(12) STANDARD PATENT (11) Application No. AU 2012378295 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Current monitoring device

International Patent Classification(s)
GO1R 15/18 (2006.01)

Application No: 2012378295 (22) Date of Filing:  2012.04.25
WIPO No:  WO013/162536

Publication Date: 2013.10.31
Accepted Journal Date: 2017.04.13

Applicant(s)
Schneider Electric IT Corporation

Inventor(s)
Young, Jeffrey Stephen;Deokar, Vishwas Mohaniraj;Blake, Jr., Arthur Joseph

Agent / Attorney
Wrays, 56 Ord St, West Perth, WA, 6005, AU

Related Art

US 2008/0126665
US 2006/0238932
WO 2005/029671

WO 2006/021030
DE 29512624

EP 1983616

DE 10201495

US 2010/0237853
US 5896027

US 5800187

US 6330516




wo 2013/162536 A1 [N N0FO 0000 0 A Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/162536 Al

(51

eay)

(22)

(25)
(26)
1

(72)
(73)

74

31 October 2013 (31.10.2013) WIPOIPCT
International Patent Classification: (81)
GOIR 15/18 (2006.01)
International Application Number:

PCT/US2012/034914

International Filing Date:
25 April 2012 (25.04.2012)

Filing Language: English
Publication Language: English
Applicant (for all designated States except US):

SCHNEIDER ELECTRIC IT CORPORATION
[US/US]; 132 Fairgrounds Road, West Kingston, RI 02892

(US).

Inventors; and

Inventors/Applicants (for US only): YOUNG, Jeftrey,
Stephen [US/US]; 533 Rogers Street, Tewksbury, MA
01876 (US). DEOKAR, Vishwas, Mohaniraj [US/US]; 1
Colonial Path, Acton, MA 01720 (US). BLAKE, Arthur,
Joseph, Jr. [US/US]; 76 Grant Street, Leominster, MA
01453-5112 (US).

Agent: SULLIVAN, Thomas, M.; Lando & Anastasi LLP,
Riverfront Office Park, One Main Street, Suite 1100, Cam-
bridge, MA 02142 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: CURRENT MONITORING DEVICE

08
o 104\'-|1 er/loa
120\L ,iﬁ—uo o1
122
122
14 114
13| 1
114 115 200A F---1--- 2004 14
50A dual CB| 120
kUG oot T o
e / 308C8 — 102
102 120([ ma4 15 7 ol
114 120
T 115
4 | el o0
120 —~ | = sl
114 [50AdualCB] 20ACB 0F
102 o — == 102
ACB 20CB Ol
TZQH n5< 2 114 | 120
T 20AB 15 128
Ne]Jtém 127§§ CT Concentrator &
T Bus Bar 2  Zigbee Radio
118 —|

Power supply, Line Voltage/]
} o 9 124]

Ground
Bus Bar

%

11Q
ppl

Phase Measurement

126

Fig. 1

Load Center

(57) Abstract: According to one aspect, embodiments of the invention provide a current monitoring device comprising a current
transformer configured to be removeably coupled to a power line and to generate a reference signal having a level related to a current
level of the power line, a sensor circuit connected to the current transtormer and configured to convert the reference signal to a
measurement signal, a flexible cable having a first end and a second end, the first end coupled to the sensor circuit, and a connection
portion coupled to the second end of the flexible cable and configured to be removeably coupled to a communications bus, wherein
the sensor circuit is further contigured to provide the measurement signal to the communication bus via the flexible cable and the
connection portion.
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CURRENT MONITORING DEVICE

BACKGROUND OF INVENTION

Field of the Invention

At least one example in accordance with the present invention relates generally to

systems and methods for monitoring a load center for current, power and energy usage.

Discussion of Related Art

Each document, reference, patent application or patent cited in this text is expressly
incorporated herein in their entirety by reference, which means that it should be read and
considered by the reader as part of this text. That the document, reference, patent application or
patent cited in this text is not repeated in this text is merely for reasons of conciseness.

Discussion of the background to the invention is intended to facilitate an understanding
of the present invention only. It should be appreciated that the discussion is not an
acknowledgement or admission that any of the material referred to was published, known or
part of the common general knowledge of the person skilled in the art in any jurisdiction as at
the priority date of the invention.

A load center or panelboard is a component of an electrical supply system which
divides an electrical power feed from a power line into different subsidiary circuit branches.
Each subsidiary circuit branch may be connected to a different load. Thus, by dividing the
electrical power feed into subsidiary circuit branches, the load center may allow a user to
individually control and monitor the current, power and energy usage of each branch circuit
and in some instances each load.

Current sensors are commonly used to monitor activity of a load center. For example,
Current Transformers (CT) are commonly used to monitor current, power and/or energy
consumption in a subsidiary or main branch of a load center. A CT may be used to measure
current in a branch by producing a reduced current signal, proportionate to the current in the
branch, which may be further manipulated and measured. For example, a CT coupled to a
branch of a load center may produce a reduced current AC signal, proportionate to the
magnitude of AC current in the branch. The reduced current AC signal may then either be
measured directly or converted to a digital signal and then measured. Based on the signal

received, the level of current in the subsidiary branch may be determined.
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SUMMARY OF THE INVENTION

According to a first principal aspect, there is provided a current monitoring device
comprising:

a current transformer configured to be removeably coupled to a power line within a
load center and to generate a reference signal having a level related to a current level of the
power line within the load center;

a sensor circuit connected to the current transformer and configured to convert the
reference signal to a measurement signal;

a flexible cable having a first end and a second end, the first end coupled to the sensor
circuit; and

a connection portion coupled to the second end of the flexible cable and configured to
be removeably coupled to a communications bus within the load center;

wherein the sensor circuit is further configured to provide the measurement signal to
the communication bus via the flexible cable and the connection portion, and

wherein the connection portion includes a lid capable of being opened and closed and
configured to clamp the communication bus in place within the connection portion when
closed in a locked position.

Optionally, the current monitoring device further comprises a first housing containing
the sensor circuit and the current transformer, wherein the first housing includes a first portion
containing the current transformer and a second portion containing the sensor circuit, and
wherein the first portion is rotatably coupled to the second portion.

Optionally, the first housing is configured to be rotated between a first position and a
second position,

wherein, in the first position, the first portion of the first housing is rotated about the
second portion to allow external access to an interior chamber, and

wherein, in the second position, the first portion of the first housing is rotated about the
second portion so that the first portion encompasses the interior chamber.

Optionally, the connection portion includes a second housing coupled to the second end
of the flexible cable.

Optionally, the second housing includes an insulation displacement connector

configured to couple the connection portion to the communication bus.
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Optionally, the second housing further includes a lid configured to lock the
communication bus in a position adjacent to the insulation displacement connector.

Optionally, the second housing further includes a comb configured to separate discrete
conductors of the communication bus.

Optionally, the measurement signal is a digital measurement signal.

Optionally, the current transformer is a 200A current transformer.

According to a second principal aspect, there is provided a method for monitoring a
power line within a load center, the method comprising:

coupling a current transformer to the power line within the load center, the current
transformer coupled to a sensor circuit, the sensor circuit coupled to a connection portion via a
flexible cable;

clamping the connection portion onto a communication bus within the load center to
hold the communication bus in place within the connection portion;

generating, with the current transformer, a reference signal having a level related to a
current level of the power line;

converting, with the sensor circuit, the reference signal to a measurement signal; and

providing, via the connection portion, the measurement signal to the communication
bus.

Optionally, the current transformer is coupled to the power line at a first location within
the load center and the connection portion is coupled to the communication bus at a second
location within the load center.

Optionally, the measurement signal is a digital measurement signal.

Optionally, the act of coupling a current transformer to the power line includes
encompassing the power line within the current transformer.

Optionally, the act of coupling the connection portion to the communication bus
includes piercing an outer insulation layer of the communication bus with at least one contact
of the connection portion and connecting the at least one contact to a conductor within the
communication bus.

Optionally, the current transformer is a 200A current transformer.

According to a third principal aspect, there is provided a device for monitoring current
in a power line within a load center, the device comprising:

a current transformer configured to be coupled to the power line at a first location



02 Feb 2017

2012378295

w

10

15

20

25

30

4 -

within the load center and to generate a reference signal having a level related to a current level
of the power line;

a sensor circuit configured to convert the reference signal to a measurement signal and
provide data related to the measurement signal to a communication bus;

a flexible cable having a first end and a second end, the first end coupled to the sensor
circuit;

a connection portion coupled to the second end of the flexible cable; and

means for coupling the sensor circuit to the communication bus and clamping the
connection portion onto the communication bus to hold the communication bus in place within
the connection portion at a second location within the load center.

Optionally, the measurement signal is a digital measurement signal.

Optionally, the device further comprises a housing containing the sensor circuit and the
current transformer, wherein the housing includes a first portion containing the current
transformer and a second portion containing the sensor circuit, and wherein the first portion is
rotatably coupled to the second portion.

Optionally, the housing is configured to be rotated between a first position and a second
position,

wherein, in the first position, the first portion of the housing is rotated about the second
portion to allow external access to an interior chamber, and

wherein, in the second position, the first portion of the housing is rotated about the
second portion so that the first portion encompasses the interior chamber.

Optionally, the current transformer is a 200A current transformer.

Another aspect in accord with the present invention are directed to a current monitoring
device comprising a current transformer configured to be removeably coupled to a power line
and to generate a reference signal having a level related to a current level of the power line, a
sensor circuit connected to the current transformer and configured to convert the reference
signal to a measurement signal, a flexible cable having a first end and a second end, the first
end coupled to the sensor circuit, and a connection portion coupled to the second end of the
flexible cable and configured to be removeably coupled to a communications bus, wherein the
sensor circuit is further configured to provide the measurement signal to the communication
bus via the flexible cable and the connection portion.

According to one embodiment, the current monitoring device further comprises a first
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housing containing the sensor circuit and the current transformer, wherein the first housing
includes a first portion containing the current transformer and a second portion containing the
sensor circuit, and wherein the first portion is rotatably coupled to the second portion. In one
embodiment, the first housing is configured to be rotated between a first position and a second
position, wherein, in the first position, the first portion of the first housing is rotated about the
second portion to allow external access to an interior chamber, and wherein, in the second
position, the first portion of the first housing is rotated about the second portion so that the first
portion encompasses the interior chamber.

According to another embodiment, the connection portion includes a second housing
coupled to the second end of the flexible cable. In one embodiment, the second housing
includes an insulation displacement connector configured to couple the connection portion to
the communication bus. In another embodiment, second housing further includes a lid
configured to lock the communication bus in a position adjacent to the insulation displacement
connector. In one embodiment, the second housing further includes a comb configured to
separate discrete conductors of the communication bus.

According to one embodiment, the measurement signal is a digital measurement signal.
In another embodiment, the current transformer is a 200A current transformer.

Another aspect in accord with the present invention is directed to a method for
monitoring a power line within a load center, the method comprising coupling a current
transformer to the power line within the load center, the current transformer coupled to a
sensor circuit, the sensor circuit coupled to a connection portion via a flexible cable, coupling
the connection portion to a communication bus within the load center, generating, with the
current transformer, a reference signal having a level related to a current level of the power
line, converting, with the sensor circuit, the reference signal to a measurement signal, and
providing, via the connection portion, the measurement signal to the communication bus.

According to one embodiment, the current transformer is coupled to the power line at a
first location within the load center and the connection portion is coupled to the
communication bus at a second location within the load center. In one embodiment, the act of
coupling a current transformer to the power line includes encompassing the power line within
the current transformer. In another embodiment, the act of coupling the connection portion to
the communication bus includes piercing an outer insulation layer of the communication bus

with at least one contact of the connection portion and connecting the at least one contact to a
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conductor within the communication bus.

According to one embodiment, the measurement signal is a digital measurement signal.
In another embodiment, the current transformer is a 200A current transformer.

One aspect in accord with the present invention is directed to a device for monitoring
current in a power line within a load center, the device comprising a current transformer
configured to be coupled to the power line at a first location within the load center and to
generate a reference signal having a level related to a current level of the power line, a sensor
circuit configured to convert the reference signal to a measurement signal and provide data
related to the measurement signal to a communication bus, and means for coupling the sensor
circuit to the communication bus at a second location within the load center.

According to one embodiment, the device further comprises a housing containing the
sensor circuit and the current transformer, wherein the housing includes a first portion
containing the current transformer and a second portion containing the sensor circuit, and
wherein the first portion is rotatably coupled to the second portion. In one embodiment, the
housing is configured to be rotated between a first position and a second position, wherein, in
the first position, the first portion of the housing is rotated about the second portion to allow
external access to an interior chamber, and wherein, in the second position, the first portion of
the housing is rotated about the second portion so that the first portion encompasses the interior
chamber.

According to one embodiment, the measurement signal is a digital measurement signal.

In another embodiment, the current transformer is a 200A current transformer.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the drawings,
each identical or nearly identical component that is illustrated in various FIGs. is represented
by a like numeral. For purposes of clarity, not every component may be labeled in every
drawing. In the drawings:

FIG. 1 is a circuit diagram of a load center in accordance with aspects of the present
invention;

FIG. 2 is a schematic diagram of a CT circuit in accordance with aspects of the present

invention;
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FIG. 3 is a schematic diagram of a connection portion in accordance with aspects of the
present invention;

FIG. 4 is a schematic diagram of a CT circuit within a load center in accordance with
aspects of the present invention; and

FIG. 5 is another schematic diagram of a CT circuit within a load center in accordance

with aspects of the present invention.

DETAILED DESCRIPTION

Embodiments of the invention are not limited to the details of construction and the
arrangement of components set forth in the following description or illustrated in the drawings.
Embodiments of the invention are capable of being practiced or of being carried out in various
ways. Also, the phraseology and terminology used herein is for the purpose of description and
should not be regarded as limiting. The use of "including," "comprising," or "having,"
“containing”, “involving”, and variations thereof herein, is meant to encompass the items
listed thereafter and equivalents thereof as well as additional items.

As discussed above, CT’s may be utilized with a load center of an electrical supply
system to monitor circuit branches and assist in providing efficient energy management. For
instance, CT’s may be coupled to circuit branches inside or outside of a load center. However,
multiple challenges with connecting C'T’s in a load center may arise as the electrical supply
system grows in size and complexity.

Existing methods and systems typically rely on a system of individual CT’s, each
connected to a main controller and measurement unit in a “hub and spoke” topology. In such a
system, each CT requires dedicated cabling connecting it to the main controller and its
measurement unit, so that the number of cables or wires increases linearly with the number of
sensors. In addition, some jurisdictions have regulatory requirements on the amount of “gutter
space” (i.e., space within the panelboard free of wiring and other electronic devices) available
within a panelboard. Therefore, as the number of CT’s increases, the amount of cabling and
circuitry within a panelboard may become difficult to manage and violate regulatory
requirements.

In some instances it may even be difficult to physically place all of the desired CT’s



02 Feb 2017

2012378295

w

10

15

20

25

30

-8-

and corresponding circuitry within the load center, and due to the complexity of such a load
center; installation, expansion and maintenance may also be expensive, difficult and even
hazardous.

At least some embodiments described herein overcome these problems and provide a
relatively small, less complex and more manageable method and system for utilizing CT’s to
monitor circuit branches of a load center.

FIG 1 shows a load center 100 that includes a system for monitoring subsidiary circuit
branches 102 of the load center 100 according to one embodiment of the current invention. The
load center 100 includes a housing 101. Within the housing 101, the load center 100 includes a
first input power line 104, a second input power line 106, a plurality of circuit branches 102, a
neutral line 108, and a ground connection 110. The first and second input power lines 104, 106
are each configured to be coupled to an external power source (e.g., a utility power system).
Each one of the plurality of circuit branches 102 is configured to be coupled between one of
the input power lines 104, 106 and an external load 112 (e.g., an appliance, a power outlet, a
light etc.).

According to one embodiment, each one of the input power lines 104, 106 includes a
circuit breaker 113 coupled between the input power line 104, 106 and circuit branches 102.
According to another embodiment, each one of the plurality of circuit branches 102 includes a
circuit breaker 115 coupled between the input power line 104, 106 and an external load 112. In
one embodiment, the current rating of each circuit breaker 113, 115 may be configured based
on the power required by the external load 112 to which the circuit breaker’s 113, 115
associated circuit branch 102 is coupled. The neutral line 108 is coupled to the ground
connection 110. According to one embodiment, the neutral line is coupled to the ground
connection 110 via a neutral bus bar 116. According to another embodiment, the ground
connection 110 is coupled to the neutral line 108 via a ground bus bar 118.

Within the housing 101, the load center 100 also includes a plurality of Current
Transformers (CT) 114, a plurality of smart sensor circuits 120, a communication bus 122, and
a CT concentrator 124. According to one embodiment, the communication bus 122 includes a
plurality of wires. For example, in one embodiment, the communication bus 122 is a four-
conductor cable (e.g., a hi-flex unshielded 4-conductor silicone cable) including 4 wires (a
power line, a return line, D+ differential pair line, D- differential pair line); however, in other

embodiments, the communication bus 122 may include any number and type of wires. Each
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one of the plurality of CT’s 114 is coupled to at least one of the plurality of circuit branches
102. According to one embodiment, CT’s 114 may also be coupled to each input line 104, 106.
According to one embodiment, each CT 114 encompasses a corresponding circuit branch 102
or input line 104, 106. Each one of the plurality of CT’s is also coupled to a corresponding
smart sensor circuit 120. Each smart sensor circuit 120 is coupled to the communication bus
122.

According to one embodiment, each smart sensor circuit 120 is coupled to the
communication bus 122 so that each smart sensor circuit 120 is in electrical communication
with the CT concentrator 124. The coupling of each smart sensor circuit 120 to the
communication bus 122 is described in greater detail below.

According to one embodiment, the CT concentrator 124 includes a digital interface
125, at least one analog interface 127, a power module 126 and a Zigbee RF interface 128. The
communication bus 122 is coupled to the digital interface 125. The power module 126 is
coupled to at least one input power line 104, 106 via at least one branch circuit 102. According
to one embodiment, at least one CT 114 is coupled directly to at least one analog interface 127.

According to one embodiment, AC power is provided from an external source (e.g., a
utility power system) to the input lines 104, 106. AC power from the input lines 104, 106 is
provided to each of the external loads 112, via the circuit branches 102. The circuit breakers
113 are configured to automatically open and prevent current in an input line 104, 106 if an
overload or short circuit is detected in the input line 104, 106. The circuit breakers 115 are
configured to automatically open and prevent current in a circuit branch 102 if an overload or
short circuit is detected in the circuit branch 102.

The power module 126 of the CT concentrator 124 receives AC power from at least
one input line 104, 106. Using the AC power, the power module 126 powers the CT
concentrator 124. In addition, the CT concentrator 124 measures the AC voltage, frequency
and/or phase of the AC power. According to one embodiment, the CT concentrator 124 is
configured to communicate the measured AC voltage, frequency and/or phase information to
the smart sensor circuits 120, via the communication bus 122. For example, in one
embodiment, the CT concentrator 124 transmits phase information of the AC power to the
smart sensor circuits 120 so that the CT concentrator 124 may be synchronized with the smart
sensor circuits 120. According to one embodiment, the CT concentrator is also capable of

being powered by a battery.
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AC current passing through a circuit branch 102 or input line 104, 106 induces a
proportionate AC current in its associated CT 114 which encompasses the circuit branch 102 or
input line 104, 106. According to one embodiment, where a CT 114 may be coupled to
multiple circuit branches 102, an AC current proportionate to the combined current in the
multiple circuit branches is induced in the CT 114 which encompasses the multiple circuit
branches. The smart sensor circuit 120 coupled to the CT 114 converts the proportionate AC
current from the CT 114 into a digital value and then transmits the digital value, over the
communications bus 122 to the CT concentrator 124. For example, according to one
embodiment, a CT 114 and smart sensor circuit 120 pair produces a proportionate AC current
(based on an associated circuit branch), converts the proportionate AC current into digital
values, and transmits the digital values to the CT concentrator as described in U.S. Patent
Application Serial Number 13/089,787 entitled “SMART CURRENT TRANSFORMERS”,
filed on April 19, 2011 (hereinafter “the ‘787 Application™), which is hereby incorporated
herein by reference in its entirety.

According to one embodiment, the smart sensor circuit 120 may be configured to
utilize the voltage, frequency and/or phase information received from the CT concentrator 124
over the communications bus 122. For example, in one embodiment, the smart sensor circuit
120 utilizes the phase information received from the CT concentrator 124 to synchronize
operation with the CT concentrator 124 such that current measurements performed by the
smart sensor circuits 120 can by synchronized with voltage measurements made by the CT
concentrator 124. In another example, the smart sensor circuit 120 utilizes the voltage,
frequency and/or phase information to calculate power and energy parameters such as RMS
current, true and apparent power, and power factor of the circuit branch 102 or input line 104,
106. This information is also converted into digital values and sent to the digital interface 125
of the CT concentrator 124 over the communications bus 122. According to one embodiment,
at least one CT 114 may also provide analog signals, proportionate to the AC current passing
through the circuit branch 102, directly to an analog interface 127 of the CT concentrator 124.

According to one embodiment, upon receiving the current information from the smart
sensor circuits 120, the CT concentrator 124 utilizes the measured voltage, frequency and/or
phase information to calculate power and energy parameters such as RMS current, true and
apparent power, and power factor of the circuit branch 102 or input line 104, 106.

According to another embodiment, upon receiving the current information and
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receiving and/or calculating the power information, the CT concentrator 124 transmits the
current, power and energy information to an external client (e.g., a web server, in-home
display, internet gateway etc.) via the wireless Zigbee RF interface 128 to assist in power
management of the load center 100 and to assist in power management and control of a
residence or other facility containing the system. The CT concentrator 124 may also transmit
the current, power and energy information to an external client via a wired connection or a
different type of wireless connection. For example, according to one embodiment, a CT
concentrator 124 receives current information from the smart sensor circuits 120, calculates
power and energy information using the received current information, and transmits the
current, power, and energy information to an external client as described in the “787
Application.

As described above, each smart sensor circuit 120 is coupled to the CT concentrator
124 via the communication bus 122. According to one embodiment, each smart sensor circuit
120 is coupled to the communication bus 122 via a connection portion which is clamped onto
the communication bus 122. For example, in one embodiment, electrical contacts of a
connection portion, which is coupled to a smart sensor circuit 120, are pressed onto the
communication bus 122 so that the electrical contacts pierce an insulation layer of the
communication bus 122 and become electrically coupled to appropriate conductors within the
communication bus 122. In other embodiments, the connection portion may be coupled
differently to the communication bus 122. For example, according to one embodiment, the
connection portion is coupled to the communication bus 122 via a bus bar or daisy chained
connectors (not shown).

According to one embodiment, the connection portion is located within the same
housing as the smart sensor circuit 120 and the associated CT 114. Thus the connection portion
is coupled to the communication bus 122 at substantially the same location within the load
center as where the CT 114 is coupled to the circuit branch 102 or input line 104. For example,
in one embodiment, the connection portion and the smart sensor circuit 120 are configured as
described in the “787 Application.

According to another embodiment, the connection portion is located separately from
the smart sensor circuit 120 and the associated CT 114. Such a configuration may allow for
increased connection flexibility within the load center as the connection portion may be

coupled to the communication bus 122 at a different location then where the CT 114 is coupled
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to the circuit branch 102 or input line 104. This may be beneficial where the communication
bus 122 and the circuit branch 102 or input line 104 desired to be monitored are not adjacent to
each other. It also may be beneficial where the size of the line desired to be measured (e.g. a
mains input line 104) requires a large CT 114 that is difficult (or even impossible) to connect
to the input line 104 adjacent the communication bus 122.

Therefore at least some embodiments described herein provide a CT circuit (e.g.
including a CT 114 and smart sensor circuit 120) which provides enhanced connection
flexibility within a load center.

FIG. 2 illustrates one embodiment of a CT circuit 200 in accordance with aspects of the
present invention. The CT circuit 200 includes a housing 202. The housing 202 includes a first
portion 204 which encompasses a CT (e.g. a CT 114) and a second portion 206 which
encompasses a smart sensor circuit (e.g. a smart sensor circuit 120). The second portion 206 is
coupled to a connection portion 208 via a flexible cable 210.

According to one embodiment, the first portion 204 of the housing 202 is a clamp
which includes a top portion 201 and a bottom portion 203. The bottom portion 203 of the
clamp is coupled to the second portion 206. The top portion 201 of the clamp is coupled to a
button 208 of the second portion 206 about a lever point within the second portion 206. Absent
pressure on the button 208, a spring mechanism within the second portion 206 forces the
button 208 to extend outward from the second portion 206, resulting in the top portion 201
being forced against the bottom portion 203 to form an interior chamber 205.

When connection to a circuit branch 102 is desired, a user may press down on the
button 208, compressing the spring mechanism, forcing the button 208 to rotate about the lever
point into the second portion 206 and causing the top portion 201 to rotate about the lever point
away from the bottom portion 203. As a result, the top portion 201 and bottom portion 203
move apart. As the top portion 201 and bottom portion 203 separate, an opening is formed by
which a circuit branch 102 may be inserted into the interior chamber 205. Once a circuit
branch 102 is inserted into the interior chamber 205, removal of pressure on the button 208
results in the spring mechanism forcing the button 208 to rotate out of the second portion 206
and the top portion 201 to rotate back towards the bottom portion 203 until the top portion 203
and bottom portion 203 are compressed together, thereby encompassing a circuit branch 102
within the interior chamber 205 of the clamp 204 (and hence the CT).

The second portion of the housing 206 encompasses a smart sensor circuit (as described
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above). However, the housing 202 does not include the connection portion 208 which is
configured to be coupled to a communication bus 122.

The connection portion 208 is configured to be coupled to a communication bus 122.
For example, FIG. 3 illustrates a connection portion 208 in accordance with aspects of the
present invention. FIG. 3 illustrates the connection portion 208 prior to being connected to a
communications bus 122. According to one embodiment, the connection portion 208 includes a
housing 309. The housing 309 of the connection portion 208 includes an Insulation
Displacement Connector (IDC) 302 (e.g., an AVX series 9176 IDC). According to one
embodiment, the IDC 302 may include a plurality of blades 304. For example, if, as discussed
above, the connection portion 208 (and hence the smart sensor circuit 120 via the cable 210) is
configured to be coupled to a four-conductor cable, the IDC 302 will include four blades, each
blade configured to be coupled to a corresponding conductor within the cable. However,
according to other embodiments, the IDC 302 may include any number of blades to adequately
connect the connection portion 208 to the communications bus 122. According to one
embodiment, the housing 309 of the connection portion 208 also includes comb features 305
which are configured to separate the discrete conductors within the communication bus 122.

According to one embodiment, the connection portion 208 may also include a locking
lid 306 coupled to the housing 309 via a hinge 308. Prior to being coupled to the
communications bus 122, the locking lid 306 of the connection portion 208 is swung away
from the IDC 302, allowing a user to place the communication bus 122 adjacent to the IDC
302. The user presses down on the communication bus 122, causing the communication bus
122 to press against the IDC 302. The comb features 305 separate the discrete conductors and
the plurality of blades 304 of the IDS 302 pierce the outer insulation layer of the
communication bus 122, each one of the plurality of blades 304 connecting with a
corresponding conductor within the communication bus 122. The user may then swing the
locking lid towards the IDC 302 and press down on the locking lid to lock the communication
bus 122 into place.

According to other embodiments, the connection portion 208 (and hence the smart
sensor circuits 120 via the cable 210) may be coupled to the communication bus 122 in a
different manner. For example, connection portions of smart sensor circuits may also be
coupled to the communication bus 122 via a bus bar. Upon the connection portion 208 being

coupled to the communication bus 122, the corresponding smart sensor circuit 120 (and
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associated CT 114) is in electrical communication with the CT concentrator 124 via the cable
210, the connection portion 208 and the communication bus 122.

According to one embodiment, the connection portion 208 and the flexible cable 210
also include appropriate internal connections which are configured to couple the appropriate
connections within the smart sensor circuit 120 to the communication bus 122.

By coupling the smart sensor circuit 120 (and CT 114) to the communications bus 122
via a connection portion 208 and a flexible cable 210, the connection portion 208 is able to be
connected to the communication bus 122 at a different location within a load center then where
the CT 114 is coupled to a circuit branch 102 or input line 104, thereby providing enhanced
connection flexibility within the load center.

For example, FIGS. 4-5 illustrate the CT circuit 200 within a load center 400 in
accordance with aspects of the present invention. The load center 400 includes an enclosure
410. Within the enclosure 410, the load center 400 includes circuit branches 102, an input line
104, circuit breakers 113, 115, a CT circuit 200 and a communication bus 122, as discussed
above. The circuit breakers 113, 115 are coupled to the circuit branches 102 and the input line
104 and are arranged in two columns. According to one embodiment, the load center 400 also
includes a cover which separates the circuit breakers 113, 115 from the circuit branches 102,
input line 104, CT circuit 200 and communication bus 122, thereby allowing a user to operate
the circuit breakers 113, 114 without contacting live electrical parts within the load center 400.
In one embodiment, the cover may be removed when an individual desires to access live
components within the load center 400 (e.g. in order to couple a CT circuit 200 to the input line
104 and communication bus 122).

As described above, the CT circuit 200 includes a housing 202. The first portion 204 of
the housing 202 is coupled around the input line 104 which provides mains power to the circuit
branches 102 and the connection portion 208 is coupled to the communication bus 122. The
second portion 206 of the housing 202 is coupled to the connection portion 208 via a flexible
cable 210. The connection portion 208 and flexible cable 210 allow the CT circuit 200 to
monitor the input line 104 while being coupled to the communications bus 122, even though
the input line 104 is not located adjacent the communications bus 122 and the CT within the
CT circuit 200 is likely too large (e.g. rated for 200A to handle input mains power) to be
located adjacent the communications bus 122.

According to one embodiment, the flexible cable 210 includes a strain relieving feature.
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For example, in one embodiment, the flexible cable 210 includes an over molded feature 402
located at the end of the cable 210 attached to the second portion 206 and/or the end of the
cable 210 attached to the connection portion 208.

Even though examples in accordance with the present invention are described herein in
reference to a load center, other examples may be utilized within any electrical system in
which current, power and energy of a power line are desired to be monitored. It also is to be
appreciated that examples in accordance with the present invention may be utilized to monitor
any type (e.g., commercial or residential) or size system.

Even though examples in accordance with the present invention are described herein as
utilizing a current transformer capable of being clamped onto a circuit branch or input line,
other examples may utilize a different type of current sensor. For example, current sensors
utilizing shunt resistance, hall-effect, and toroidal (solid core) current transformers may be
used.

Even though examples in accordance with the present invention are described herein as
utilizing a current sensor capable of monitoring a circuit branch, other examples may utilize
any other types of sensor (e.g. temperature or humidity sensors) which is desired to be located
at a different location than the communication bus within a load center.

By coupling a smart sensor circuit and CT to a communications bus via a connection
portion, separate from the smart sensor circuit, and a flexible cable, the connection portion is
able to be connected to the communication bus at a different location within a load center then
where the CT is coupled to a circuit branch or input line, providing enhanced connection
flexibility within the load center.

Having thus described several aspects of at least one embodiment of this invention, it is
to be appreciated various alterations, modifications, and improvements will readily occur to
those skilled in the art. Such alterations, modifications, and improvements are intended to be
part of this disclosure, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing description and drawings are by way of example only.
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The claims defining the invention are as follows:

A current monitoring device comprising:

a current transformer configured to be removeably coupled to a power line
within a load center and to generate a reference signal having a level related to a
current level of the power line within the load center;

a sensor circuit connected to the current transformer and configured to convert
the reference signal to a measurement signal;

a flexible cable having a first end and a second end, the first end coupled to the
sensor circuit; and

a connection portion coupled to the second end of the flexible cable and
configured to be removeably coupled to a communications bus within the load center;

wherein the sensor circuit is further configured to provide the measurement
signal to the communication bus via the flexible cable and the connection portion, and

wherein the connection portion includes a lid capable of being opened and
closed and configured to clamp the communication bus in place within the connection

portion when closed in a locked position.

The current monitoring device of claim 1, further comprising a first housing
containing the sensor circuit and the current transformer, wherein the first housing
includes a first portion containing the current transformer and a second portion
containing the sensor circuit, and wherein the first portion is rotatably coupled to the

second portion.

The current monitoring device of claim 2, wherein the first housing is configured to be
rotated between a first position and a second position,

wherein, in the first position, the first portion of the first housing is rotated
about the second portion to allow external access to an interior chamber, and

wherein, in the second position, the first portion of the first housing is rotated

about the second portion so that the first portion encompasses the interior chamber.

The current monitoring device of claim 2 or claim 3, wherein the connection portion
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includes a second housing coupled to the second end of the flexible cable.

The current monitoring device of claim 4, wherein the second housing includes an
insulation displacement connector configured to couple the connection portion to the

communication bus.

The current monitoring device of any one of the preceding claims, wherein the second
housing further includes a comb configured to separate discrete conductors of the

communication bus.

The current monitoring device of any one of claims 1 to 6, wherein the measurement

signal is a digital measurement signal.

The current monitoring device of any one of claims 1 to 7, wherein the current

transformer is a 200A current transformer.

A method for monitoring a power line within a load center, the method comprising:

coupling a current transformer to the power line within the load center, the
current transformer coupled to a sensor circuit, the sensor circuit coupled to a
connection portion via a flexible cable;

clamping the connection portion onto a communication bus within the load
center to hold the communication bus in place within the connection portion;

generating, with the current transformer, a reference signal having a level
related to a current level of the power line;

converting, with the sensor circuit, the reference signal to a measurement
signal; and

providing, via the connection portion, the measurement signal to the

communication bus.

The method of claim 9, wherein the current transformer is coupled to the power line at
a first location within the load center and the connection portion is coupled to the

communication bus at a second location within the load center.
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The method of claim 9 or claim 10, wherein the measurement signal is a digital

measurement signal.

The method of any one of the preceding claims when dependent on claim 9, wherein
the act of coupling a current transformer to the power line includes encompassing the

power line within the current transformer.

The method of any one of the preceding claims when dependent on claim 9, wherein
the act of coupling the connection portion to the communication bus includes piercing
an outer insulation layer of the communication bus with at least one contact of the
connection portion and connecting the at least one contact to a conductor within the

communication bus.

The method of any one of the preceding claims when dependent on claim 9, wherein

the current transformer is a 200A current transformer.

A device for monitoring current in a power line within a load center, the device
comprising:

a current transformer configured to be coupled to the power line at a first
location within the load center and to generate a reference signal having a level related
to a current level of the power line;

a sensor circuit configured to convert the reference signal to a measurement
signal and provide data related to the measurement signal to a communication bus;

a flexible cable having a first end and a second end, the first end coupled to the
sensor circuit;

a connection portion coupled to the second end of the flexible cable; and

means for coupling the sensor circuit to the communication bus and clamping
the connection portion onto the communication bus to hold the communication bus in

place within the connection portion at a second location within the load center.

The device of claim 15, wherein the measurement signal is a digital measurement
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signal.

The device of claim 15 or claim 16, further comprising a housing containing the
sensor circuit and the current transformer, wherein the housing includes a first portion
containing the current transformer and a second portion containing the sensor circuit,

and wherein the first portion is rotatably coupled to the second portion.

The device of claim 17, wherein the housing is configured to be rotated between a
first position and a second position,

wherein, in the first position, the first portion of the housing is rotated about
the second portion to allow external access to an interior chamber, and

wherein, in the second position, the first portion of the housing is rotated about

the second portion so that the first portion encompasses the interior chamber.

The device of any one of the preceding claims when dependent on claim 15, wherein

the current transformer is a 200A current transformer.
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