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port of the second inductive coupler (165) and a second subset
of the plurality of conductors.
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ARRANGEMENT OF INDUCTIVE COUPLERS
FOR DATA COMMUNICATION

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to data communications. Itis particularly
suitable for power line communications (PLC) between locations having a

common electrical distribution system.
2. Description of the Related Art

PLC, also known as Broadbaﬁd Power Line (BPL), is a technology that
encompasses transmission of data at high frequencies through existing electric
power lines, i.e., conductors used for carfying a power current. Power current is
typically transmitted through power lines at a frequency in the range of 50-60
hertz (Hz). In low voltage lines, power current is transmitted with a voltage
between about 90 to 600 volts, and in medium voltage lines, power current is

transmitted with a voltage between about 2,400 volts to 35,000 volts. The

1
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frequency of the data signals is greater than or equal to about 1 Megahertz (MHz), and the
voltage of the data signal ranges from a fraction of a volt to a few tens of volts. Data
communication can employ various modulation schemes such as amplitude modulation,

frequency modulation, pulse modulation, or spread spectrum modulation.

A basic element of PLC technology is an inductive coupler for coupling PLC signals to
and from a power line. Inductive coupling is most effective where the RF impedance of the

power line is minimized.

Since current can only flow through a closed circuit, or loop, a signal current flowing
from one point to another over a wire must have a "return path" to close the loop. When
power line communication between two locations is desired using an inductive coupler at
each location, a return path impedance at radio frequencies should be minimized. In a power
line topology in which a single conductor, i.e., wire, is used, the return path impedance
includes the impedance of the wire between two locations, plus the sum of all other
impedances in the return path. The impedances in the return path, including the RF
impedance of shunt devices helping to complete the return path, may be high, relative to the
inherent impedance of the wires themselves. A high RF impedance reduces the magnitude of
signal current induced by an inductive coupler, thus increasing the signal attenuation

between the two locations.

A reference herein to a patent document or other matter which is given as prior art is
not to be taken as an admission or a suggestion that that document or matter was, in
Australia, known or that the information it contains was part of the common general

knowledge as at the priority date of any of the claims.

SUMMARY OF THE INVENTION

There is provided a system for providing communications paths with minimal
attenuation by utilizing multiple paralleled conductors. According to a first aspect of the
present invention there is provided a system including (a) a first inductive coupler for
coupling a data signal between a port of the first inductive coupler and a first subset of a
plurality of electrically parallel conductors of a riser set segment in a building, and (b) a

second inductive coupler for coupling the data signal between a port of the second inductive
2
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coupler and a second subset of the plurality of electrically parallel conductors.

Another aspect of the present invention provides a system including a first inductive
coupler installed on a first conductor of a riser set segment in a building, for coupling a data
signal between a port of the first inductive coupler and the first conductor, and a second
inductive coupler installed on the first conductor for coupling the data signal between a port
of the second inductive coupler and the first conductor. The first conductor is electrically
parallel to a second conductor of the riser set segment having neither of the first nor second

inductive couplers installed thereon.

There is also provided a method for arranging such a system. In one aspect, the method
includes (a) installing a first inductive coupler on a first subset of a plurality of electrically
parallel conductors of a riser set segment in a building, for coupling a data signal between a
port of the first inductive coupler and the first subset, and (b) installing a second inductive
coupler on a second subset of a plurality of electrically parallel conductors, for coupling the

data signal between a port of the second inductive coupler and the second subset.

In another aspect, the method includes installing a first inductive coupler on a first
conductor of a riser set segment in a building, for coupling a data signal between a port of
the inductive coupler and the first conductor, and installing a second inductive coupler on the
first conductor for coupling the data signal between a port of the second inductive coupler
and the first conductor. The first conductor is electrically parallel to a second conductor of
the riser set segment having neither of the first nor second inductive couplers installed

thereon.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a drawing of a power circuit in a building having inductive couplers installed

thereon for data communications.

C.\poNwordSPEC-794013 doc 3
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FIG. 2 is a drawing of an inductive coupler installed on one of a plurality of

parallel conductors.
FIG. 3 is a schematic diagram of a portion of the circuit of FIG. 1.

FIGS. 4A-4B are drawings showing several variations on the circuit

of FIG. 1.

FIGS. 5A-5D are drawings showing additional variations on the circuit of

FIG. 1.
FIG. 6 is a drawing of a two-segment riser set in a high-rise building.

FIG. 7 is an illustration of an arrangement of a single-ended transmission

line using a single neutral wire for data communication.
DESCRIPTION OF THE INVENTION

A system and method are provided for RF communications over two or
more conductors that are electrically parallel to one another. Such an arrangement
is common in power transmission lines such as medium voltage and high voltage
overhead and underground lines, and in power distribution systems for multi-unit
dwellings and high-rise buildings, to increase power current carrying capacity.

Parallel conductors may carry a single phase, neutral or ground circuit.

Communication signals may be transmitted between communication devices
at separate locations of a structure or group of structures through existing power
lines feeding that structure or group. Parallel power conductors serve as low

attenuation paths for RF signals. The system and method described herein allow
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communication signals to be sent between communication devices (such as

modems) that are separately located on different areas or levels of a building.

FIG. 1 is a drawing of a power circuit in a building. An electrical
distribution circuit 100 distributes power to various locations in the building (not
showmn). Power is provided to circuit 100 through phase conductors 101a, 101b
and 1 0lc, and through a neutral conductor 101d. Phase conductors 101a-101¢ and

neutral conductor 101d may each be made of multiple conductoxs.

A fuse and switch panel 105 is electrically connected to phase conductors
101a-101c and neutral conductor 101d. Buss bars 110a, 110b, 1 10c and 110d
receive power through fuse and switch panel 105 from phase comductors 101a,

101b, 101c and neutral conductor 101d, respectively.

- A set of riser segments, hereinafter “riser set segment 1157, is electrically
connected to buss bars 110a-110d. Multiple riser set segments 1 15 may be
included, however only one riser set segment 115 is shown. Riser set segment 115
includes rise conductor segments, hereinafter referred to as “riser segments 120a,
120b, 120c and 120d”. Each of riser segments 120a-120d is forimed by a plurality

of conductors that are electrically parallel to one another. In FIG. 1, riser

~segments 120a-120d are each shown as having two electrically parallel

conductors. For example, riser segment 120d is configured with. conductors 121a
and 121b. Any of riser segments 120a-120d may include more than two

conductors.

At thé top of riser set segment 115, such as on a higher floor of a building,
riser segments 120a, 120b, 120c and 120d are connected to buss bars 160a, 160b,
160c and 160d, respectively. A feed distribution panel 180 receives power from
buss bars 160a-d and distributes power to various loads such as multiple

apartmaents (not shown) via wires 190.
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“Whereas conductors 121a and 121b are electrically parallel to one another,
they form a loop. Conductor 121a includes an upper region 195 and a lower

region 125. Conductor 121b includes an upper region 200 and a lower region 130.

An inductive coupler 135 is installed on conductor 121b at a location in
region 130. An inductive coupler 165 is installed on conductor 121b at a location
in region 200. Thus, inductive coupler 135 is installed at a first location on
conductor 121b, and inductive coupler 165 is installed at a second location on
conductor 121b. Conductor 121a has neither inductive coupler 135 nor inductive
coupler 165 installed thereon. In practice, prior to installing inductive couplers
135 and 165, conductors 121a and 121b may need to be physically separated from

one another along regions 130 and 200.

A communication device 150, such. as a modem, is connected to inductive
coupler 135, and a communication device 170 is connected to inductive coupler

165.

FIG. 2 shows inductive coupler 135 in greater detail. Inductive coupler 135

includes a magnetic core 205, a wire 210, and a port 215.

Magnetic core 205 is a split core, configured of two "C"-shaped sections that
form an aperture 220 when situated adjacent to one another. A nonmagnetic gap
such as an air .gap 225 may be formed by inserting non-magnetic material between
the sections of core 205 in a magnetic circuit of the core 205, thus increasing the
capacity of inductive coupler 135 to function at high levels of power frequency
current without significant magnetic satixration. Thus, by separating the two "C'-
shaped sections, inductive coupler 135 can be installed onto or removed from

conductor 121b. When inductive couplex 135 is installed onto conductor 121b, as

| shown in FIG. 2, conductor 121b is routed through aperture 220. Wire 210 is also
routed through aperture 220, and terminates at port 215.
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Inductive coupler 135 may be regarded as a transformer, where conductor
121b serves as a winding, and wire 21 O serves as another winding. Here,
conductor 121b is a one-turn winding, and wire 210 may also be a one-turn

winding, or may be wound for several turns.

Inductive coupler 135 couples an RF signal between conductor 121b and
port 215. Communication device 150 is connected to inductive coupler 135 via
port 215. Thus, inductive coupler 135 enables communication of a data signal

between conductor 121b and communication device 150.

FIG. 3 is a schematic of riser segment 120d. Conductors 121a and 121b are
connected together at buss bars 110d and 160d, thus forming a loop. Inductive
couplers 135 and 165 are clamped over conductor 121b, and communication of
RF signals benefits from a relatively low impedance of the loop formed by riser

segment 121b, buss bars 110d and 160d, and riser segment 120d.

Communication is conducted between communication devices 150 and 170
by transmission of data signals through riser segment 120d. This arrangement
provides a very low attenuation path for signals between communication devices

150 and 170.

FIGS. 4A and 4B show exemplary embodiments of arrangements of
inductive couplers 135 and 165 on subsets of a plurality of electrically parallel
conductors. That is, conductors 121a and 121b form a plurality of electrically
parallelAconductors where conductor 1 21a is a subset 405a of the plurality of
conductors, and conductor 121b is a subset 405b of the plurality of conductors.
Subset 405a is complementary to subset 405b. That is, subsets 405a and 405b do
not include any of the same conductors as one another, but a union of subsets 405a

and 405b includes all of the conductoxs.
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" In FIG. 4A, inductive coupler 1 35 and inductive coupler 165 are both
installed on conductor 121b, and so, they are both installed on the same subset,
namely subset 405b. This configuration is similar to that of FIG. 1. Conductor
121a does not have either of inductive couplers 135 or 165 installed thereon. In
use, for example in transmitting a comamunication signal from coupler 135 to
coupler 165, a modem transmitter signal is first connected to a port of coupler
135. The modem transmitter signal incluces a current in the loop formed by
conductors 121b and 121a. The currenit in conductor 121b reaches coupler 165
and induces an output voltage at a port of coupler 165 connected to a second

modem’s receiver, producing a replica of the original data communications signal.

In FIG. 4B, inductive coupler 1 35 is installed on conductor 121b and
inductive coupler 165 is installed on conductor 121a. Thus, inductive couplers
135 and 165 are installed on complementary subsets. In use, for example in
transmitting a communication signal from coupler 135 to coupler 165, a modem
transmitter signal is first connected to @ port of coupler 135. The modem
transmitter signal induces a current in the loop formed by conductors 121b and
121a. The current in conductor 121a reaches coupler 165 and induces an output
voltage at a port of coupler 165 connected to a second modem’s receiver,

producing a replica of the original data communications signal.

FIGS. 5A-5D show alternatives to the configuration described in FIG. 1.
Each of FIGS. 5A-5D show a plurality” of conductors, namely three conductors
121a, 121b and 121c, which are electrically parallel to one another.

In FIG. 5A, inductive coupler 135 and inductive coupler 165 are both
installed on conductor 121b. Conductor 121a does not have either of inductive
couplers 135 or 165 installed thereon, and conductor 121c does not have either of
inductive couplers 135 or 165 installed thereon. Conductor 121b is a subset of the
plurality of conductors, and so, inductive couplers 135 and 165 are installed on the

same subset. In use, for example in transmitting a communication signal from

8
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coupler 135 to coupler 165, a modem transmitter signal is connected to a port of
coupler 135. The modem transmitter signal induces a current in the loop formed
by conductors 121a, 121b and 121c. Current in conductor 121b reaches coupler
165, inducing an output voltage in coupler 165. The signal induced in coupler 165
travels through a port of coupler 165 to a second modem’s receiver, producing a

replica of the original data communications signal.

In Fig. 5B, inductive couplers 135 and 165 are each installed on both
conductors 121a and 121b. Conductor 121c does not have either of inductive
couplers 135 or 165 installed thereon. Conductors 121a and 121b form a subset of
the plurality of conductors, and so, inductive couplers 135 and 165 are installed on
the same subset. In use, for example in transmitting a communication signal from
coupler 135 to coupler 165, a modem transmitter signal is connected to a port of
coupler 135. The modem transmitter signal induces a current in the loop formed
by conductors 121a, 121b and 121c. Currents in conductors 121a and 121b reach
coupler 165, inducing an output voltage in coupler 165. The signal induced in
coupler 165 travels through a port of coupler 165 to a second modem’s receiver,

producing a replica of the original data communications signal.

In FIG. 5C, inductive coupler 135 is installed on conductor 121b, and
inductive coupler 165 is installed on conductors 121a and 121c. Conductor 121b
forms a subset 515 of the plurality of conductors, and conductors 121a and 121c
form a subset 510, which is complementary to subset 515. Thus, in FIG. 5C,
inductive coupler 135 and inductive coupler 165 are installed on complementary
subsets. In use, for example in transmitting a communication signal from coupler
135 to coupler 165, a modem transmitter signal is connected to a port of coupler
135. The modem transmitter signal induces a current in the loop formed by
conductors 121a, 121b and 121c. Currents in conductors 121a and 121c reach
coupler 165, inducing an output voltage in coupler 165. The signal induced in
coupler 165 travels through a port of coupler 165 to a second modem’s receiver,

producing a replica of the original data communications signal.

9
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In FIG. 5D, inductive coupler 135 is installed on conductor 121b, and
inductive coupler 165 is installed on conductor 121a. Conductor 121c does not
have either of inductive couplers 135 or 165 installed thereon. Conductor 121b
forms a first subset of the plurality of conductors, and conductor 121a forms a
second subset of the plurality of conductors. These subsets are neither the same as
one another nor complementary. In use, for example in transmitting a
communication signal from coupler 135 to coupler 165, a modem transmitter
signal is connected to a port of coupler 135. The modem transmitter signal
induces a current in the loop formed by conductors 121a, 121b and 121c. Current
in conductor 121a reaches coupler 165, inducing an output voltage in coupler 165.
The signal induced in coupler 165 travels through a port of coupler 165 to a
second modem’s receiver, producing a replica of the original data communications

signal.

If there are more than two parallel conductors carrying a single power
circuit, such as in FIGS. 5A-5D, then inductive coupler 135, or any other
inductive coupler, may be installed on one conductor (as in FIG. 5A), two
conductors (as in FIG. 5B) or any number of the conductors. Inductive couplers
135 and 165 may be coupled on the same conductor or conductors, or installed on
different conductors or different subsets of the parallel conductors. Furthermore,
each conductor of the plurality of conductors may be configured as a plurality of

parallel conductors.

As is evident from FIGS. 4A, 4B and 5A-5D, a loop is maintained to
preserve a low impedance path for communication signals. Communications

signals can be readily transmitted along these low impedance paths.

FIG. 6 shows a multiple riser segment, i.e. high-rise electrical distribution
system 600 feeding multiple floors in a building. System 600 includes phase

conductors 101a-101c, neutral conductor 101d, fuse and switch panel 105, buss

10
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bars 110a,-110d, riser set segment 115 including riser segments 1202-120d,
inductive couplers 135 and 165, and communication devices 150 and 170, similar
to those described in circuit 100 in FIG. 1. A panel 605 couples power between
riser set segment 115 and various loads 610, which are located on a middie £loor.
Power distribution continues upwards via a riser set segment 615 to panel 6775.
Similarly to circuit 100, as described in FIG. 1, communication device 150
communicates with communication device 170 via riser segment 120d and

inductive couplers 135 and 165.

A modem 650 is coupled to an inductive coupler 635, and a modem 670 is
coupled to an inductive coupler 665. Modem 650 communicates with modem 670
via a riser segment 620d, to which inductive couplers 635 and 665 are coup led.
Riser segment 620d transmits power to panel 675. Because the loop formed by
rise conductor segment 120d does not reach panel 675, a repeater 625 is corinected
between modem 170 and modem 650, and relays data upwards and downwards.
Repeater 625 may be any device for coupling a data signal between modem.s 170
and 650. With this configuration, data transmission can be relayed contintously

throughout the building.

In another embodiment, a device such as a repeater can be installed n.ear one
or more of the panels, such as panel 605, which may be a switch and fuse box, to
facilitate distributing data signals from modem 170 to communications devrices on
various floors. Switch and fuise panels such as panel 605 can feed numerous
floors, typically between about 2 and 4 floors. A suitable device such as ara
inductive or capacitive coupler is connected to modem 170 and one or more
conductors 610 emanating from panel 605. Where panel 605 is an interim power
panel followed by further paniels such as 675, repeater 625 generates a new” signal
to carry appropriate portions of the original data to riser segment 620d via 1modem

650 and inductive coupler 63 5.

11
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In another embodiment, if attenuation is sufficiently low, and data
distribution were not needed on the floors served by panel 605, coupler 165 may

be connected directly to coupler 635, eliminating the need for repeater 625.

The various arrangements described above are applicable for any of phase,
neutral or ground circuits, and do not depend upon the flow of power current or
Jack thereof. Indeed, parallel conductors used to transmit RF signals may not be
power conductors atall. For example, if a multiple conductor cable is used for
any other application, and at least one conductor is otherwise unused, it may be
connected in parallel with an already used conductor, forming a loop which may

be utilized for inductively coupled signals.

An alternative embodiment of the system includes inductive couplexs for
utilization of underground power cables for signal transmission. One or rmore of
the neutral wires surrounding the underground cable can be utilized for hi gh
frequency transmission, while preserving the power conduction function of the

selected neutral wire(s).

Fig. 7 is an illustration of an arrangement of a single-ended transmi ssion line
using a single neutral wire for data communication. A cable 700 includes a
multiplicity of neutral conductors 705, e.g. wires wrapped in a gentle spiral around
a high voltage insulator 740 and a center phase conductor 745. One selected
strand of neutral conductors 705, i.e., neutral conductor 702, is isolated to actas a

data transmission line conductor for a data signal.

To implement the arrangement of Fig. 7 in an already-installed underground
cable, neutral conductor 702 is selected out of the several neutral conductors 705,
and cutin an expdsed section 710 at each end of cable 700. A lead 715 of neutral
conductor 702 remains connected to a ring 750 at each end of cable 700. Neutral
conductor 702 and lead 715 are connected to a first winding 725 of a coupler 720.

First winding 725 is thus connected in series between neutral conductor 702 and

12
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ground. A second winding 735 of coupler 720 is coupled to a port 755 through
which data is transmitted and received. Thus, cable 700 is enlisted for use &as a
high frequency transmission line, which can be connected to communications

equipment such as a modem (not shown), via coupler 720.

Electrically speaking, coupler 720 is a transformer. The impedance across
the primary, i.e., first winding 725, of such a transformer is negligible at the
frequencies used for conducting power. First winding 725, which is attached to
neutral conductor 702 and lead 715, should be wound with a wire at least as thick
as that of neutral conductor 702. Under these circumstances, the selected d ata-
carrying neutral conductor 702 has essentially the same impedance as all of the
other neutral wires. It would carry essentially the same current as each of the
other neutral wires, and the total ampacity and surge current capacity of the neutral

circuit would not be degraded.

In Fig. 7, the neutral current of the single neutral conductor 702 passes
through coupler 720. For a 200 Amp cable with eight neutral wires, the data-
carrying wire would carry a maximum steady state current of 25 Amps rms. The
maximum steady-state current through a single neutral conductor is less fox a
smaller ampacity cable and for a cable with a larger number of neutral concluctors.
Coupler 720 must be capable of handling the flux generated by this current,

without magnetic core saturation, in order to carry out its data coupling function.

Neutral conductor 702 carries current in a first direction for a high frequency
data signal. The other neutral conductors 705 carry the data signal’s returra current

in the opposite direction, tending to cancel and thus greatly decrease an intensity

. of the radiated magnetic field due to the modulated data signal. This arrangement

also provides an eleéctrostatic shielding effect against noise coupling from an

external electric field.

13
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It should be understood that various alternatives, combinations and
modifications of the teachings described herein could be devised by those skilled
in the art. The present invention is intended to embrace all such alternatives,

modifications and variances that fall within the scope of the appended claims .

14
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The claims defining the invention are as follows:
1. A system including:

a first inductive coupler for coupling a data signal between a port of said first inductive
coupler and a first subset of a plurality of electrically parallel conductors of a riser set segment in
a building; and

a second inductive coupler for coupling said data signal between a port of said second

inductive coupler and a second subset of said plurality of electrically parallel conductors.

2. The system of claim 1, wherein said first subset is identical to said second subset.
3. The system of claim 1, wherein said second subset is complementary of said first subset.
4. The system according to any one of the preceding claims, wherein said data signal is

carried on a frequency of greater than or equal to 1MHz.

5. The system according to any one of the preceding claims, wherein said plurality of

electrically parallel conductors is for carrying electrical power.

6. The system according to any one of the preceding claims,

wherein said riser set segment is a first riser set segment, and

wherein said port of said first inductive coupler is coupled to a device for coupling said
data signal between said port of said first inductive coupler and a second riser set segment in said

building.

7. A system including:

a first inductive coupler installed on a first conductor of a riser set segment in a building,
for coupling a data signal between a port of said first inductive coupler and said first conductor;
and

a second inductive coupler installed on said first conductor, for coupling said data signal
between a port of said second inductive coupler and said first conductor,

wherein said first conductor is electrically parallel to a second conductor of said riser set

segment having neither of said first nor second inductive couplers installed thereon.

8. The system of claim 7, wherein said first conductor includes a plurality of conductors in

parallel with each other.
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9. The system of claim 7 or claim 8, wherein said data signal is carried on a frequency of

greater than or equal to IMHz.

10. The system according to any one of claims 7 to 9, wherein said first and second

conductors are for carrying electrical power.

11. The system according to any one of claims 7 to 10, wherein said riser set segment is a
first riser set segment, and

wherein said port of said first inductive coupler is coupled to a device for coupling said
data signal between said port of said first inductive coupler and a second riser set segment in said

building.

12. A method including the steps of:

installing a first inductive coupler on a first subset of a plurality of electrically parallel
conductors of a riser set segment in a building, for coupling a data signal between a port of said
first inductive coupler and said first subset; and

installing a second inductive coupler on a second subset of said plurality of electrically
parallel conductors, for coupling said data signal between a port of said second inductive coupler

and said second subset.

13. The method of claim 12, wherein said first subset is identical to said second subset.

14, The method of claim 12, wherein said second subset is complementary of said first
subset.

15. The method of claim 12 or claim 13, wherein said data signal is carried on a frequency of

greater than or equal to 1MHz.

16. The method according to any one of claims 12 to 15, wherein said plurality of

electrically parallel conductors is for carrying electrical power.

17. The method according to any one of claims 12 to 16, wherein said riser set segment is a

first riser set segment, and
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wherein said port of said first inductive coupler is coupled to a device for coupling
said data signal between said port of said first inductive coupler and a second riser set

segment in said building.

18. A method, including the steps of:

installing a first inductive coupler on a first conductor of a riser set segment in a
building, for coupling a data signal between a port of said first inductive coupler and said
first conductor; and

installing a second inductive coupler on said first conductor for coupling said data
signal between a port of said second inductive coupler and said first conductor,

wherein said first conductor is electrically parallel to a second conductor of said riser

set segment having neither of said first nor second inductive couplers installed thereon.

19.  The method of claim 18, wherein said first conductor includes a plurality of

conductors in parallel with each other.

20. The method of claim 18 or claim 19, wherein said data signal is carried on a

frequency of greater than or equal to IMHz.

21. A data communication system substantially as hereinbefore described with reference

to any one of the embodiments illustrated in the accompanying drawings.
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