance with another aspect of the invention, a 

method of distributing power and optical signals includes 

installing a cable between a source location and another 

relatively remote location, the cable including a hollow

10 conduit, power conductors disposed around the hollow

conduit, and a sheath with one or more layers encasing the

power conductors; pulling an optical fiber through the

hollow conduit to provide a link between the locations, so 

that the cable transmits optical signals on the optical

15 fiber and power on the power conductors; isolating the power

from the optical signals; and converting at the remote 

location the power transmitted by the cable for use in 

powering active components in the network.

In accordance with still another aspect of the
20

25

invention, a network for distributing power and optical 

signals to a relatively remote location includes a centrally 

located alternating current power supply; a hybrid cable 

for providing optical signals and for transmitting power 

from the centrally located power supply to the remote 

location, the cable including a hollow conduit, an optical

fiber pulled therethrough and housed therein subsequent to 
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the cable's installation, power conductors disposed around 

the conduit, and a sheath with one or more layers encasing 

the power conductors; a terminal located at the remote

location for isolating the power from the optical signals;
5

10

15

and a power supply in communication with the terminal, for 

receiving the power transmitted by the cable for use in 

powering active components in the network.

Other advantages of the present invention will become 

readily apparent to those skilled in the art from the 

following description of the preferred embodiment of the 

invention which has been shown and described by way of 

illustration, as the best mode contemplated of carrying out 

the invention. As will be realized, the invention is 

capable of other and different embodiments, and its details 

are capable of modifications in various obvious respects, 

all without departing from the invention. Accordingly, the 

drawings and description are to be regarded as illustrative 

in nature, and not as restrictive.

20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a hybrid communications and power 

cable according to the preferred embodiment of the present 

invention.

FIG. 2 illustrates a network architecture for

25 distributing power and optical signals from a central
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location to a remote location using the hybrid cable of the 

preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
FIG. 1 illustrates a hybrid optical communications and 

power cable 10 constructed in accordance with the preferred 

embodiment of the present invention. The cable depicted in 

FIG. 1 has a diameter of 2.62, is suitable for use in 600 

volt phase-to-phase power applications, and can withstand 

temperatures up to 75 degrees Celsius.

A hollow duct 12, which may be made of lubricated 

plastic such as polyethylene and is approximately one inch 

in diameter in the preferred embodiment, is surrounded by 

strands of power conductors 14, which may be aluminum. The 

power conductors 14 are grouped together and are surrounded 

by an insulating material 16. The insulating material 16 in 

the preferred embodiment is 0.055 inches thick, and conforms 

to ICEA s-61-402. Part 6 standards, incorporated herein by 

reference. The groups of power conductors 14 include 

multiple circuits capable of transmitting three-phase 

alternating current at voltages up to 600 volts.

The groups of power conductors 14 are wound helically 

around the hollow duct 12. In the preferred embodiment, the 

power conductors 14 are cabled with a left-hand lay no 

greater than 15 times the diameter of the cable core. A

filler material 18 is interspaced between the groups of
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power conductors 14, the filler material 18 and groups of 

power conductors 14 together forming a substantially 

toroidal core 20, which may be wrapped with a polyester 

material such as mylar tape. In the preferred embodiment,

5 the polyester tape is 0.003 inches thick, and is wrapped

with a 50% overlap.

A metallic sheath 22, for example laterally corrugated 

steel zetabon tape laminated with an ethylene-acrylic acid 

co-polymer on each side, encloses the round core 20 so as to

10 make the core 20 watertight and corrosion-resistant, and to

impart structural strength and flexibility to the cable 10.

A bead of nylon (not shown) may run continuously under the 

tape overlap to seal the sheath 22.• · ·
♦ · ♦

.“I* An outer dielectric jacket 24, for example extruded* · ·
« · · ·

·’·**· 15 polyethylene, encases the metallic sheath 22. In a
• 9

• **’* preferred embodiment, the outer jacket 24 is 0.110 inches• · · ·• · ·• · thick, and conforms to ICEA s-61-402, Part 6 standards. The 

outer jacket 24 resists environmental stresses such as

weathering, sunlight and temperature extremes, and

: .··. 20 mechanical stresses such as those which cause abrasion and• · · ·• · · ·
*....· cracking and which are encountered during cable installation

.. . and service. The outer jacket 24 may also be marked on its• · ·• · ·
surface. In the preferred embodiment, the cable surface

includes three yellow longitudinal stripes (not shown)
25 spaced 120 degrees apart.
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Installation

The hybrid cable according to the present invention may 

be installed in desired lengths using well-known methods. 

For example, the cable may be installed aerially, in duct, 

or buried directly. A typical length for the hybrid cable 

of the preferred embodiment is approximately 1200 feet.

After a length of hybrid cable is installed, a length 

of optical fiber (not shown) is pulled through the hollow 

duct 12 using, e.g., a pulling ribbon 26 pre-installed in 

the hollow duct 12. The hollow duct 12 provides storage 

space for spare optical fibers, which may be subsequently 

used for, e.g., system growth.

FIG. 2 illustrates a network architecture 40 for 

distributing power and optical signals from a central 

location 60 to remote locations 46, 48 using the hybrid 

cable 10 of the present invention.

At the central location 60 a main source of alternating 

current 42, for example current purchased from an electric 

utility, powers uninterruptible power supplies 44, which 

supply regulated, reliable alternating current to the 

network. The uninterruptible power supplies 44 

illustratively provide 480 volts phase-to-phase power. 

Redundancy is provided so that failure of one of the power 

supplies 44 does not disrupt operation of the network 40.
25
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Standby power is provided by an alternate on-site

primary source, such as an engine-driven alternator 46, 

which produces alternating current to replace lost electric 

utility power. An automatic transfer switch 68 allows for

5. automatic switching between current sources 42, 46.

In addition, in the event that the current flow from 

main source 42 is interrupted prior to the engine alternator 

46 coming on line, a battery operated power supply 47 

provides reserve power to the uninterruptible power systems

10 44 for a period, such as four hours, sufficient to enable

corrective measures in most circumstances. Thus, failure of

15

a single power system component does not disrupt operation 

of the network 40.

As noted above, the hybrid communications and power 

cable 10, the preferred embodiment of which was discussed in 

connection with FIG. 1, connects the central location 60 to 

remote locations, for example splice terminals 46, and

connects splice terminals to other splice terminals. Splice 

terminals may in turn be in communication with other remote

20 sites, such as remote optical and electrical nodes 48.

Network Splicing· and Terminal Details

Splice terminals 46 isolate power circuits from fiber• · ·* · ·• · ·
optic communication circuits carried by the hybrid cable 10.

Hardware and techniques for splicing cables are well known

25 and commercially available.
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Alternating current from a spliced hybrid cable (not 

shown) is supplied to a power supply (not shown) located at 

each remote node 48. The power supply may be of a type well 

known in the art, such as a regulated ferroresonant

5. transformer, having an input side connected to the spliced

hybrid cable and an output side connected to a traditional 

coaxial cable (not shown). The coaxial cable in turn 

supplies power to active network components such as optical 

repeaters (not shown) and optical-to-electrical interface 

10 equipment (not shown). Thus, there is no need to utilize

electric utility power at the remote nodes.

A smaller version of the power source within the 

central location 60, having a similar architecture as the 

power sources 42, 44, 46 and 47 at the central location 60, 

15 may be used to serve the network where distribution

distances are beyond the electrical limitations of the 

preferred embodiment of the network. Similarly, the

dimensions of, and number of conductors within, hybrid cable

10 utilized in network 40 may vary according to the length

20 of the cable 10 and the amount of power and/or

communications signals the cable 10 must transmit.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A hybrid cable for providing optical signals and 

power to a remote location, comprising:

a hollow conduit adapted to have an optical fiber

5 pulled therethrough and housed therein after said cable is

deployed;

a plurality of power conductors disposed around the 

hollow conduit; and

a sheath encasing the power conductors, said sheath

10 having one or more layers for providing both structural

protection and dielectric properties.

2. A hybrid cable according to claim 1 further

comprising means in said conduit for facilitating the
• ·• · ·
• ·

• ·

15 pulling of said optical fibre through said conduit.

3. A hybrid cable according to claim wherein said2

means comprise a lubricated surface.

• · · ·

20 4. A hybrid cable according to claim wherein said

means comprise a pulling ribbon.

• ··· 5. A hybrid cable according to claim or 2, wherein

25
said plurality of power conductors comprise stranded
aluminum.

• · · ·

2

1
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6. A hybrid cable according to claim 1 or 2, further 

comprising an insulation layer surrounding said plurality of 

aluminum power conductors .

5 7. A hybrid cable according to.claim 1 or 2, further

comprising a filler material interspaced between said 

plurality of power conductors, so that the power conductors 

and the filler material form a substantially annular core.

10 8 . A hybrid cable according to claim 7, further

comprising a layer of mylar tape wrapped around said core.

9. A hybrid cable according to claim 1 or 2, wherein

15

said hollow conduit comprises polyethylene.

10. A hybrid cable according to claim 1 or 2, wherein

a first layer of said sheath encasing said power conductors

comprises steel tape.
• · · ·

20 11. A hybrid cable according to claim 1 or 2, wherein
• · ··
• · · · a second layer of said sheath encasing said power conductors

comprises polyethylene.

12. A hybrid cable according to claim 11, further
25 comprising a plurality of longitudinal stripes on the second

layer of said sheath.
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13. A hybrid cable according to claim 1 or 2, wherein 

said hollow conduit is dimensioned to provide space for 

extra optical fiber.

5 14. A hybrid cable for providing optical signals and 

power to a remote location, comprising:

a hollow plastic conduit adapted to have an optical 

fiber being pulled therethrough and housed therein after 

said cable is deployed;

10 a plurality of insulated power conductors disposed

helically around the plastic conduit;

a metallic sheath encasing the power conductors, so

that a watertight assembly is formed; and

a dielectric outer jacket covering the metallic sheath.

15. A method of distributing power and optical signals 

to a remote location, comprising:

(1) installing a cable originating at a central 

location and terminating at the remote location, the cable

20 comprising

a hollow conduit,

a plurality of power conductors disposed around
the hollow conduit,

a sheath encasing the power conductors, said

25 sheath having one or more layers for providing both

structural strength and dielectric properties;

13



(2) pulling an optical fiber through the hollow 

conduit from the central location to the remote location, so 

that the cable transmits optical signals on the optical 

fiber and three-phase power on the power conductors;

5 (3) isolating the power from the optical signals; and

(4) converting at the remote location the power 

transmitted by the cable for use in powering an active 

component in the network.

IQ 16. A network for distributing power and optical

signals to a remote location, comprising:

a centrally located three-phase alternating current

power supply;

15

20

a hybrid cable for providing optical signals and for 

transmitting power from said centrally located power supply 

to the remote location, said hybrid cable comprising

a hollow conduit adapted to have an optical fiber

pulled therethrough and housed therein,

a plurality of power conductors disposed around 

the hollow conduit,

a sheath encasing the power conductors, said 

sheath having one or more layers for providing both 

structural protection and dielectric properties;

a terminal located at the remote location for isolating

the power from the optical signals; and
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a power supply in communication with the terminal, said 

power supply receiving the power transmitted by said hybrid 

cable for use in powering an active component in the 

network.

17. A network according to claim 16 including means in 

said conduit facilitating the pulling therethrough of said 

optical fiber.

10 18. A network for distributing power and optical

signals to a remote location according to claim 16 or 17, 

wherein said centrally located power supply comprises at 

least one uninterruptible power supply.

15 19. A network for distributing power and optical

signals to a remote location according to claim 16 or 17, 

wherein said centrally located power supply comprises 

another primary source .

20 20. A network for distributing power and optical• · · ·
signals to a remote location according to claim 19, wherein

the other primary source comprises an engine alternator.

21. A network for distributing power and optical

25 signals to a remote location according to claim 16 or 17, 

15



wherein said centrally located power supply comprises an 

electric utility.

22. A network for distributing power and optical

5 signals to a remote location according to claim 16 or 17,

wherein the active network component comprises an optical 

repeater.

X.

23. A network for distributing power and optical

fl signals to a remote location according to claim 16 or 17,

wherein the active network component comprises an optical- 

to-electrical receiver.

Dated this second day of June 2000

THE SOUTHERN NEW ENGLAND TELEPHONE

COMPANY

Patent Attorneys for the 'Applicant

F B RICE & CO
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