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(57) ABSTRACT 

A method compensates for measurement errors of an exter 
nal transformer coupled between an electricity meter and 
one or more power lines. The method includes a first Step of 
obtaining at least one error rating for the external trans 
former. The method also includes the Step of Storing data 
representative of the at least one error rating in a memory 
within the meter. At Some point the electricity meter is 
coupled to the external transformer. The method further 
includes the Step of employing the meter to obtain at least 
one electricity consumption measurement value, the at least 
one electricity consumption value comprising either a 
Sampled current value or a Sampled Voltage value. Finally, 
the method includes the Step of causing the meter to adjust 
the at least one electricity consumption measurement value 
using at least a portion of the Stored data. 
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EXTERNAL TRANSFORMER CORRECTION IN 
AN ELECTRICITY METER 

0001. This application claims is a continuation of U.S. 
patent application Ser. No. 09/693,025, filed Oct. 20, 2000, 
which claims the benefit of U.S. Provisional Patent Appli 
cation No. 60/160,675, filed Oct. 21, 1999. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to electric 
ity meters, and in particular, to electricity meters that are 
coupled to a System to be measured via external transform 
CS. 

BACKGROUND OF THE INVENTION 

0.003 Electricity meters are devices that, among other 
things, measure the consumption of electricity by a resi 
dence, factory, commercial establishment or other Such 
facility. Electricity meters may also be employed to measure 
electricity flow between different electrical power genera 
tion or delivery Systems. Electrical utility Service providers 
employ electricity meters to track customer usage of elec 
trical power or energy. Utilities track customer usage for 
many purposes, including billing and tracking demand. 
0004 At present electricity meters often include digital 
circuitry that performs many of the energy-related calcula 
tions. Examples of Such meters are shown and discussed in 
U.S. Pat. No. 5,544,089, U.S. Pat. No. 5,933,004, and U.S. 
Pat. No. 6,112,158, which are incorporated herein by refer 
ence. Such meters, referred to generally herein as electronic 
meters, typically include analog Sensor circuitry and digital 
measurement circuitry. 
0005 The analog sensor circuitry includes one or more 
Sensor devices that Sense or detect current and/or Voltage 
levels on the power lines of the System being measured. The 
Sensor devices generate analog measurement Signals that are 
representative of the detected current and Voltage wave 
forms actually present on the power lines. The analog Sensor 
circuitry typically provides the Signals to analog to digital 
conversion circuitry which generates digital versions of the 
measurement signals. 
0006. In an electronic meter, the measurement circuit 
typically performs energy-related calculations on the digi 
tized measurement signals. In general, the measurement 
circuit will perform, among other things, an energy or 
watt-hour calculation. 

0007 To this end, measurement circuit multiplies the 
digitized Voltage measurement Signal by the digitized cur 
rent measurement Signal. In particular, the digitized mea 
Surement Signals consist of Sampled Voltage measurement 
values and Sampled current measurement values. By multi 
plying the individual Voltage Samples by the individual 
current Samples and Summing the resulting products over 
time, energy consumption values are obtained. In particular, 
in a single phase System, the energy consumption measure 
ment may be given by the following equation: 

0008 Where WH is equal to energy consumption (e.g. 
watt-hours), T is the sample period for n, V(n) is the nth 
voltage sample, and I(n) is the nth current sample that is 
Sampled contemporaneously with V(n). 
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0009. The measurement circuit thereafter typically dis 
playS or communicates the calculated watt-hour data to a 
centralized computer or the like. The measurement circuit 
may also perform intermediate calculations to convert the 
WH data into units of measurement typically used in the 
metering industry. The measurement circuit may further 
perform various data tracking operations and/or control 
relays or other external devices responsive to the measured 
data. It is noted that the measurement circuit may calculate 
other energy consumption measurement values, Such as 
RMS current, RMS voltage, reactive energy, apparent 
energy, or various power values. Such measurement values, 
as well as other energy or power related values generated 
from the measurement signals, are referred to generically 
herein as energy consumption data. 
0010. One important element of electricity meters, 
including electronic meters, is metering accuracy. Metering 
accuracy is important because inaccurate metering can result 
in Substantial amounts of lost revenue. Moreover, inaccurate 
metering can also undesirably result in overcharging of 
CuStOmerS. 

0011. The common sources of metering inaccuracies, or 
error Sources in a meter, include the Sensor devices in the 
Sensor circuitry. In particular, Sensor devices can produce 
error in both the magnitude of the measurement signals and 
the phase of the measurement Signal waveform. For 
example, current transformers, which generate current mea 
Surement Signals, often introduce Significant magnitude and 
phase error into the current measurement signal. Such errors 
propagate through to the calculated energy consumption 
data. 

0012 To reduce the errors due to the sensor devices, 
electronic meters are typically calibrated. In particular, it is 
known to introduce a calibration factor into the energy 
calculation to compensate for current transformer error. The 
calibration factor is typically determined by Subjecting the 
meter to a calibration procedure in the factory. The calibra 
tion procedure involves attaching the meter to measure a 
known amount of energy. The calibration factor is derived 
from the difference in the known amount of energy delivered 
and the amount of energy actually registered by the meter. 
0013 While such calibration procedures may reduce the 
inaccuracy due to error Sources within the meter, factory 
calibration procedures are inadequate for addressing error 
Sources external to the meter. One external error Source is an 
instrument transformer. An instrument transformer is a 
transformer that is connected between the meter and the 
power lines. Instrument transformers are used to Scale down 
the Voltage and/or current that is actually delivered to and 
measured by the meter. Instrument transformers are uncom 
mon in Single residence applications, but are relatively 
common in larger, higher Voltage and current Systems, Such 
as those used for large industrial or commercial establish 
mentS. 

0014 Instrument transformers, like the current trans 
formers within the meter, often exhibit notable phase error 
and magnitude or ratio error. Indeed, it is common in the 
instrument transformer industry to provide a Visual indica 
tion of the phase error and ratio error data on the instrument 
transformer itself. Such data are referred to as error ratings, 
including phase error ratings and ratio error ratings. 
0015. Because instrument transformers are external to the 
meter, factory calibration of the meter to compensate for the 
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instrument transformer ratio and phase error is impracti 
cable. In particular, instrument transformers are often 
installed independently of the meter, and indeed may be 
Supplied from a different Supplier than the electricity meter 
Supplier. Thus, current calibration procedures cannot be used 
to calibrate the meter for the error caused by the external 
instrument transformers. 

0016 Errors due to instrument transformers are not insig 
nificant. Accordingly, inaccurate metering and billing due to 
ratio and/or phase errors in instrument transformers can cost 
utilities and customerS Significant amounts of money. AS a 
result, there is a need for Some method (and apparatus) that 
corrects or compensates for errors caused by instrument 
transformers, or any transformer located external to the 
meter, to ensure relatively accurate metering. 

SUMMARY OF THE INVENTION 

0.017. The present invention fulfills the above need, as 
well as others, by providing a meter that Stores information 
representative of error ratings of an external transformer, 
and then adjusts energy consumption values based at least in 
part on the Stored information. Because the energy consump 
tion values are adjusted based on the Stored information 
representative of the error ratings of an external transformer, 
the meter can adjust the its energy consumption calculations 
to compensate for errors caused by the external transformer. 
0.018. An exemplary method according to the present 
invention compensates for measurement errors of an exter 
nal transformer coupled between an electricity meter and 
one or more power lines. The method includes a first Step of 
obtaining at least one error rating for the external trans 
former. The method also includes the Step of Storing data 
representative of the at least one error rating in a memory 
within the meter. At Some point the electricity meter is 
coupled to the external transformer. The method further 
includes the Step of employing the meter to obtain at least 
one electricity consumption measurement value, the at least 
one electricity consumption value comprising either a 
Sampled current value or a Sampled Voltage value. Finally, 
the method includes the Step of causing the meter to adjust 
the at least one electricity consumption measurement value 
using at least a portion of the Stored data. 
0019. An exemplary apparatus embodiment according to 
the present invention is an apparatus for use in an electricity 
meter that is operably coupled through an external trans 
former to measure electricity consumption on a power line. 
The apparatus is operable to compensate for measurement 
errors of an external transformer, and includes a memory and 
a processing circuit. The memory Stores data representative 
of at least one error rating for the external transformer. The 
processing circuit is operable to obtain at least one electric 
ity consumption measurement value, the at least one elec 
tricity consumption measurement value comprising either a 
Sampled current value or a Sampled Voltage value. The 
processing circuit is further operable to adjust at least one 
electricity consumption measurement value using at least a 
portion of the Stored data. 
0020. Accordingly, the above described method and 
apparatus compensate for external transformer error by 
adjusting energy consumption measurement values based at 
least one of the external transformer's error ratings. More 
over, as will be discussed further below, because the above 
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embodiment of the present invention adjusts the actual 
Voltage and/or current Sample values, the compensation will 
propagate through to all energy consumption calculations 
that use the Voltage and/or current values. By contrast, 
Systems that adjust the watt-hour calculations alone may still 
use the erroneous raw data for other types of calculations 
within the meter. 

0021 Another exemplary method according to the 
present invention compensates for measurement errors of an 
external transformer coupled between an electricity meter 
and a power line, the electricity meter operable to measure 
electricity consumption on the power line. The method 
includes the Steps of obtaining at least one error rating for 
the external transformer and Storing data representative of 
the at least one error rating in a memory within the meter. At 
Some point the electricity meter is coupled to the external 
transformer. The method further includes the steps of 
employing the meter to obtain at least one electricity con 
Sumption measurement value, and causing the meter to 
multiply either the at least one electricity consumption 
measurement value or a phase shifted electricity consump 
tion measurement value by a dynamic compensation factor. 
0022. The above described method provides an advan 
tage in that the amount of the adjustment is dynamic, and 
changes as the level of power consumed changes. AS a 
result, the meter can compensate for an error of the trans 
former that varies as a function of the power (or current) 
through the transformer. This advantage can increase meter 
ing accuracy, regardless of whether the compensation is 
applied to the Voltage and/or current Samples or the final 
energy consumption calculations. 
0023. It is moreover preferable to decrease the adjust 
ment factor as the power consumption level increases. To 
this end, the adjustment may involve the use of a correction 
factor that has an inverse relationship to an average level of 
current measured on the power lines. Such an adjustment 
approximates the error response curve of external instrument 
transformers. 

0024. The above described features and advantages, as 
well as others, will become more readily apparent to those 
of ordinary skill in the art by reference to the following 
detailed description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025 FIG. 1 shows a schematic block diagram of an 
exemplary electricity meter that incorporates a compensa 
tion apparatus according to the present invention installed to 
measure a three phase power System; 
0026 FIG. 2 shows an exemplary diagram of a reduced 
power line Voltage waveform over time; 
0027 FIG. 3 shows a block diagram of operations per 
formed on current Sample values in an exemplary compen 
sation apparatus according to the present invention; 
0028 FIG. 4 shows a block diagram of operations per 
formed on Voltage Sample values in an exemplary compen 
sation apparatus according to the present invention; 
0029 FIG. 5 shows error versus load current curves for 
an exemplary transformer; and 
0030 FIG. 6 shows an exemplary phase shifter that may 
be used in connection with the flow diagrams of FIGS. 4 
and 5. 
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DETAILED DESCRIPTION 

0.031 FIG. 1 shows a schematic block diagram of an 
exemplary electricity meter 10 that incorporates a compen 
sation apparatus 12 according to the present invention. The 
electricity meter 10 is shown in context installed in a three 
phase power System. The exemplary embodiment of the 
compensation apparatus 12 described herein compensates 
for measurement errors caused by three external current 
transformers (“CTs”) 14, 16, and 18, and three external 
potential transformers (“PTs”) 15, 17 and 19. The CTS 14, 16 
and 18 and the PTs 15, 17 and 19, respectively cooperate to 
couple the electricity meter 10 to the three phase power lines 
20, 22, and 24, respectively. 
0032) While the electricity meter 10 in FIG. 1 is config 
ured to measure a three phase, four wire Wye Service 
connection as is known in the art, it is be appreciated that 
those of ordinary skill in the art may readily modify the 
arrangement of FIG. 1 to accommodate a three wire delta, 
four wire delta, or other Standard Service connection types. 
The electricity meter 10 and the compensation apparatus 12 
may also be readily modified for use in Single phase Service 
connections. 

0033. The meter 10 includes a source of digital energy 
consumption signals 26, a processing circuit 28, a memory 
30, a display 32 and an input device 34. The meter 10 may 
of course include additional elements as a matter of design 
choice. For example, the meter 10 may include one or more 
external communication circuits. Likewise, the meter need 
not include a display 32 or an input device 34, depending on 
the embodiment employed. 
0034). In general, the compensation apparatus 12 includes 
at least a portion of the functionality of the processing circuit 
28 and the memory 30. However, as is known in the art, the 
processing circuit 28 and the memory 30 can be configured 
to carry out several functions within the electricity meter 10, 
in addition to those attributable to the compensation appa 
ratus 12 as described herein. Indeed, in the exemplary 
embodiment described herein, the processing circuit 28 
further constitutes the main measurement circuit of the 
meter 10 in addition to its operations as part of the com 
pensation apparatus 12. 

0035) In general, the power lines 20, 22, and 24 and a 
neutral line 38 are operably coupled to provide three-phase 
power to from a utility Service provider, not shown, to a load 
36. The CTS 14, 16 and 18 are current instrument transform 
ers that deliver reduced current Signals from power lines to 
an electricity meter. Such devices are well known in the art. 
Likewise, the PTs 15, 17 and 19 are potential instrument 
transformers that deliver reduced Voltage Signals from the 
power lines to an electricity meter. Such devices are also 
well known. 

0036) As shown in FIG. 1, the first external CT 14 and 
the first external PT 15 are coupled to the phase a power line 
20. The first external CT 14 is configured to provide a 
reduced phase A power line current signal, RILSA, which is 
representative of the current waveform on the phase Apower 
line, to the Source of digital energy consumption Signals 26. 
The first external PT 15 is configured to provide a reduced 
phase A power line Voltage Signal, RVLSA, which is repre 
Sentative of the Voltage waveform on the phase Apower line, 
to the Source of digital energy consumption signals 26. In 

Oct. 27, 2005 

general, the first external CT 14 and the first external PT 15 
introduce phase error and ratio error into the reduced phase 
A power line Signals during the conversion. AS is known in 
the art, the error ratings for the CT 14 and the PT 15 may be 
provided through indicia printed thereon. 
0037 Similarly, the second external CT 16 is configured 
to provide a reduced phase B power line current signal, 
RILS, which is representative of the current waveform on 
the phase B power line 22, to the Source of digital energy 
consumption signals 26. The second external PT 17 is 
configured to provide a reduced phase B power line Voltage 
Signal, RVLS, which is representative of the Voltage wave 
form on the phase B power line 22, to the Source of digital 
energy consumption signals 26. AS with the first external CT 
14 and the first external PT 15, the second external CT 16 
and the second external PT 17 introduce phase error and 
ratio error into the reduced phase B power line signals 
during the conversion. The phase error and the ratio error 
introduced by the first external CT 14 and the second 
external CT 16 need not be identical. Likewise, the phase 
error and the ratio error introduced by the first external PT 
15 and the second external CT 17 need not be identical. 

0038. Additionally, the third external CT 18 and the third 
external PT 19 are operable to provide reduced phase C 
power line Signals, RILS and RVLS, to the Source of 
digital energy consumption Signals 26. The third external CT 
18 and the third external PT 19 introduce their own phase 
error and ratio error into the reduced phase C power line 
Signals. 

0039 The source of digital energy consumption signals 
26 is a device that receives power line signals and generates 
digital energy consumption signals therefrom. Digital 
energy consumption Signals may Suitably include digital 
Voltage Signals and digital current Signals. Digital Voltage 
Signals comprise a Series of Voltage Samples that are repre 
Sentative of the Voltage waveform for each reduced power 
line Voltage Signal. Similarly, digital current signals com 
prise a Series of current Samples that are representative of the 
current waveform for each reduced power line current 
Signal. 

0040. For example, with reference to FIG. 2, there is 
shown an exemplary diagram of a reduced power line 
Voltage waveform 40 over time. The digital Voltage Signals 
are the series of samples indicated by the bars 42. The length 
of the each bar 42 represents the magnitude of the Voltage 
waveform 40 at an instant in time. Digitally, the vertical 
height of each bar is represented as a digital Voltage Sample 
value. 

0041. In any event, the conversion of either reduced 
power line Signals or non-reduced power line Signals into 
Such digital energy consumption signals is well-known and 
may be carried out in a variety of ways. Typically, in a 
multiphase system such as the one illustrated in FIG. 1, one 
or more digital energy consumption signals will be produced 
for each phase of the System. Thus, for example, the Source 
of digital energy consumption signals 26 may produce a 
digital Voltage Signal for phase A, a digital current signal for 
phase A, a digital Voltage Signal Voltage Signal for phase B, 
a digital current Signal for phase B, and So forth. 
0042. To generate the digital signals from the reduced 
power line Signals, the Source of digital energy consumption 
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Signals 26 may Suitably include one or more Sensor circuits, 
not shown, and one or more analog-to-digital conversion 
devices. The Sensor circuits, as discussed further above in 
the background Section, may be one or more devices that 
convert the incoming power line Signals to Voltage and 
current measurement signals. The A/D conversion devices 
convert the Voltage and current measurement Signals into 
digital Voltage Signals and digital current signals, respec 
tively. Suitable sensor circuits and A/D conversion devices 
are well known. Exemplary Sensor circuits and A/D conver 
Sion devices are shown in U.S. Pat. No. 5,544,089 and U.S. 
Pat. No. 6,112,158. In the embodiment described herein, a 
digital Voltage Signal and a digital current Signal is produced 
for each phase of the three-phase power lines 20, 22 and 24. 
0043. The source of digital energy consumption signals 
26 is operably connected to provide the digital energy 
consumption signals to the processing circuit 28. The pro 
cessing circuit 28 is generally operable to generate energy 
consumption data (e.g. values representative of energy con 
Sumed, a current power consumption level, and/or average 
voltage or current levels). The processing circuit 28 is 
further operable to provide at least Some of the energy 
consumption data to the display 32, where the data may be 
reviewed for billing and/or tracking purposes by utility 
perSonnel. 

0044) In accordance with the present invention, the pro 
cessing circuit 28 further cooperates with the memory 30 to 
operate as the compensation apparatus 12 that performs an 
adjustment based on error ratings of the transformers 14, 15, 
16, 17, 18 and 19. To this end, the memory 30 stores data 
representative of a ratio error rating and a phase error rating 
for each of the external transformers 14, 15, 16, 17, 18 and 
19. The processing circuit 28 is configured to obtain at least 
one energy consumption measurement value and adjust the 
at least one electricity consumption measurement value 
using at least a portion of the Stored error rating data. 
0.045 For example, the processing circuit 28 may obtain 
an energy consumption measurement value in the form of 
the generated energy consumption data, Such as a watt-hour 
value. AS discussed above, the processing circuit 28 itself 
generates Such energy consumption data from the received 
digital energy consumption signals. Once the processing 
circuit 28 generates the energy consumption data, the pro 
cessing circuit 28 the adjusts the energy consumption data 
using the Stored error rating data. 
0.046 By using the stored data representative of the phase 
error ratings and the ratio error ratings of the external 
transformers 14, 15, 16, 17, 18 and 19 to adjust the energy 
consumption data, the energy consumption data will Show 
improved accuracy over energy consumption data produced 
by meters that do not perform the adjustment discussed 
herein. Moreover, phase error ratings and ratio error ratings 
for external instrument transformers are readily available 
and indeed are typically affixed to the transformer housing 
via a metal plate or the like. Thus, introduction of the error 
rating data into the memory 30 may be readily accom 
plished, for example, through the input device 34. 
0047 Although adjustment of the calculated energy con 
Sumption data as discussed above improves the accuracy of 
the energy consumption data generated by the meter 10, it is 
preferable that the processing circuit 28 adjust the received 
digital energy consumption Signals prior to generating 
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energy consumption data. For example, in Such a preferred 
embodiment, the processing circuit 28 adjusts digital Voltage 
Signal and/or digital current Signal using the Stored error 
rating data. In this manner, the adjusted digital Voltage and 
current Signals may be used for a variety of Subsequent 
calculations without requiring adjustments for each Such 
calculation. 

0048 Regardless of how the adjustment is made, the 
memory 30 may be any memory device Such as random 
acceSS memory, read only memory, or electrically erasable 
read only memory (EEPROM). It is preferable to employ an 
EEPROM as the memory 30 because it is both reprogram 
mable and non-volatile. The memory 30 may also be 
employed to Store other relevant data within the meter. 
Stated another way, the memory 30 used in connection with 
the present invention may readily be a part of memory used 
for other purposes within the meter 10. 
0049. To achieve the above stated functions, the process 
ing circuit 28 may Suitably comprise a microprocessor, 
digital signal processor, collection of discrete digital com 
ponents, or any combination of one or more of the above 
elements. AS discussed above, the processing circuit 28 as 
described above operates in part as a portion of the com 
pensation apparatus 12 according to the present invention 
and also in part as the measurement circuit that converts 
digital energy consumption signals into energy consumption 
data. It will be appreciated that in the alternative, Separate 
processing circuits may be used for Such purposes. 
0050. In the exemplary embodiment described herein, the 
processing circuit 28 preferably includes a digital Signal 
processor and a microcontroller or the like. Suitable pro 
cessing circuits that employ a digital Signal processor and 
one or more microcontrollers or microprocessors are shown 
in U.S. Pat. No. 5,544,089 and U.S. Pat. No. 6,112,158, for 
example. Preferably, the functions associated with the com 
pensation apparatus 12 of the processing circuit 28 are 
carried out primarily by the digital Signal processor. 
0051. In operation, the meter 10 is provided to the 
vicinity of the load 36 for installation. At some point, an 
installation technician must obtain the ratio error ratings and 
the phase error ratings for the external transformers 14, 15, 
16, 17, 18 and 19. To this end, the ratio error ratings and the 
phase error ratings are typically provided via indicia that is 
affixed to the transformer housing, not shown. For example, 
the ratio error rating and phase error rating of an instrument 
transformer are typically printed on a metal or plastic plate 
attached to the transformer housing. However, in Some 
embodiments, data sheets or more Substantial error data for 
the transformerS may be provided. 
0052 The installation technician must then store data 
representative of the ratio error ratings and the phase error 
ratings in the memory 30 within the meter 10. To this end, 
the installation technician may provide the information 
through the input device 34. To do so, the meter 10 may need 
to be installed within the meter Socket, not shown, So that it 
is connected to receive operating power from one or more of 
the power lines 20, 22, and 24. In Such a case, the input 
device 34 may Suitably be a communication port that 
enables communication via optical or electrical Signals to a 
portable computer or meter programming device. 
0053. However, it will be noted that the data may be 
Stored in the memory in other ways. For example, if the 
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memory 30 is an EEPROM, the memory 30 may be removed 
and then connected to an external device, not shown, that 
writes the error rating data to the memory 30. The memory 
30 may then be replaced into the meter 10. Such an operation 
may be performed without first installing the meter 10. 

0054. In any event, the installation technician must at 
Some point install the meter 10 such that it is connected to 
the transformers 14, 15, 16, 17, 18 and 19 and to the neutral 
line 38. Meter installation procedures are well known to 
those of ordinary skill in the art. 

0055. After installation, the installation technician may 
cause the meter 10 to begin metering operations. During 
normal metering operations, the transformers 14, 16, and 18 
receive the line Signals LSA, LSE, and LS respectively. The 
line Signals LSA, LSE, and LS constitute that actual elec 
trical power signals that are provided to the load 36. The 
tranformers 14, 16, and 18 convert the lines signals LSA, 
LS, and LS to reduced power line current signals RILS, 
RILS, and RILS, and provide the reduced line current 
Signals to the Source of digital energy consumption signals 
26. The tranformers 15, 17, and 19 convert the lines signals 
LSA, LSE, and LS to reduced power line Voltage Signals 
RVLS, RVLS, and RVLS, and provide the reduced line 
Voltage Signals to the Source of digital energy consumption 
Signals 26. 

0056. The source of digital energy consumption signals 
receives the RILS, RILS, RILS, RVLSA, RVLS, and 
RVLS signals and generates digital energy consumption 
Signals therefrom. In the exemplary embodiment described 
herein, the digital energy consumption signals include VSA, 
VSE, VS, ISA, ISB, and IS, where VS is a digital Voltage 
Signal representative of the Voltage waveform on the phase 
X power line, and IS is a digital current Signal representative 
of the current waveform on the phase X power line. 
0057 The processing circuit 28 receives the digital 
energy consumption Signals and converts the digital energy 
consumption Signals into energy consumption data. By way 
of example, the processing circuit 28 generates performs a 
real energy calculation by multiplying contemporaneous 
Voltage and current Samples of each phase together and then 
Summing the resulting products over time. For example, in 
the exemplary four wire wye system shown in FIG. 1, the 
processing circuit 28 may perform the following calcula 
tions: 

0.058 Where VS (n) is the nth voltage sample from phase 
X and ISOn) is the nth voltage sample from phase X. The nth 
Voltage Sample and the nth current Sample are Sampled 
Substantially contemporaneously. 

0059. In accordance with the present invention, however, 
the processing circuit 28 further performs an adjustment 
based on at least Some of the Stored data that is represen 
tative of the ratio error ratings or the phase error ratings of 
each of the transformers 14, 15, 16, 17, 18 and 19. To this 
end, the processing circuit 28 obtains the Stored error rating 
data from the memory 30. As discussed above, the actual 
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adjustment may be made to either the values WH or Total 
Energy. Thus, the processing circuit 28 could perform the 
following adjustment: 

Adi WHA=f{WHA(n), ra err IA, pherr IA, raer 
r VA, pherr VA} 
Adi WHE=f{WHB(n), ra err IB, pherr IB, raer 
r VB, pherr VB 
Adi WHe=f{WH(n), ra err IC, pherr IC, raer 
r VC, pherr VC 
Total Energy=Adi WHA+Adi WH+Adi WH 

0060. Where ra err IX is data representative of the ratio 
error rating of the CT connected to the phase X power line, 
ph err IX is data representative of the phase error rating of 
the CT connected to the phase X power line, ra err VX is 
data representative of the ratio error rating of the PT 
connected to the phase X power line, pherr VX is data 
representative of the phase error rating of the PT connected 
to the phase X power line. Those of ordinary skill in the art 
may readily define a function f that increases the accuracy 
of the calculated real energy based on either the ratio error 
or the phase error. 
0061. By way of example, the value WH may simply be 
multiplied by a compensation factor that is based on the ratio 
error of the current transformer connected to phase X. In 
Such a case, the values ral err Vx, pherr IX and pherr VX 
are disregarded. However, those of ordinary skill in the art 
may readily incorporate any or all of the other error ratings 
into the energy consumption calculation if greater accuracy 
is desired. It will be noted that in accordance with the present 
invention, the use of only Some of the error ratings in the 
compensation function will provide at least Some improved 
accuracy. 

0062. In any event, in contrast to the above described 
compensation function, in the preferred embodiment 
described herein, the processing circuit 28 performs the 
adjustment on the Voltage and/or current Samples prior 
performing the real energy calculation or any other energy 
consumption calculations. Accordingly, instead of perform 
ing the above described functions, the processing circuit 28 
receives the digital energy consumption signals VSA, VSB, 
VS, ISA, IS, and IS, and performs the adjustment on 
those signals. 
0063. In particular, the processing circuit first performs 
the following operations to adjust the current Sample values 
of the digital current Signal: 

Adi ISA(n)=f(ISA(n), ra err IA, ph err IA) 
Adi ISB(n)=f(ISB(n), ra err IB, ph err IB) 
Adi Sc(n)=f(ISc(n), ra err IC, ph err IC) 

0064. Similar functions may be performed on the voltage 
Samples to produce Adi VSA(n), Adi VSCn), and 
Adi VS(n). Exemplary functions for generating the 
adjusted Samples are discussed below in connection with 
FIGS. 3 and 4. 

0065. With reference to the preferred embodiment 
described herein, the processing circuit 28 generates the 
energy consumption data using the adjusted digital energy 
consumption signals. For example, the processing circuit 28 
would perform the real energy calculation discussed above 
using the following equations: 

WHA=XAdi VSA(n)*Adi ISA(n) for n=1 to N 
WH=XAdi VSn)*Adi IS(n) for n=1 to N 
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WH=XAdi VSn)*Adi IS (n) for n=1 to N 
Total Energy=WHA+WH+WHe 

0.066 One advantage of adjusting the digital energy con 
Sumption signals prior to generating energy consumption 
data is that no further adjustment is required to perform other 
energy consumption data calculations. Thus, for example, 
the per phase RMS voltage, per phase RMS current, reactive 
energy, apparent energy, power factor or other energy con 
Sumption data may readily be calculated using the adjusted 
Voltage and current Samples. 

0067 FIGS. 3 and 4 shows in further detail exemplary 
block diagrams of the processing circuit operations for use 
in the compensation apparatus 12 of FIG. 1 in accordance 
with the present invention. Those of ordinary skill in the art 
may readily incorporate the operations shown in the block 
diagrams of FIGS. 3 and 4 into a digital signal processor of 
the processing circuit 28 of FIG. 1. However, it will be 
noted that the operations of FIGS. 3 and 4 may be carried 
out by processing circuits in meters that are not also used to 
generate energy consumption data. In Such cases, the outputs 
of FIGS. 3 and 4 would be provided to the processing 
circuit that generates the energy consumption data. 
0068 Referring again to the exemplary embodiment 
described herein, the block diagram 100 of FIG.3 shows the 
operations performed by the processing circuit 28 according 
to the present invention to adjust the current Sample values 
IS(n) of phase X of a digital energy consumption signal. 
While the example is shown in relation to a single phase X, 
it will be noted that the block diagram 100 may readily be 
expanded to perform the operations on the current Samples 
of three phases. 
0069. In general, the processing circuit 28 performs the 
operations of the block diagram 100 to convert the raw 
current sample values IS(n) into adjusted current sample 
values Ad IS(n) using data representative of the ratio error 
rating of the external transformer on the phase X power line. 
The processing circuit 28 further adjusts the current Sample 
values IS(n) using internal calibration information. The 
internal calibration information comprises a calibration fac 
tor that compensates for various error Sources within the 
meter, for example, phase or magnitude errors caused by the 
Sensor devices within the Source of digital electricity con 
Sumption Signals 26. Because the input current Sample 
values IS(n) are adjusted for both externally and internally 
generated errors, the value Ad IS(n) more accurately 
reflects the current waveform on the relevant power line for 
the purposes of energy consumption calculations. 

0070 To this end, the current sample values IS(n) are 
provided to a correction multiplier 102. The correction 
multiplier 102 also receives a phase X current correction 
factor corr IX from a correction pre-multiplier 104. The 
correction multiplier 102 multiplies each Voltage Sample 
value IS(n) by corr IX to generate the output value 
Ad IS(n). The value corr IX represents the combined 
calibration factors generated from the internal calibration 
information Cal Adj and the external transformer ratio error 
compensation of the present invention, CT R Adi X. 
0071. The internal calibration information may be gen 
erated as is known in the art. For example, the internal 
calibration information may be generated using data from a 
calibration operation in which a known amount of energy is 
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provided to the meter 10 in the factory or otherwise. In the 
calibration operation, the amount of energy consumption 
actually measured by the meter 10 is compared to the known 
amount of energy provided to the meter 10 to determine the 
internal calibration factor. Such operations are well known 
in the art. It will be appreciated, however, that if high quality, 
low tolerance Sensor circuitry is employed, there may be no 
need for correction using internal calibration information. In 
Such a case, the compensation pre-multiplier 104 would not 
be necessary and the compensation multiplier 102 would be 
connected directly to receive the external CT ratio error 
compensation value CT R Adi X. 
0072. In either event, the ratio error compensation value 
CT R Adi X is derived from the ratio error ratings for 
current of the transformer on phase X. In particular, as 
discussed above, transformer errors are often specified in 
terms of, among other things, ratio error ratings. For 
example, a current ratio error rating may identify the dif 
ference between the current magnitude actually produced by 
the Second winding of the transformer and the expected 
current magnitude. The current ratio error rating is typically 
given as a factor in relation to the average current level. 
Thus, multiplication of the measured RMS current by the 
ratio error rating would produce the actual current level. 
Because external transformers are relatively accurate, it is 
not uncommon for a ratio error rating to be in the range of 
O.995 to 1005. 

0073. Thus, if the ratio error rating for the relevant 
transformer is given as a single or average number, for 
example, 1.0003, then the error compensation value CT R 
Adi X may Suitably be 1.0003. As a result, the processing 

circuit 28 would generate the output current Sample values, 
Ad IS(n) using the following equation: 

Adi IS (n)=CT R Adi x*Cal Adi“IS(n) 

0074 where Cal Adi is the internal calibration informa 
tion and 

CT R Adi X=K1, 

0075 where K1 is a constant based on the ratio error 
rating, which in the above example would simply be a 
normalized value of 1.0003. Normalization is typically 
required to translate the Specific ratio error rating into the 
value range used by the Specific processing System. By way 
of example, the processing circuit 28 may employ integer 
arithmetic and thus require translation into numbers Suitable 
for use in integer arithmetic. 

0076. It will be appreciated, however, that the ratio error 
of a current transformer is Seldom a constant value. Instead, 
the ratio error typically varies as a function of load current. 
Accordingly, ratio error ratings for external current trans 
formers are often published to include at least one “low load 
level” rating and at least one “high load level” rating. “Low 
load” is known in the industry to be current levels that are 
approximately 10% of the “high load’. High load, by 
contrast, is a known function of the overall current capacity 
of the transformer. Such relationships are known in the art. 

0077 Because the ratio error is typically not constant, it 
is desirable to use a dynamic compensation factor that 
changes as a function of the load level or average current 
level. Using the high load ratio error rating and the low load 
ratio error rating, the compensation factor CT R Adi X 
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may be formulated as a function of RMS current (or average 
current). Such an expression would be: 

CT R Adi X=f(HLL X R, LLL x R, IXRMs), 

0078 where HLL X R is the high load ratio error rating 
and LLL X R is the low load ratio error rating for the 
relevant CT on the power line X. The function f could, for 
example, be a linear function itself with a slope defined by 
the difference between the high load level ratio error rating 
and the low load level ratio error rating. In other words, the 
compensation factor could be expressed as 

CT R Adi x=RT+KSixs 

0079 where KS is derived from 
KS=A (HLL x R-LLL x R)/(HLL x IRMs 
LLL IRMs) 

0080 where, HLL X Is is the high load level RMS 
current, LLL X Is is the low load level RMS current, and 
A is a System-specific normalization factor. KI is a y-inter 
cept value which may readily be derived by those of 
ordinary skill in the art by plotting the high load level and 
low load level error ratings against the high and low load 
level RMS currents. 

0081. It is noted that, as discussed above, the values 
HLL X R, LLL X R, HLL X IRMs, and LLL X IRMs are 
all typically available directly through labeling on the trans 
former itself. Accordingly, the actual Values LLL X IMs, 
HLL X IRMs, LLL X R, and HLL X R may be Stored in 
the memory 30 by the technician during meter installation as 
discussed above. 

0082 In addition, it has further been observed that the 
variance of the actual ratio error, determined empirically, 
does not vary in a strictly linear relationship with respect to 
average load current. FIG. 5 shows exemplary test results 
showing the ratio error as a function of RMS load current 
level. The test results of FIG. 5 shows a first curve 302 of 
the actual measured ratio error percentage as a function of 
input current on an exemplary transformer wherein the input 
power Signal had a power factor of 1.0. Similar response 
curves 304 and 306 were observed at other power factors. 
0.083 Using approximate curve fitting, it is observable 
that the error ratio rating of the transformers varies in an 
inverse relationship to current, or in other words, as a factor 
of (RMS current), where P is a positive number, for 
example, 1. 
0084. Accordingly, in accordance with a preferred 
embodiment of the present invention, the compensation 
factor CT R Adi X is a function that varies in an inverse 
relationship to the average or RMS current level. In the 
embodiment shown in FIG. 3, the inverse relationship is 
generated basically as the following equation. 

0085 Where KA and KB are constants derived from the 
high and low load level error ratings for the transformer 
coupled to phase X. 
0.086 Referring again to FIG. 3, the above general equa 
tion is carried out in the following manner. An RMS sensor 
106 generates the IXs information. To this end, the RMS 
Sensor 106 receives the adjusted current Sample values 
IS(n) and performs a typical RMS calculation to generate 
IXMs. A current ratio calculation block 108 receives the 
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calculated IXRMs and uses the Value to generate an interim 
current ratio value Amps Ratio X that is generated from the 
equation 

Amps. Ratio x=LLL x IRMs/ExpMs 

0087) If, however, IXMs is Zero, then IXMs is replaced 
by a de minimus value to avoid a divide by Zero error. To 
carry out the foregoing Amps Ratio X determination, the 
current ratio calculation block 108 also receives, in addition 
to IXs, the low load RMS current level for the trans 
former, LLL X IRMs, and the given de minimus current 
level. It can be seen from the above equation that the interim 
value Amps. Ratio X carries the inverted RMS current or 
(RMS Current) information. 
0088. The current ratio calculation block 108 provides 
the calculated interim value Amps. Ratio X to the ratio 
adjustment calculation block 110. The ratio adjustment 
calculation block 110 uses the Amps Ratio X value and two 
other interim values, one including primarily information 
derived from the high load ratio error rating for the trans 
former connected to phase X and the other including prima 
rily information derived from the low load ratio error rating 
of the transformer connected to phase X. In particular, the 
interim values are Int H X and Int L X. Those values are 
generate as follows: 

HLL X R - (LLL X IRMs FFHLL X IRMs): LLL X R 
(1 - (LLL X RMS (HLL X IRMS) 

Int H x = 

Int L X=LLL X R 
0089 As discussed above, HLL X R is the high load 
ratio error rating for the transformer on phase X, LLL X R 
is the low load ratio error rating for the transformer on phase 
X, LLL X IMs is the low load RMS current for the trans 
former, and HLL X IMs is the high load RMS current for 
the transformer. 

0090. It will be noted that the actual values LLL X Iss, 
HLL X IRMs, LLL X R, and HLL X R may be retrieved 
from the memory 30. However, in the alternative, the 
processing circuit 28 may convert those values directly into 
Int H X and Int L X before Storing the data into the 
memory 30. 
0091. In any event, the ratio adjustment calculation block 
110 performs the following calculation to produce the com 
pensation factor CT R Adi X: 

CT R Adi x=int H x+Amps. Ratio x*(int 
Lx-Int H x) 

0092. Which from the above expands to show the inverse 
relationship to IXRMs: 

LLL X IRMs: (Int L X - Int H X) CT R Adi X = Int H x + lxRMS 

0093. The ratio adjustment calculation block 110 pro 
vides the compensation factor CT R Adi X to the compen 
sation pre-multiplier 104 through a switch 112. The Switch 
112 may be used to disable the compensation if desired. It 
is preferable that the meter user have the option to disable 
the compensation when necessary. For example, disabling 
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the compensation may be necessary to perform an in Service 
certification of the meter's accuracy. 

0094. The block diagram 100 furthermore shows a phase 
adjustment calculation block 114 that generates a phase 
compensation factor based in part on the phase error ratings 
for the transformer X. As will be discussed further below, the 
phase compensation factor CT Ph. AdX is applied to 
adjust the Voltage sample values VS (n) in the exemplary 
embodiment herein. It will be noted that a phase adjustment 
may be applied to either the current Sample values or the 
Voltage Sample values, because it is the phase difference 
between the current waveform and the voltage waveform 
that requires accuracy. In the exemplary embodiment herein, 
the phase compensation factor is applied to the Voltage 
Sample values VS (n) as discussed further below in connec 
tion with FIG. 4. However, the exemplary embodiment 
described herein may readily be modified to apply the phase 
compensation factor to the current sample values IS(n). 
0.095 Application of the phase adjustment to the voltage 
Samples is preferable because the adjustment is less Subject 
to rounding errors. In particular, because current signals vary 
greatly and may become relatively Small, a relatively Small 
phase adjustment may be prone to rounding errors. By 
contrast voltage Signals are constant and relatively large. 

0096. In any event, the calculation of the phase compen 
sation factor, CT Ph. AdX, like the ratio compensation 
factor, CT R Adi X, may be expressed as a constant based 
on the phase error rating for the transformer on the phase X 
power line. AS with the ratio error ratings discussed above, 
however, it is typical to provide two phase error ratings, one 
at high load currents and one at low load currents. Accord 
ingly, Similar to CT R Adi X, the value CT Ph. AdX is 
preferably dynamic and is a function of the load current, or 
IXRMs. Thus, for example, the phase compensation factor 
may be given by the following equation: 

KS Ph x=BI(HLL x Ph-LLL x Ph)/(HLL x 
IRMs-LLL IRMs) 

0.098 where, HLL X Ph is the high load phase error 
rating, LLL X Ph is the low load level phase error rating, 
and B is a System-specific normalization factor. KI Ph X is 
a y-intercept value which may readily be derived by those of 
ordinary skill in the art. 

where KS Ph X is derived from 

0099 However, similar to the ratio error ratings on 
external instrument transformers, it has been noted that the 
relationship between the actual phase error factor with 
respect to current level is not strictly linear. It has been 
observed that the phase error of transformers will vary in an 
inverse relationship to average or RMS current, or in other 
words, as a factor of (RMS current), where P is a positive 
number, for example, 1. 

0100. Accordingly, in accordance with a preferred 
embodiment of the present invention, the compensation 
factor CT Ph. AdX is a function that varies in an inverse 
relationship to the average or RMS current level. In the 
embodiment shown in FIG. 3, the inverse relationship is 
generated basically as the following equation. 

CT Ph Adi x=KC+(KDfIxRMs) 
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0101 where KC and KD are constants derived from the 
high and low load level phase error ratings for the trans 
former coupled to phase X. 
0102) The above-described generalized equation is car 
ried out by the phase adjustment calculation block 114 in the 
following manner. The phase adjustment calculation block 
114 uses the Amps Ratio X value and two other interim 
values, one including primarily information derived from 
the high load phase error rating for the transformer con 
nected to phase X, HLL X Ph, and the other including 
primarily information derived from the low load ratio error 
rating of the transformer connected to phase X, LLL X Ph. 
In particular, the interim values are Int Ph H X and 
Int PHLX. Those values are generated as follows: 

HLL X Ph- (LLL X IRMs fB L X IRMs): LLL X Ph Int Ph H x = 
Ill hid X (1 - (LLL X RMS (HLL X IRMS) 

Int Ph L X=LLL X Ph 
0103) As discussed above, HLL X Ph is the high load 
ratio error rating for the transformer on phase X, LLL X Ph 
is the low load ratio error rating for the transformer on phase 
X, LLL X IXs is the low load RMS current for the 
transformer, and HLL X IMs is the high load RMS current 
for the transformer. All those values are typically available 
for a given instrument transformer. 

0104. As with the ratio error information, the values 
LLL X IRMs, HLL X IRMs, LLL X Ph, and HLL X Ph, 
which may be normalized for the processing unit 28, may be 
retrieved from the memory 30. However, in the alternative, 
the processing circuit 28 may convert those values directly 
into Int Ph H X and Int Ph L X before storing the data 
into the memory 30. 
0105. In any event, the phase adjustment calculation 
block 114 performs the following calculation to produce the 
compensation factor CT Ph Adi X: 

CT Ph Adi x=int Ph H x+Amps. Ratio 
x* (Int Ph L x-int Ph H x) 

0106 Which from the above expands to show the inverse 
relationship to IXRMs: 

CT Ph. Adj x = 

LLL X Is 8 (Int Ph L X - Int Ph H X) Int Ph H x + 
lxRMS 

0107 The phase adjustment calculation block 114 pro 
vides the compensation factor CT Ph. Adj X to the phase 
adjust summation device 208 in FIG.4 through a Switch 
212. 

0108) Referring to FIG.4, the block diagram 200 of FIG. 
4 shows the general operations of the processing circuit 28 
that are executed to adjust voltage sample values VS (n) 
received from the Source of digital electrical consumption 
Signals 26. In general, the processing circuit 28 performs the 
operations of the block diagram 200 to convert the raw 
voltage sample values VS (n) into adjusted voltage sample 
values Adi VS (n) using data representative of the various 
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error ratings of the external potential transformers on the 
phase X power line. Moreover, as discussed above, the 
processing circuit 28 also uses the determined current trans 
former phase compensation factor CT Ph. Adj X to gener 
ate the adjusted Voltage Sample values to compensate for the 
external current transformer phase error. 
0109 The processing circuit 28 further adjusts the volt 
age sample values VS (n) using internal calibration infor 
mation. AS discussed above, internal calibration information 
comprises a calibration factor that compensates for various 
error Sources within the meter, for example, phase or mag 
nitude errors in the Sensor devices within the Source of 
digital electricity consumption Signals 26. Thus, the value 
Adi VSCn) more accurately reflects the Voltage waveform 
on the relevant power line for the purposes of energy 
consumption calculations. 
0110. In particular, the voltage sample values VS (n) are 
provided to a correction multiplier 202. The correction 
multiplier 202 also receives a phase X Voltage correction 
factor corr V X from a correction pre-multiplier 204. The 
correction multiplier 202 multiplies each Voltage Sample 
value VS (n) by corr V X to generate an interim value, 
Int VS(n), which is in turn provided to a phase shifter 205 
to generate the output value Adi VS (n). The value cor 
r V X represents the combined calibration factors of the 
internal calibration information, Cal V Adi, and the exter 
nal potential transformer ratio error compensation. 
0111. The internal calibration information may be gener 
ated as is known in the art. AS above, it will be appreciated 
that the use of high quality, low tolerance Sensor circuitry 
may eliminate the need for correction using internal cali 
bration information. In Such a case, the compensation pre 
multiplier 204 would not be necessary and the compensation 
multiplier 202 would be connected to receive directly the 
external potential transformer ratio error compensation 
value PT R Adi X. 
0112) In either event, the ratio error compensation value 
PT R AdX is derived from the ratio error ratings for the 
potential transformer on phase X. In particular, as discussed 
above, transformer errors are often Specified in terms of, 
among other things, ratio error ratings. For example, a 
potential ratio error rating may identify the difference 
between the Voltage magnitude actually produced by the 
Second winding of the transformer and the expected Voltage 
magnitude. The Voltage ratio error rating is typically given 
as a factor in relation to the average Voltage level. Thus, 
multiplication of the measured RMS voltage by the ratio 
error rating would produce the actual Voltage magnitude. 
Because external transformers are relatively accurate, it is 
not uncommon for a ratio error rating to be in the range of 
O.995 to 1005. 

0113 Thus, if the ratio error rating for the relevant 
transformer is given as a single or average number, for 
example, 1.0002, then the error compensation value PT R 
Adi X may Suitably be simple 1.0002. As a result, the 

processing circuit 28 would generate the output current 
Sample values, Int VS (n) using the following equation: 

Int VS (n)=PT R Adi x*Cal Adi VVS (n) 

0114 where Cal Adi V is the internal calibration infor 
mation and 

PT R Adi x=K2, 
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0115 where K2 is a constant based on the ratio error 
rating, which in the above example would simply be a 
normalized value of 1.0002. 

0116. Unlike the current transformer ratio correction fac 
tor CT R Adi X discussed above in connection with FIG. 
3, the potential transformer ratio correction factor PT R 
Adi X provides Sufficient correction as a constant factor. In 

particular, as opposed to current in the power lines, the 
Voltage in the power lines should remain Substantially 
constant, as is known in the art. Accordingly, it is not 
necessary to vary the correction factor as a function of 
average line Voltage. 

0.117) It is noted that because the potential does not vary 
Significantly in an instrument potential transformer, Such 
transformers are typically provided with only one ratio error 
rating. That ratio error rating, after normalization, may be 
used directly as the potential transformer ratio correction 
factor PT R Adi X. 
0118. The potential transformer ratio correction factor 
PT R Adi X may be provided to the compensation pre 
multiplier 204 through a switch 206 to allow the operator to 
disable the ratio compensation if desired. 
0119) The processing circuit 28 in the execution of the 
block diagram 200 further generates a potential transformer 
phase correction factor PT Ph. AdX. As with the ratio 
error rating, the potential transformer phase correction factor 
PT Ph Adi X may be a constant factor derived directly 
from the potential transformer phase error rating, PT Ph X. 
AS with the current transformer phase error ratings, the 
potential transformer phase error rating, PT Ph X is typi 
cally provided in units of minutes, or sixtieths of a degree. 
0120 In any event, the potential transformer phase cor 
rection factor, PT Ph. AdX is provided to the positive 
input of a summation device 208 through disabling Switch 
210. Likewise, the current transformer phase correction 
factor, CT Ph. AdX, generated in the execution of the flow 
diagram 100 of FIG. 3, is provided to the negative input of 
the summation device 208 through a disabling Switch 212. 
0121 The summation device 208 generates a composite 
phase correction value Ph corr X for the phase X voltage 
Sample values, VSOn). The composite phase correction 
value Ph corr X is then provided to a phase shifter 205 
which then adjusts the phase using Ph corr X. 
0122) To this end, the phase shifter 205 may suitably take 
the form of the exemplary block diagram 250 on FIG. 6. In 
particular, the phase shifter 205 in FIG. 6 includes a voltage 
sample input 252, a low pass digital filter 254, a multiplier 
256, a phase correction input 258, and a summation device 
260. 

0123 The voltage sample input 252 receives the interim 
voltage sample values Int VS (n) from the compensation 
multiplier 202 of FIG. 4 and provides the interim sample 
values to the low pass digital filter 254 and the Summation 
device 260. The low pass digital filter 254 provides the 
phase-shifted and filtered Voltage Sample values to a first 
input of the multiplier 256. To this end, the low pass digital 
filter 254 may suitably be a single pole, IIR low pass filter 
having approximately a 1 Hz, corner frequency (in a 60 Hz 
power System). As a result, the delayed Samples are almost 
90° out of phase. 
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0.124. The phase correction input 258 is coupled to pro 
vide the composite phase correction value Ph corr X to the 
second input of the multiplier 256. The multiplier 256 
multiplies Ph. corr X by the phase-shifted Voltage sample 
values to generate a phase shift value, Ph. shift. The multi 
plier 256 provides the phase shift value Ph shift to the 
Summation device 260. The Summation device 260 Sums the 
interim Voltage Sample values provided by the Voltage 
sample input 252 with Ph. shift to effectuate the phase shift 
of the interim Voltage Sample values. The phase shifted 
interim Sample values constitute the final adjusted Voltage 
Sample values Adi VS(n). 
0.125 Thus, the present invention effectuates a compen 
sation for both potential transformer error and current trans 
former error that are coupled external to the meter 10. As is 
known in the art, Such external transformers typically pro 
vide error rating information. The present invention allows 
the use of that error rating to generate a compensation 
factors to increase the reliability of the generated meter data. 
It will be noted that at least Some of the benefits of the 
present invention will be realized even if only one or two of 
the above described compensation factorS is employed. For 
example, employing only the current transformer ratio com 
pensation factor in accordance with the present invention 
will provide at least Some reduction in metering error. 
Likewise, at least Some effort of the invention is realized if 
the compensation is only based on the current transformer 
phase error rating, or either of the potential transformer error 
ratings. Moreover, it may be useful in retrofit or modification 
applications to employ the compensation method and appa 
ratus described herein for certain errors while employing 
existing compensation arrangements to compensate for 
other errors. 

0126. In any event, it will be appreciated that the embodi 
ments described herein are merely exemplary, and that those 
of ordinary skill in the are may readily devise their own 
implementations that incorporate the principles of the 
present invention and fall within the Spirit and Scope thereof. 
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I claim: 
1. An arrangement for use in an electricity meter, the 

electricity meter operably coupled through an external trans 
former to measure electricity consumption on a power line, 
the arrangement operable to compensate for measurement 
errors, the arrangement comprising: 

a) a Source of digital measurement signals comprising an 
internal Sensor circuit and an analog-to-digital conver 
Sion circuit, the internal Sensor circuit configured to 
convert power line Signals received from the external 
transformer to measurement Signals, the analog-to 
digital conversion circuit configured to receive the 
measurement signals from the Sensor circuit and con 
Vert the measurement Signals to digital measurement 
Signals; 

b) a memory storing data representative of at least one 
error rating for the external transformer; 

c) a processing circuit operably coupled to the Source of 
digital measurement signals to receive digital measure 
ment signals therefrom; the processing circuit operable 
tO 

obtain at least one electricity consumption measurement 
value corresponding to at least a part of the digital 
measurement Signals, and 

adjust the at least one electricity consumption measure 
ment value using at least a portion of the stored data. 

2. The arrangement of claim 1 wherein the at least one 
electricity consumption measurement value comprises a 
calculated energy consumption value. 

3. The arrangement of claim 1 wherein the at least one 
electricity consumption measurement value comprises at 
least one of a Sampled current value or a Sampled Voltage 
value. 


