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CONTROL SYSTEM FIDELITY OF ELECTRIC ENERGY

Introduction

To date, next situation has emerged. Tremen-
dous efforts are put on reducing losses and rational
use of electric energy both for traction of trains and
for non-traction consumptions. Considerable prac-
tical experience is accrued and practical researches
on a number of theoretical directions related to the
reduction of specific electricity consumption are
completed. We will name the reliability of such an
account of electric energy, in which the value of
the electric energy, measured by the appropriate
accounting system, taking into account losses in
the distribution networks and downstream trans-
formers, differs from the actual value by no more
than the value of the permissible error of the meas-
uring system. The permissible error of the electric
energy accounting system is determined by the
parameters of the measuring complexes included in
this accounting system, as well as the share of elec-
trical energy, which is taken into account by each
measuring complex. In fact, the question comes
down to determining the actual and allowable im-
balance, comparing them and providing recom-
mendations.

Literature review

Imbalance resulting from inaccurate fixation
devices balance components and the availability of
costs that are not fixed devices. There are technical
losses at the facility, the value of which is deter-
mined by calculation, and commercial losses aris-
ing from foreign influence [1, 2].

The issue of determining the causes of imbal-
ances and reducing the level of excessive imbal-
ances is devoted to a number of papers [3-5].

The actual imbalance of electricity during the
accounting period is defined as the difference be-
tween total electricity consumption and the amount
of electricity released (1). In percentages, the im-
balance of electricity is determined in relation to
the total electricity flow [8].

IMBac = Wr="he, 100%
Wr (1)
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where Wr (WO) - the volume of electricity in

the calculation period, is determined by the read-
ings of the counters on the feeder.

The resulting imbalance is compared with the
allowable and an appropriate conclusion is made
about the presence of unreported electricity con-
sumption at the substation and the presence of er-
rors in the measuring complexes.

The allowable imbalance in feeder is deter-
mined by the formula (2) [8]:

IMBall = 252 d? 252 dz.
i=l1 ?)

where 6ri Boi - mean square error of the i-th
measuring complex, which corresponds to the pre-
cision classes of current and voltage transformers,
and a counter intended for accounting for the elec-
tricity which receiving (output), which are includ-

ed in this complex,%;

i (dOi ) - the share of electricity which re-
ceiving (output) through the i-th measuring com-
plex;

k - the number of measuring complexes
that count the electricity received on the line-
power busbar;

m- number of measuring complexes,
which account for released energy (including for
own needs of power plants).

Two concepts are considered as permissible
unbalances. There are technically understandable
imbalance of electricity (TUI), corresponding to
the real conditions of operation of accounting de-
vices, and regulatory imbalance of electricity
(RIE), corresponding to "ideal" parameters and
operating modes of measuring devices.

A summary statement on the receipt, processing
and release of electricity is filled up monthly on
each traction substation to determine the imbalance
of electricity, the implementation of objective as-
sessment and forecasting losses in the power sup-
ply facilities [6].
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Electricity imbalances were calculated in [7, 8].
As can be seen, from July to January, the actual
balance exceeds the allowable. One of the reasons
is the underutilization of measuring transformers.

Today, the problem with accuracy of measure-
ment of electric energy is quite acute. Nowadays
exploited complexes operate in abnormal condi-
tions, due to which their real errors are significant-
ly higher than the errors, the corresponding classes
of accuracy. One of the main reasons is measuring
current and voltage transformers are exploited out-
side the limits of permissible GOST 1983 and
GOST 7746 [9, 10] range of measurements of their
nominal parameters, which leads to distortion of
the readings of electricity meters.

The main reasons for the operation of measur-
ing transformers outside the limits of GOST 1983
and GOST 7746 [12, 13]:

- change of the power of the load of the sec-
ondary circle. For example, when replacing induc-
tive meters with electronic, the power consumption
is an order of magnitude smaller, or with increas-
ing the length of the lines of the measuring circle,
which leads to a significant increase in load power;

- change in the power consumption of objects
and the associated change in the magnitude of the
primary current. For example, with a significant
reduction (which is characteristic for the time be-
ing) or an increase in production volumes, trans-
portation. For example, with a significant reduction
(which is characteristic for the time being) or an
increase in production volumes, transportation.

Approaches to improving the accuracy of elec-
tricity accounting are quite diverse. For example,
in [14], if the errors of operation of measuring cur-
rent and voltage transformers are systematic, it is
suggested that these errors should be taken into
account in the algorithms of calculation and ac-
counting of Automatic system for commercial ac-
counting of power consumption, adjusting the val-
ues of the measured currents and voltages.

Such an adjustment in Automatic system for
commercial accounting of power consumption will
avoid the requirements for increasing the accuracy
class of measuring transformers in electricity me-
tering systems. At the same time, a significant eco-
nomic effect can be achieved both by increasing
the accuracy of the Automatic system for commer-
cial accounting of power consumption, and due to
the fact that there is no need to replace the existing
measuring transformers with devices with a higher
accuracy class.

The problems of accuracy of electricity ac-
counting in the Commonwealth of Independent
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States countries and in the west are solved in the
following ways:

- replacement of measuring transformers on
transformers with a lower value of the nominal
load of the secondary circle;

- connection to the measuring range of the addi-
tional load.

In Europe, additional workloads in measuring
circles are used, because it is much cheaper and
more efficient [3]. However, for a measuring cur-
rent transformer, the connection of the normal re-
sistance is unacceptable, since in this case, angular
errors increase. Because of this, Western manufac-
turers began producing various types of additional
loads that do not increase angular errors

Formulation of the problem

To determine the nature of the imbalances of
electrical energy it is necessary to analyze the
sources and the nature of their origin. We divide the
whole variety of imbalances into two groups. There
are technical and economic.

The imbalance can also be attributed to the viola-
tion of the technology of transmission and distribu-
tion of electricity due to the growth of power losses
(electricity) and voltage losses in the elements of the
electrical network and, accordingly, the increase in
voltage deviations on the clamps of the electrical
receivers.

Actual power losses should not exceed regulato-
ry, but in any case they lead to an imbalance be-
tween the received and distributed electricity. In
accordance with the methodology for compiling the
structure of the balance of electricity in electric net-
works 0,38-154 kV, the difference between actual
and normative values of losses is called non-
technical losses. Indeed, non-technical losses should
include both unauthorized selection of electricity
and additional technical losses due to a violation of
the technology of transmission and distribution of
electricity.

According to the materials of the Energy Strate-
gy till 2030, due to the measures taken in 2006-2030
to reduce the technological costs of electricity in the
networks, their volume should be expected in 2015
at the level of 9.8% of the total electricity supply to
the network, in 2020 about 8.6%, in the year 2030
about 8.2%. By reducing the magnitude of the im-
balance, it is possible to expect annual energy sav-
ings in 2030, as compared to the cost of 2005 in the
amount of 25 billion kWh.

Additional (excessive) electric power losses in
the supergrid and distribution networks lead to a
decrease in the level of reliability of the electricity
supplied to consumers and the need for additional
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increase in load. Additional voltage losses lead to a
violation of the normal quality of electricity (volt-
age). Such a violation can be characterized as a im-
balance of voltage losses, which, in turn, negatively
affects the resonance of production schedules and
electricity consumption.

In addition to the imbalance of power and volt-
age losses of electric networks, market participants
are faced with technical imbalances associated with
accounting for energy resources that are mined,
produced, processed, transported, stored and con-
sumed.

Therefore, their production and consumption, in
particular electric and thermal energy, must neces-
sarily be equipped with metering systems of com-
mercial accounting, which have minimal technical
errors of measurements. In the process of imple-
menting commercial accounting it turns out that a
number of market participants, mainly consumers,
have limits of balance sheet belonging to the ele-
ments of the network that are not included in the
calculation scheme.

Hence, there is a need to "bring the declared
loads" of market participants to the nodes of the cal-
culation scheme in the planning of prices and vol-
umes of commodity products, as well as the need to
"bring actual load capacities”" units of the calcula-
tion scheme to the actual load of market partici-
pants.

Consequently, the most probable necessary and
sufficient condition for the technological complete-
ness of the commercial accounting system of the
wholesale market entity is the placement of measur-
ing complexes on the boundary of the balance sheet
of its electrical network. Auxiliary in solving the
accounting problem of electricity is the introduction
of the Automatic system for commercial accounting
of power consumption.

Only the Automatic system for commercial ac-
counting of power consumption with operational
remote collection and automatic processing of the
results of this collection can effectively solve the
balance problem, determine the imbalance and iden-
tify the losses of electricity.

For reliable and prompt solving of balancing
tasks, it is necessary to minimize the use of old cal-
culation methods based on statistics and, converse-
ly, to develop methods for calculating the balance,
based on direct measurements within the framework
of the Automatic system for commercial accounting
of power consumption.

Conclusions

The authors will create a three-level system for
monitoring the reliability of electricity metering at
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transformer substations. We will solve the corre-
sponding tasks at each of the levels.

The system of the first level is created at the
points of reception of the electric power. For each
item a passport shall be filled in which all inputs
and removable feeders, stamps, numbers and coef-
ficients of transformation of measuring complexes
for the reception and return of active and reactive
energy are indicated.

The control of the accuracy of accounting is
carried out by comparing the actual imbalance of
accepted and distributed electricity with a permis-
sible value on a monthly basis. If on the basis of
the month the non-equilibrium of electronegativity
at any point of admission exceeds the permissible
value, then it is necessary to conduct a revision of
the accounting system of this point of reception in
the conditions of operation.

The second level is organized at the level of con-
trol zones. Information about such a zone can be di-
vided into constant and variable. The constant infor-
mation is the scheme of the monitored zone, which
specifies the power source, the mark and the length
of the feeding wires and cables, as well as the place
of the installation of electrical energy meters.

Variable information includes indicators of me-
ters, electric power losses in power lines, as well as
losses in downstream transformers at those substa-
tions where the meter is installed on the low side.

The third level of control over the reliability of
accounting is determined by the imbalance be-
tween the electricity received by inputs and dis-
tributed by the feeders of the transformer substa-
tion. If there is no account for 0,4 kV feeders, the
balance of the accepted and distributed energy is
made up of inputs of the substation and consumers.
Losses in reducing transformers are taken into ac-
count when compiling the balance in the case when
the meters of the electronic energy at the substation
inputs are installed on the high voltage side.
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It is difficult to install consumers with faulty accounting systems, to discover areas of distribution networks
with increased technological losses, and the place of theft of electric energy. To develop a methodology that al-
lows, with existing accounting systems, to increase the informativeness of the component of the difference of
distributed and consumed energy with virtually no additional expenses and, in the presence of an automated
accounting system, to refuse periodic verification of the measured measuring devices and current and voltage
transformers. The system for monitoring the reliability of electrical energy accounting at transformer substa-
tions has been further developed, which breaks the task at a level and solves them in stages. The developed
system allows abandoning the periodic calibration of measured accounting devices and current and voltage

Keywords: electricity accounting; imbalance; actual imbalance; allowable imbalance; control system; counter;

losses.
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BakKo BCTaHOBUTW CMOXMWBa4iB 3 HECIPaBHUMK cucTeMamm 06MiKy, BUSBUTU AINAHKN PO3MOAINbUYMX Mepex 3
NiABULLLEHUMWN TEXHONOTNYHUMIN BTpaTaMun, MicLus po3KpadaHHA efneKkTpuyHoi eHeprii. HeobxigHo po3pobuTtn meTo-
ANKY, WO A03BONSE MNPW iCHYIOUMX cucTemax ob6niky npakTMyHo 6e3 AoAaTKOBUX BUTpaT MiABULLMTK iHdDOpMaTMB-
HICTb CKNaA0BOI Pi3HMLI PO3MOAINEHOI Ta CNOXWUTOI eHeprii Ta NpyM HasBHOCTI aBTOMAaTU30BaHOI cMcTeMmn ob6NiKy
BiAMOBUTUCS Bif MepioaAnYHOI NOBIpKM BUMipOBaHMX npunagis obniky Ta TpaHchopMaTopiB CTpyMy Ta Hanpyru.
OTpuMana noganblunii pO3BUTOK CUCTEMA KOHTPOJIHO AOCTOBIPHOCTI 06/1iKy eneKTpUYHOI eHeprii Ha TpaHcdopMa-
TOPHUX NiACTaHUisgX, Wo po36uBae 3a4advy Ha piBHI Ta BMpIWYE ix noeTanHo. Po3pobneHa cuctemMa A03BOSIE Bif-
MOBUTUCSA BiA NepioAMYHOI NOBIPKW BMMIpIOBaHMX Npunaais 06niky Ta TpaHcOpMaTopiB CTPYMy Ta Hanpyrum
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CUCTEMA KOHTPOJIA JOCTOBEPHOCTHU YYETA
SJEKTPUUYECKON SHEPTUH

Ma

TpyAHO yCTaHOBWUTbL MOTPeGUTENEN C HEMCNPABHbLIMM CUCTEMaMMU y4eTa, BbISBUTb YYaCTKW pacrnpenenuTesb-
HbIX CEeTel C MOBbIWEHHbIMU TEXHOMOIMMYECKMMU MOTEPSIMU, MECTa XMULLUEHUS 3NEeKTPUYEcKoin sHeprumn. Heobxo-
AvMO paspaboTaTb METOAMKY, MO3BOISIOLLYIO MPU CYLLECTBYIOLWMX CUCTEMAX yyeTa NMpakTuyecku 6e3 AoMosHu-
TeNIbHbIX 3aTpaT MNOBbICUTb MH(OPMATUBHOCTL COCTaBASIOWEN pa3HULbI pacrpeiesieHHo U NoTpebneHHoW 3Hep-
rMy 1 NpU HanuuMM aBTOMaTU3MPOBAHHOM CUCTEMbI yyeTa 0TKasaTbCsi OT MepUoAMYECcKOli MOBEPKU U3MepsieMbIX
npubopoB yuyeTa M TpaHCchOPMaTOPOB ToKa M HamnpsxeHus. Monyyuna AasnbHelllee pa3BUTUE CUCTEMA KOHTPONS
[OCTOBEPHOCTM Yy4yeTa 3JIeKTPO3HEpruM Ha TpaHCHOPMaTOPHbIX MOACTAHUMSX, KOTopas pa3buBaeT 3ajadvy Ha
YPOBHM 1 peluaeT uUx nosTanHo. Pa3paboTaHHas cucteMa Mo3BOJISIET 0TKa3aTbCs OT NEPUOANYECKON MOBEPKU U3-
MepsieMbIX MPMGOPOB yyeTa U TpaHCHOPMATOPOB TOKA U HamnpshKeHMUs.

KnroueBble cloBa: yyeT 3/1eKTPo3Heprum; HebanaHc, hakTuueckunini HebanaHc; AONYCTUMbIN HebanaHc; cucTe-
KOHTPONS; CYETYMK; NOoTepuU.

BuyTtpennuii peuensent Kysneyog B. I'. Buemmnntii penierzent Coxon E. .

© Chichil A. A. and oth., 2017

128 ISSN 2307-4221 Enexmpudhixayis mpancnopmy, Ne 13. - 2017.



