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Abstract- This paper is focused on the problem of the megioll characterization of multifunction

static meters based on integrated devices, in befdrence and actual operating conditions. The
influence of the measurement transducers on thimpeance of such meters is also discussed. The
analysis is supported by some experimental testschmwere carried out on a meter based on a
commercial integrated device, both in the absenddrathe presence of the measurement transducers.

I. Introduction

Nowadays, the development of integrated devices;hwéire able to implement simultaneously many
measurement functions, has lead to the widespreadotistatic meters, for both firm and portable
applications, which can perform the measuremenmtiféérent electrical quantities, reducing the costs
of the instruments. The metrological characteraratif such meters has become a crucial issue,tin bo
reference and actual operating conditions, i.¢hénpresence of disturbances that can affect thepo
systems. As regard this, in most real cases, thtermare employed even in the presence of harmonic
distortion.

Usually, the manufacturers declare the accuracgifspations of their own integrated devices, in
accordance with the current standards. As regarcttiergy measurements, the standards [1-4] define
the requirements that instruments have to compth wi sinusoidal conditions; moreover, they give
the test conditions and the accuracy requiremdras meters have to satisfy when some influence
quantities change with respect to the referenceassidal conditions; these quantities are voltage
variations, frequency variations, DC componentghia current, etc. On the other hand, harmonic
distortion is taken into account only for activeesgy meters, while it is not considered for thectwa
energy meters [5, 6]. Thus, the accuracy spedifinat given by the manufacturer can lose their
significance in the presence of harmonic distortidoreover, the performance of the meters are
strongly related to the employed voltage and ctrbemsducers, whose behaviour can be negatively
affected by the presence of nonsinusoidal signals.

This paper faces the problem of the metrologicaratterization of the multifunction static meters
based on integrated devices, in both reference aotdal operating conditions. The analysis is
supported by several experimental tests, which wareied out on a meter based on a commercial
integrated device. The first series of tests warei@d out in sinusoidal conditions, both in theetice
and in the presence of the measurement transdunedstail, different transducers were used during
the experimental tests. Moreover, the tests wagreated in nonsinusoidal conditions, in order tesss
the effects of the harmonics on the performancthefmeter. Again, the analysis was carried out both
in the absence and in the presence of the transsluce

I1. The device under test

The meter under test (MUT) employs the integratedick (ID) ADE 7753 byAnalog Deviceg7].
This is a single-phase multifunction metering imgegd device, which incorporates two second-order
16-bit A-X A/D converters, a digital integrator (on channglaltemperature sensor, reference circuitry,
and all the signal processing required to perfonms calculation on the voltage and current, active,
reactive and apparent energy measurements angdltage period measurement (zero-crossing). The
ADE7753 has two differential input channels (chdrinér the current and channel 2 for the voltage),
with two programmable gain amplifiers, and a selblet on-chip digital integrator, which provides a
direct interface to di/dt current sensors (sucliRagowski coils). It provides a serial interfaceréad
data and a pulse output frequency, which is pragruat to the active power; various system calilorati
features (i.e. channel offset correction and plaaskepower calibration) ensure high accuracy (leas t
0,1% declared error in active energy measureméhg).block diagram of the ADE7753 is reported in
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the figure 2. The ID evaluates the RMS values dfage (and current) by multiplying the signal by
itself and by extracting the direct component byanteof a low pass filter. The instantaneous power i
generated by multiplying the current and voltaggmais, p(t) = v(t) i(t); thus, the active powersPthie
dc component of p(t) and it is obtained by means loiw-pass filter. The reactive power Q is obtdine
in the same way of P, but, in this case, the ctursegnal is preliminarily shifted by'2 (the method
implemented for the phase shifting is not decldge@]) .

The MUT is a three-phase demo-board, built layer Electronics which was designed for an
application on an UPS system with3{/Vuax = 230/290 V (RMS),\lax=36A (RMS), fiy =50 Hz +
15%, class 2 accuracy. It is provided with a miortooller ATMEL — ATmega32, current and voltage
transducers and an analogue circuitry for signadi@mning; in detail, there were three currentl hal
sensors TelconHTP-50, |, = 50 A, turns ratio 2000:1, overall accuracy 0,3¥earity 0,1% {) and
three voltage transformers (VT) (TIN 514/V, = 230/10 V/V, class 2 accuracy, producedlayer
Electronicg. Furthermore, in order to analyse the influenédifferent voltage transducers on the
performance of the MUT, the VT on phase R was $uwibstl with a voltage hall sensor REM,
LV25-P, Vpy = 10+500 V, by = 10 mA, conversion ratio 2.500:1.000, overallaecy 0,9%, linearity
<0,2% by). The system allows the on-line calibration oftagk, current, active power and apparent
power; on the contrary, the calibration of the te@cpower is not possible; thus, it was prelimiltyar
adjusted via software.
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Figure 1: Block diagram of ADE7753 Figure 2: Meter under test

I11. Experimental tests

The employed ID support the specifications of therent Standards for static meters for active and
reactive energy [1-4]. Thus, the experimental testee carried out in accordance with these Stasgard
for sinusoidal conditions. Moreover, the tests werpeated also in the presence of harmonics on
voltages and currents, in order to assess the Iogital characteristics of the MUT also in
nonsinusoidal conditions.
In detail, for the metrological characterization tbE metering equipments, the aforesaid standards
define the requirements that the instruments hawmply with in sinusoidal conditions, while they
do not take into account the presence of harmdstordion on voltages and/or currents [5, 8]. Ofuly
the active energy meters an accuracy test in tesepce of harmonics is considered in [2-3]. On the
contrary, the Standards for the reactive energyeratefer to & conventional definition of reactive
energy for sinusoidal voltages and currents contajronly the fundamental frequeficy
In accordance with the Standards, the accuracyifsf@ions of the MUT were evaluated by means of
the percentage errefs[1], which is defined as follows:

e = u 100 (1)
t

whereW, is the energy registered by the meter #ds the ‘true energy. The same standard states
that, “since the true value cannot be determined, it ipraximated by a value with a stated
uncertainty, that can be traced to standards agnegon between manufacturer and user or to national
standards.

For the measurement of the active energy (or powlee) percentage error was evaluated assuming as
true value the total energy, related to both thed&mental and the harmonic components of active
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power. However, with respect to the measurementhef reactive energy, there is a lack of an
univocally defined measuring metric to be adoptethe presence of harmonic distortion [5, 8]. On th
other hand, it is not possible to define the quprtt be assumed as a “reference energy” for the
evaluation of the percentage error. Thus, for teasarement of the reactive energy in nonsinusoidal
conditions, the percentage error was calculatedh wéspect to the reactive energy related to the
fundamental components of voltages and currergsinaesd as conventional “true valué; = W,.

The experimental tests were carried out by mearsspfwer calibrator Fluke 6100A Electrical Power
Standard, with the “Energy” option, which allowexecto have a fully independent control of voltages
and currents during the tests, by connecting thikage and current terminals of the calibrator
respectively to the voltage and current circuitrtieals of each MUT. The calibrator gave the “true
values” which were used as reference for the etialuaf the percentage errors. The MUT displays
directly the measured values.

The first series of tests was performed in sinusaidnditions, both in the absence and in the pieEse
of the measurement transducers, with the nomirledgeV, = 230 V, different values of current, in the
operating range of the MUT, and power faatosg: cosp = 1, cosp = 0,5 andcosp = 0,25 inductive

(i), cosp = 0,8 andcosp = 0,25 capacitive (c), for active power measurdsi§i3]; sing = 1 sing =

0,5, sing = 0,25, both inductive and capacitive for reacfpaaver measurements [4Josp = 0,8i and
cosp = 0,9i Ging = 0,6ising = 0,447i), corresponding to a reactive energyaetpely equal to 75%
and 50% of the active energy (that are the threlshof penalties for the reactive energy consumption
in Italy) [5]. The obtained results are reportedhia figures 4 and 5, respectively in the absemckim

the presence of the measurement transducers (ifigtire 5, TIN and LEM refer to the measurement
performed with the voltage transformer and theagdthall sensor respectively).

As expected, in the sinusoidal case, the MUT shoperdentage errors below the class limits. The
measurement of reactive power showed the worstvimina because of the unfeasibility of calibration
of this measurement. As regard the measuremenbltdge, current and frequency, the displayed
results were always equal to the generated vafoedess than the resolution of the display itself
(three-digits).
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The same tests were repeated in nonsinusoidal tamm&li(in this case the angewas referred to the
displacement between the fundamental componentgoltdges and currents). A known harmonic
content was introduced on voltages and currentsnégns of the power calibrator. Several waveforms
for voltages and currents were considered. Sontieeobbtained results are reported in the figurad a
7. Figure 6 refer to the tests with= 16 A, with a & harmonic on both voltage and current,
THDy=10% and THI[}40%, phase angle between voltage and current micemequal to zero (in
accordance with the accuracy test in the preseficarmonics reported in [2-3]).
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Figure 7 refer to the tests with= 16 A, sing inductive, with a 8 harmonic on both voltage and
current, THR;=10% and THR=40%, phase angle between voltage and current miecmequal to zero

(sing=1-0,6 -0,5-0,447 — 0,25 inductive).

Active power V=230V, I=16A

40.0
20,0 _= Figure 7a): Experimental results for
00 . - . — _active power.
00 \ Test cond|t|0_ns: V=230V,I1=16 A,
g 3 harmonic on both voltage and
400 current, THDV=10% and THDI=40%,
-60.0 \ phase angle between voltage and
-80.0 current harmonics equal to zero
-100.0
14.478 26.565 30 36.87 90
phase angle

—o— €% (TIN) —=— e% (LEM) —a— e% (without transd.)

Reactive power V=230V, I=16A

15.0
Figure 7b): Experimental results for

10.0 &
| \\\‘\4 reactive power.

' Test conditions: V=230V, | = 16 A,
0.0 e 3" harmonic on both voltage and
50 current, THDV=10% and THDI=40%,

phase angle between voltage and

100 current harmonics equal to zero

e%

-15.0

14.478 26.565 30 36.87 90
phase angle

‘ —o—e% (TIN) —a— e% (LEM) —a— % (without transd.) ‘

As shown in the figures, in the presence of harmadistortion, the percentage error of the MUT was
out of the class limits in some cases. This is tgalne to the characteristics of frequency resparise
the employed transducers [9]. Moreover, as regaedréactive power, the values of the percentage
errors depend not only on the transducers but @isthe modalities of measurement implemented in
the ID [5, 8] and on the unfeasibility of calibiati

V. Conclusions

The metrological characterization of multifunctistatic meters based on integrated devices, in both
reference and actual operating conditions is atillopen issue. In the paper an experimental asalysi
has been presented, which was performed on a cari@hartegrated device, in both sinusoidal and
distorted conditions and both in the absence atldeipresence of the measurement transducers.

The obtained results showed that the behaviourhef meters can be strongly influenced by the
harmonics on voltage and current, depending oroffexating principle of the meters, which is not
always declared by the manufacturer. As regard ¢hismiore complete standardization is needed. The
standards should define the metrological charatiesi of the meters in the presence of harmonic
distortion, as well as some proper accuracy testshieir verification. On the contrary, standing th
current situation, the manufacturers are allowediniplement different operating principles of
construction of the meters, which are all in aceo® in sinusoidal conditions, but they can give no
compatible results in the presence of harmonicstelher, in most cases the manufacturers do not
specify the operating principle of the meters, thius even more difficult to assess the metrolabic
characteristics of the electricity metering equipine

Finally, the experimental results showed that tagggmance of the meters are strongly related ¢o th
employed voltage and current transducers, whosavimlr can be negatively affected by the presence
of nonsinusoidal signals.
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