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Abstract: High order harmonic components in voltage and current signals are nowadays more prevalent in power
grids at any voltage level, therefore demands for accurate measurements of the system’s parameters go beyond the
performance of instruments under pure sine wave conditions. This topic is highly challenging, especially in domain of
electricity meters intended for legal metrology purposes, i.e. for billing in the regulated trade of electrical energy. Test
procedures for examination of electricity meters’ output in case of harmonically distorted signals are proposed in sev-
eral international standards and recommendations. The drawbacks of the signals presented in these documents are the
lack of complexity and random behavior of single harmonic component’s amplitude and phase shift. Because many
types of electricity meters are used worldwide, different output is expected for instruments based on different measure-
ment principles. For faithful presentation of meters’ errors in case of harmonics, several devices are about to be tested
with random distorted signals, by using different currents and phase shifts.
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AHAJIN3A HA T'PEHIKHU KAJ BPONJIA HA AKTUBHA EHEPTUJA
P XAPMOHHNCKHN N30BJIMYEHU HAITIOHU U CTPYU

AmcTpax T Bummre XapMOHUIIM BO HATIOHCKHTE M CTPYJHHTE CHUTHAIM C€ CE MOMPHCYTEeH (EHOMEH BO eJeK-
TPUYHUTE MPEXKH Ha Koe OMII0 HarnoHCKO HUBO. COTIacHO OBaa KOHCTaTalHja, HOTpedaTa o/l TOYHO MEpEHEe Ha rnapa-
METPHUTE BO CHCTEMOT I'M HaJMHMHYBa TPaHHIMTE Ha TpEIlKa ACKIapUpaHy BO CrielU(HUKALMUTE HA HHCTPYMEHTHTE,
KOHM C€ OJJHECYBaaT Ha YHCTH CUHYCOMIAIHH BiIe3HH curHaimi. OJpeyBameTo Ha BIMjaHHETO Ha BUIINTE XapMOHHUIIN
Bp3 TOYHOCTA Ha Mepemara € BaXKHO U NPETCTaByBa OCceOEH MPEM3BUK BO TOMEHOT Ha Mepee eJIeKTPUIHA eHEePrHja,
T.€. Kaj eIEKTPUIHUTE OpOomiIa KaKo ypeIu KOW MOAJIeKaT Ha 3aKOHCKA peryiaTiBa M KOM YUeCTBYBaaT BO 00e30emy-
BamkETO HAIlJIaTa BO TPTOBHjaTa Co EIEKTPUYHA eHepruja. Bo CBETOT mocTojar moBeke MeryHapOIHH CTAaHIAPAH U Tpe-
MOpaKku Ko omndakaaT TeCT-MPOLEAYPH 3a HCITHUTYBAbE HA OJ3MBOT Ha Opomiara 3a akTHBHA €HEepruja Mpy XapMOHHUC-
K{ M3001M4eHN HanoHH U cTpyd. OCHOBHHOT HEOCTATOK HA TECT-CHTHAJINTE, MPOIUIIAHK BO OBHE JIOKyMEHTH, €
HHUBHATa €THOCTABHOCT, KOja HE CEKOTalll KOPECIIOHAMpa CO MPUIIMKHUTE BO MPaKca, KAKBH ILITO CE CITy4YajHUTE IPOMEHU
Ha aMIUTUTYquTe U (a3HUTEe NOMECTyBamba Ha MOSTMHEUHH BHUIIHM XapMOHHIM. bujejku neHec Bo CBETOT BoO ynoTpeba
ce pa3MYHU THIOBH OpowmIia, OUeKyBaH € MOMHAKOB O/I3UB Kaj HHCTPYMEHTH KO (DYHKIIMOHHPAAT CHOPE pa3indeH
MepeH IPHHIIMIL. 32 BEPOJOCTOJHO MPETCTaByBabhe Ha IPELIKHUTE Kaj Pa3InvHH TUIIOBH OpPOMJIa, BO OBOj TPY/I CE PUMeE-
HETH HAIlOHH U CTPYH CO CIIy4YajHH XapMOHHCKH U300JIM4yBaba, a TECT-NPOLEYpUTEe ondakaT pa3iuueH HHTCH3UTET
Ha BJIC3HHUTE CTPYjHU CHUTHAIM M pa3in4HH Ga3HU MOMeCTyBama nomery GyHIaMeHTaTHUTEe KOMIIOHEHTH.

KiryuHu 300poBH: BUILIM XapMOHUIIH; XapMOHHUCKU M300JIMYEHN CUTHAIN, EeKTPUYHH OpouIa;
(a3HO moMecTyBame.

1. INTRODUCTION current flow through the neutral conductor and in-

accurate measurement of system’s actual parame-

The presence of high order harmonics in volt- ters [1]. Harmonics are most commonly result of

age and current waveforms is an undesirable occur- non-linear loads [1-3], such as: arc furnaces and
rence in the network, which may cause incre-ased welding equipment, lighting installations with dis-
electrical and magnetic losses in the system, high charge lamps and LEDs, battery chargers, rectifiers,

29


https://doi.org/10.51466/JEEIT21061183029d

30 K. Demerdziev, V. Dimcev, M. Cundeva-Blajer, Z. Kokolanski, M. Srbinovska

etc. Because their existence in the system is an ac-
tual problem and reality, a challenge arises for accu-
rate measurement of the electrical energy with diffe-
rent types of instruments, in different situations [2,
4-6].

There are several international standards [7—
8], arecommendation [9] and many scientific works
[4, 6, 10-12] which comply with the research topic
of electrical power and energy instruments’ output
and errors, in case of high order harmonics. In the
international standard EN 50470-3 [7], several dis-
torted signals and procedures intended for testing of
electricity meters for active energy in non-sinusoi-
dal conditions are presented. An example of such a
procedure is the test that implies examination of an
instrument with waveforms, which beside the com-
ponents at fundamental frequency possess the 5" or-
der voltage and current harmonic. The 5" order har-
monic components are limited to 10 %, i.e. 40 % of
the fundamental voltage, i.e. current value. Another
example of a document which encompasses test sig-
nals with high order harmonics is OIML R 46-1/-2
Recommendation [9]. Two test signals are pre-
sented in this document, named Quadriform and
Peaked waveform. The harmonic distortion in both
waveforms is limited to 5 % and 40 % for the volt-
age and current signals, respectively. These charac-
teristic waveforms possess odd high order harmon-
ics, up to the 13™ order, which are either in phase,
or 180° shifted in correspondence with fundamental
voltages and currents. Other research documents
[10-13], deal with the problem of active power or
energy measurement in case of harmonically dis-
torted waveforms. Different waveforms are re-
garded, those taken from the standards [7, 9] and
random signals as well. However, no effect of single
harmonic distortion parameter, such as amplitude,
or phase shift, on the tested meter’s output is pro-
vided. In the following work, the effects of harmon-
ically distorted voltages and currents on instruments
for active energy, based on different measuring
principles, will be discussed. Their output will be
regarded in correspondence with the intensity of the
test current, the phase shift between the fundamen-
tal components, the Total Harmonic Distortion
(THD) of the proposed signals, as well as a phase
shift existence between the high order harmonic
components and fundamental voltages and currents.

2. THEORETICAL BACKGROUND

Voltage or current signals which, beside the
component at fundamental frequency, possess high

order harmonics up to the n™ order, can be expres-
sed, in time domain, by using Fourier series [1, 3]:

x(t)= ﬁzn: X, sin(hat +a,, ), 1)
h=1

where X is the RMS of the h™ order voltage or cur-
rent harmonic and ox, is its initial phase shift. The
single harmonic component RMS value, is usually
expressed as a percentage of voltage or current at
fundamental frequency [7, 9]:

x, [%]= % 100, @)

1

while the phase shift is usually presented as an angle
between the fundamental’s and the high order har-
monic’s vectors:

exh = Z(axh ! axl ) (3)

The RMS of the voltage or current signal, ex-
pressed in time domain via (1), equals [14]:

XRMSZW’ZXhZ’ 4)
h=1

while for distortion quantification, usually, the pa-
rameter Total Harmonic Distortion (THD) is used
[1, 3]:

THD = -100. )

Because in the work, examination of electricity
meters for active energy is about to be performed,
the quantity of particular interest is active power.
Measurement error of different type electricity me-
ters, will be regarded as error in power measure-
ment, taking into account that the time factor is not
affected by harmonic distortion. That being said, ac-
tive power in case of harmonically distorted volt-
ages and currents can be expressed as [1, 3, 14]:

1% y
P_ FIu(t)|(t)a[ =>U,l,cosg,, (6)
0 h=1

where Uy and I are RMS values of the voltage and
current harmonic of order h and ¢n is the phase shift
between them. The phase shift is calculated, as [15]:

o, =he, +6, -6, (7)

@1 being the phase shift between current and voltage
at fundamental frequency, while i, and 6., are the
phase shifts of the ™ order harmonic of current and
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voltage in relation to components at fundamental
frequency.

3. EQUIPMENT AND MEASUREMENT
PRINCIPLES

The experimental part of the work is per-
formed in Laboratory of Electrical Measurements
(LEM), which is part of the Faculty of Electrical En-
gineering and Information Technology (FEEIT), Ss.
Cyril and Methodius University in Skopje (UKIM).
It is an accredited laboratory for calibration of in-
struments and reference standards for variety of
electrical quantities [16-17], according to interna-
tional standard ISO EN MKC 17025:2018 [18]. The
role of a harmonic source is played by LEM’s sec-
ondary (working) standard in domain of electrical
power and energy, CALMET C300 [15]. CALMET
C300 is software controlled three phase AC voltage
and current source, which can be used for automated
electricity meters calibration and error testing. The
tests can be performed with sine wave signals, as
well as with random, manually set, distorted wave-
forms. The scheme, regarding testing of a three
phase electricity meter is illustrated on Figure 1.
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Fig. 1. Three phase electricity meter connection
to CALMET C300 reference standard

For the purpose of this paper, three electricity
meters are used as Unit Under Test (UUT):

¢ ISKRA E3, single phase induction meter for ac-
tive energy of accuracy class 2, 220 V/(10-30)
A,

e SIEMENS 7EC49 52-2CM41, three phase elec-
tronic meter of accuracy class 2, 3*220 V/10 A,
and

e Landys+Gyr, ZMD405CT44.2407, digital three
phase electricity meter of accuracy class 0.5,
3*58 V/5 A.
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The first UUT, ISKRA E3, is an induction
electricity meter, which is still used in some rural
parts of the Republic of North Macedonia. It cons-
ists of 2 electromagnets, namely a voltage and a
current coil, in which currents proportional to the
measured voltage, i.e. current flow. The current in
the voltage coil is approximately 90° phase shifted
in accordance to the measured voltage, because of
the predominantly inductive character of the coil
itself. The current flow through the coils results in
magnetic fluxes, @y and &, which contribute to
electromagnetic momentum existence, resulting in
aluminum disk rotation. This momentum is
proportional to the fluxes [4]:

M =Ko, D, sin(90° +(p)= K'Ulcose, (8)

i.e. it is proportional to the system’s active power.
In (8), Kand K are proportionality coefficients, cor-
related to the constructional characteristics of the
electricity meter, while U and | are the measured
voltage and current.

The second electricity meter, SIEMENS
TEC49 52-2CM41, is an electronic active energy
meter and its working principle is based on pulse —
width modulation [19-20]. Namely, the product of
the measured voltage and current is transformed
into pulses procession. The pulses’ duration, Tp, is
proportional to the measured current, I, while the
pulses’ amplitude, Up, is proportional to the meas-
ured voltage, U. The pulses mean value, Upm, dur-
ing the period T, equals:

Kk, U

1 k1
Upn=7 _([kUU&: KP, (9)

and it is proportional to the measured power. In (9),
ki, ku and K are proportionality coefficients.

The last UUT, Landys+Gyr ZMD405CT44.24
07, is a digital electricity meter, intended for instru-
ment transformers connection. Its working principle
is based on digital signal processing (DSP), i.e. on
averaging the instantaneous power obtained by mul-
tiplication of momentum current and voltage sam-
ple values, over a certain period of time. The meas-
ured power can be calculated as follows:

P:%iﬂ:uiii, (10)

where u;j and i; are voltage and current samples re-
spectively, and N is the number of samples during
the averaging time.
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Electricity meters, based on different working
principles are selected, in order to monitor the influ-
ence of high order harmonics on different active
power and energy measurement techniques. Before
harmonic tests are conducted, sine wave signals cal-
ibration is about to take place, in order to establish
reference margins for instruments’ output deviation.

4. SINE WAVE CALIBRATION
AND PROPOSED TEST SIGNALS

A first step of the practical part of the analysis
is electricity meters’ error recording in case of volt-
ages and currents with pure sinusoidal waveform.
Instruments are calibrated in total of 6 measurement
points. The RMS of the test voltage equals the me-
ter’s nominal value in every test point. One half of
the calibration procedure is conducted with current

case with ISKRA E3, induction based meter, where
higher errors than the accuracy limits are recorded.
However, because this device is rather old, and has
many years of service behind, in different condi-
tions and for different applications, these errors are
regarded as satisfactory for the purposes of this
work.

The error testing of the electricity meters with
distorted waveforms, is going to encompass 3 test
procedures. In every test procedure, voltages and
currents with different harmonic distortion are used.
Single harmonic components share is presented in
Table 2, as proposed by (2) and (3), and the test sig-
nals are named as Signal Set 1, 2 and 3.

Table 1
Test results using sine wave signals

- ISKRA SIEMENS LANDYS+GYR
RMS equal to the rated current of the electricity me- Measurement
. . . point & (%)
ter, while the other 3 measuring points correspond
to current RMS equal to 50 % of the rated current. U=Un, I =05h, 50, 066 0.14
Tests are performed for 3 phase shift values between p1=0
50 Hz voltages and currents: 0°, 60° and —36.87°. U =Un,, | =05l
. g L. -3.21 -0.92 0.067

These values are chosen because of international $1=60
metrological traceability existence [16—17] and be- U=Un,1=05k, 0 057 013
cause of standard’s [7] correspondence. The results p1=-36.87" o e '
are illustrated in Table 1. U=Un I =l

As it can be seen from Table 1, both electronic 91=0° =217 -0.63 0.16
and digital electricity meters provide excellent _ _

i i U=Un =, 2.67 0.83 0.04
measurement results when tested with pure sine- 91=60° 4 - :
wave signals. The recorded errors are small, compa- U=Un =]
rable to the error margins dictated by their accuracy 1= eg7e 297 -0.52 0.18
class, 2 % and 0.5 %, respectively. That is not the
Table 2

Harmonic components in test waveforms

Harmonic Signal set 1 Signal set 2 Signal set 3

order,h %) Gn() (%) On() (%) () (%) O () un(%) OGn() (%) On()
3 2.45 0 7.25 0 0 0 0 0 8.26 114 26.3 223
5 1.16 0 6.32 0 6.2 356 18.3 278 5.36 223 15 146
7 0.76 0 4.20 0 2.5 215 8.64 114 1.11 96 7.63 98
9 0.24 0 2.26 0 0 0 0 0 0.62 179 11 342
11 0.13 0 1.19 0 1.32 324 4.23 69 1.14 332 5.32 46
13 0.05 0 0.42 0 0.17 248 1.78 95 0 0 0 0
15 0 0 0.63 0 0 0 0 0 0 0 0 0
17 0 0 0 0 1.6 18 0.56 13 0 0 0 0
19 0 0 0 0 0.08 125 1.3 17 0 0 0 0

THD (%) 2.83 10.83 7 20.82 9.99 33.53
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Signal set 1 corresponds to waveforms with
low THD, which equals 2.83 % for the voltage sig-
nals and 10.83 % for the current signals. These dis-
tortions are rather smaller than the prescribed limits
for electricity meters testing, highlighted in [7-8].
Harmonics up to 15" order are taken into account,
with no phase shift in relation to voltages and cur-
rents at fundamental frequency.

The second signal set corresponds to a medium
harmonic distortion, with random magnitude of sin-
gle harmonic components, as well as random phase
shift in accordance to 50 Hz voltages and currents.
The most noticeable characteristics of this signal set
is the absence of triplen harmonics, which is reality
in low voltage networks, because of the triangular
configuration of distribution transformer’s primary
winding [3].

Signal set 3 corresponds to high harmonic dis-
tortion, which is comparable to the limits proposed
in [7], for both test voltages and currents. Harmon-
ics up to 11" order are taken into account, with ran-
dom magnitude and phase shift in relation to 50 Hz
signals.

5. TESTING WITH DISTORTED WAVEFORMS

In this chapter of the paper, results for the 3
electricity meters, which are tested with distorted
voltages and currents presented in Table 2, are dis-
cussed. For every measurement point, 5 single
measurements were conducted and the presented
error is de facto an average value from the 5 record-
ings. A single measurement is performed by record-
ing a predefined number of pulses (or rotations in
case of the induction meter) made by the UUT, pro-
portional to the active energy. 5 pulses, i.e. disk ro-
tations were recorded, for every measurement, with
electronic and induction meter, while 100 pulses
were the threshold for a single measurement with
the digital meter. The difference in number of pulses
is due to the meter’s pulse constant variations and
test duration. The experiment was performed in a
laboratory controlled environment, the temperature
was held constant at 23+1 °C, while the relative hu-
midity was below 55 % for the whole measurement
duration.

Measurement results, for the 3 UUTS, concern-
ing Signal set 1 waveforms, are presented in Table
3. As can be seen from the table, errors in case of a
low harmonic distortion are small and comparable
to the errors when the electricity meter is tested with
pure sine wave signals, for both digital and elec-
tronic electricity meters.

Ciuc. Enexiupoitiexn. Ung. Texnon. 6 (1) 29-36 (2021)

Table 3
Test results using Signal set 1 waveforms

ISKRA SIEMENS LANDYS+GYR

Measurement
point ¢ (%)
U= Un, | = 0.5|n,
3 -3.67 -0.64 0.11
p1=0
U= Un, | = 0.5|n,
B 0.4 -0.85 0.032
p1=60
U= Un, | = 0.5|n,
-5.19 -0.56 0.14
p1=-36.87°
U=Un I =In,
Mo 289 056 0.14
p1=0
U= Un, | = |nY
N 1.01 -0.96 -0.026
p1=60
U= Un, | = |n,
—4.28 -0.44 0.21
p1=-36.87°

For these 2 instruments, the output is within
the declared accuracy limits, for all 6 measurement
points. That is not the case, however, for induction
based meter. Errors made by this UUT are
comparable to errors in case of sinusoidal signals,
but only for the measurement points which
correspond to a 0° phase shift between voltages and
currents at fundamental frequency. Errors in case of
an inductive load, move into the positive direction,
and for these particular measurement points the
electricity meters lies within the accuracy limits. As
being said earlier in this work, for the concrete
UUT, the accuracy class is not relevant, because of
the obvious measurement drift illustrated in Table
1. The situation is the opposite in case of capacitive
phase shift, the errors move in opposite, negative di-
rection, and are higher compared to the errors ob-
tained during the sine wave test.

Test results from the second signal set proce-
dure are illustrated in Table 4. The first thing which
can be emphasized from these results, concerning
all 3 instruments, is the fact that measurement errors
do not vary significantly with the current’s RMS
change. A general conclusion which can be derived
from the test, for all 3 instruments, concerning the
phase shifts, is that when @1 = 0°, there is no signif-
icant error existence, compared to the situation
when test signals are sinusoidal. However, that is
not the case when a phase shift exists between U
and I.. When the phase shift between the fundamen-
tal components of voltage and current equals 60°,
errors are bigger than the ones declared by the me-
ter’s specification. That is especially noticeable in
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the procedure encompassing the digital meter, tak-
ing for comparison the low errors obtained during
the sine wave test. Similar conclusions can be de-
rived for the electronic and induction meters, alt-
hough the deviation is not that significant. On the
other hand, when ¢1 = -36.87°, errors shift into neg-
ative direction, being significantly higher than in
case of pure sine wave signals. Once again, that
stands for all the 3 UUTSs.

Table 4

Test results using Signal set 2 waveforms

ISKRA  SIEMENS LANDYS+GYR

Measurement
point ¢ (%)
U =Un, | =0.51n,
T 395 -0.49 0.29
p1=0
U =Un, | =0.51n,
. -1.87 217 3.02
91=60
U =Un, | =0.51n,
. -4.33 -1.83 -0.87
p1=-36.87
U= Un, | = |n,
s -2.65 -0.46 0.31
p1=0
U= Un, | = |n,
s -1.05 2.1 3.04
p1=60
U= Un, | = |n,
R -2.91 -1.45 -0.81
p1=-36.87

Similar conclusions can be derived if the re-
sults from the test, conducted with the third signal
set, are observed. These results are illustrated in Ta-
ble 5. When fundamental components of voltage
and current are mutually in phase, the error in
UUT’s output is comparable to the error in case of
sine wave test signals. This conclusion stands for
the all three electricity meters. However, the errors
are not negligible, when a phase shift exists between
U; and I1. Because of a higher THD in both current
and voltage signals, compared to the previous 2 sig-
nal sets, in this test procedure the highest errors are
recorded. In the case, when the electricity meter is
subjected to an inductive load, its output is higher
than the actual energy generated, i.e. the errors are
positive. On the other hand, when the load is
capacitive, the meters measure less energy, than the
one actually present in the system. In case of
electronic and digital instruments, errors are not
dependent on the RMS of the current, while certain
error change is observed when ISKRA E3 is
subjected to a test.

Table 5

Test results using Signal set 3 waveforms

ISKRA SIEMENS LANDYS+GYR

Measurement
point & (%)
U= Un, | = O.5|n,
s -3.82 -0.74 0.086
p1=0
U= Un, | = O.5|n,
-2.21 1.87 297
p1=60"
U= Un, | = 0.5|n,
—7.79 -5.52 -4.81
p1=-36.87°
U=Un I=1In
b 251 067 0.085
p1=0
U= Un, | = |n,
3 -0.7 3.17 2.9
p1=60
U= Un, | = |n,
N —6.36 -5.78 —4.77
p1=-36.87

In the figures that follow, measurement results
from the instruments’, rather than from the test sig-
nals’, perspective are illustrated. On the figures,
only measurement points which correspond to a cur-
rent equal to 0.5 I, are presented, as stated by the
standard [7]. In Figure 2 errors made by ISKRA E3,
induction meter are illustrated. Because of the obvi-
ous measurement drift existence, the measured
value is approximately 3.5% — 4% lower than the
electricity generated by the standard [15], even in
case of a sine wave signal. When ¢1= 0°, measure-
ment results does not recede from the instrument’s
performance in case of sinusoidal voltages and cur-
rents, no matter the harmonic distortion. When a
phase shift exists between voltages and currents at
fundamental frequency, a significant error appears
in comparison to the results from the calibration
with sine wave signals.

e

@
*)

@ Sine wave Signal Set1 & Signal Set2 ASignal set3

Fig. 2. Test results for ISKRA E3 induction meter
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Errors for the 3 tests are positive in case of an
inductive phase shift equal to 60°, i.e. negative in
case of a capacitive phase shift with ¢1 = —36.87".
The highest deviation is recorded when there is a
high harmonic distortion, in case of Signal set 3
waveforms, for capacitive load with phase shift of —
36.87°.

Figure 3 presents the testing errors of the elec-
tronic electricity meter, SIEMENS 7EC49 52-
2CMA41. It can be concluded that its performance, in
case of a low harmonic distortion, with no phase
shift existence between the high order harmonic
components and fundamental voltages and currents
is comparable to the performance in case of a sine
wave test signals. On the other hand, when U; and
I are not mutually in phase, and there are random
phase shifts 6. and @i, a significant error exists,
which for the proposed signal sets 2 and 3 can reach
up to 6 %. Similarly, as mentioned in the discussion
of test results when the induction meter played the
role of a UUT, deviations between the measured and
generated active energy are positive when the phase
shift is inductive, while they are negative for a ca-
pacitive ¢:.

36187 e

b

®Sine wave Signal Set1 #Signal Set2 ASignal set3

Fig. 3. Test results for SIEMENS 7EC49 52-2CM41
electronic meter

Similar conclusion can be derived from Figure
4, on which the results from testing of the digital
meter Landys+Gyr are presented. If Figure 3 and
Figure 4 are compared, similar intensity of errors,
for the same measurement points can be spotted.
Once again errors in case of a harmonic distortion,
with random phase shift between the high order har-
monics and fundamental components are higher
than the deviations obtained in sinusoidal condi-
tions. For this instrument, maximal error is recorded
in results concerning Signal set 3 test, when @1 = —

Ciuc. Enexiupoitiexn. Ung. Texnon. 6 (1) 29-36 (2021)

36.87°. In such a scenario, the measured active en-
ergy by the meter is 5 % lower than the energy gen-
erated by the reference standard. On the other hand,
when ¢1=0°, errors are small, comparable to the de-
viations obtained during calibration with pure sine
wave signals, and the meter’s performance is within
its declared accuracy class.

o«

® Sine wave

Fig. 4. Test results for Landys+Gyr ZMD405CT44.2407
digital meter

Signal Set1 #Signal Set2 ASignal set3

5. CONCLUSION

In the paper, performance analysis of 3 active
energy meters, in presence of harmonically dis-
torted voltages and currents was conducted. The
main purpose of the work, was examination of the
measurement error intensity in case of high order
harmonics, present in the test signals, in correlation
to the working principle of the measuring device it-
self. For that reason, different meters were chosen:
induction based meter, meter based on electronic
pulse modulation and digital signal processing me-
ter.

Before the testing procedures were conducted,
the 3 UUTSs were calibrated with sine wave signals.
The errors obtained from these calibrations, were
used as a basis for further meter’s performance eval-
uation in case of harmonics present in voltages and
currents. Total of 3 harmonically distorted wave-
forms were introduced for performance evaluation,
regarding different real case situations. The outputs
of electronic and digital meters, do not differ signif-
icantly from one another in any situation observed.
Namely, in case of both instruments, when ¢1 = 0°,
the recorded errors were insignificant and belonged
within the meters’ accuracy class for different cur-
rent values. Further on, recorded deviation between
the applied and measured energy is small, when the
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examination is performed with small harmonic dis-
tortion, without phase shift between the high order
harmonic components and fundamental voltages
and currents. This is not the case when phase shift
exists, both between high order harmonics and fun-
damental component and between U and 11. The er-
rors, in such a scenario, are dependent on the phase
shift and that is a topic of particular interest for fur-
ther analysis.

The induction meter provides slightly different
performance. The errors are significant, when this
instrument is subjected to a harmonically distorted
waveforms test, even in case of a small harmonic
distortion without phase shift between high order
harmonics, if 50 Hz voltages and currents are not
mutually in phase. Performance of this meter is de-
pendent on the current magnitude as well, taking
into account the existence of increased magnetic
losses because of high frequency components.

Further research on this topic is supposed to
provide deeper analysis on high order harmonic pa-
rameters influence on meter’s performance. For that
purpose tests with simple waveforms, consisting of
only one high order harmonic component are about
to take place. Because the induction meters are
gradually being removed from service, any future
work is going to be conducted on the more preva-
lent, digital signal processing based instrumenta-
tion.
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