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comprising a voltage sensor, at least one current
and phase sensor circuit, and a central metering
unit, wherein the voltage sensor is further con-
figured to measure a voltage on an input line and
transmit a signal related to the voltage to the cent-
ral metering unit, wherein the at least one current
and phase sensor circuit is further configured to
measure a current and a voltage phase shift of a
feeder line, and to transmit a signal related to at
least one of the current of the feeder line and the
voltage phase shift of the feeder line to the central
metering unit, and wherein the central metering
unit is configured to calculate power provided to a
load via the feeder line based on the signal trans-
mitted from the at least one current and phase
Sensor circuit.
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POWER METER WITH CURRENT AND PHASE SENSOR

BACKGROUND OF INVENTION

1. Field of Invention

At least one embodiment of the present invention relates generally to systems and
methods for metering AC power, and more specifically, to an AC power meter including a

current and phase shift sensor.

2. Discussion of Related Art

A load center, panelboard, or electrical switchboard is a component of an electrical
supply system which divides an electrical power feed from a power line into different
subsidiary circuit branches (i.e. different feeder 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.

SUMMARY OF INVENTION

At least one aspect of the invention is directed to a power meter, the power meter
comprising a voltage sensor configured to be coupled to an input line that receives input AC
power from an AC power source, at least one current and phase sensor circuit configured to
be coupled to a feeder line that provides at least a portion of the input AC power from the
input line to a load, and a central metering unit coupled to the voltage sensor, wherein the
voltage sensor is further configured to measure a voltage on the input line and transmit a
signal related to the voltage on the input line to the central metering unit, wherein the at least
one current and phase sensor circuit is further configured to measure a current of the feeder
line, to measure a voltage phase shift of the feeder line, and to transmit a signal related to at
least one of the current of the feeder line and the voltage phase shift of the feeder line to the
central metering unit, and wherein the central metering unit is configured to calculate power
provided to the load via the feeder line based on the signal transmitted from the at least one
current and phase sensor circuit.

According to one embodiment, the at least one current and phase sensor circuit
comprises a current sensor configured to be coupled to the feeder line and to generate a signal

proportional to the current in the feeder line, and a controller coupled to the current sensor,
1
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wherein the controller is configured to calculate the current of the feeder line based on the
signal proportional to the current in the feeder line and transmit the signal related to the
current of the feeder line to the central metering unit. In one embodiment, the current sensor
is a Current Transformer (CT).

According to another embodiment, the at least one current and phase sensor further
comprises a voltage phase sensor coupled to the feeder line, a capacitive voltage divider
including the voltage phase sensor and a capacitor coupled between the voltage phase sensor
and ground, the capacitive voltage divider having a capacitive voltage divider ratio, and
wherein the central metering unit is further configured to transmit the signal related to the
voltage on the input line to the controller, and wherein the controller is further coupled to the
voltage phase sensor and configured to measure a voltage across the capacitor of the voltage
divider, calculate the voltage phase shift of the feeder line based on the voltage across the
capacitor, the signal related to the voltage on the input line, and the capacitive voltage divider
ratio, and to transmit the signal related to the voltage phase shift of the feeder line to the
central metering unit.

According to one embodiment, the voltage phase sensor comprises a voltage sensing
layer configured to form a capacitive element with a conductor of the feeder line when the
voltage phase sensor is coupled to the feeder line. In one embodiment, the voltage sensing
layer is a conductive plate which is configured to encircle a portion of the conductor of the
feeder line when the voltage phase sensor is coupled around the feeder line.

According to another embodiment, the at least one current and phase sensor further
comprises a wireless communications circuit configured to wirelessly transmit the signal
related to the current of the feeder line and the signal related to the voltage phase shift of the
feeder line to the central metering unit. In one embodiment, the at least one current and phase
sensor further comprises a power circuit coupled to the current sensor and configured to
receive the signal proportional to the current in the feeder line, rectify the signal proportional
to the current and provide resulting DC power to at least one of the controller and the wireless
communications circuit.

According to one embodiment, the controller comprises a phase sensor coupled to the
voltage divider, the phase sensor comprising a resistor having a resistance and coupled
between the capacitive voltage divider and ground, a measurement amplifier coupled to the
capacitive voltage divider, and a Digital Signal Processor (DSP) coupled to the measurement
amplifier, wherein the DSP is configured to calculate the voltage phase shift of the feeder line
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based on the voltage across the capacitor, the signal related to the voltage on the input line,
the capacitive voltage divider ratio and the resistance of the resistor.

According to another embodiment, the voltage phase sensor and the current sensor are
coupled to the feeder line at substantially a same location. In another embodiment, the
capacitor is an adjustable capacitor and wherein the controller is further configured to control
the adjustable capacitor to adjust the capacitive voltage divider ratio. In one embodiment, at
least one of the at least one current and phase sensor circuit, the voltage sensor, and the
central metering unit are configured to be located within an electrical switchboard.

Another aspect of the invention is directed to a method for measuring power provided
by a feeder line of an electrical system to a load, the electrical system receiving AC power
from an AC source on an input line, the method comprising acts of measuring, with a voltage
sensor coupled to the input line, an input voltage on the input line, measuring, with a current
sensor coupled to the feeder line, a current of the feeder line, measuring, with a voltage phase
sensor coupled to the feeder line, a voltage phase shift of the feeder line, and calculating,
based on the current of the feeder line, the voltage phase shift of the feeder line and the
common input voltage on the input line, a power level being provided to the load via the
feeder line.

According to one embodiment, the method further comprises transmitting, by the
voltage sensor, a signal related to the input voltage, to a central metering unit, and
transmitting, by the central metering unit, a signal related to the input voltage to the voltage
phase sensor.

According to another embodiment, measuring the voltage phase shift of the feeder
line comprises measuring, with a controller coupled to the voltage phase sensor and the
current sensor, a voltage produced by a capacitive voltage divider of the voltage phase sensor,
the capacitive voltage divider having a capacitive voltage divider ratio, receiving, with the
controller, the signal related to the common input voltage from the central metering unit, and
calculating, with the controller, the voltage phase shift of the feeder line based on the voltage
produced by the capacitive voltage divider, the capacitive voltage divider ratio and the
common input voltage. In another embodiment, the method further comprises adjusting the
capacitive voltage divider ratio to a desired range.

According to one embodiment, measuring the current of the feeder line comprises

generating, with the current sensor, a signal proportional to the current of the feeder line,
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calculating, with the controller, based on the signal proportional to the current, the current of
the feeder line.

According to another embodiment, the method further comprises transmitting
wirelessly, with the controller, a signal related to the voltage phase shift of the feeder line and
a signal related to the current of the feeder line to the central metering unit. In another
embodiment, the acts of measuring a current of the feeder line and measuring voltage phase
shift of the feeder line are performed at substantially a same location.

One aspect of the invention is directed to a system for measuring power provided by a
feeder line of an electrical system to a load, the electrical system receiving AC power from an
AC source on an input line, the system a voltage sensor configured to be coupled to the input
line and to measure voltage on the input line, a central metering unit coupled to the voltage
sensor and configured to receive, from the voltage sensor, a signal related to the voltage on
the input line, and means for measuring current and voltage phase shift of the feeder line at
substantially a same location and without direct connection to a conductor within the feeder
line, wherein the central metering unit is configured to calculate power provided to the load

via the feeder line based on the measured current and voltage phase shift of the feeder line.

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 figures 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 block diagram of a power meter system according to aspects of the current
invention;

FIG. 2 is a block diagram of a current and phase shift sensor circuit according to
aspects of the current invention; and

FIGS. 3A and 3B are circuit diagrams illustrating a voltage phase sensor and phase

sensor according to aspects of the current invention.

DETAILED DESCRIPTION
Various embodiments and aspects thereof will now be discussed in detail with
reference to the accompanying drawings. It is to be appreciated that this invention is not
limited in its application to the details of construction and the arrangement of components set
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forth in the following description or illustrated in the drawings. The invention is capable of
other embodiments and 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

"o 1" e

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.

The metering of AC power in a feeder line that is providing power to a load typically
requires the near simultaneous sensing of current and voltage in the feeder line to take into
account the power factor of the load.

One common approach for monitoring power provided by feeder line to a load is to
couple a voltage and a current sensor at the same location on the feeder line. However, it is
oftentimes impractical or difficult to locate the voltage and current sensors at the same
location. For example, where the measurement of individual power provided to a load by a
feeder line is desired, the current measurement of the feeder line may be achieved by using a
Current Transformer (CT) on the feeder line. However, measuring the voltage of the feeder
line at the same location may not be as practical (or safe), as it typically requires direct access
to the energized circuit. In addition, measuring the voltage and the current at the same
location may also be impractical if multiple feeder lines are being monitored and/or if the CT
is located at a point where the conductor of the feeder line is isolated.

Another common approach for monitoring power of a feeder line is to separate the
voltage and current sensing locations. For example, where it is desired to measure the power
of a feeder line, the current and voltage measurements of the feeder line may be made at
different locations and a Volt-Ampere (VA) power value of the feeder line may be calculated,
rather than “real” power of the feeder line. A VA power value of a feeder line is calculated
based on measured current through the feeder line along with a single voltage at the electrical
switchboard (e.g., at the input of the switchboard) that is provided to all feeder lines within
the electrical switchboard. However, utilization of a single voltage measurement at the
electrical switchboard for VA power value measurements of multiple feeder lines may lead to
inaccurate power measurements of the feeder lines as each individual load coupled to a feeder
line may have a different power factor.

Embodiments described herein provide a system and method for calculating “real

power” in a feeder line by measuring the current and the voltage phase of the feeder line at

the same location.
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FIG. 1 illustrates a power meter system 100 according to at least one embodiment
described herein. The power meter system 100 is located within a housing 102 of an
electrical switchboard. The power meter system 100 includes a common voltage sensor 104,
a central metering unit 116, and a plurality of current and phase shift sensor circuits 108.
Each current and phase shift sensor circuit 108 includes a current sensor 110, a voltage phase
sensor 112, and an antenna 114. The central metering unit 116 also includes an antenna 115.

The common voltage sensor is 104 is coupled to a mains input line of the switchboard
118 and to the central metering unit 116. The central metering unit 116 is also configured to
be coupled to an upper level monitoring system 117. The current 110 and phase shift 112
sensors of each current and phase shift sensor circuit 108 are both coupled to a feeder line
120 of the switchboard at or near the same location.

As input AC power is provided to the switchboard via the mains input line 118 (and
consequently to loads coupled to the feeder lines 120), the common voltage sensor 104
measures the RMS voltage (U) on the mains input line 118 and sends a signal related to the
RMS voltage (U) on the mains input line 118 to the central metering unit 116. The central
metering unit 116 transmits a signal related to the RMS voltage (U) on the mains input line
118 to each one of the current and phase shift sensor circuits 108. According to one
embodiment, the signal related to the RMS voltage (U) is transmitted wirelessly to each
current and phase shift sensor circuit 108 via the antenna 115. For example, in one
embodiment, the central metering unit 116 transmits wirelessly over a Zigbee network. In
another embodiment, the signal related to the RMS voltage (U) is transmitted to each current
and phase shift sensor circuit 108 via a hardwired connection.

As AC power from the mains input line 118 is provided to the loads via the feeder
lines 120, the current sensor 110 of each current and phase shift sensor circuit 108
generates a signal related to the current through the feeder line 120 to which it is coupled.
The current related signal is provided to the current and phase shift sensor circuit 108. The
voltage phase sensor 112 of each current and phase shift sensor circuit 108 generates a signal
related to the voltage phase on the feeder line 120 to which it is coupled. The voltage phase
related signal is provided to the current and phase shift sensor circuit 108.

The current and phase shift sensor circuits 108 receive the current and voltage phase
signals from the current sensors 110 and the voltage phase sensors 112. Based on the
received current related signal, each current and phase shift sensor circuit 108 calculates the
RMS current through its associated feeder line 120. Based on the received voltage phase
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related signal from the voltage phase sensor 112 and the received signal related to the RMS
voltage (U) from the central metering unit 116, each current and phase shift sensor circuit 108
calculates the voltage phase shift of its associated feeder line 120.

Each current and phase shift sensor circuit 108 transmits the calculated RMS current
and phase shift values to the central metering unit 116. According to one embodiment, the
current and phase shift signals 122 are transmitted wirelessly via the antennas 114. For
example, in one embodiment, the current and phase shift sensor circuits 108 transmit
wirelessly over a Zigbee network. In another embodiment, the current and phase shift signals
are transmitted to the central metering unit 116 via a hard wired connection.

The central metering unit 116 receives the current and phase shift signals. According
to one embodiment, the central metering unit 116 receives the wireless current and phase shift
signals 122 via the antenna 115 (e.g., via a Zigbee network). In another embodiment, the
central metering unit 116 receives the current and phase shift signals via a hardwired
connection.

The central metering unit 116 calculates the power use of each feeder line 120 based
on the RMS current and phase shift signals associated with each feeder line 120 along with
the common RMS voltage (U) received from the common voltage sensor 104. For example,
in one embodiment, the central metering unit 116 calculates the power of a feeder line 120

using the following equation:

Pwr = RMS Voltage (U) x Feeder RMS Current (I) cos Feeder Phase Shift (0)=U x [ cos @
(Equation 1)

According to one embodiment, the central metering unit 116 transmits the calculated
power values to an upper level monitoring system 117 for additional processing. By obtaining
voltage phase information at the same point at which current information is obtained,
accurate measurements of “real” power on each feeder line may be made.

According to another embodiment, rather than the central metering unit 116
calculating the individual power use of each feeder line 120, the individual power use of each
feeder line 120 may be calculated locally in the current and phase shift sensor circuit 108
associated with each feeder line 120. For example, a current and phase shift sensor circuit 108
may calculate the power in its associated feeder line 120 by utilizing the received RMS
voltage (U), the calculated RMS feeder current and the calculated feeder phase shift. In such
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an embodiment, each current and phase shift sensor circuit 108 may transmit its individual
calculated power value to the central metering unit 116 or directly to an upper level system
117.

FIG. 2 is a block diagram showing the current and phase shift sensor circuit 108 in
greater detail. The current and phase shift sensor circuit 108 includes the current sensor 110,
the voltage phase sensor 112, a burden resistor 202, an adjustable capacitor 204, a controller
206, a radio 208. According to one embodiment, the current and phase shift sensor circuit 108
also includes an optional self-power circuit 210. In one embodiment, the self-power circuit
210 includes a rectifier which includes a diode 212 and a capacitor 214.

The current sensor 110 and the voltage phase sensor 112 are coupled to the feeder line
120. According to one embodiment, the current sensor 110 and the voltage phase sensor 112
are coupled to the feeder line 120 at substantially the same location. The current sensor 110
is coupled to the controller 206 via the burden resistor 202. The voltage phase sensor 112 is
coupled to the controller 206 via a capacitor 204. According to one embodiment, the
capacitor 204 is an adjustable capacitor 204. The adjustable capacitor 204 is also coupled to
ground 216. The controller 206 is coupled to the radio 208 via a current measurement
channel 218 and a voltage phase measurement channel 220. The radio 208 is coupled to the
antenna 114.

According to one embodiment, where the current and phase shift sensor circuit 108
includes the self-power circuit 210, the current sensor 110 is also coupled to the controller
206 and to the radio 208 via the rectifier (diode 212 and capacitor 214) of the self-power
circuit 210.

According to one embodiment, the current sensor 110 is a Current Transformer (CT)
that encircles the feeder line 120. However, in other embodiments, other types of current
sensing circuits may be utilized. AC current passing through the feeder line 120 induces an
AC current in the CT 110 that is proportionate to the AC current in the feeder line 120. The
proportionate AC current from the CT 110 is provided to the burden resistor 202. Based on
the voltage drop across the burden resistor, the controller 206 calculates the current in the
feeder line 120. A signal related to the current in the feeder line 120 is provided, via a current
measurement channel 218, to the radio 208.

According to one embodiment, the voltage phase sensor 112 is a contactless voltage
phase sensor (i.e. it does not directly contact a conductor of the feeder line 120) that includes
a voltage sensing layer 111 which encircles the feeder line 120 when the voltage phase sensor

8
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112 is coupled around the feeder line 120. In one embodiment, the voltage sensing layer 111
is a circular or semi-circular conductive plate which mechanically encircles a portion of the
feeder line 120 in such a manner as to form a capacitive element. The capacitive element
provided by the voltage sensing layer 111 (having a capacitance value of C;) and the
adjustable capacitor 204 (having a capacitance value of C,) form a capacitive voltage divider.

The controller 206 receives a signal from the voltage divider (including the voltage
sensing layer 111 and the adjustable capacitor 204) which is related to the voltage (V¢) across
the adjustable capacitor. According to one embodiment, the capacitance (C,) of the
adjustable capacitor is electronically controlled by the controller 206 to adjust the capacitive
voltage divider ratio (C,/Cy) to a desired range. Based on the capacitive voltage divider ratio
(C4/C»), the sensed voltage (V) across the adjustable capacitor, and the common RMS
voltage (U) received from the central metering unit 116, a phase sensor within the controller
206 calculates the voltage phase shift on the feeder line 120. A signal related to the voltage
phase shift in the feeder line 120 is provided, via a voltage phase measurement channel 220,
to the radio 208.

The radio 208 transmits the signals related to the current and voltage phase shift in the
feeder line 120 to the central metering unit 116. According to one embodiment, the radio 208
is a Zigbee radio; however, in other embodiments, any other type of short range radio may be
utilized. As discussed above, using the signals related to the current and voltage phase shift
in the feeder line 120, the central metering unit 116 calculates the “real” power of the feeder
line 120.

According to one embodiment, where the current and phase shift sensor circuit 108
includes the self-power circuit 210, the induced AC current in the CT 112 is also rectified by
the self-power circuit 210 (i.e. by the rectifier including the diode 212 and the capacitor 214)
and the resulting DC power is provided to the controller 206 and the radio 208 to power the
controller 206 and radio 208. However, in other embodiments, elements of the current and
phase shift sensor circuit 108 may receive power from other sources (e.g. such as a battery,
another DC power supply, or another CT).

According to one embodiment, the current and phase shift sensor circuit 108 may also
include interference protection circuitry. For example, in one embodiment, the voltage phase
sensor 112 includes shielding configured to eliminate cross-phase interference from other

closely situated wires.
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FIGS. 3A and 3B are circuit diagrams of a voltage phase sensor 112, adjustable
capacitor 204 and phase sensor 300 according to aspects of the current invention. According
to one embodiment, the phase sensor 300 is located within the controller 206; however, in
other embodiments, the phase sensor 300 may be configured differently.

The phase sensor 300 includes a resistor 304 having a resistance value (Ry), a
measurement amplifier 306, and a Digital Signal Processor (DSP) 305. The resistor is
coupled between a node 303 and ground 216. The node 303 is coupled to a junction point
between the voltage shift sensor 112 and the adjustable capacitor 204. The measurement
amplifier 306 is coupled between the node 303 and the DSP 305. The DSP 305 is coupled
between the amplifier 306 and the voltage phase measurement channel 220.

As discussed above, the voltage phase sensor 112 is coupled to a feeder line 120.
According to one embodiment, as seen in FIG. 3B, the voltage phase sensor 112 is a
contactless voltage phase sensor (i.e. it does not directly contact a conductor 302 of the feeder
line 120) which includes a voltage sensing layer that encircles the feeder line 120 when the
voltage phase sensor 112 is coupled around the feeder line 120. In one embodiment, the
voltage sensing layer is a circular or semi-circular conductive plate which mechanically
encircles a portion of the feeder line 120 in such a manner as to form a capacitive element.
The capacitive element provided by the voltage sensing layer 111 (having a capacitance value
of Cy) and the adjustable capacitor 204 (having a capacitance value of C,) form a capacitive
voltage divider.

As AC power is provided to the feeder line 120 from the mains input line 118, the
phase sensor 300 receives a signal from the voltage divider (including the voltage phase
sensor 112 and the adjustable capacitor 204) which is related to the voltage (V¢) across the
adjustable capacitor. According to one embodiment, the capacitance (C;) of the adjustable
capacitor is electronically controlled by the controller 206 to adjust the capacitive voltage
divider ratio C,/C; to a desired range. Based on the signal related to the voltage across the
adjustable capacitor (V) received from the voltage divider, the capacitance (C,) of the
adjustable capacitor 204 set by the controller 206, the resistance R of the resistor 304, and
the common RMS voltage (U) received from the central metering unit 116, the DSP 305
calculates the voltage phase shift in the feeder line 120 using the following equations:

o is the angular frequency of periodic signals which is defined as

10
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Ci/Cy=V /U (Equation 2)
® =1/ (0R(C1+Cy) (Equation 3)
o =2x/T, where T is the period (Equation 4)

The DSP 305 provides a signal related to the phase shift in the feeder line 120 to the
radio 208 via the voltage phase measurement channel 220. The radio 208 transmits the signal
related to the phase shift in the feeder line 120 (along with the signal related to the current in
the feeder line 120) to the central metering unit 116. As discussed above, using the current
and voltage phase signals, the central metering unit 116 calculates the power of the feeder
line 120.

As described herein, the current and phase shift sensor circuits are located within a
housing of an electrical switchboard; however, the current and phase shift sensor circuits may
be located at different locations within the electrical system (e.g., at a load).

As described herein, the current and phase shift sensor circuits, common voltage
sensor and central metering unit are located within a housing of an electrical switchboard;
however, in other embodiments, these components may be located at different locations
external the housing of the electrical switchboard.

As also described herein, the current and phase shift sensor circuits are installed
within an electrical switchboard; however, in other embodiments, the current and phase shift
sensor circuits may be installed in any type of electrical system in which it is desired to
monitor “real” power of a line.

By measuring the current and the voltage phase shift of a feeder line at substantially
the same location, an accurate “real” power reading of the feeder line may be made. Also, by
measuring the current and the voltage phase shift of the feeder line without directly
contacting a conductor of the feeder line (e.g., with a CT and a capacitive voltage sensor), the
practicality and safety problems associated with directly contacting an energized circuit may
be reduced.

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.

What is claimed is:
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CLAIMS

1. A power meter, the power meter comprising:

a voltage sensor configured to be coupled to an input line that receives input AC
power from an AC power source;

at least one current and phase sensor circuit configured to be coupled to a feeder line
that provides at least a portion of the input AC power from the input line to a load; and

a central metering unit coupled to the voltage sensor,

wherein the voltage sensor is further configured to measure a voltage on the input line
and transmit a signal related to the voltage on the input line to the central metering unit;

wherein the at least one current and phase sensor circuit is further configured to
measure a current of the feeder line, to measure a voltage phase shift of the feeder line, and to
transmit a signal related to at least one of the current of the feeder line and the voltage phase
shift of the feeder line to the central metering unit, and

wherein the central metering unit is configured to calculate power provided to the load
via the feeder line based on the signal transmitted from the at least one current and phase

sensor circuit.

2. The power meter of claim 1, wherein the at least one current and phase sensor
circuit comprises:

a current sensor configured to be coupled to the feeder line and to generate a signal
proportional to the current in the feeder line; and

a controller coupled to the current sensor, wherein the controller is configured to
calculate the current of the feeder line based on the signal proportional to the current in the
feeder line and transmit the signal related to the current of the feeder line to the central

metering unit.

3. The power meter of claim 2, wherein the current sensor is a Current
Transformer (CT).
4. The power meter of claim 2, wherein the at least one current and phase sensor

further comprises:

a voltage phase sensor coupled to the feeder line;

12



10

15

20

25

30

WO 2014/105018 PCT/US2012/071772

a capacitive voltage divider including the voltage phase sensor and a capacitor
coupled between the voltage phase sensor and ground, the capacitive voltage divider having a
capacitive voltage divider ratio; and

wherein the central metering unit is further configured to transmit the signal related to
the voltage on the input line to the controller, and

wherein the controller is further coupled to the voltage phase sensor and configured to
measure a voltage across the capacitor of the voltage divider, calculate the voltage phase shift
of the feeder line based on the voltage across the capacitor, the signal related to the voltage
on the input line, and the capacitive voltage divider ratio, and to transmit the signal related to

the voltage phase shift of the feeder line to the central metering unit.

5. The power meter of claim 4, wherein the voltage phase sensor comprises a
voltage sensing layer configured to form a capacitive element with a conductor of the feeder

line when the voltage phase sensor is coupled to the feeder line.

6. The power meter of claim 5, wherein the voltage sensing layer is a conductive
plate which is configured to encircle a portion of the conductor of the feeder line when the

voltage phase sensor is coupled around the feeder line.

7. The power meter of claim 4, wherein the at least one current and phase sensor
further comprises:

a wireless communications circuit configured to wirelessly transmit the signal related
to the current of the feeder line and the signal related to the voltage phase shift of the feeder

line to the central metering unit.

8. The power meter of claim 7, wherein the at least one current and phase sensor
further comprises:

a power circuit coupled to the current sensor and configured to receive the signal
proportional to the current in the feeder line, rectify the signal proportional to the current and
provide resulting DC power to at least one of the controller and the wireless communications

circuit.
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0. The power meter of claim 4, wherein the controller comprises a phase sensor
coupled to the voltage divider, the phase sensor comprising:

a resistor having a resistance and coupled between the capacitive voltage divider and
ground;

a measurement amplifier coupled to the capacitive voltage divider; and

a Digital Signal Processor (DSP) coupled to the measurement amplifier, wherein the
DSP is configured to calculate the voltage phase shift of the feeder line based on the voltage
across the capacitor, the signal related to the voltage on the input line, the capacitive voltage

divider ratio and the resistance of the resistor.

10. The power meter of claim 4, wherein the voltage phase sensor and the current

sensor are coupled to the feeder line at substantially a same location.

11. The power meter of claim 4, wherein the capacitor is an adjustable capacitor
and wherein the controller is further configured to control the adjustable capacitor to adjust

the capacitive voltage divider ratio.

12. The power meter of claim 1, wherein at least one of the at least one current
and phase sensor circuit, the voltage sensor, and the central metering unit are configured to be

located within an electrical switchboard.

13. A method for measuring power provided by a feeder line of an electrical
system to a load, the electrical system receiving AC power from an AC source on an input
line, the method comprising acts of:

measuring, with a voltage sensor coupled to the input line, an input voltage on the
input line;

measuring, with a current sensor coupled to the feeder line, a current of the feeder
line;

measuring, with a voltage phase sensor coupled to the feeder line, a voltage phase
shift of the feeder line; and

calculating, based on the current of the feeder line, the voltage phase shift of the
feeder line and the common input voltage on the input line, a power level being provided to
the load via the feeder line.
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14. The method of claim 13, further comprising:

transmitting, by the voltage sensor, a signal related to the input voltage, to a central
metering unit; and

transmitting, by the central metering unit, a signal related to the input voltage to the

voltage phase sensor.

15. The method of claim 14, wherein measuring the voltage phase shift of the
feeder line comprises:

measuring, with a controller coupled to the voltage phase sensor and the current
sensor, a voltage produced by a capacitive voltage divider of the voltage phase sensor, the
capacitive voltage divider having a capacitive voltage divider ratio;

receiving, with the controller, the signal related to the common input voltage from the
central metering unit; and

calculating, with the controller, the voltage phase shift of the feeder line based on the
voltage produced by the capacitive voltage divider, the capacitive voltage divider ratio and

the common input voltage.

16. The method of claim 15, further comprising adjusting the capacitive voltage

divider ratio to a desired range.

17. The method of claim 15, wherein measuring the current of the feeder line
comprises:

generating, with the current sensor, a signal proportional to the current of the feeder
line; and

calculating, with the controller, based on the signal proportional to the current, the

current of the feeder line.
18. The method of claim 17, further comprising transmitting wirelessly, with the

controller, a signal related to the voltage phase shift of the feeder line and a signal related to

the current of the feeder line to the central metering unit.
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19. The method of claim 13, wherein the acts of measuring a current of the feeder
line and measuring voltage phase shift of the feeder line are performed at substantially a same

location.

20. A system for measuring power provided by a feeder line of an electrical
system to a load, the electrical system receiving AC power from an AC source on an input
line, the system:

a voltage sensor configured to be coupled to the input line and to measure voltage on
the input line;

a central metering unit coupled to the voltage sensor and configured to receive, from
the voltage sensor, a signal related to the voltage on the input line; and

means for measuring current and voltage phase shift of the feeder line at substantially
a same location and without direct connection to a conductor within the feeder line,

wherein the central metering unit is configured to calculate power provided to the load

via the feeder line based on the measured current and voltage phase shift of the feeder line.
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