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(57) Abrege(suite)/Abstract(continued):
assemblies, and limits the number of power cable assemblies that can be energized in the system by sensing the voltage In a

sensing circuit. An applied voltage In the sensing circuit changes In a predictable manner corresponding to the number of power
cable assemblies that are electrically connected in the circuit. Each power cable assembly includes an impedance element that is
added to the sensing circuit when the corresponding power cable assembly Is coupled to the system, and once the detected
voltage Is beyond a predetermined threshold value, the control unit will ensure that the power cable assemblies are not energized

by the power source.
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ABSTRACT OF THE DISCLOSURE

An electrical power distribution system automatically limits the number of substantially
similar or identical power cable assemblies that are electrically energizable from a power source.
A control unit is connected between the power source and the power cable assemblies, and limits
the number of power cable assemblies that can be energized in the system by sensing the voltage
in a sensing circuit. An applied voltage in the sensing circuit changes in a predictable manner
corresponding to the number of power cable assemblies that are electrically connected in the
circuit. Each power cable assembly includes an impedance element that is added to the sensing
circuit when the corresponding power cable assembly is coupled to the system, and once the
detected voltage 1s beyond a predetermined threshold value, the control unit will ensure that the

power cable assemblies are not energized by the power source.
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ELECTRICAL SYSTEM WITH CIRCUIT LIMITER
CROSS-REFERENCE TO RELATED APPLICATION

FIELD OF THE INVENTION

['000 1] The present invention relates to electrical systems for interconnecting modular energy
assemblies in tandem, or ganged, and more particularly, to an electrical system for limiting the

number of interconnected modular energy assemblies that can be operatively connected to one

another.
BACKGROUND OF THE INVENTION

[0002] Efficient organization of devices requiring electrical power within an office,
commercial, industrial or residential environment has been a historical problem.

[0003] Such devices include lamps, typewriters, computers, printers, complex telephone
stations, video displays, and the like. The primary probléms associated with the efficient
organization and use of such devices relate to the abundance of wiring arrays and the
positioning of the energy requiring devices within the environment.

[0004] With increased use of personal computers in the office environment, many furniture
articles have been modified to accommodate the proliferation of electrical cables associated
with these computers. The task of wire management has become more troublesome, yet more
essential. Many furniture systems have been developed that provide some means for storing or
containing the various cables and wires associated with the computer system, as well as with
other electrical equipment that may be supported by an article of furniture such as a desk.
[0005] A somewhat more of a unique problem arises in the case of ganged or interconnected
furniture. For example, in conference and training room settings, a number of tables can be
connected or ganged together in a particular arrangement. In a training setting, several trainees

may be seated around an array of tables, each trainee having his or her own computer for

performing various training tasks. Similarly, in a conference room setting, the attendees may
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likewise require their own computer monitors at their particular locations at the table
arrangement.

[0006] With this type of ganged furniture, problems arise as to how to provide electrical power
to each of the computers throughout the length of the connected furniture. One approach i1s to
provide each workstation or conference table location with an electrical cable connected directly
to an outlet. However, in many conference or training rooms, there are not enough wall outlets
to accommodate the number of participants. A further option that has been pursued 1s the
utilization of a series of power strips. Such strips include multiple electrical outlets connected to
single power cord. The power cord, in turn, is plugged into a wall socket. A substantive
approach 1s advantageous in reducing the necessary number of wall plug-ins. That 1s, a typical
power strip may have four to eight electrical sockets. However, even with such a configuration,
and in a conference room setting where there are a dozen or more participants, several power
strips would be required. The number of power strips may still exceed in the number of
available wall outlets. Still further, even if there are a sufficient number of wall outlets, the use
of multiple power strips can still lead to a tangled mass of electrical cables.

(0007) Unfortunately, some users may be tempted to improperly "daisy-chain" a set of power
strips together. That is, each power strip can be connected to a prior power strip, with is
ultimately connected to a single wall socket. Such use of a power strip 1s often in violation of
certain regulatory standards, as well as the recommendations of the manufactures of power
strips. Notwithstanding the safety hazards, the daisy-chaining of power strips still presents

problems in wire management.

SUMMARY OF THE INVENTION
[0008] The present invention provides an electrical power distribution system in which a
plurality of power cable assemblies may be electrically connected to a power source via a control
unit that automatically limits the number of power cable assemblies that can be energized in the
system. This is accomplished by way of a voltage sensing circuit in which the applied voltage
will drop in a predictable or known manner that corresponds to the number of power cable
assemblies that are electrically connected in the circuit. Once the detected number of power
cable assemblies equals or exceeds a predetermined threshold number (corresponding to a

predetermined voltage drop in the sensing circuit), the control unit will ensure that the power

cable assemblies are not energized by the power source.
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[0009] According to one aspect of the invention, an electrical power distribution system includes
at least one power outlet receptacle configured for mounting at a work surface, at least one
power cable assembly configured to be positioned behind the work surface, and a control unit.
The power cable assembly includes (1) a main power cable subassembly having at least two
power conductors, at least two signal conductors, and a pair of electrical connectors at opposite
end portions of the main power cable subassembly, (ii) an electrical impedance element that is
electrically coupled to at least one of the signal conductors, and (1i1) an outlet feed cable
contfigured to be electrically coupled to the power outlet receptacle and to the power conductors
in the main power cable sub assembly. The control unit is in electrical communication with the
power conductors and the signal conductors of the main powef cable subassembly, and includes
an electrical switch along at least one of the power conductors. The switch is controlled to
selectively prevent a flow of electricity through the power conductors. A controller in electrical
communication with the signal conductors and the electrical switch is operable to detect a
number of main power cable subassemblies that are coupled together in the electrical power
distribution system by measuring a voltage in the signal conductors. The control unit is operable
close the electrical switch so as to permit a flow of electricity through the power conductors
when the number of main power cable subassemblies in the electrical power distribution system
is detected by the controller.

[0010] Optionally, the electrical impedance element is electrically coupled across the signal
conductors so that when the electrical power distribution system includes a plurality of main
power cable subassemblies electrically coupled in series, the electrical impedance elements are
electrically coupled in parallel. In this arrangement, the electrical resistance across the signal
conductors 1s reduced as the total number of main power cable subassemblies and electrical
impedance elements 1s increased.

[0011] Optionally, the electrical impedance element is electrically coupled along only one of the
signal conductors so that when the electrical power distribution system includes a plurality of the
main power cable subassemblies electrically coupled in series, the electrical impedance elements
are also electrically coupled in series. In this arrangement, the electrical resistance across the
signal conductors is increased as the total number of main power cable subassemblies and

electrical impedance elements is increased.
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[0012] Optionally, the main power cable subassembly includes at least three power conductors
including a line conductor, a neutral conductor, and a ground conductor.

[0013] Optionally, the electrical impedance element includes an electrical resistor.

|0014] Optionally, the electrical impedance element is disposed in one of the first and second
electrical connectors of the main power cable subassembly.

[0015] Optionally, the controller includes an electrical converter in electrical communication
with the at least two power conductors and with the signal conductors, the electrical converter for
converting a relatively higher voltage electrical power to a relatively lower voltage electrical
power that is applied to the signal conductors.

[0016] Optionally, the outlet feed cable includes at least two power feed conductors that are
electrically coupled to respective ones of the power conductors of the main power cable
subassembly at the first electrical connector. Optionally, the outlet feed cable does not include
any electrical conductors in communication with the signal conductors of the main power cable
subassembly.

(0017] Optionally, the power outlet receptacle is a pop-up power outlet receptacle that 1s
configured to be supported in a recess at the work surface.

[0018] Optionally, the first electrical connector is configured to mechanically and electrically
couple the at least two power conductors and the signal conductors of a first of the main power
cable subassemblies with the at least two power conductors and the signal conductors at the
second electrical connector of a second of the main power cable subassemblies.

[0019] Therefore, the present invention provides an electrical power distribution system that may
be implemented along a work surface or other area where multiple power outlet receptacles are
desired, but which will automatically not energize any of the power outlet receptacles 1f too
many power cable assemblies are connected together in a single circuit. This substantially limits
or prevents the chance of a power overload condition, or of too many electrical contact
connections being made in a single circuit, while still allowing for the convenience of

substantially identical or universal or interchangeable power cable assemblies.
10020] These and other objects, advantages, purposes, and features of the present invention will
become more apparent upon review of the following specification in conjunction with the

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 1s a perspective view of an electrical distribution system incorporating circuit
limitation 1n accordance with the present invention;
[0022] FIG. 2 is an enlarged perspective view of the control unit and a single power cable
assembly taken from the region designated II in FIG. 1;
[0023] FIG. 3 is a side elevation of the single power cable assembly of FIG. 2, shown with its
power outlet module positioned at a work surface;
10024] FIG. 4 is a schematic of the wiring for the main power cable subassembly from the
power cable assembly of FIGS. 1 and 2;
10025] FIG. 5 is a side elevation of the control unit of the electrical distribution system;
[0026] FIG. 6 is a schematic of the wiring that enters and exits the controller of the control unit;
[0027) FIG. 7 is a simplified schematic of the control unit and two power cable assemblies;
10028] FIG. 7A is a simplified schematic of an alternative power cable assembly having a
resistor connected 1n series; and
[0029] FIG. 8 is a full schematic of the control unit of the electrical distribution system.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
|0030] Referring now to the drawings and the illustrative embodiments depicted therein, an
electrical power distribution system 10 includes a plurality of generally Y-shaped power cable
assemblies 12 that are electrically connectable together in series, and which receive electrical
power via a control unit 14 and direct this power to respective branch cables and a power outlets
(FIGS. 1 and 2). Control unit 14 receives electrical power through a plug 16 that is connectable
to a wall outlet or other electrical power source (FIG. 2), and is operable to selectively conduct

the electrical power to the power cable assemblies 12 depending on the number of power cable
assemblies that are coupled together in the electrical power distribution system 10, as will be
described in greater detail below. In this way, each power cable assembly 12 can be
substantially identical to the other power cable assemblies, and the system 10 can de-energize (or
not energize) the power cable assemblies 12 in the event that more than a predetermined number
of power cable assemblies 12 are electrically coupled together. Power cable assemblies 12 may
be positioned at a work surface 18 (FIG. 3), such as of a substantially horizontal desk, table,
workstation, or the like, and used to supply electrical power to computers, telephones and other

communications equipment, lighting, or substantially any other electrical power consumers or
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appliances. It is envisioned that the wiring associated with each power cable assembly 12 may
be positioned behind the work surface 18 so as to be relatively unobtrusive or obscured, such as
below the work surface as shown in FIG. 3.

[0031] Each power cable. assembly 12 includes a main power cable assembly or subassembly 20
having a main power cable 22 with opposite end portions 22a, 22b, a first or upstream connector
24 at the first end portion 22a and a second or downstream connector 26 at the second end
portion 22b (FIGS. 1-3). Suitable connectors 24, 26 are available from Byrne Electrical
Specialists, Inc. of Rockford, Michigan. Each power cable assembly 12 further includes a
branch cable or outlet feed cable 32 that is electrically énd mechanically connected to main
power cable subassembly 20, such as at downstfeam connector 26. However, it 18 envisioned
that outlet feed cable 32 could be connected to the upstream connector 24 or directly to the
power cable 22.

[0032] A power outlet module 28 is connectable to the opposite end portion of outlet feed cable
32 and, in the illustrated embodiment, power outlet module 28 is a pop-up power outlet unit |

' configured to be mounted in a recess or opening 30 that is formed or established in work surface
18 (FIG. 3). However, it will be appreciated that substantially any electrical power connector,
socket, or the like may be provided at the end of outlet feed cable 32. Power outlet modules 28
may provide receptacles or jacks for supplying electrical power and/or data, such as those -
available from Byrne Electrical Specialists, Inc. of Rockford, Michigan, and may be
substantially similar to those described in any of commonly-owned U.S. Pat. Nos. 5,575,068,
6,028,267 - and 6,290,518. It will be appreciated that main power cables 20 and outlet feed
cables 32 may be substantially any desired length, without departing from the spirit and scope of
the preseht invention.

[0033] Control unit 14 includes a controller 34 that receives electrical power via a power infeed
cable 36 having plug 16 at an opposite end thercof (FIGS. 1,2, 5, and 6). A poWer outfeed
cable 38 selectively .receives electrical power from infeed cable 36 (via control unit 14) when
the number of power cable assemblies 12 coupled to control unit 14 is determined (by controller
34) to be at or below a predetermined maximum number. Power outfeed cable 38 supplies

electrical power to power cable assemblies 12 via a power outfeed connector 40, which may be

substantially similar or identical to downstream connector 26, and which is mechanically and

electrically connectable to the upstream connector 24 of one of the poWer cable assemblies 12.



|
CA 02774364 2012-04-17

Additional or subsequent or downstream power cable assemblies 12 may be electrically and
mechanically connected together in series or in a "daisy-chain" or tandem manner, such as shown
conceptually n FIG. 1.

[0034] In the illustrated embodiment, power infeed cable 36 includes three power infeed
conductors, namely, a "line"” or "hot” infeed conductor 42a, a neutral infeed conductor 44a, and a
ground infeed conductor 46a (FIG. 6). Power outfeed cable 38 includes three power outfeed
conductors, namely a "line" or "hot" outfeed conductor 42b, a neutral outfeed conductor 44b, and
a ground outfeed conductor 46b (FIG. 6), which correspond to the respective power infeed
conductors 42a, 44a, and 46a. Although three power infeed conductors and three power outfeed
conductors are shown, it will be appreciated that in some applications, it may be sufficient to
provide only two power conductors throughout the system, or more than three power conductors
for other applications. Power outfeed cable 38 further includes first and second outfeed "sense
lines" or signal conductors 48b, 50b that, in the illustrated embodiment, carry a low voltage
electrical current, such as about five volts. It should be understood that the signal conductors
may be referred to generally herein as "signal conductors 48, 50" without letter suffixes in their
reference numerals. In contrast to the relatively low-voltage signal conductors 48b, 50b, power
infeed conductors 42a, 44a, 46a and power outfeed conductors 42b, 44b, 46b are configured to
carry a higher voltage electrical current, such as about 110 or 220 volts AC, since this power 1s
selectively supplied to electrical power consumers (appliances, lights, office equipment, etc.) via
power outlet modules 28 at the ends of respective outlet tfeed cables 32.

[0035] Similar to power outfeed cable 38 of control unit 14, each main power cable 22 of each

power cable assembly 12 includes a line main conductor 42¢, a neutral main conductor 44c, a

ground main conductor 46c¢, a first main signal conductor 48c, and a second main signal
conductor 50c (FIG. 4). Each of the conductors (42c¢, 44c, 46¢, 48c, 50c) in the main power
cable 22 corresponds and electrically connects to the power outfeed conductors (42b, 44b, 46b,
48b, 50b) when upstream connector 24 of main power cable subassembly 20 is electrically and
mechanically coupled to power outfeed connector 40 of control unit 14. Likewise, each of the
conductors (42c¢, 44c, 46¢, 48c, 50¢) in the main power cable 22 of a given power cable assembly
12 corresponds and electrically connects to the corresponding conductors of the other power
cable assemblies 12 when adjacent modules 12 are electrically and mechanically coupled

together via engagement of downstream connectors 26 (of upstream modules 12) with upstream
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connectors 24 (of downstream modules 12). Unlike main power cables 22, outlet feed cables 32
each include only a line outlet feed conductor 42d, a neutral outlet feed conductor 44d, and a
ground outlet feed conductor 46d, which correspond to and are electrically coupled to the
corresponding main conductors (42c, 44c, 46¢) of main power cable 22 at downstream connector
26, such as shown in FIG. 4. Thus, outlet feed cables 32 do not include signal conductors.
Outlet feed conductors 42d, 44d, 46d are in electrical communication with electrical sockets 52
of power outlet modules 28.

[0036] An electrical impedance device, such as a resistor 54, is electrically coupled between
first main signal conductor 48c¢ and second main signal conductor 50c and may be positioned
substantially anywhere along main power cable subassembly 20, such as along main power cable
22 1tselt, or in either of upstream connector 24 or downstream connector 26 (FIGS. 4, 7, and 8).
Thus, when the main power cable subassemblies 20 of multiple power cable assemblies are
coupled together, the electrical resistors 54 are electrically arranged in parallel. Accordingly,
when electrical current is applied to the signal conductors 48, 50, the more electrical resistors 54
there are in a sensing circuit 56 that is defined in part by signal conductors 48, 50 (FIG. 7), the
lower the overall resistance (and corresponding voltage drop) will be in the sensing circuit 56.
Each electrical resistor 54 in each upstream connector 24 of each power cable assembly 12
exhibits substantially the same electrical resistance as the other electrical resistors 54 in the other
power cable assemblies, so that the number of power cable assemblies 12 coupled to a given
control unit 14 can be calculated or measured by controller 34, with greater voltage in sensing
circuit 56 corresponding to a greater number of power cable assemblies 12 connected in series,
as will be described below. Although primarily shown and described herein as a "resistor", it
should be understood that electrical resistor 54 represents substantially any device or element
capable of providing an electrical impedance.

[0037] Controller 34 includes a microcontroller 58 that is in communication with first and
second outfeed signal conductors 48b, 50b, and with infeed line conductor 42a and outfeed line
conductor 42b, such as shown in FIG. 7. Microcontroller 58 further includes a relay switch 60
that selectively connects and disconnects outfeed line conductor 42b with infeed line conductor
42a according to the voltage drop along first and second signal conductors 48, 50, which is

sensed or detected by microcontroller 58. In the illustrated embodiment, controller 34 further

includes a power converter 62 that receives high-voltage electrical power (such as 110 or 220
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volts AC, as shown in FIGS. 7 and 8) via converter infeed conductors 64a, 66a that are
electrically coupled to infeed line conductor 42a and outfeed line conductor 44a of power infeed
cable 36, respectively. Power converter 62 converts the high voltage AC power infeed to a
stable lower voltage power outfeed at converter outfeed conductors 64b, 66b, which supply
microcontroller‘58 with electrical power (5 volts DC, as shown in FIG. 7). The 5-volt DC power
supplied to microcontroller 58 by converter outfeed conductors 64b, 66b is used to supply S-volt
DC power to signal outfeed conductors 48b, 50b, as well as to relay switch 60 and to the other
circuitry of microcontroller 58, which will be described in more detail below.

[0038] A microprocessor 68 in microcontroller 58 completes sensing circuit 56 when combined
with first signal conductors 48b, 48¢ and second signal conductors 50a, S50b (FI1G. 7).
Microprocessor 68 is programmed with a predetermined voltage threshold that corresponds to
the maximum number of power cable assemblies 12 that should be permitted to be connected to
control unit 14. When no power cable assemblies 12 are connected to the control unit 14, the
voltage drop across signal conductors 48, 50 is zero, such that the full 5-volt signal returns to
(and is measured by) microprocessor 68. Microprocessor 68 may be programmed to maintain
relay switch 60 in an open condition under these circumstances, or may be programmed to close
relay switch 60 when no power cable assemblies 12 are connected and the control unit 14 1s
energized.

[0039] When a single power cable assembly 12 is electrically coupled to control unit 14, the
voltage drop across signal conductors 48, 50 is at a maximum, which corresponds to a maximum
voltage returning to (and being measured by) microprocessor 68 when a voltage divider 1s used,

as described below. This measured voltage will be more than the minimum threshold voltage at
which microprocessor 68 will close relay switch 60, and microprocessor 68 will close the switch

60 accordingly, thus applying electrical current to outfeed line conductor 42b and energizing the
power outlet module 28 associated with the one power cable assembly 12 connected to control
unit 14. As additional power cable assemblies 12 are connected to the first power cable
assembly, the signal voltage returning to (and being measured by) microprocessor 68 will
decrease from its value when only one power cable assembly 12 is connected, as additional
resistors 54 are added to sensing circuit 56 in parallel. The signal voltage will exceed a
predetermined minimum threshold value when a predetermined number of power cable

assemblies 12 have been electrically coupled to control unit 14, and when that point 1s reached,
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microprocessor 68 will open relay switch 60 and disconnect power from outfeed line conductor
42b, which effectively de-energizes the power cable assemblies 12.

[0040] In the illustrated embodiment, relay switch 60 defaults to an open-circuit condition in
which there 1s no electrical continuity between line infeed conductor 42a and line outfeed
conductor 42b, such as shown in FIG. 7. Only when microprocessor 68 detects that the signal
voltage across signal conductors 48, 50 1s below a maximum threshold value will microprocessor
actuate the relay switch 60 to establish electrical continuity between line infeed conductor 42a
and line outfeed conductor 42b, thus energizing the power cable assemblies 12 that are coupled
to control unit 14. In this configuration, power cable assemblies 12 will not be electrically
energized unless the number of power cable assemblies connected to control unit 14 is less than
or equal to a predetermined maximum allowable number of power cable assemblies. For
example, if the maximum allowable number of power cable assemblies is eight, eight power
cable assemblies are already coupled to a given control unit 14, and a user connects a ninth
power cable assembly, microprocessor 68 will open relay switch 60 to de-energize all of the
power cable assemblies 12 simultaneously. By further example, if a given control unit 14 is
electrically coupled to more than the maximum allowable number of power cable assemblies, but
1s not yet connected to an electrical power source, connecting the control unit 14 to a power
source will not energize the power cable assemblies, even momentarily, because relay switch 60
defaults to an open condition, and microprocessor 68 will not signal relay switch 60 to close
once control unit 14 is energized because the microcontroller will have detected that the number
of power cable assemblies exceeds the maximum allowable number. This arrangement provides
a fail-safe feature in that the power cable assemblies 12 will only be energized if the controller
acts to close relay switch 60, which otherwise defaults to an open position.

[0041) It will be appreciated that instead of arranging the electrical resistor in each power cable
assembly in parallel, as shown and described above, an alternative main power cable
subassembly 20' (FIG. 7A) may include an electrical resistor 54 (or substantially any other
device or element providing an electrical impedance) that is arranged in-line with one of the
signal conductors, such as signal conductor 50c, so that the resistors of adjacent connected power
cable subassemblies 20' are arranged in series, and the number of power cable subassemblies 20’
coupled to a given control unit 14 can thus be calculated or measured by the controller, with

lower voltage in the sensing circuit corresponding to a greater number of power cable assemblies

10
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connected in series. In this arrangement of resistors in series, however, it will be appreciated that
a switching device or other element would be used to close the sensing circuit regardless of the
number of power cable assemblies 12 that are coupled together.

[0042] Referring now to FIG. 8, additional detail is provided for the circuitry of electrical power
distribution system 10. Power converter 62 is a substantially conventional design for converting
110 volt or 220 volt AC input power (or other relatively high-voltage input power) to 5 volt DC
output power (or other relatively low-voltage output power), as is known in the art. Relay switch
60 includes a switching transistor 70 and a single-pole voltage-protected relay 72.
Microprocessor 68 receives a voltage signal from a voltage divider 74, and utilizes analog-to-
digital conversion to provide a "counting" function and/or to determine whether the signal
voltage has exceeded the maximum allowable voltage for maintaining relay switch 60 in an open
configuration. One suitable microprocessor 68 is Model No. PIC12F675 8-bit CMOS
microcontroller, available from Microchip Technology Inc. of Chandler, Arizona. The
open/close signal is supplied to the switching transistor 70, which energizes or de-energizes relay
72 to close or open relay switch 60 accordingly. Optionally, the threshold voltage can be varied
according to the maximum allowable desired number of power cable assemblies. A circuit
breaker 76 is provided along infeed line conductor 42a and will disconnect power to controller
34 and to power cable assemblies 12 if the current draw in system 10 exceeds a maximum
threshold, regardiess of the number of power cable assemblies 12 that are electrically connected
in the system. Thus, as long as relay switch 60 is closed, controller 34 provides a stable, energy-
efficient selective power supply with substantially constant current and constant voltage power
output to power out let assemblies 28 of power cable assemblies 12.

[0043] Optionally, and in the illustrated embodiment of FIG. 8, microcontroller includes a signal
light 78 (such as an LED or the like), which can be positioned along an outer surface of
controller 34. In the illustrated embodiment, signal light 78 is illuminated only when relay
switch 60 1s closed, thereby signaling to users that power cable assemblies 12 that are connected
to control unit 14 are electrically energized. However, it is envisioned that multiple signal lights,
or multi-color signal lights, may be used to signal different operating conditions of electrical
power distribution system 10. For example, a single red/green LED signal light could be used to
indicate whether (i) control unit 14 is energized but relay switch 60 is open and thus any power

cable assemblies 12 that are coupled to the control unit 14 are not energized (red light), (1)

11
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control unit 14 is energized and relay switch 60 is closed to energize power cable assemblies 12
(green light), or (iii) control unit 14 is not energized and so neither are power cable assemblies
12 (no light).

[0044] Thus, the electrical power distribution system of the present invention permits a user to
add and remove power cable assemblies in the system in an interchangeable manner, according
to the number of power cable assemblies desired for a given application, but will not energize
the power cable assemblies if their number exceeds a predetermined threshold number,

. regardless of the amount of electrical current demand that is actually placed on the system. The
control unit receives electrical power from a power source, and all of the power cable
assemblies in the distribution system associated with that control unit are energized through the
control unit, as long as the control unit detects that the number of power cable assemblies does
not exceed a predetermined or selectable number of modules. Thus, the system operates to help
ensure that the number of power cable assemblies connected in series does not exceed a safe

- number, independent of the actual current draw on the system. This allows users to connect
multiple power cable assemblies to a single power source without the inconvenience of coupling
different power cable assemblies in a specific order, while maintaining safety and code
compliance.

{0045] Changes and modifications in the specifically described embodiments can be carried out
without departing from the principles of the present invention which 1s intended to be Iimited

only by the scope of the appended claims, as interpreted according the principles of patent law.

12
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" The embodiments of the invention in which an exclusive property or privilege is claimed are

defined as follows:

1. An electrical power distribution systém comprising:

at least one power outlet receptacle;

at least one p0wér cable assembly comprising (i) a main power cable subassembly having
at least two power conductors, at least two signal conductors, and first and second electrical
connectors at opposite end portions of said main power cable subassembly, (i1) an electrical
impedance element electrically coupled to at least one of said signal conductors, and (iii) an
outlet feed cable configured to be electrically coupled to said power outlet receptacle and to said
pdwer conductors in said main power cable sub assembly;

a control unit in electrical communication with said power conductors and said signal
conductors of said main power cable subassembly, said control unit comprising an electrical
switch associated with at least one of said power conductors and operable to selectively prevent a
flow of electricity through said power conductors, and a controller in electrical communication
with said signal conductors and said electrical switch; '

wherein said controller is operable to detect a number of main power cable subassemblies
coupled together in said electrical power distribution system by measuring a voltage in said
. signal conductors, and wherein said control unit is operable close said électrical switch so as to
- permit a flow of elecﬁ'icity through said at least two power conductors when the number of main

power cable subassemblies in said electrical power distribution system 1s detected by said

controller as being less than or equal to a predetermined number.

2. The electrical power distribution system of claim 1, wherein said main power cable *

subassembly comprises at least three power conductors including a line conductor, a neutral

conductor, and a ground conductor.

3. The electrical power distribution system of claim 1, wherein said electrical impedance

element comprises an electrical resistor.

13
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4. The electrical power distribution system of claim 1, wherein said electrical impedance

element is disposed in one of said first and second electrical connectors of said main power cable

subassembly.

5. The electrical power distribution system of claim 1, wherein said controller comprises an
electrical converter in electrical communication with said at least two power conductors and with

said signal conductors, said electrical converter configured to convert a relatively higher voltage

electrical power to a relatively lower voltage electrical power that is applied to said signal

conductors.

6. The electrical power distribution system of claim 1, wherein said outlet feed cable comprises
at least two power- feed conductors that are electrically coupled to respective ones of said at least
two power conductors of said main power cable subassembly at said first electrical connector,
and wherein said outlet feed cable does not include any electrical conductors in communication

with said signal conductors of said main power cable subassembly.

7. The electrical power distribution system of claim 6, wherein said power outlet receptacle 1s a

pop-up power outlet receptacle that is configured to be supported in a recess at a work surface.

8. The electrical power distribution system of claim 1, wherein said first electrical connector 1s

configured to mechanically and electrically couple said at least two power conductors and said
signal conductors of a first of said main power cable subassemblies with said at least two power
conductors and said signal conductors at said second electrical connector of a second of said

main power cable subassemblies.

9. The electrical power distribution system of claim 1, wherein said control unit comprises first
and second power outfeed cables, each power outfeed cable comprising a plurality of power
outfeed conductors and at least two outfeed signal conductors that are simultaneously electrically
connectable to respective ones of said power conductors and said signal conductors of a different

one of said power cable assemblies.
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10. An electrical power distribution system comprising:

at least one power cable assembly comprising a main power cable subassembly having a
plurality of power conductors that are electrically connectable to an electrical power source, at
least two signal conductors, and an electrical impedance element electrically coupled to at least
one of said signal conductors, said main power cable subassémbly having opposite end portions
with each end portion having a respective electrical connector, and said power cable assembly
further comprising an outlet feed cable;

a control imit in electrical communication with said power conductors and said signal
conductors of said at least one power cable assembly, said control unit comprising an electrical
switch associated with at least one of said power conductors and operable to selectively energize
and de-energize at least one of said power conductors, and a controller in electrical
communication with said signal conductors and said electrical switch; and

wherein said controller is operable to measure a voltage drop across said signal
- conductors, and wherein said controller 1s further operable to close said electrical switch so as to
permit a flow of electricity through said power conductors when the number of main power cable
subassemblies in said electrical power distribution system 1s detected by said controller as being

less than or equal to a predetermined number.

11. The electrical power distribution system of claim 10, wherein said control unit comprises an.
- electrical converter in electrical communication with satd signal conductors and with said
electrical power conductors that receive electrical power from the power source, said electrical
converter configured to convert a relatively higher voltage electrical power to a relatively lower

voltage electrical power applied to said signal conductors.

12. The electrical power distribution system of claim 10, wherein said outlet feed cable
comprises at least two power feed conductors that are electrically coupled to respective ones of
said power conductors of said main power cable subassembly at one of said electrical

connectors.

13. The electrical power distribution system of claim 12, wherein said one of said electrical

connectors 1s configured to mechanically and electrically couple said power conductors and said
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signal conductors with said power conductors and said signal conductors at a second electrical

connector of another of said main power cable subassemblies.

14. The electrical power distribution system of claim 10, wherein said power outlet receptacle 1s

a pop-up power outlet receptacle that is configured to be supported at a work surface.

15. The electrical power distribution system of claim 10, wherein at least one of said cable

- assembly and said control unit is configured to be positioned substantially below a work surface.

16. The electrical power distribution system of claim 10, further in combination with a work

surface.

17. An electrical power distribution syStem comprising:

a plurality of power outlet modules, at least one of said power outlet modules having a
power outlet receptacle; .

a plurality of power cable assemblies interconnected in a chain with an upstream one of
said power cable assemblies electrically connected with a control unit, each of said power cable
assemblies comprising (i) a main power cable subassembly having at least two power
conductors, at least two signal conductors, and first and second electrical connectors at opposite

end portions of said main power cable subassembly, each of said connectors adapted to connect

with one of said connectors of an adjacent one of said power cable assemblies, (ii) an electrical
impedance element electrically coupled to at least one of said signal conductors in one of said
first and second electrical connectors, and (iii) an outlet feed cable comprising at least two power
feed conductors that are electrically coupled to respective ones of said at least two power
conductors of said main power cable subassembly at said first electrical connector, wherein said
outlet feed cable is configured to be electrically coupled to one of said power outlet modules and
to said power conductors in said main power cable subassembly, and wherein said power outlet
modules do not include any electrical conductors in communication with said signal: conductors
of said main power cable subassemblies;

said control unit in electrical communication with said power conductors and said signal

conductors of said main power cable subassembly, said control unit comprising (i) an electrical
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switch associated with at least one of said power conductors and operable to selectively prevent a
flow of electricity through said power conductors, and (ii) a controller in electrical
communication with said signal conductors and said electrical switch, said controller comprising
" an electrical converter in electrical communication with said signal conductors to apply a low
voltage signal to said signal conductors;

wherein said controller further includes a voltage sensor in electrical communication with
said signal conductors, wherein said voltage sensor is operable to detect a number of main power
cable subassemblies coupled together in said electrical power distribution system by measuring a
voltage in said signal conductors, and wherein said control unit is operable to close said electrical
switch so as to permit a flow of electricity through said at least two power conductors when the

number of main power cable subassemblies in said electrical power distribution system is

detected by said controller as being less than or equal to a predetermined number.

18. The electrical power distribution system of claim 17, wherein said control unit comprises

first and second power outfeed cables, each power outfeed cable comprising a plurality of power
outfeed conductors and at least two outfeed signal conductors that are simultaneously electrically
connectable to respective ones of said power conductors and said signal conductors of a different

one of said power cable assemblies.

19. The electrical power distribution system of claim 17, wherein said power outlet module

comprises a pop-up power outlet receptacle that is configured to be supported in a recess at a

work surface.

20. The electrical power distribution system of claim 19, wherein at least one of said cable

- assembly and said control unit is configured to be positioned substantially below a work surface.
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