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Electric energy measurements are the base for all commer-
cial electricity transactions. Thus, the validity of the power 
measurement results is of a  great importance. This article 
studies peculiarities of electric energy accounting in power 
networks polluted with higher harmonics by means of pow-
er meters of various types. It has been demonstrated that 
the power meters with different operational principles can 
demonstrate significantly different responses under the same 
load and network conditions. Consideration of the  provi-
sions given in this paper will help to mitigate the measuring 
uncertainties and reasonably approach the issue of choosing 
the measuring instruments for billing purposes.
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INTRODUCTION

There are three types of electric energy meters 
(EEMs) (or power meters) used for power mea-
surement and billing purpose in the  Ukrainian 
low voltage (LV) and medium voltage (MV) power 
networks, namely inductive (electromechanical), 
electronic static (analog) and digital. Nowadays, 
the latter two types of EEMs have almost entire-
ly replaced the traditional but outdated inductive 
analogues. In Ukraine, electromechanical meters 
are not anymore installed for billing purposes at 
new points of electric energy distribution.

The current standards for electricity measure-
ment, specifically EN 62052-11:2003, EN 62053-
21:2003, EN  50470-1:2006, EN  50470-3:2006, 
define the requirements that the instruments for 
both active and reactive energies must comply 
with nonsinusoidal conditions. The  harmonic 
distortions are only considered for active pow-
er meters in EN  62053-21. The  manufacturers 
elaborate the  operating principles of the  EEMs 
with the assumption that the network’s voltage is 
sinusoidal or very close to it. However, the real 
operating conditions of contemporary power 
networks are usually nonlinear, and the  power 
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quality (PQ) in the  Ukrainian LV and MV net-
works is often beyond the  acceptable thresh-
olds established in the standards EN 50160:2010 
and GOST 13109-97 (before the  year 2014). In 
practice, these discrepancies can lead to the  sit-
uation when calibrated and serviceable EEMs 
with similar rated values and under the same load 
parameters demonstrate significantly different 
readings. In particular, this can be observed when 
the  following types of power measuring instru-
ments are compared: A)  electromechanical and 
static; B)  electromechanical and digital; C)  two 
static; D) two digital. The difference in the mea-
surement results of two meters may exceed 
the sum of their permissible error thresholds.

PREVIOUSLY PUBLISHED WORKS AND 
THE RESEARCH GOALS

In the  last decades, nonlinear loads generating 
harmonics are being more frequently connect-
ed to the power system. Poor PQ can be caused 
by industrial or household consumers, who use 
power converters, arc furnaces, photovoltaic 
inverters, fluorescent lamps, installations with 
asymmetric and shock loading, etc. In such 
a way the revenue meters are subjected to both 
voltage and current harmonics pollution, while 
expected to measure electric energy correctly. 
Several papers are dedicated to the investigation 
of the  influence of nonsinusoidal voltage and 
current on proper functioning of EEMs [1–8].

In [1], the experiments were carried out for 
balanced symmetric loading, under artificially 
generated nonsinusoidal voltages and currents. 
The laboratory equipment did not record signif-
icant uncertainties of the watt-hour meters, in-
stead the measurement errors up to –35% were 
observed for kVA energy meters. In the work [2], 
the reactive energy measuring devices were test-
ed in real networks with nonsinusoidal voltage. 
The authors observed deviations in the readings 
of measuring instruments in the  range from 
–41% to +68%. The common operation princi-
ples of contemporary power meters of various 
types were discussed in [3]. The  paper [4] ad-
dresses the  issues of electric energy measuring 
in modern power grids, emphasizing the  im-
portance of choosing the  right components of 
the distribution measuring system by type, me-

trological characteristics, and determining their 
quantity and location. The requirements applica-
ble to revenue EEMs are discussed in [9]. A con-
ception of the physical mechanism of energy flow 
in single- and polyphase nonsinusoidal systems 
with balanced and unbalanced load is given in 
[5]. The Institute of Electrical and Electronics En-
gineers (IEEE) has established the  methods for 
determination of active and nonactive power and 
electric energy in the last revision of its standard 
IEEE 1459-2010 [6]. The  reactive power defini-
tions for billing purposes in LV installations with 
higher harmonics were analysed, and the  most 
appropriate metric for billing was determined in 
[7]. A  survey of classical and alternative defini-
tions of the power quantities under the presence 
of higher harmonics is proposed in [10]. The PQ 
issues, including voltage and frequency fluctua-
tions due to integration of wind turbines and so-
lar photovoltaic (PV) generation, are considered 
in [11], and the influence of PV-modules on elec-
tric energy measurements is estimated in [12].

Despite the practical significance of the previ-
ously published results, the influence of the type 
and operational principles of EEMs on the credi-
bility of their readings was not considered to a suf-
ficient degree. Further research and consideration 
of these aspects is an actual scientific and techni-
cal task, since harmonic distortions and poor PQ 
can lead to significant errors during the electric 
energy accounting [8] and cause an increase of 
commercial (revenue) power losses.

The purpose of this paper is to obtain the the-
oretical and practical results, which are essential 
for the adoption/development of optimal operati-
on principles of EEMs to assure the high-accura-
cy measurement of electric energy in LV and MV 
networks with harmonic distortions and to mini-
mize the commercial power losses. This work is 
built on the initial results and analysis presented 
in [3, 13], which are here significantly extended 
by providing: 1) an additional section with a brief 
overview of the  previous related researches; 
2) a more detailed description of the considered 
operating principles of EEMs; 3)  additional fin-
dings, obtained from the experimental measure-
ments in real field conditions; and 4) a multilate-
ral discussion of the obtained results by analysing 
them at the  light of the  issues of metrics and 
transducers behaviour added.
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ANALYSIS OF THE OPERATION OF 
ELECTRIC ENERGY METERS IN LOW PQ 
CONDITIONS

Instruments of electromechanical type
The work of the measuring mechanism of an or-
dinary electromechanical power meter is based 
on the  producing of variable magnetic fluxes of 
voltage ФU and current ФI by the  shunt electro-
magnet and the  U-shaped series electromagnet. 
The  coil of the  U-shaped electromagnet is con-
nected in such a way that it creates magnetic flux 
ФU proportionally to the voltage, and the coil of 
the  shunt electromagnet introduces magnetic 
flux ФI proportionally to the current. The field of 
the voltage coil is delayed by 90°, due to the coil’s 
inductive nature, and calibrated using a  lag coil. 
This injects eddy currents in the  nonmagnet-
ic, but electrically conductive aluminium disc, 
which rotates at a speed in proportion to the pow-
er passing through the EEM. The effect is so that 
a  force is exerted on the  disc proportionally to 
the product of the instantaneous voltage, current 
and the angle shift between them [14]. The torque 
of the electromechanical meter can be estimated 
by the expression

Mt = K · ФU ·ФI · sin (90° + φ),  (1)

where K is the  coefficient, which is determined 
by the meter’s design, and φ is the shift angle be-
tween voltage and current (power factor).

The coefficient K may vary and is a  func-
tion of current, voltage and angular frequency: 
K =  f (U, I, ω). If voltage and current are invar-
iable, then K depends on the angular frequency 
ω only [13]. The ratio of the disk speed at the an-
gular frequency of the n-th harmonic to the disk 
speed at the  rated angular frequency can be as-
sessed by

,)(
rat

n

K
KnK =  (2)

where Kn is the value of K for the n-th harmonic 
component, and Krat is the value of K at the rated 
angular frequency.

Usually the value K(n) is smaller than the uni-
ty when the  order of harmonic component n is 
large. Therefore, the  error of the  frequency re-

sponse of the  electromechanical meter is nega-
tive when the frequency increases, which is con-
firmed by the  frequency characteristics of such 
meters obtained in [13]. The K(n) value depends 
on the meter’s parameters, such as voltage brak-
ing torque ratio, current braking torque ratio, 
disk quality factor and voltage coil factor, which 
are related to the  internal structure of the  EEM 
and can be estimated from tests [13].

The error function of the inductive power me-
ter can be calculated by the expression

1
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where E(n) is the  error coefficient for the  n-th 
harmonic component, which is empirically de-
fined and depends on the n-th harmonic voltage 
distortion and current distortion factors [13].

Given that, the  expression for active electric 
energy measured by the inductive meter is

1 1 1

1

δ %· ·cosφ · · 1
100

δ %· · 1
100

P
EW U I t

EP t

� �� � �� �
� �

� ��� ��
� �

 (4)

Given that electromechanical meters of active 
and reactive energies have a similar structure and 
alike operating principle, with some approxima-
tion the  expression for reactive electric energy 
can be written as
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Finding 1. It follows from (4) and (5) that 
the presence of higher harmonics affects the read-
ings of induction meters of both active and reac-
tive electric energies, and the presence of a con-
stant component of current and/or voltage does 
not affect their accuracy. In most cases the elec-
tromechanical EEM underestimates the  electric 
energy of higher harmonics, and its error has 
a  negative value. This can lead to discrepancies 
when comparing the readings of EEMs of differ-
ent types, which refers to the cases A and B listed 
in the Introduction Section.
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Static instruments for electric energy 
measurement
Analog static and digital types of electronic 
EEMs usually have an input voltage circuit with 
a  precision resistive sensor (voltage divider). 
There is no electrical isolation at the voltage in-
put, therefore a constant component of the volt-
age enters the  circuit of EEM. Current inputs 
of static meters are often realized in one of two 
ways: 1) with the matching current transformer 
(CT) and 2) with the matching current shunt in 
the circle of the line conductor [15].

In electric networks with distorted PQ 
the voltage and current of a complex form are in-
put on the power meters. The root mean square 
(rms) value of voltage [16] is
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where n is the order of the harmonic component, 
Un is the rms value of the n-th harmonic voltage, 
U0 is the  voltage constant component, and N is 
the number of higher harmonics considered.

The rms value of current [16] is
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The rms current value excluding the constant 
component enters the printed circuit board (PCB) 
of the EEM with CT input:

2
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Intrinsically, a Fourier series will only contain 
no constant component if the mean ordinate of 
the waveform for the entire period equals zero. 
The active power of a periodic alternating cur-
rent of an arbitrary form entering the EEM with 
a shunt input is calculated as the average power 
for the  entire period. Then the  expressions for 
the active and reactive power can be written as 
follows:
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And for the EEMs with CT input:
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To determine P, the  multiplication of 
the functions represented in the form of electrical 
signals from the sensors is executed in the meas-
uring microcircuits of static meters, according to 
expressions (9) and (11). For the measurement 
of reactive power in accordance with (10) and 
(12) an additional 90° phase shift is introduced 
between the  functions of voltage and current. 
For the rest the measurement of reactive power 
is like the  measurement of active power: EEM 
multiplies the  functions of voltage and current 
(with a  specified 90° displacement) and finds 
the function of the instant reactive power. After 
filtering a value proportionate to the average re-
active power Q is obtained.

Finding 2. From (9)–(12) it follows that de-
pending on the  presence/absence of the  voltage 
or current constant component, the  readings of 
electronic power meters with different current 
inputs may mismatch. This explains the  differ-
ences described in the beginning of the article for 
electronic static watt-hour meters (case  C). It is 
evidenced from (9) and (11) that the readings of 
the  electronic static active energy meter will ex-
ceed the readings of the electromechanical one in 
all cases. The only exception is when the network’s 
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voltage and current are ideally sinusoidal. Ad-
ditionally, for the meters with shunt input there 
should be no constant component. A  similar 
conclusion for electronic static and electrome-
chanical power meters of reactive energy follows 
from (10) and (12). These explain the  case  B, 
mentioned in the Introduction Section.

It should be noted that when the  apparent 
power is calculated by the formula

2 2 ,S P Q= +  (13)

while substituting the quantities calculated from 
the  expressions (9) and (10) or (11) and (12), 
the result will be different from the actual pow-
er value. This difference is explained by the har-
monic distortion power, that arises in the  net-
works with nonsinusoidal voltages and currents.

Harmonic distortion power Dh represents 
the  degree of difference in voltage and current 
waveforms. Thus, the apparent power can be de-
fined as [16]
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Here the  subscripts k and n are independent 
from each other and take values 1, 2, 3..., but so 
that k is different from n.

The harmonic distortion power is not meas-
urable but can be determined through calcula-
tions. It equals zero only if the angle of displace-
ment between the  voltage and current for all 
harmonics is unity, and when the ratios between 
the effective values of voltage and current for all 
higher harmonics are the same [3]. 

The power triangle is widely used as a meth-
od to define reactive power in static EEMs:

22 PSQ −= . (15)

When the reactive power is calculated by (15), 
it is assumed that the  apparent power equals 
the product of the rms values of voltage and cur-
rent:

S = UI. (16)

Finding 3. If the metric (15) is implemented 
in the  static-type reactive power meter, then it 
takes into account the harmonic distortion pow-
er. Thus, even when there is no reactive power 
consumption on the  frequencies of higher har-
monics, the measuring instrument may indicate 
some reactive power consumption. This reaf-
firms the conclusions for the case A for reactive 
EEMs.

It should be noted that in the latest revision 
of IEEE 1459-2010 the  quantity in (15) (i.e. 
the difference in squares of apparent power and 
active power) is referred as the ‘nonactive pow-
er’, which lumps together both fundamental and 
nonfundamental nonactive components [6].

Digital instruments for electric energy 
measurement
The substantial difference between digital and 
static power meters is that the electronic circuits 
of the digital ones are the same for active and re-
active energy measuring instruments. In the sim-
plest case their work is realized by means of digi-
tal signal processing (DSP), which carries out all 
necessary conversions by measuring the instan-
taneous values of current and voltage at discrete 
time steps. Signals in proportion to the values of 
current and voltage are obtained from the  cor-
responding sensors and sent to the DSP inputs. 
The PCB consists of a  set of several high-speed 
analog-to-digital converters of instantaneous 
values of input currents and voltages.

Properties and measurement uncertainties 
of digital power meters depend on the  metrics 
embedded in their microprocessors and their 
features (e.g. the sampling frequency). General-
ly, all calculation algorithms can be assigned to 
one of the  following two groups [17]: 1)  based 
on the Fourier transform; 2) based on the elec-
trotechnical power definitions.

Let us consider Fourier-transform-based al-
gorithms first. As known, any periodic function 
f(x), which satisfies the Dirichlet condition (i.e. 
if it has a finite number of first-of-a-kind breaks 
during a period and a finite number of maxima 
and minima), can be introduced as a harmonic 
series [3]
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where the coefficients of the Fourier series are
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where 2n is the  number of samples of instant 
magnitudes of voltage or current during the pe-
riod of the fundamental frequency, fk(х) are states 
for the instantaneous value of the voltage or cur-
rent for reference with the  numerator k, and m 
is the  order of the  considered harmonic. Next, 
current, voltage and power can be calculated in 
different ways, for example:

•  For the  fundamental harmonic only  – 
the  properties of the  EEM will be closer to 
the electromechanical one;

•  For several harmonics, excluding the  con-
stant component (if there is a current transformer 
input circuit) – the EEM will be like the electronic 
static instrument with a CT input;

•  For several harmonics, including the  con-
stant component (if there is a  shunt sensor in 
the current circuit) – the EEM will be like the elec-
tronic static instrument with a shunt input.

Finding 4. It follows from the  foregoing that 
digital electric energy measuring instruments can 
employ metrics similar to the  operating princi-
ples of induction and analog static power meters 
described in the  Instruments of electromechani-
cal type and Static instruments Sections. This can 
serve as an explanation of the case B described in 
the  beginning of the  article. Manufacturers are 
free to apply different metrics of construction of 
the  measuring devices, which are all in accord-

ance with the sinusoidal conditions. In most cases, 
the manufacturers do not declare the implemented 
metrics, which obstructs the assessment of the me-
trological characteristics of the power meters. Thus, 
digital power meters can employ different operat-
ing techniques, which can explicate the  case  D, 
mentioned in the Introduction Section.

Let us turn to the consideration of algorithms 
based on the theory of electrical engineering. The 
value of the active power can be obtained as [17]
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where T is the number of samples in one period, 
which is defined as the ratio of the discretization 
frequency to the network frequency (50 or 60 Hz), 
ui and ii are the  instantaneous values of voltage 
and current, respectively, and the active power of 
k-th harmonic is calculated as Pk = Uk · Ik · cos φk.

To obtain the  mathematical expression of 
the reactive power, the current should be shifted by 
means of a time shifting for a quarter of the period
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where the  reactive power of k-th harmonic is 
found as Qk = Uk · Ik · sin φk.

Finding 5. It follows from the  foregoing and 
(14) that the  calculations by (11) and (21) or by 
(12), (15) and (22) will give equal results only 
for purely sinusoidal voltage and current signals 
without a  constant component. The  presence of 
voltage or current distortions or a constant com-
ponent leads to mismatching readings for EEMs 
with different operating principles. This once again 
confirms the possibility of a discrepancy between 
the readings of power measurement instruments in 
the case D, mentioned in the Introduction Section.

VERIFICATION OF THE THEORETICAL 
FINDINGS

Let us prove the  above findings on the  example 
with nonsinusoidal field conditions. The comput-
er room with twenty-one desktops was consid-
ered as a load for the test. The compact simulator 
UCS 500N5 (EM TEST, Switzerland) was set at 
the input of the test bed to generate the sinusoidal 
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waveform with the voltage effective value of 230 V 
and the frequency of 50 Hz. The autotransformer 
with the electric drive MV2616 (EM TEST, Swit-
zerland) was used to maintain the desired voltage 
level and to depress the influence of deviations of 
voltage supplied from the  network. The  voltage 
and current signals were transmitted to the GDS 
806S oscilloscope (GW-Instek, Taiwan) for con-
trol and visualization purposes. The download of 
CPUs during the test kept constant and amounted 

Fig. 1. The block diagram of the laboratory test bed

Fig. 2. Instantaneous graphs of voltage u(t) and current i(t)

to 70%. The spectra of the harmonics in the voltage 
and current signals at the output of the computer 
room were obtained by means of the  universal 
PQ analyzer ENA330 (Elcom Network Analyzer). 
The  block diagram of the  laboratory test bed is 
shown in Fig. 1.

As a  result of measurements, the  waveforms 
of voltage (the black curve) and current (the  red 
curve) at the  output of the  computer room were 
obtained (Fig. 2), and the harmonics spectrum was 

u, V i, A
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defined. The levels of voltage and current total har-
monic distortion (THD) for the studied waveforms 
are as follows: THDU = 9.871%, THDI = 16.733%. 
The values of individual voltage harmonics did not 
exceed the permissible values set in the EN 50160. 
The  ideal sinusoidal waveform is added in Fig. 2 
(the blue curve) for comparison purposes.

The calculated power values for the  consid-
ered voltage and current waveforms are given in 
Table  1. The  calculations were carried out in ac-
cordance with the operating principles of different 

EEMs, discussed in the Analysis Section. Note that 
the electric energy measuring instruments of elec-
tromechanical type do not measure the apparent 
power and, like most electronic meters, do not de-
termine the harmonic distortion power. Therefore, 
the results in the last three columns of Table 1 are 
shown for reference only. In Table 1, the apparent 
powers S’ and S” were assessed by (13) and (16), 
respectively, and Dh was derived from (14).

A graphical representation of the obtained de-
viations is given in Fig. 3.

Fig. 3. Deviations in the power measurement results for EEMs with different operating principles

Ta b l e  1 .  The estimated results of power measurement by EEMs with different operating principles

EEM’s type Expression Р, W Q, VAr S', VA S'', VA Dh, VA

Electromechanical
(4), (5) without 

considering E(n)
2197.0544 1715.3377 2787.3700 2787.3700 3.0518E-05

(4), (5) 2166.6253 1690.1534 2747.8871 – –

Static with shunt input (9), (10) 2238.9627 1743.8594 2837.9569 2841.7333 146.4535

Static with CT input (11), (12) 2238.9627 1743.8594 2837.9569 2841.7333 146.4535

Digital
(21), (15) 2238.9627 1749.9983 2841.7333 2841.7333 2.16E-05

(21), (22) 2238.9627 1743.8594 2837.9569 2841.7333 146.4535

Digital, which defines 
power by the fundamen-

tal frequency only

(21), (15) 2197.0544 1715.3377 2787.3700 2787.3700 2.1579E-05

(21), (22) 2197.0544 1715.3377 2787.3700 2787.3700 3.0518E-05

Digital, which defines 
power by the first three 
harmonics by means of 
the Fourier transform

(21), (15) 2204.5267 1721.1670 2796.8471 2796.8471 0

(21), (22) without 
considering E(n)

2204.5267 1721.0928 2796.8014 2796.8471 15.9759
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RESULTS AND DISCUSSION

According to Table 1, the  largest difference be-
tween the  estimated results of the  real power 
measurements is 3.34%, of the  reactive power 
3.54% and of the  apparent power 3.42%. From 
the studied case it is evident that the difference 
between the  readings of EEMs of high meter-
ing classes (e.g. classes 0.2s, 0.5s, 1 defined by 
the  International Electrotechnical Commission 
(IEC)) may exceed the sum of their permissible 
errors. At the same time, it should be noted that 
during the  test the  values of individual voltage 
harmonics did not exceed the permissible values 
established in the standards EN 50160:2010 and 
GOST 13109-97.

The current standards named in the  Intro-
duction Section do not specify the  metrolog-
ical characteristics of the  reactive EEMs under 
the  nonsinusoidal conditions. In this situation 
manufacturers of EEMs are allowed to embed 
different operating techniques in their products, 
which all comply with sinusoidal conditions but 
can lead to measurement of different quantities 
at the  presence of harmonics. Differences in 
the  readings of revenue power meters can vio-
late the  unity of the  measurement system and 
bring in substantial errors in the balance of re-
leased/received electric energy. When static or 
most of digital measuring instruments are used 
for billing purposes, the  consumer is forced to 
pay more for the  low-quality electricity due to 
the  presence of higher harmonics. Addition-
al difficulty related to the  metrological charac-
terization is that most of the manufacturers do 
not reveal the operating principles used in their 
power meters. Thus, no provisions can be made 
regarding the behaviour of EEM in nonsinusoi-
dal field conditions. The  operating technique 
implemented in a power meter can be identified 
by the comparison of its response under known 
field conditions with the calculation results from 
the known metrics, what is a tedious procedure 
in terms of required time, equipment and effort.

The  appropriate measurement of reactive 
power using expression (15), which is referred 
as nonactive power in the  IEEE 1459-2010, re-
quires specific methods and a  regulatory back-
ground that establishes the range of frequency to 
be taken into account. On the contrast, the val-

ue of the  fundamental reactive power Q1 does 
not depend on the harmonic distortions of volt-
age and current. From a measurement point of 
view, Q1 is easily obtained with several simple 
techniques used in EEMs and its employment 
for billing purposes will separate the problem of 
harmonics from the phase difference of voltage 
and current in the  fundamental frequency [7]. 
The  thorough analysis of active and nonactive 
power components may reveal new information 
for contemporary EEMs.

In this paper only the measuring discrepan-
cies between the EEMs of different types due to 
variations in their operating principles are con-
sidered. However, in practice additional meas-
uring mismatches may occur due to other fac-
tors, such as:

• meters’ sampling uncertainties [18];
• meters’ frequency responses [13]; 
• types of the embedded voltage and current 

transducers [19, 20], since different transducers 
have unlike frequency responses.

CONCLUSIONS

It is theoretically substantiated and confirmed 
by experimental measurements and analytical 
calculations that different EEMs of similar rat-
ed values (certified and calibrated), installed in 
the  networks polluted with higher harmonics, 
can demonstrate a significantly different measur-
ing response at the same load conditions. This can 
be explained by the following:

•  The  presence of higher harmonics affects 
the  readings of inductive meters of both active 
and reactive electric energies, and the presence of 
a constant component of current and/or voltage 
does not affect their accuracy.

•  The  error of the  frequency response of 
the  electromechanical meter is negative when 
the  frequency increases. Thus, the  electrome-
chanical EEM usually underestimates the electric 
energy of higher harmonics.

•  Static EEM with the  current shunt counts 
both active and reactive energy of higher harmon-
ics, and the active energy of a constant component. 
Static EEM with the matching current transformer 
takes into account the power of higher harmonics 
but is not prone to measure the power created by 
the existing constant component. 
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•  Digital measuring instruments can adopt 
metrics based on the Fourier transformations or 
on electrical engineering methods for determin-
ing power.

• The operating principles embedded in a pro-
grammable chip of the electronic power meter are 
usually not disclosed by the manufacturers.
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Illia Diahovchenko, Ihor Lebedinskyi

ĮVAIRAUS TIPO ELEKTROS ENERGIJOS 
SKAITIKLIŲ DARBO YPATYBĖS ELEKTROS 
TINKLE SU AUKŠTOMIS HARMONIKOMIS

Santrauka
Elektros energijos matavimai yra visų komercinių 
elektros sandorių pagrindas, todėl labai svarbus yra šių 
matavimų pagrįstumas. Straipsnyje pateikiamos skir-
tingų tipų elektros energijos skaitiklių darbo ypatybės 
harmonikomis užterštame elektros tinkle. Tyrimas 
atskleidė, kad su skirtingais veikimo principais pa-
grįstais elektros skaitikliais galima gauti nevienodus 
rezultatus, esant tokioms pat apkrovoms ir tokioms 
pat sąlygoms tinkle. Tyrimo rezultatai padės mažinti 
elektros apskaitos neapibrėžtumą, ir leis tinkamai pa-
sirinkti elektros skaitiklio tipą.

Raktažodžiai: aukštesniosios harmonikos, elekt-
ros kokybė, elektros energijos skaitiklis, reaktyvioji ga-
lia, veikimo principai, harmoninis iškraipymas


