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CURRENT SENSING MODULE AND ASSEMBLY METHOD THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part application of United States Application Serial
No. 11/536,377, filed September 28, 2006, the contents of which are incorporated by

reference herein in their entirety.
BACKGROUND OF THE INVENTION

The present disclosure relates generally to electrical power distribution, and particularly
to measurement of power for at least one of a plurality of circuits. A building owner of a
multi-tenant building, where deregulation has taken effect, can often purchase power
from a utility provider in bulk at a wholesale rate, and re-sell it to the tenants. A sub-
metering panel allows the building owner to accurately measure & bill the tenants for the

power consumed by each tenant.

Sub-metering is traditionally performed by installing a current transformer (CT) on the
conductor that is carrying the electrical load. There is one CT per phase of any load that
is to be monitored, and each CT has two wire leads that carry the signal from the CT to
the meter. These CTs are space consuming and difficult to mount. They take up wire
bend space within an electrical distribution enclosure, as defined by Underwriters
Laboratories (UL), and are obstructions to wires and cables in the equipment gutters and
wire ways. The installation of these CTs and the extensive internal wiring is a
cumbersome, time-consuming process and therefore increases the expense associated
with the installation process. Another method of sub-metering is also known as modular
metering. Modular metering involves installing a modular meter for each suite. This
method is space consuming, as it requires a meter for each circuit to be monitored. Yet
another method of sub-metering is also known as master metering. In this method of
sub-metering, a building owner divides the total annual utility bill of the building by a

predetermined factor, such as square footage, and number of tenants per suite, for
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example, and charges the suite’s tenant a fraction of the total utility bill according to the
predetermined factor. This method is highly inaccurate. Accordingly, there is a need in

the art for a sub-metering arrangement that overcomes these drawbacks.
BRIEF DESCRIPTION OF THE INVENTION

An embodiment of the invention includes a current sensing module for disposal
proximate a conductor. The current sensing module includes a housing having a first
section and a second section that together define an opening for receiving the conductor
therethrough. The second section is in operable connection with the first section. The
current sensing module further includes a micro-electromechanical system (MEMS)
based current sensor disposed within the first section proximate the opening for receiving

the conductor.

Another embodiment of the invention includes a method of disposing a current sensing
module proximate a conductor. The method includes disposing a first section of a
housing proximate the conductor, the first section comprising a micro-electromechanical
system (MEMS)-based current sensor. The method further includes connecting a second
section of the housing with the first section, thereby defining an opening for receiving the

conductor therethrough.
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BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the exemplary drawings wherein like elements are numbered alike in the

accompanying Figures:

Figure 1 depicts a schematic block diagram of an electrical sub-metering system in

accordance with an embodiment of the invention;

Figure 2 depicts a schematic representation of an exemplary current sensing module in

accordance with an embodiment of the invention;

Figure 3 depicts a top perspective view of a current sensing module disposed proximate a

current protection device in accordance with an embodiment of the invention;

Figure 4 depicts an exploded view of the current sensing module of Figure 3 in

accordance with an embodiment of the invention;

Figures 5 and 6 depict cut away views of a current sensing module in accordance with an

embodiment of the invention;

Figures 7 and 8 depict cut away views of a current sensing module in accordance with an

embodiment of the invention;

Figure 9 depicts a cut away view of a current sensing module clamped upon a conductor

in accordance with an embodiment of the invention;

Figure 10 depicts a flow chart of process steps for disposing a current sensing module

proximate a conductor in accordance with an embodiment of the invention;

Figure 11 depicts a schematic representation of an exemplary communication link in

accordance with an embodiment of the invention; and

Figure 12 depicts a pictorial schematic representation of a connection between a plurality

of hubs and a data collector in accordance with an embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the invention will provide a compact sub-metering panel that will
accurately track and store the power consumption of each suite, or apartment, in a multi-
tenant building. Measurements of voltage and current of each suite will be used to
calculate the power consumed by the suite. In an embodiment, the compact sub-metering
panel will measure the current using a MEMS-based current sensor proximate to a
conductor of cach sub-metered breaker, and transmit the measurement to a panel-
centralized hub. In an embodiment, one of the hub, and a module including the current
sensor will measure the voltage, calculate the energy and power consumed by each
breaker, and output the energy and power consumption calculations to a central data
collector. In an embodiment, the data collector will calculate a bill, based on the energy
and power consumed by the particular suite. In an embodiment, the transmission from

the hub to data collector can be one of a wired connection and a wireless connection.

Referring now to Figure 1, an electrical sub-metering system 100 is depicted. In an
embodiment, the sub-metering system 100 comprises an electrical panel board (also
herein referred to as a panel) 115, a plurality 111 of circuits 110, a plurality 131 of
current sensing modules (CSMs) (also herein referred to as modules) 130, a hub 120, and
a data collector 150. In an embodiment, each CSM 130 of the plurality 131 of CSMs 130

is associated with a respective one circuit 110 of the plurality 111 of circuits.

In an embodiment, the electrical sub-metering system 100 is configured to make
available to a user a power consumption calculation of at least one circuit 110 of the
plurality 111 of circuits. As used herein, the term user shall refer to any person or group
of persons such as a tenant, a property manager, a property management association, a
utility company, and a corporate consumer of power, for example, that may be interested
to be aware of the specific amount of power consumed by the specific circuit 110. In an
embodiment, the amount of power consumed by the specific circuit 110, or a group of

specific circuits 110, may represent the amount of power that has been consumed, such as
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by a specific tenant, or a specific department within a corporate setting. As used herein,
the term suite shall refer to an apartment within an multi-tenant building, an office within
an office building, a department within a facility, or any other sub-group of circuits that
may be desired to be segregated from the entire group for the purposes of measurement

and tracking of power consumption.

In an embodiment, the electrical panel board 115 is configured to distribute power from a
common source, or feed 105 to the plurality 111 of circuits 110, each circuit 110 capable
of identification as representing a unique point of power consumption, as described
above. In an embodiment, the CSM 130 is configured to measure, or monitor, the current
flow through each circuit 110 of the plurality 111 of circuits. It will be appreciated that
while an embodiment of the invention has been depicted having the CSM 130 in
connection with all circuits 110 of the plurality 111 of circuits 110, that the scope of the
invention will not be so limited, and that the invention will also apply to sub-metering
systems 100 that may have the CSM 130 in connection with any portion of the plurality
111 of circuits 110.

In an embodiment, the hub 120 is in signal communication with the plurality 131 of
CSMs 130 via a single communication link 140, and the electrical panel board 115 via
feed 105 connections 141. The hub 120 includes processing circuitry 125 for calculating,
transforming, and communicating the information associated with the power
consumption. In an embodiment, the hub 120 is configured to collect information
associated with power consumption from the CSM 130 and the panel 115. In an
embodiment, the data collector 150 is in signal communication with the hub 120, which
is configured to collect and to make available to the user the power consumption
calculation derived from the information associated with power consumption for each
circuit 110 that is in connection with the CSM 130. In an embodiment, the hub 120
includes a voltage sensor 123 configured to measure the voltage of each circuit 110. It
will be appreciated that the voltage sensor 123 may be one of many types known in the

art, such as a resistive bridge network configured to measure voltage, for example.
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While an embodiment of the invention has been described and depicted with one hub 120
in signal communication with the data collector 150, it will be appreciated that the scope
of the invention is not so limited, and that the invention will also apply to electrical sub-
metering systems 100 that may include alternate arrangements of the hub and the data
collector, such as having more than one hub in signal communication with a single data
collector, one hub in signal communication with more than one data collector, and more
than one hub in signal communication with more than one data collector, for example.
Further, while an embodiment has been depicted with one CSM in signal communication
with the hub, it will be appreciated that the scope of the invention is not so limited, and
that the invention will also apply to electrical sub-metering systems 100 that may have
alternate arrangements of the CSM and the hub, such as more than one CSM in signal

communication with one hub, for example.

In an embodiment, the CSM 130 includes a micro-clectromechanical system (MEMS)-
based current sensor, as described in commonly assigned U.S. Patent Application
Publication No. 2005/0270014 entitled “Micro-Electromechanical System (MEMS)
Based Current & Magnetic Field Sensor Having Capacitive Sense Components”, and
U.S. Patent Application Publication No. 2005/0248340 entitled “Microelectromechanical
System Sensor and Method for Using”, the contents of which are herein incorporated by

reference in their entirety.

While an embodiment of the invention has been described having a current sensing
module including a MEMS-based current sensor, it will be appreciated that the scope of
the invention is not so limited, and that the invention will also apply to electrical sub-
metering systems 100 using CSMs having alternate current sensors, such as hall-effect

current sensors, for example.

With reference now to Figures 1 and 2, an exemplary embodiment of the CSM 130 is
depicted. In an embodiment, a current protection device 114, such as at least one of a

circuit breaker and a fusible switch, for example is in power connection with a
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conducting cable (also herein referred to as a conductor) 112, 113 of the circuit 110, and
disposed within the panel 115. In the embodiment depicted in Figure 2, current sensors
205 are depicted disposed within the CSM 130. In an embodiment, the CSM 130
includes the current sensors 205 and their appropriate interface electronics 206. In an
embodiment, the interface electronics 206 of the CSM 130 are configured to amplify,
sample, and process a sensed, or measured, current flow, and include communication
circuitry to make available to the hub 120 a signal representative of the sensed current
flow. In another embodiment, the interface electronics 206 are configured to be receptive
of a signal representative of the circuit 110 voltage, to calculate the power consumed, and
to make available, via the communication circuitry of the interface electronics 206, to the
hub 120 the power consumption calculation. In an embodiment, the CSM 130 is a
modular design having a two-piece housing 220, 221 to allow the current sensors 205 of
the CSM 130 to be installed without the need to remove the conductor 112, 113 from the
device 114, or any other connection made with the conductor 112, 113. In another
embodiment, the MEMS-based current sensor 205 is disposed proximate a portion less
than 100% of a circumference of the conductor 112, 113 of one of the plurality 111 of
circuits 110, absent complete enclosure of the conductor 112, 113. In another
embodiment, the MEMS-based current sensor 205 is disposed proximate the device 114.
In an embodiment, the CSM 130 additionally includes a voltage sensor 124, such as a

resistive bridge network configured to measure voltage, for example.

In an embodiment, the MEMS-based current sensor 205 is clipped onto the conductor
112, 113, allowing an installer a simple means to retrofit panels 115 that were not
originally configured to provide sub-metering functionality. While the clip of the current
sensor 205 may completely encircle or enclose the conductor 112, 113, as previously
discussed, the actual MEMS-based current sensor 205 is disposed proximate a portion
less than 100% of the circumference of the conductor 112, 113, absent complete
enclosure of the conductor 112, 113. In an embodiment, the current sensor 205 is

attached, or clipped, onto the conductor 112, 113 absent a split-core transformer, as may
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be used in other sub-metering applications. In an embodiment, the MEMS-based current
sensor 205 provides current measurements having enhanced accuracy over split-core

current transformers.

Figure 3 depicts an exemplary embodiment of the CSM 130 disposed proximate the

circuit breaker 114, via clamping onto the conductors 112, 113.

Figure 4 depicts an exploded view of the CSM 130. The CSM 130 includes a housing
245 including a first section 247 and a second section 249 (also herein referred to as a
clamp). A printed circuit board 253 that includes the current sensors 205, such as
MEMS-based current sensors 205 and the appropriate interface electronics 206, is
disposed in the first section 247. The interface electronics 206 are configured to amplify,
sample, and process a sensed, or measured current, and communicate with hub 120 a
signal representative of information associated with power consumption. Together, the
first section 247 and the clamp 249 have a translational degree of freedom therebetween.
A surface 250 of the first section 247 and a surface 252 of the clamp 249 define an
opening 251 for receiving the conductors 112, 113 therethrough. The MEMS-based

current sensors 205 are disposed proximate the surface 250 of the opening 251.

The clamp 249 is in operable connection with the first section 247 to translate relative
thereto, thereby providing adjustment of a dimension 255 (best seen with reference to
Figure 6) of the opening 251 for securing the housing 245 to the conductors 112, 113.
Additionally, the clamp 249 is separable from the first section 247, thereby allowing
retrofit installation of the CSM 130 as described above. In an embodiment, the MEMS
sensors 205 and printed circuit board 253 are assembled within the first section 247 as an
integrated unit of the CSM 130. A plurality of openings 251 are defined by a plurality of
surfaces 252 of individual clamps 249 in conjunction with individual surfaces 250 of the
first section 247. In an embodiment the individual surfaces 250 include individual
geometric features, such as inclined planes for example. Use of the plurality of

individual, independently adjustable clamps 249 that correspond to each conductor 112,
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113 of a plurality of conductors 112, 113 allows adjustment for and accommodation of
different diameter conductors 112, 113 in connection with current protection devices 114

disposed adjacent to the CSM 130

Figures 5 and 6 respectively depict a front and rear cut away view of an exemplary
embodiment of the housing 245. Figure 5 depicts interaction of the first section 247 and
the clamp 249 for the clamping the conductors 112, 113. The clamp 249 is inserted into
the first section 247 in a direction depicted as F clamp to surround or clamp the
conductors 112, 113 as shown. The first section 247 and the clamp 249 each include a
series of mating engagement features 257, such as serrated teeth molded into arms of the
clamp 249, which enable adjustment of the dimension 255 of the opening 251 to
accommodate clamping of a range of sizes of conductors 112, 113. The serrated teeth
257 also allow retention of the adjusted dimension 255, to secure the housing 245 to the
conductors 112, 113. The serrated teeth 257 of the first section 247 are disposed on two
opposing cantilevered snap arms 259. The serrated teeth 257 of the snap arms 259 and
the clamp 249 interlock, to thereby lock the clamp 249 in position relative to the first

section 247, thereby surrounding the diameter of the conductors 112, 113.

Captured within the first section 247 is a pushbutton or release 261 to disengage the
serrated teeth 257, as will be described further below. The pushbutton 261 is captured
between a button seat 263 and inclined planes 250 of the first section 247. The
pushbutton 261 has two spring arms 267 that interface with the inclined planes 250 to
exert a force and bias the pushbutton 261 in the direction of F clamp, which allows free

motion of the snap arms 259 as the clamp 249 is being inserted into the first section 247.

Figure 6 is a cut away from the opposite side showing components used to release the
clamp 249 from the first section 247. Integrated with each snap arm 259 is a beam 267
with a cam bulb 269. A clearance distance (d) allows the snap arms 259 to flex freely. In
response to application of a force to the pushbutton 261 in the direction of F release, a

pushbutton cam follower 271 interfaces with the cam bulbs 269 thereby deflecting the
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snap arms 259 and diminishing or reducing clearance distance (d) to disengage the
serrated teeth 257 and allow the clamp 249 to be freely removed from the first section

247.

Referring now to Figures 7 and 8, cut-away views of an exemplary embodiment of the
CSM 130 is depicted. A lead screw 273 is disposed and retained within the first section
247, and has a rotational degree of freedom Z relative to the first section 247. A thread
274 of the lead screw 273 passes through a crossbar 275 disposed within the first section
247. The crossbar 275 has a translational degree of freedom within the first section 247
(in a direction X) relative to the surface 250, and is in operable communication with the
lead screw 273 such that the crossbar 275 is responsive to rotation of the lead screw 273
(in direction Z) to translate in the direction X. The clamp 249 is in separable connection
with the crossbar 275 within the first section 247. The clamp 249 is attached to the
crossbar 275 via a fastener 277, such as a screw, a rivet, a snap, or other mechanical
means. Therefore, rotation of the leadscrew 273 provides translation of the crossbar 275,
which results in translation of the attached clamp 249, thereby allowing adjustment of the
dimension 255 of the opening 251 to receive and clamp a wide range of diameters of the

conductors 112, 113.

Figure 9 shows a cut away view of the CSM 130 clamped upon the conductor 112, 113.
The MEMS current sensor 205 is disposed upon the printed circuit board 253 proximate a
portion less than 100% of the circumference of the conductor 112, 113, as described
above. With reference to Figures 4, 5, and 9, it will be appreciated that the dimension
255 of the opening 251, in conjunction with the diameter of the conductor 112, 113,
defines a minimum distance or gap 279 between the current sensor 205 and the conductor
112, 113. Configuration of the clamp 249 such that it includes a length 281, provides
support the conductor 112, 113 in the length 281 that is proximate the current sensor 205,
and thereby helps to minimize the gap 279 between the conductor 112, 113 and the

sensor 205.

10
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In view of the foregoing, the CSM 130 facilitates a method of retrofit assembly onto a
conductor, such as the conductors 112, 113 that may be installed within a current
protection device 114, such as at least one of the circuit breaker and fusible switch,
without a need for removal of the conductors 112, 113 from the device 114. Referring
now to Figure 10 in conjunction with Figures 4 through 8, a flow chart 285 of process
steps for disposing the current sensing module 130 proximate the conductors112, 113 is

depicted.

The process begins at Step 287 with disposing the first section 247 of the housing 245
proximate the conductors 112, 113, the first section 247 including the MEMS-based
current sensor 205. The process concludes at Step 289 with connecting the clamp 249 of
the housing 245 with the first section 247, thereby defining the opening 251 through
which the conductors 112, 113 is disposed.

In an embodiment, the process further includes translating the clamp 249 relative to the
first section 247, thereby adjusting the dimension 255 of the opening 251 and securing
the housing 245 to the conductors 112, 113.

In one embodiment, translating the clamp 249 includes engaging the mating engagement
features 257 of the first section 247 and the clamp 249 to retain the dimension 255 of the
opening 251. In another embodiment, connecting, at Step 289, the clamp 249 with the
first section 247 includes connecting the clamp 249, within the first section 247, to the
crossbar 275 disposed within the first section 247. The crossbar 275 has the translational
degree of freedom (in the direction X) within the first section 247 relative to the surface
250 defining the opening 251, and is in operable connection with the leadscrew 273
disposed and retained within the first section 247. Accordingly, translating the surface
252 of the clamp 249 relative to the surface 250 includes rotating the leadscrew 273 in
the rotational degree of freedom (in the direction Z) such that in response to rotating the

leadscrew 273, the thread 274 of the leadscrew 273 causes the crossbar 275 and the

11
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surface 252 of the connected clamp 249 to translate relative to the surface 250, of the first

section 247, thereby adjusting the dimension 255 of the opening 251.

In an embodiment, the information associated with power consumption, including signals
representative of the measured current flows, are to be transmitted via wired
communications from the CSM 130 to the hub 120. In an embodiment, multiple CSMs
130 are linked together, in series, to the hub 120 by a connection arrangement referred to
as a daisy-chain connection. In an embodiment, each of the plurality 131 of CSMs 130
further comprises an address switch 210 for identifying the CSM 130 associated with the
information associated with power consumption of the respective circuit 110 through
which the measured current flows. In an embodiment, the CSM 130 shall have a LED
215, to indicate operation status of the CSM 130, and a cable port 230 for interconnection
with other CSMs 130 and the hub 120. In an embodiment, the CSM 130 includes more
than one cable port 230. In an embodiment, the address switch 210 allows an installer of
the CSM 130 to set, or define, the address of each CSM 130 to identify the current
measurements that relate to each circuit, and ultimately, each sub-metered suite. In an
embodiment, the address of the CSM 130, which correlates the sub-metered circuit 110 to
the sub-metered suite, is set by the installer and transmitted with the signals

representative of the measured current flow.

While an embodiment of the invention has been described and depicted having an
address switch, it will be appreciated that the scope of the invention is not so limited, and
that the invention will also apply to other means to identify the circuit through which the
measured current flows, such as a dial, a pre-assigned serial number associated with the
CSM, and a software-assigned identifier, such as an IP address that may be provided by

one of the hub and the data collector, for example.

In an embodiment, the plurality 131 of the CSMs 130 is in signal communication with
the hub 120 via the single communication link 140. Referring now to Figure 11, an

exemplary embodiment of the single communication link 140 is depicted. In an

12
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embodiment, the single communication link 140 has a plurality of communication paths
305, or conductors. In an embodiment, the single communication link 140 is a wire that
comprises a single connector 310 at each end thereof configured to connect the plurality
of communication paths 305 to the hub 120 at one end of the link 140 and the CSM 130
at the other end of the link 140. In an embodiment, the single connector 310 is an RJ45
type of connector that is often used to provide computer-networking connections. Use of
the single connector 310 allows for simple and time efficient connections between the

plurality 131 of CSMs 130 and the hub 120.

While an embodiment of the invention has been described having an RJ45 connector, it
will be appreciated that the scope of the invention is not so limited, and that the invention
will also apply to electrical sub-metering systems having any other variety of multi-
conductor connectors, such as RJ25 connectors, DE9 connectors, and Universal Serial
Bus (USB) connectors, for example, to allow simple and time efficient connection

between the CSMs and the hub.

In an embodiment, each CSM 130 of the plurality 131 of CSMs 130 are associated with a
respective one circuit 110 of the plurality 111 of circuits. In an embodiment, the single
communication link 140 is configured to provide to the hub 120 the information
associated with the power consumption calculation for the plurality 131 of the CSMs
130. In an embodiment, the information associated with the power consumption
calculation is identified by circuit 110 via the address switch 210. In an embodiment,
cach CSM 130 of the plurality 131 is in signal communication with at least one other

CSM 130 of the plurality 131 of CSMs 130.

While an embodiment of the invention has been depicted with the plurality of CSMs in
signal communication with the hub via a single communication link, it will be
appreciated that the scope of the invention is not so limited, and that the invention will
also apply to electrical sub-metering systems having other communication link

arrangements, such as two, three, four, or more, sets of CSMs, with each set in signal

13
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communication with the hub via the single communication link, and each CSM of each

set in signal communication with at least one other CSM, for example.

In another embodiment, the CSM 130 includes a wireless communication device 240,
and the hub 120 includes a wireless communication device 122. In an embodiment, the
hub 120 is in signal communication with the CSM 130 via a wireless connection

provided by the wireless communication devices 240, 122.

In an embodiment, the voltage is measured across a set of bus bars of the power feed 105
in the panel 115, and referenced to neutral via the voltage sensor 123. In an embodiment,
the current and voltage measurements are synchronized via a communication protocol or
synchronization pulse. The measured current and voltage of the circuit 110 is used to
perform the energy and power consumption calculations corresponding to the circuit 110.
In an embodiment, the hub 120 may also include a display screen 121, to allow the user
to view one of stored and real-time data, per suite. In another embodiment, the display
screen 121 of the hub 120 may be used to display and define the addresses of the CSMs
130. In an embodiment, the hub 120 is disposed within the panel 115. In another
embodiment, the hub 120 is attached to the panel 115.

In an embodiment, one of the energy consumption calculation and the power
consumption calculation is transmitted from the hub 120 to the data collector 150. In an
embodiment, the data collector 150 is configured to utilize the transmitted consumption
calculations to determine the energy bill per suite. In an embodiment, billing-tracking
software correlates each power consumption value with the particular suite, at particular
rates, which may be set by the utility, building owner, or billing company. In an
embodiment, this billing information can be transmitted via one of wired and wireless
communication to the building owner, or billing company. In an embodiment, the data
collector can also operate as a part of a Supervisory Control And Data Acquisition
(SCADA) system, configured to monitor and control a variety of functions of a

manufacturing site, for example.

14
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Referring now to Figure 12, an exemplary embodiment of the conection between a
plurality of hubs 120 and the data collector 150 is depicted. The connection between the
hubs 120 and the data collector 150 is provided by a network connection 410 via a
network interface 405, as depicted. In an embodiment, the data collector 150 is in signal
communication with the hub 120 via the following types of network connection 410: an
Ethernet connection; a direct serial connection; a dial-up connection; and, a power line
connection. In an embodiment, the Ethernet connection 410 includes one of an Internet
connection, an Intranet connection, an Extranet connection, and a dial-up connection. In
an embodiment, the Ethernet connection includes one of a wired Ethernet connection and
a wireless Ethernet connection. In an embodiment that provides a wireless Ethernet
connection 410, the network interface 405 includes an Ethernet wireless router. In an
embodiment that provides a wired Ethernet connection 410, the network interface 405
comprises one of an Ethernet Hub, an Ethernet Switch, and an Ethernet Router. In an
embodiment that provides a direct serial connection 410, the network interface 405
comprises a RS485/RS232 Converter. In an embodiment that provides a power line
connection 410, network interface 405 includes at least one Ethernet to power line carrier
bridge. In an embodiment that provides a dial-up connection 405, the network interface

405 includes a dial up to Ethernet gateway modem.

In view of the foregoing, embodiments of the sub-metering system 100 are configured as

follows.

In an embodiment, the hub 120 is configured to provide to the CSM 130 the information
associated with power consumption, including a signal representative of voltage of the
circuit 110 corresponding with the measured current flow. The CSM 130 further
includes means, such as processing circuitry included with the interface electronics 206
for example, for performing the power consumption calculation using the information
associated with power consumption provided by the hub 120, and is configured to
provide to the hub 120 the power consumption calculation. In an embodiment, the hub

120 is configured to provide to the CSM 130 a scaled voltage signal including a plurality
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of phases, such as a scaled three-phase voltage, for example, and the interface electronics
206 of the CSM 130 are configured to capture the scaled plurality of phases voltage
signal. In another embodiment, the hub 120 is configured to synchronize sampling of
current and voltage of each of the plurality 111 of circuits 110, and to capture and
provide to the CSM 130, samples of the voltage of the circuit 110 corresponding with the
measured current. In another embodiment, the hub 120 is configured to synchronize
sampling of current and voltage of each of the plurality 111 of circuits 110. The hub 120
is also configured to capture and transform samples of the voltage of the circuit 110
corresponding with the current measurement into a signal comprising voltage magnitude
and phase, and to provide to the CSM 130 the signal comprising voltage magnitude and
phase.

While an embodiment of the invention has been described having a voltage signal
including a plurality of phases, such as three phases, it will be appreciated that the scope
of the invention is not so limited, and that the invention will also apply to other sub-
metering systems that may have other numbers of phases in a polyphase system, such as

two, four, five, six, or more phases, as well as single phase systems, for example.

In another embodiment, the hub 120 is configured to capture samples of voltage of the
circuit 110 corresponding with the measured current. The hub 120 is also configured to
synchronize sampling of current and voltage of each of the plurality 111 of circuits 110,
and to request from the CSM 130 samples of the measured current corresponding with
the captured samples of voltage. The CSM 130 is configured to be responsive to the
request from the hub 120, and to make available to the hub 120 the samples of the
measured current corresponding with the captured samples of voltage, and the hub 120 is
configured to perform the power consumption calculation of the circuit 110. In an
embodiment, the hub 120 is configured to transform the captured samples of voltage of
the circuit 110 into a signal comprising voltage magnitude and phase. The processing

circuitry of the interface electronics 206 of the CSM 130 is configured to be responsive
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to the request from the hub 120, and productive of a signal representative of current

magnitude and phase corresponding with the transformed samples of voltage.

As disclosed, some embodiments of the invention may include some of the following
advantages: the ability to reduce overall sub-metering panel dimensions as a result of the
use of MEMS-based current sensors; the ability to increase sub-metering power
calculation accuracy; the ability to increase installation ecase of sub-metering
functionality in existing systems lacking such functionality; and the ability to reduce
electrical panel ventilation requirements as a result of reduced heat generation by

MEMS-based current sensors.

While the invention has been described with reference to exemplary embodiments, it will
be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of
the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thercof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best or only mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of
the appended claims. Also, in the drawings and the description, there have been
disclosed exemplary embodiments of the invention and, although specific terms may
have been employed, they are unless otherwise stated used in a generic and descriptive
sense only and not for purposes of limitation, the scope of the invention therefore not
being so limited. Moreover, the use of the terms first, second, etc. do not denote any
order or importance, but rather the terms first, second, etc. are used to distinguish one
element from another. Furthermore, the use of the terms a, an, etc. do not denote a
limitation of quantity, but rather denote the presence of at least one of the referenced

item.
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CLAIMS

What is claimed is:
1. A current sensing module for disposal proximate a conductor, the current sensing

module comprising:

a housing comprising a first section and a second section that together define an
opening for receiving the conductor therethrough, the second section in operable

connection with the first section; and

a micro-electromechanical system (MEMS) based current sensor disposed within

the first section proximate the opening for receiving the conductor.

2. The current sensing module of Claim 1, wherein the second section is in separable

connection with the first section.

3. The current sensing module of Claim 1, wherein the first and second sections
have a translational degree of freedom therebetween, and translation of the second
section relative to the first section adjusts a dimension of the opening for securing the

housing to the conductor.

4. The current sensing module of Claim 3, wherein the first section and the second
section each comprise mating engagement features that enable adjustment and retention

of the dimension of the opening.

5. The current sensing module of Claim 4, wherein the mating engagement features

comprise serrated teeth.

6. The current sensing module of Claim 4, further comprising a release to enable

disengagement of the mating engagement features.
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7. The current sensing module of Claim 3, further comprising;:

a lead screw disposed and retained within the first section, the lead screw having

a rotational degree of freedom relative to the first section; and

a crossbar disposed within the first section, the crossbar in operable
communication with the lead screw, the crossbar having a translational degree of freedom
relative to a surface of the first section that defines the opening and responsive to rotation

of the lead screw;

wherein the second section is in separable connection with the crossbar within the

first section.

8. The current sensing module of Claim 3, wherein the opening defines a minimum

distance from the MEMS-based current sensor to the conductor.

9. The current sensing module of Claim 1, wherein the MEMS-based current sensor
is disposed proximate the opening for receiving the conductor absent complete enclosure

of the conductor.

10. The current sensing module of Claim 1, wherein the conductor is in power

connection with a current protection device.

11. The current sensing module of Claim 10, wherein the housing is disposed

proximate the current protection device.
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12. The current sensing module of Claim 10, wherein:
the conductor is one of a plurality of conductors;

the first section of the housing comprises a plurality of geometric features

corresponding to each conductor of the plurality of conductors;

the second section of the housing is one of a plurality of second sections, each
second section of the plurality corresponding to each conductor of the plurality of

conductors; and

the plurality of geometric features and the plurality of second sections together

define a plurality of openings for disposing the plurality of conductors therethrough.
13. The current sensing module of Claim 12, wherein:

the plurality of geometric features and each second section of the plurality of

second sections have a translational degree of freedom therebetween; and

translation of a second section of the plurality of second sections relative to one of
the plurality of geometric features adjusts a dimension of a corresponding opening of the

plurality of openings.

14. A method of disposing a current sensing module proximate a conductor, the

method comprising:

disposing a first section of a housing proximate the conductor, the first section

comprising a micro-electromechanical system (MEMS)-based current sensor; and

connecting a second section of the housing with the first section, thereby defining

an opening for receiving the conductor therethrough.
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15. The method of Claim 14, further comprising;:

translating the second section relative to the first section, thereby adjusting a

dimension of the opening and securing the housing to the conductor.

16. The method of Claim 15, wherein the translating comprises engaging mating
engagement features of the first and second section to retain the dimension of the

opening.
17. The method of Claim 15, wherein:

the connecting comprises connecting the second section to a crossbar disposed
within the first section, the crossbar having a translational degree of freedom relative to a
surface of the first section that defines the opening and in operable connection to a
leadscrew disposed and retained within the first section, the leadscrew having a rotational

degree of freedom relative to the first section; and

the translating comprises translating the crossbar and the connected second

section in response to rotating the lead screw.

18. The method of Claim 14, wherein the disposing comprises disposing the MEMS-
based current sensor proximate the conductor absent complete enclosure of the conductor

by the MEMS-based current sensor.

19. The method of Claim 14, wherein the disposing comprises disposing a first
section of a housing proximate a conductor in power connection with a current protection

device.

20. The method of Claim 19, wherein the disposing comprises disposing the first

section of a housing proximate the current protection device.
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FIG. 10
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