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O For cach phase, a phase to phase voltage 1s produced by determining a ditference between a pair of phase to neutral voltages. Fi-

W

o ther the phase to neutral voltages or the phase to phase voltages for each phase are output depending on the configuration of the
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SELECTABLE DELTA OR WYE VOLTAGE
CONFIGURATION FOR POWER MEASUREMENT

BACKGROUND

[0001] Typically, three phase power iIs suppliéd to Iindustry In a wye
configuration, which Includes three conductors and a neutral. In a Wye
configuration, the voltage supplied to a load is determined as between a conductor
and the neutral. However, In some instances, three phase power is supplied in a
delta configuration, which includes three conductors but no neutral. In a delta
configuration the voltage supplied to a load is determined as between pairs of
conductors. When calculating an amount of power being consumed by a load,
power metering equipment takes into consideration which of the voltage
configurations Is in use. Usually power metering equipment is designed to
calculate power consumption based on a wye configuration. ' If the supplied voltage
IS In a delta configuration, transformers are used to step the phase voltages down
to simulate a wye configuration for input to the power metering equipment and to

supply a ground connection for the wye voltages.

SUMMARY

[0002] A voltage configuration selector that can be used with a power meter is
provided. The voltage configuration selector includes virtual grounds for first and
second input voltages, respectively, of a multiphase voltage being supplied to the
load, to produce first and second wye voltages, respectively. A first voltage
differentiator inputs the first and second wye voltages and outputs a first delta
voltage that is calculated as a difference between the first and second wyé

voltages. An output voltage selector receives the first wye voltage and the first
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delta voltage and selectively outputs either the first wye voltage or the first delta

voltage.

[0003] In one example embodiment, the virtual ground provides a virtual ground
for a third input voltage of the multiphase voltage being supplied to the load to
produce a third wye voltage. A second voltage differentiator inputs the second and
third wye voltages and outputs a second delta voltage that is calculated as a
difference between the second and third wye voltages. A third voltage
differentiator inputs the third and first wye voltages and outputs a third delta voltage
that Is calculated as a difference between the third and first wye voltages. An
output voltage selector receives the first, second, and third wye voltages and the
first, second, and third delta voltages and selectively outputs eith‘er the first,

second, and third wye voltages or the first, second, and third delta voltages'for

output. -

[0004] A power meter i1s provided that calculates power being supplied to a
load. The power meter includes an ammeter that measures current being supplied
to the load on each phase of a multiphase voltage being supplied to a load and
provides a current signal indicative ofﬂ the measured current. A voltage
configuration selector provides a voltage signal indicative of the voltage being
supplied by each phase of the multiphase voltage being supplied to the load. The
voltage configuration selector i1s configured to selectively output, for each phase,
based on a configuration of the multiphase voltage being supplied to the load, a
voltage signal corresponding to either a phase to phase voltage or a phase to
neutral voltage. The voltage configuration selector does not require a transformer
to convert between a phase to phase voltage and a phase to neutral voltage. A
power calculation component calculates the power being consumed by the load

based, at least in part, on the current signal and the voltage signal.

[0005] A voltage configuration selection method is provided. The method
includes providing a virtual ground for first, second, and third input voltages,

respectively, of a multiphase voltage being supplied to the load, to produce first,
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second, and third wye voltages, respectively. A first delta voltage is produced by
determining a difference between the first and second wye voltages. A second
delta voltage is produced by determining a difference between the second and third
wye voltages. A third delta voltage is produced by determining a difference
between the third and first wye voltages. Either the first, second, and third wye

voltages or the first, second, and third delta voltages are selectively output.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings, which are incorporated in and constitute a
part of the specification, illustrate various example systems, methods, and other
example embodiments of various aspects of the invention. It will be appreciated
that the illustrated element boundaries (e.g., boxes, groups of boxes, or other
shapes) in the figures represent one example of the boundaries. One of ordinary
skill in the art will appreciate that in some examples one element may be designed
as multiple elements or that multiple elements may be designed as one element.
In some examples, an element shown as an internal component of another
element may be Iimplemented as an external component and vice versa.

Furthermore, elements may not be drawn to scale.

[0007] Figure 1A is a functional block diagram of an example embodiment of a
power metering system that includes a voltage configuration selector acting upon a

load voltage being supplied in a wye configu'}ation.

[0008] Figure 1B Is a functional block diagram of an example embodiment of a
power metering system that includes a voltage configuration selector acting upon a

load voltage being supplied in a delta configuration.

[0009] Figures 2A and 2B are schematic circuit diagrams illustrating a standard
power metering component input convention used with wye and delta voltage

configurations, respectively.
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[0010] Figure 3 is a schematic circuit diagram illustrating an example

embodiment of a voltage configuration selector.

[0011] Figure 4 Is a flowchart that outlines an example embodiment of a voltage

configuration selection method.

DETAILED DESCRIPTION

- [0012] Figure 1A illustrates a power metering system 10 that monitors power

from a power source that is being supplied to a load. In the example illustrated In
Figure 1A, the power being supplied by the power source Is three phase power that
IS being supplied to a load In a wye configuration, such that the load is connected
between a leg of wye voltage circuit and ground. The conductors associated with
the three phases of the supplied power are labeled A, B, and C. In a typical

system, the voltage sensed on each conductor with respect to ground is -

approximately 120 V.

[0013] The power metering system 10 includes a voltage configuration selector
20, a power calculation component 30, and a display component 40. In some
embodiments, the power metering system may not include a display component
40, but rather may simply transmit the metered power value to another component.
The power calculation component 30 inputs a sensed current |4, |2, |3 on each of
the conductors and sensed voltages V1, V3, V3 output by the voltage configuration
selector 20. The power calculation component 30 calculates the power being
consumed by the load based, at least in part, on the input current values |4, |5, |3
and the voltage values V4, V2, V3 and outputs the calculated power to the display

40 and/or other system components (not shown).

[0014] The power calculation component 40 typically does not have the
capability to adapt its operation based on whether the voltage is being supplied to
the load in a delta or wye configuration. As will be described in more detail with

respect to Figure 3, the voltage configuration selector 20 is configured to output a
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sensed voltage that corresponds to a selected voltage configuration. Hence, In
Figure 1A, where the load is connected in a wye configuration, the sensed voltages

Vi, Vo, V3 that are output by the voltage configuration selector are

approximately120V.

[0015] Figure 1B illustrates the power metering system 10 also shown in Figure
1A. In the example illustrated in Figure 1B, power from a power source Is being
supplied to a load in a delta configuration such that the load is connected between
legs of the three phase input voltage. The conductors associated with the three
phases of the supplied power are labeled A, B, and C. In a typical system, the
voltage sensed on each conductor with respect to ground is approximately 120 V.
As will be described in more detail with respect to Figure 3, the voltage
configuration selector 20 is configured to output a sensed voltage that corresponds
to a selected voltage configuration. Hence, in Figure 1B, where the load iIs

connected In a delta configuration, the sensed voltages are output as

a'pproximately 207V.

[0016] Figures 2A and 2B illustrate the default input configuration for one
example power calculation component 40, a MAXQ3180 integrated circuit device
sold by Maxim Integrated Products, Incorporated. In both figures, the power
supplied by conductor A is calculated as |1 x V4, the power supplied by conductor B
Is calculated as I, x V2, and the power supplied by conductor C is calculated as I3 x
V3.  As shown in Figure 2A, when the voltage is being supplied in a wye
configuration, the voltages V4, V2, V3 are assumed to be measured as between the
conductor and ground. As shown in Figure 2B, when the voltage is being supplied
in a delta configuration, the sensing voltages V4, V3, V3 are assumed to be

measured as a difference between conductor voltages.

[0017] Thus, if the load is connected between conductors A and B in a delta
configuration voltage but the voltage V¢ is measured between A and ground, the
power will be calculated by the power calculation component 30 incorrectly.

Likewise, if the load i1s connected to conductor A and ground in a wye configuration
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voltage but the voltage V4 i1s measured between A and B, the power will be
calculated incorrectly. Typically, when a power calculation component is
configured to calculate power assuming a given voltage configuration (delta or
wye) and the voltage is actually being supplied in the other voltage configuration
(delta or wye), an external PT transformer is used to convert the conductor voltage

to the proper configuration prior to inputting the voitage to the power calculation

component.

[0018] Returning to Figures 1A and 1B, the voltage configuration selector 20
inputs the voltage on the conductors A, B, and C and outputs sensing voltages V4,
Vs, V3 that correspond to either delta or wye voltages depending on which
configuration has been selected. The sehsing voltage configuration can be
selected, for example, by actuating a switch (not shown) on the voltage
configuration selector 20. Thus, the voltage configuration selector 20 may
eliminate the need for external transformers by generating and providing the
appropriate sensing voltages V4, V2, V3 to the power calculation component 30 as

will be described in more detail in connection with Figures 3 and 4.

[0019] Figure 3 illustrates an example embodiment of a voltage configuration
selector 100. The voltage configuration selector 100 inputs a stepped down
version of the voltages (approximately in the range of 5 V in some instances) on
conductors A, B, and C. The level of scaling that is done on the conductor
voltages may vary depending on the capabilities of other components used in the
voltage configuration selector 100. The voltage configuration selector 100 outputs
sensing voltages V4, V2, V3 that are in a selected voltage configuration and are

appropriate for input to a power calculation component (not shown in Figure 3).

[0020] The voltage configuration selector 100 includes a virtual ground (shown
as separate input grounds 120, 122, 124) that provides a ground path for the
stepped down voltages on conductors A, B, and C. The virtual ground may be
provided internally and may approximate a potential of the neutral line in a wye

voltage configuration. By providing this virtual ground, the voltage configuration
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selector 100 creates wye voltages Vvq, Vvyz2, Vy3 that approximate a wye voltage for
each conductor A, B, and C without connection to a neutral line. The wye voltages

Vv1, Vy2, Vys are input to an output voltage selector 150.

[0021] The voltage configuration selector 100 includes first, second, and third
voltage differentiators 130, 134, 137. In the illustrated embodiment, the voltage
differentiators are operational amplifiers 131, 135, 138, and associated resistors,
which are connected Iin a closed loop configuration as shown. Each voltage
differentiator inputs two of the wye voltages and outputs a difference between the
wye voltages as a delta voltage. For example, the first voltage differentiator 130
inputs Vy¢; and Vy; and outputs the difference as V1. Likewise, the second voltage
differentiator 134 inputs Vy,; and Vyz and outputs the difference as Va2 and the third
voltage differentiator 137 inputs Vys and Vyy and outputs the difference as Vaas.

The delta voltages Va1, Va2, Vasare input to the output voltage selector 150.

[0022] The output voltage selector 150 selects either the wye voltages Vyi, Vv,
Vvy3 or the delta voltages Va1, Va2, Vasz to output to a power calculation component.
In one example embodiment, the output voltage selector 150 1s an analog
multiplexer that selects includes a selector 151 that actuates a gang of switches
152 to select between Vv1, Vy;, Vysor Va1, Va2, Vas for output as Vi,, V2a, Vaa. The
selector may be a dip switch or other mechanical means or may respond to an
electronic input. Further scaling can be done on the voltages output by the output
voltage selector 150 by scaling circuits 160, 160°, 160”. Thus, by manipulating the
selector, the appropriate voltage configuration for a given load can be easily

selected, and changed, as necessary.

[0023] While the foregoing description described operation of a voltage
configuration selector as used with all three phases of a three phase power, it is to

be understood that the voltage configuration selector may be employed with less

" than three phases.

[0024] Figure 4 is a flowchart that outlines an example embodiment of a voltage

configuration selection method 400. At 410 a virtual ground is provided for first,

7
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second, and third input voltages, respectively, of a multiphase voltage being
supplied to the load, to produce first, second, and third wye voltages, respectively.
At 420, a first delta voltage comprising a difference between the first and second
wye voltages, a second delta voltage comprising a difference between the second
and third wye voltages, and a third delta voltage comprising a difference between
the third and first wye voltages are produced. At 430 either the first, second, and
third wye voltages or the first, second, and third delta voltages are output, as

selected.

[0025] In some embodiments, the current being supplied to the load is

measured on each phase of the multiphase voltage being supplied to the load and

~an amount of power being consumed by the load is calculated based on the

measured current and the first, second, and third wye voltages or the first, second,

and third delta voltages selected that are selectively output.

[0026] While example systems, methods, and so on have been illustrated by
describing examples, and while the examples have been described in considerable
detalil, it is not the intention of the applicants to restrict or in any way limit the scope
of the appended claims to such detail. It is, of course, not possible to describe
every conceivable combination of components or methodologies for purposes of
describing the systems, methods, and so on described herein. Therefore, the
invention is not limited to the specific details, the representative apparatus, and
illustrative examples shown and described. Thus, this application is intended to
embrace alterations, modifications, and variations that fall within the scope of the

appended claims.

[0027] To the extent that the term “includes” or “including” is émployed in the
detailed description or the claims, it i1s intended to be inclusive in a manner similar

to the term “comprising” as that term is interpreted when employed as a transitional

word in a claim.
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What is claimed is:

1. A voltage configuration selector comprising:

a virtual ground for first and second input voltages, respectively, of a
multiphase voltage being supplied to a load, where the first and second input
voltages, with respect to the virtual ground, produce first and second wye
voltages, respectively;

a first voltage differentiator configured to input the first and second wye
voltages, calculates a difference between the first and second wye voltages, and
outputs a first delta voltage comprising the difference between the first and
second wye voltages;

a selector that is actuable to select one of a delta voltage mode or a wye
voltage mode; and

an output voltage selector configured to receive the first wye voltage and
the first delta voltage, and output the first wye voltage when the wye voltage mode

is selected and the first delta voltage when the delta voltage mode is selected.

2. The voltage configuration selector of claim 1 where the virtual ground
provides a virtual ground for a third input voltage of the multiphase voltage being
supplied to the load where the third input voltage, with respect to the virtual
ground, produces a third wye voltage, the method comprising:

a second voltage differentiator that inputs the second and third wye
voltages, calculates a difference between the second and third wye voltages, and
outputs a second delta voltage comprising the difference between the second and
third wye voltages;

a third voltage differentiator that inputs the third and first wye voltages,
calculates a difference between the third and first wye voltages, and outputs a
third delta voltage comprising the difference between the third and first wye
voltages; and

wherein the output voltage selector is configured to receive the first,
second, and third wye voltages and the first, second, and third delta voltages and

selectively outputs the first, second, and third wye voltages when the wye voltage
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mode is selected and the first, second, and third delta voltages for output when

the delta voltage mode is selected.

3. The voltage configuration selector of claim 1 where the virtual ground is
configured to have a voltage potential approximately equal to a potential of a wye

neutral for a power source that supplies the first input voltage.

4. The voltage configuration selector of claim 1 where the first voltage
differentiator comprises an operational amplifier connected in a closed loop

configuration with the first and second wye voltages as inputs.

5. The voltage configuration selector of claim 1 where the output voltage
selector comprises an analog multiplexer that inputs the first wye voltage and the
first delta voltage and selectively outputs either the first wye voltage or the first

delta voltage.

0. The voltage configuration selector of claim 1 comprising a first output
voltage scaling circuit that scales the output of the output voltage selector for input

to a power calculation component.

1. A power meter that calculates power being supplied to a load comprising:
an ammeter that measures current being supplied to the load on a phase of
a multiphase voltage being supplied to a load and provides a current signal

indicative of the measured current;

a selector that is actuable to select one of a delta voltage mode or a wye
voltage mode;

a voltage configuration selector that provides a voltage signal indicative of

the voltage being supplied by a phase of the multiphase voltage being supplied to
the load, where the voltage configuration selector is configured to generate both a
wye voltage and a delta voltage from the voltage supplied by the phase and a
virtual ground provided by the voltage configuration selector without using a

transformer, and to selectively output for the phase, a voltage signal

10
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corresponding to the wye voltage when the wye voltage mode is selected and the
delta voltage when the delta voltage mode is selected; and

a power calculation component that calculates the power being consumed
by the load based, at least in part, on the current signal and the voltage signal.

8. The power meter of claim 7 where the voltage configuration selector
comprises.

a virtual ground for first, second, and third input voltages, respectively, of a
multiphase voltage being supplied to the load, to produce the first wye voltage,
and second and third wye voltages, respectively;

a first voltage differentiator that inputs the first and second wye voltages
and outputs a first delta voltage comprising a difference between the first and
second wye voltages;

a second voltage differentiator that inputs the second and third wye
voltages and outputs a second delta voltage comprising a difference between the
second and third wye voltages;

a third voltage differentiator that inputs the third and first wye voltages and
outputs a third delta voltage comprising a difference between the third and first
wye voltages; and

an output voltage selector that receives the first, second, and third wye
voltages and the first, second, and third delta voltages and selectively outputs the
first, second, and third wye voltages when the wye voltage mode is selected and

the first, second, and third delta voltages when the delta voltage mode is selected.

9. The power meter of claim 8 where the first, second, and third voltage
differentiators comprise operational amplifiers connected in a closed loop
configuration with the first and second wye voltages, second and third wye

voltages, and third and first wye voltages, respectively, as inputs.

10.  The power meter of claim 8 where the output voltage selector comprises an
analog multiplexer that inputs the first, second, and third wye voltages and the
first, second, and third delta voltages and selectively outputs either the first,

second, and third wye voltages or the first, second, and third delta voltages.

11
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1. A method comprising:

providing a virtual ground for first, second, and third input voltages, respectively,
ot a multiphase voltage being supplied to a load, to produce first, second, and third wye voltages
between the first, second, and third input voltages and the virtual ground, respectively;

calculating a difference between the first and second wye voltages to produce a
first delta voltage;

calculating a difference between the second and third wye voltages to produce a
second delta voltage;

calculating a difference between the third and first wye voltages to produce a third
delta voltage;

rece1ving a voltage configuration selection that specifies either a wye
configuration or a delta configuration;

recelving the first, second, and third wye voltages and the first, second. and third
delta voltages; and

based, at least in part, on the received voltage configuration selection, outputting

either the first, second, and third wye voltages or the first, second, and third delta voltages.

2. The method of claim 11 where the producing of the first, second, and third
delta voltages is performed by inputting the first and second, second and third, and third and first

wye voltages into first, second, and third operational amplifiers, respectively.

3. The method of claim 11 where the selectively outputting is performed by
inputting the first, second, and third wye voliages and the first, second, and third delta voltages to
an analog multiplexer that selects one of the first wye voltage and first delta voltage, one of the
second wye voltage and second delta voltage, and one of the third wye voltage and third delta

voltage to output.

14, The method of claim 11 comprising:
measuring current being supplied to the load on each phase of the multiphase

voltage being supplied to the load; and

12
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calculating an amount of power being consumed by the load based on the
measured current and the first, second, and third wye voltages or the first, second, and third delta

voltages selected that are selectively output.

15. An apparatus comprising:

means for providing a virtual ground for first, second, and third input voltages,
respectively, ot a multiphase voltage being supplied to the load, to produce first, second, and
third wye voltages, respectively;

means for calculating a difference between the first and second wye voltages to
produce a first delta voltage;

means for calculating a difference between the second and third wye voltages to
produce a second delta voltage;

means for calculating a difference between the third and first wye voltages to
produce a third delta voltage;

means for receiving a voltage configuration selection that specifies either a wye
configuration or a delta configuration; and

means for receiving the first, second, and third wye and delta voltages and
selectively outputting either the first, second, and third wye voltages or the first, second, and

third delta voltages based on the received voltage configuration selection.

13
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