INVESTIGATION OF DEVICES FOR MEASURING THE QUALITY
OF ELECTRICAL ENERGY

Abstract.Electric energy is the most mass product, as well as the most widely consumed
type of energy both in industry and in everyday life. In a modern market economy, it is
necessary to improve the quality of manufactured products, including the economical use of
fuel and energy resources, the economical use of financial resources, and increased
efficiency. One of the parameters of electricity standardized by standards is:voltage. The
article presents deterministic and statistical methods for determining voltage deviation.
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INTRODUCTION

The current stage of the development of human society is.characterized by the wide
application of high-tech, energy-efficient production sites and technologies. At the same
time, the automation of production, the wide application of flexible automatic production,
computer-controlled machines and industrial robots:-require the solution of a number of
problems in these and other fields. This is, first of all, the problem of energy, which is the
main problem of the modern world. According to world scientists, this problem will be the
main problem of the 21st century.Energy sources currently produced and used are divided
into two parts: natural and artificial energy.sources: Natural energy sources include, first of
all, sun, wind, water (thermal waters), etc.:belongs to Artificial energy sources include
various nuclear, water, thermal:/power:stations, certain engines, generators, batteries, etc.
created and used as a result of human activity. The use of both sources requires solving a
number of technical, econemic and environmental issues. Along with these, the care and
use of the received energy has created a number of difficulties. It is for this reason that
various scientific centers of the.world, construction and design problems, scientific and
educational institutions,suniversities and others are seriously dealing with all these
problems.

The currentsmarket economy, along with all this, requires increasing production efficiency,
rational use of material resources, including rational use of fuel and energy resources, and
improving the:quality of the manufactured product. It should also be noted that 70-80% of
the energy used inthe world is accounted for by electricity. First of all, this is related to the
fact that the,acquisition, maintenance and use of electricity is superior to other types of
energy, and on the other hand, various energies (mechanical, light, heat, chemical, etc.) are
easily converted into electrical energy and vice versa. However, the quality of electric
power has a significant impact on the reliability and economic indicators of electric grids
and industrial enterprises. Thus, low-quality electricity leads to the production of waste
products in large quantities, as well as the breakdown of valuable technological equipment
and the occurrence of other serious accidents. At the same time, the wide distribution of
electricity receivers and processors with non-linear characteristics, non-symmetrical and
jumpy modes of operation has a negative impact on the quality of electric power, and thus
we have raised the issue of increasing the quality of electric power to the list of issues of
crucial importance for the national economy. All of these impose very serious requirements
on the quality of electric power, and these requirements are first of all related to the



tendency (spread) of the voltage, non-symmetry and non-sinusoidality of the voltage, which
are the main quality indicators of the electric power. Considering this point, the
requirements of DIST 13109-17 operating in our republic must be ensured during the
design and operation of electric grids. For this, the effectiveness of the measures taken by
various project and operational enterprises should be checked with the reports of various
quality indicators of electric energy. In the design of electric grids, it is foreseen that there
will be future facilities that can normalize the quality of electric power, which in turn
requires the expenditure of additional material and capital resources. The selection of the
necessary mechanical means for this requires the preparation of an appropriate technical
and economic report [17,18].

All this requires the solution of a new problem - the problem of control over.the quality
indicators of electric power in operational conditions. The solution to this problem does not
end with the design and application of the control system for the.quality:indicators of
electric power, it requires the solution of a number of organizational and technical issues.

In addition, devices of suitable size according to accuracy class and;acceleration ability,
size range should be used. These once again confirm the importance of the accuracy of
measurement result values for energy quality management,, in other:words, the correct
information necessary for management [19,20].

Among the parameters of the quality of electricity, one of the parameters standardized by
the standard is the relatively slow change - tendency: of the voltage. The methods of
determining the inclination of the movement in the emission ‘work by deterministic and
probabilistic-static methods are given.

STATISTICAL ANALYZER OF THE QUALITY OF EDUCATION

One of the most appropriate devices used for control and analysis of quality of service is a
statistical analyzer of quality of service. The statistical analyzer of alertness quality is for
comparing histograms of alertness parameters. For this purpose, the entire size range of the
deviation parameters is.divided intoiseveral levels, each of which has a width of B. The
statistical analyzer of the quality of the signal is a multi-channel device, the number of its
channels corresponds.to the number of degrees of the histogram. The device notes every
time the deviationzvalues fall to the given levels for the entire measurement period and
stores it in pulse counters. for a long time. After that, according to the results of these
comparisons, the probability of the deviation values falling into each of these given levels is
determined:

The structural scheme of the statistical analyzer of the quality of data is given in Figure 1. It
consists ofian amplifier measuring device, a calibrated input device (CID), a multi-channel
analog:switch (MCAS), a multi-channel digital switch (MCDS), a metering unit and a
management unit. The control unit has a special automatic circuit and a timer (time
element), which switches the measuring device from one level of the measured deviation to
another. At the same time, the output pulse counters, each of which corresponds to the level
of a hundred size deviations, are also switched. Each of the trip levels correspond to the
levels of the histograms and are established using a calibrated matrix of plug contacts in the
input device. The automation circuit in the control unit is designed so that a digital pulse
sensor is always used so that its size corresponds to the frequency observed in it.
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Figure 1. The structural scheme of the statistical analyzer of the quality:of data
CID - calibrated input device, MCAS - multi-channel ‘analog switch,
MCDS - multi-channel digital switch, My, M, - counters

Measurements are carried out periodically, and their periodicity is determined with the help
of a relaxation time element - a timer. As a result of the search;. the following distribution is
obtained:
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they are. Here, n is the-numberof reductions to the i-th degree, k is the number of degrees.
If the entire rangeis not covered, then
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they are. Here, At is the correspondence of the working period of the time element, T is the
period of measurement.

After calculations with formulas (2.1) and (2.2), the order of distribution can be described
as follows:
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A histogram is constructed in this order. Each level is named to identify the general
characteristics. As a rule, the average value B; is taken as the name of the level. In this case
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prices are determined.

They can use the following method to facilitate reports: The ranges are humbered so that
the zero nearest to the middle of the measured range belongs'to the'number. To the left of
this zero number are negative numbers, and to the right are positive numbers rotated by one
unit:
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In this case, the intermediate quantities are calculated first:

o k
A=>"p o, (M
i=1
k , )
Dn =D, of -(Af, (8)
i=1
Numerical characteristics are determined by intermediate quantities:
V=V, +AV-A,
c=AV-\D,,

where By is the value of Ui for the case ® = 0.

The accuracy of determining the quality indicator of the quality with the help of the
statistical analyzer of the quality of the quality depends on the following factors:

1) from the accuracy of determining the values of the probability of falling into the ranks;

2) from the accuracy of determining the numerical characteristics of the distribution series;



The first size is determined by the accuracy of the work of organs, and the second, in
addition, depends on the number of degrees that divide the size range. The greater the
studied range, the more accurate the values of the calculated indicators are, but on the other
hand, it causes an increase in the dimensions and price of the device. For experimental
purposes, the accuracy of devices with eight levels is considered more appropriate, in this
case, the width of each level should not be greater than the value of the standard deviation
of the measured deviation.

In this device, the relative placement error of the limits of the levels does not exceed 0.25%
of the nominal deviation, the error of the entire range is within +1%. Other things being
equal, the reliability of the information obtained by the statistical analyzer of the quality of
the disturbance depends to a large extent on the frequency characteristics of the studied
process, the shape of the distribution curve and the stability of the time glement (timer)
operation. In this case, the requirement for the accuracy of the timer's-operation.applies
only to one measurement period, because the error is determined not by the deviation of the
device from the set time, but by the time period different from the average value during the
measurement period of the device. In order to reduce the .impact of the frequency
characteristics of the studied process on the cost, it is more.appropriate to take the short
time periods of the device. On the other hand, it is limited by the.number of these meters.
Four-level gauges are used in this facility. In order to characterize the histograms obtained
with this device, table 1 and table 2 show the same histogram extraction tables with six
devices at the same points of the grid. The results obtained.intable 1 are given when the
time period is 10 seconds, and in table 2 the:process:of measuring the parameters of
excitement is given when the time period.is 60 seconds.

Table 1 :The results of the-measurement of displacement with six devices
in,a time period of 10 seconds

The range of probability of falling, % -
@ 5 B c
e 8
P g -10 | -7,5 | -5,0.| -2,5 0 2,5 5,0 7,5 0
OFZ|75|-50|25{.0 [25]| 50| 75| 10 5
1 - 01 |24 556|302 116| - - 41,8 0 1,8
2 - 05 | 21 |527|338|110| - - 448 | 0,1 | 1.8
3 - 06 | 78 | 543|291 | 83 - - 374 | -04 ] 19
4 - - 0,8 | 45,0 | 385 | 156 | 0,2 - 542 | 0,6 | 2,0
5 - 06 | 29 | 501|320 144 | - - 46,4 | 0,2 | 2,0
6 - - 1,6 | 496 | 349 | 13,7 | - - 48,7 | 0,3 | 1,9
>E
=g 0,1
S é" - 03 295|512 331 12,4 | 0,05 - 45,5 3 1,9
gz
o




At the end of each table, the most likely histogram for this process is given. At the end of
each table, the most likely histogram for this process is given. From the calculated results, it
can be seen that the probability of falling to different levels in different facilities differs to a
certain extent. In this case, these differences are smaller for the 10-second period and larger
for the 60-second period. In addition, the shape of the histogram and the character of the
parameters of the deviation are the same for all facilities. In the case of a time period of 10
seconds, the value of the mathematical deviation differs from each other by +0.5%, and in
the period of 60 seconds, +0.7%. However, the differences of the standard deviations do not
exceed +0.1%. Thus, if you use the information obtained by means of the statistical
analyzer of the quality of deviation, it is necessary to draw all the characteristics obtained
by means of this facility: the shape of the histogram, the probability of falling.into different
levels, the average value and the standard deviation. As a lawyer,.the. most stable
information about the road network is standard. Taking this inte account;.this quantity
should be used when determining the quality of the change.

Table 2 :The results of the measurement of displacement with six devices
in a time period of 60 seconds

The range of probability of falling, % -
@5 B c
e 3
3 g -10 | -7,5 | 5,0 | -2,5 0 25 5,0 7,5 0
OZ|75|-50|25| 0| 25] 50 75| 10 5
1 - - 0,4 (48,1 | 48,7 28 - - 515 | 01| 14
2 - - — | 48,34.50,1 | 1,6 - - 516 | 0,1 | 1,3
3 - - 1,0 53,6 | 45,4 - - - 454 1 -01| 1,3
4 = - 0,4 | 29,6 | 609 | 9,1 - - 70,0 | 0,7 | 15
5 . - - | 346|590 | 64 - - 653 | 05 | 1,4
6 - - 4,1 | 665|291 | 0,2 - - 29,4 | -06 | 1,3
2t
% g 0,1
22 - - 1,0 | 46,8 | 485 | 3,7 - - 52,2 5 14
gz
o

THE STATISTICAL MEASUREMENT FACILITY OF THE FLOW CHART



As one of the tools used to determine the characteristics of the availability parameters, we
can give an example of the statistical size of the availability graph, which measures these
characteristics at given time intervals of the day (at given times).

In general, the characteristics can be mathematical curves, standard deviations, and average
distributions. These characteristics are given in the structural diagram of the measurement
facility in figure 2. The gauge consists of a circuit that converts the measured quantity into
a voltage 1, a frequency pulse circuit of that voltage 2, a timing element circuit (timer) 4, an
integrating pulse counter 5-12 and a distribution switch 3. Frequency converter 2 generates
pulses whose measured quantity is proportional to the first or second order. The quantities
of these pulses are counted by means of 5-12 gauges. Thus, during the period when one of
the gauges is connected to 2 switches, impulses proportional to the average value of the
first or second order of the quantity measured in that gauge are accumulated; As it is
known, the average value of the first order of the measured quantity means its mathematical
expression, and the average value of the second order of the measured quantity. means the
inequality of the parameters (the second starting moment). Determining the dispersion
characteristics based on the quadratic transformation of the inclinations.of .the excitation
requires this transformation to be carried out with a very high accuracy. This is explained
by the fact that the variance consists of the small difference of:twe large quantities - the
second initial moment and the square of the mathematical expression. If we take into
account that the variance represents the percentages.of singularities in the square, then the
accuracy of determining the initial quantities should be characterized with an accuracy of
one percent, which is a technically difficult. issue.:Therefore, when obtaining the
characteristics of mathematical analysis-and propagation of the solution, the frequency-
frequency conversion should be taken as the main.element that determines the accuracy of
the results.

Figure 2. The structural scheme of the statistical measurement device of the flow chart

This facility allows you to calculate the average value (or other quantity) of the parameters
of the movement over an hour or more. Guru and day can be divided into eight equal time
sections (each with three hours), or they can be taken with integrals that require a different
length of time.



CONCLUSION

The following main results were obtained in the research work:the quality indicators of
electric power are determined by the distribution of the voltage, the waves, the symmetrical
characteristic of the three-phase periodicity and the non-sinusoidal characteristic of the
voltage;the proposed control system allows real-time monitoring of energy quality.
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