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Abstract. There are many signal converters of the magnitude and
parameters of direct and alternating current, but it is necessary to briefly
review them to choose the optimal type of current converters for monitoring
and control systems of energy sources in distributed telecommunication
systems. advantages and disadvantages and evaluation of their development
prospects and application in the hybrid system mentioned above. control of
power supply sources. The most widely used electromechanical current
converters in various flow monitoring and control systems have a simple and
technological design, but they have a moving measurement part, which
reduces their reliability and limits the scope of application.

1 Introduction

High accuracy, uniformity, provision of standardized data, and reliable operation of current
transformers, which are widely used in the management of continuous processes of
production, transmission, distribution, and consumption of electric energy, are important.
Development of a comprehensive approach to ensuring energy and resource efficiency in the
management of electrical energy sources, expanding the capabilities of electrical devices
depending on their tasks, simplifying the structure of control elements and devices based on
a unified form, and reducing weight dimensions. Theoretical and practical problems of
energy system management of electrical quantities based on the development of cost-
effective devices and technologies, provision of non-contact measurement processes, and use
of high-precision current transformers are still being studied and the necessary solutions are
being sought. Providing a wuniversal block-module principle of designing current
transformers, which includes convenient, versatile, and minimal structural elements based on
the use of modern technologies, a current that provides flexibility in creating information,
energy, metrology indicators, and regulatory structure modules transformers. includes
standardization and standardization-based elements and devices [1]. At present, the
widespread use of single-phase and three-phase electromagnetic transformers in the power
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system is somewhat limited, because the spectrum of electrical quantities has not been
changed. Conventional research methods of magnetic switching circuits and systems cannot
provide the specified switching accuracy, because they do not take into account the three-
phase current asymmetry. Construction of electromagnetic current to voltage converters of
hybrid power supply sources and elements used in it, types of three-phase general magnetic
core sensors. The designs of the sensors differ significantly from each other, and it is
necessary to conduct analyses on the designs of several types of sensors to determine the
differences. In the form. 1. A flat magnet is placed in the recesses of the circuit with a
measured winding [2,3].

In Fig.1. A diagram of the design of an electromagnetic current-voltage converter with a
flat measuring winding in the recesses of a flat magnetic circuit is presented.
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Fig. 1. Design diagram of a three-phase current electromagnetic transducer with flat measuring
windings in pits: 1 — magnetic circuit; 2, 3, 4 — depressions; 5, 6, 7 — flat measuring windings; A, B, C
— phase conductors; U;, Uz, Us — magnetic fluxes crossing flat measuring windings 5, 6, and 7.

To analyze and evaluate the errors of electromagnetic current-to-voltage converters with
flat measuring windings (ECVC with FMW), we use the information graph error model
presented [4] in Fig. 2. for ECVC with FMW for one current phase.

I'Tz L
K_‘- 4 - - = K}'l
¥4—>p! K[F )] Te2 K[l My]  |e&—M1
A Fp(‘) F}l Y
K.‘-3 }'M(O) K.‘-g
3—>p Tu2.Pp < Ty1- P €« Y2

Fig. 2. Information graph model of ECVC with FMW.
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The input circuit of the converter is represented by the subgraph /I.;, U, in which the phase
current I.; (14) is converted into magnetomotive force U,, which is reflected by the inter-
circuit coupling coefficient K/I.;, U,J. In the circuit U,, @(0), the magnetomotive force U,
is converted into magnetic flux @,(0), for which the circuit function 7}, 71,; reflects the
structure of the circuit. In magnetic core 1, the magnetic flux F,(0) generally propagates
along the coordinate x, along the magnetic core from x=0 to x, and has the value F,(x). In the
chain, Fy(x), Ug, a transformation of F,(x) into Ug; occurs, which is reflected by the
interchain coupling coefficient K[ Flu(x), U.:].

Independent influencing variables y;, y,, y3, y4 are introduced into the information graph
model, which takes into account the ambiguity of transformations: Z.;, U,; U,, Fu(0); Fu(0),
Fu(x); Fu(x), Ue2. The connections of the influencing factors y;, vz, v3 and ys with the
corresponding conversion circuits are displayed by the coefficients Ky, K2, K3, and K, 4.

2 Materials and methods

To analyze and evaluate the errors of ECVC with FMW, it is very effective to use the
provisions of the information theory of measuring devices [5,6] in combination with the
information graph model shown in Fig. 2.

According to the information theory of measuring devices, the error of ECVC with FMW
is one scientifically determined by the value of the entropy error A, and the entropy
coefficients K. depends on the type of probability density distribution law of errors of
individual elements [7]. The root mean square error of ECVC with FMW oy is determined

from the expression:
]2 N 2 N 2
O'Z = O'l 0'2 63 1)

Where: 62, 62, 02 — root-mean-square errors of individual elements.
With known K. and g,, the value of AE is determined from the expression:

A, :Ke~c7Z @

According to the information graph model, the components of the total error are errors in
the circuits: s, Uy, Uy, Fu(0); Fu(0), Fu(x); Fu(x), Ues.

In the input circuit of the ECVC with FMW, the sources of errors are fluctuations in
current IE1, frequency w.;, changes in the inter-circuit coupling coefficient K/I,;, U,J from
various factors: temperature, humidity, external magnetic fields and masses, and other
factors, as well as changes in the physical properties of conductor materials and field
windings.

In the section of the magnetic circuit F,(0), F,(x) there are errors from the influence of
temperature, external magnetic fields, and the mutual influence of neighboring magnetic
fluxes in the section of the circuit F,(x), U.. there are errors from the influence of external
and secondary magnetic fluxes, temperature, humidity.

The main errors of ECVC with FMW can be divided into three groups:

e methodological;
e instrumental;
e  operational.
Additional errors of ECVC with FMW can be divided into three groups:

e internal;
e external,
e regime.

Methodological sources of error in ECVC with FMW arise
due to the incompleteness of taking into account all the legalities of their work when
calculating static and dynamic characteristics. The degree of nonlinearity of the static
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characteristic of converters introduces an error in cases where the converters have a nonlinear
static characteristic, but are used in monitoring and control systems as converters with a linear

characteristic.
To determine the degree of nonlinearity of ECVC with FMW, the formula is used.
U -U,.
ent, t
£=05 YA 100% »
Uentrymax ~ Y exit min

In ECVC with FMW, while ensuring uniformity and constancy of the magnetic flux
crossing the FMW in the air gap of the pit

F ug = const )

the static characteristic has high linearity.

In the general case, the degree of nonlinearity of the static characteristics of EMPT with
FEC depends on the inter-circuit coefficients, the range of the primary current, and the
optimal location and area of the FMW [8].

The nonlinearity of the static characteristics of the ECVC with FMW also depends on the
presence of higher harmonic components in the output signal, which arise due to the
nonlinearity of the magnetic characteristics of the magnetic core materials [9,10].

Instrumental errors of ECVC with FMW are caused by deviations in the transverse and
longitudinal dimensions of the magnetic cores and their pits during inaccurate manufacturing
and processing, which leads to an error in reproducing the specified values of the distributed
parameters: specific per unit length of the magnetic resistance of the magnetic core 7, and the
magnetic conductivity of the air gap of the pits g,..

In ECVC with FMW, there is an error in the inaccuracy of the distribution of electrical
resistivity and conductivity of flat measuring windings installed in the recesses of the
magnetic circuit.
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Fig.3. Classification of error sources of ECVC with FMW

Operational sources of ECVC with FMW are determined mainly by the presence of
mechanical inaccuracies during installation, assembly, and offset planes of the measuring
winding relative to the cross-section of the magnetic circuit in the area of the measuring pit.

In ECVC, internal source errors are caused by the appearance of current instability in the
conductor in terms of amplitude and frequency, as well as the appearance of non-sinusoidality
and asymmetry of the three-phase current [4,11,12].

External sources of error in ECVC with FMW most significantly manifest themselves
with temperature fluctuations and the presence of external magnetic fields and ferromagnetic
masses [2,9,13].
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Regime sources of additional error ECVC with FMW occur; when the load at the
converter output is not constant, for example, when the converter output is connected to an
amplifier with a small input impedance, this error will occur and be reduced. This error
requires increasing the value of the load resistance. Based on the above in Fig.3. The
classification of error sources of ECVC with FMW is given.

3 Estimation of the total error of ECVC with FMW

The functional diagram of an ECVC with FMW has the form:

Lir U L U2

Fig 4. Block diagram of ECVC with FMW

In block 1, the phase current I1ph is converted into magnetomotive force U, Further, in
block 2, the magnetomotive force U, determines the presence of magnetic flux /, in the
corresponding magnetic circuit. In block 3, due to the location of the flat measuring winding
in the recess at the output of the flat measuring winding, the electromotive force of the output
U.; is induced [14,15,18].

To estimate the total error of the ECVC with FMW, we separately estimate the errors
occurring in blocks 1, 2, and 3.

The error of the conversion /; — U, can be estimated by the limiting value y;=0.2%.
Next comes the transformation U, — 1, also has a low error of the order of y»=0.1%. The
transformation at node 3 [, — U.; also occurs with an error of y3=0.1%.

Let us divide all components of the error into additive and multiplicative and, by the law
of distribution of the probability of their occurrence, find their standard deviations.

As has been shown, the entropy error y. according to [17,19] is equal to:

Ye = K eOe O]

where: K. — entropy coefficient of the converter element, depending on the error
distribution law;

o. — total standard deviation (error) of the element.

The error distribution law in block 1 can be assumed to be normal with the entropy
coefficient K,;=2.07. Hence the standard deviation o; will be equal to:

N 0.2
o] =——=——=0.097% ©)
K el 2.07
Similarly, for block 2, with a normal error distribution law, we have K.,=2.07:
)
Oy =—"""= 0.048% @
K
e2
and similarly, we get K.3=2.07:
y
oy = 2= 0.48% ©
K
e3

The adaptive error of the ECVC with FMW will be formed by the sum of three
components Gi, 62, and o3 and will amount to

2 2 2 2 2 2
9,y =\/51 +52 +53 =\/0.027 +0.0487 +0.0487 =0.114 0)
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The entropy coefficients of the error components are the same: K.;=K.>=K.3=2.07 and
therefore the entropy coefficient of the sum Jy will also be equal to K.y=2.07. Hence the
entropy value of the adaptive error will be:

YSa = 2.07-0.114=0.235 (10)

Moving on to the summation of multiplicative errors, we accept the following provisions:
1) temperature affects the magnetic resistance of the magnetic circuit and the degree of
influence can be estimated by the coefficient:

0.05%

K = an
ECV 10°K

2) temperature affects the electrical resistance of the flat measuring winding and the
degree of influence can also be estimated by the coefficient:
X 0.05%
TFMW 10°K 12
In the design of an ECVC with FMW, the magnetic circuit and the FMW are always at
the same temperature, and their temperature errors are strictly correlated with each other and
must be summed up algebraically, and the overall coefficient of the influence of temperature
on the ECVC with FMW is equal to:
0.1%

K =— (13)

ECVC usually operates at temperatures (25+15)°C and all temperatures are equally
probable and the multiplicative error is equal to:

0.1-15
Ym = 0 =0.15% (14)
0.15
(TM =y_m=_=0.072 15)
Kom 207

As a result, we determine the error of the ECVC with FMW at the end of the range by
adding the adaptive and multiplicative errors according to the rules for summing independent
errors in the form:

o, =62 +50 =V01142 100122 015 g

The entropy errors of the summing errors are the same Ky, = 2.07 and K., =2.07 and are
quite large therefore the resulting distribution is equal to the normal distribution with Kj =
2.07.

Hence, the entropy value of the error of ECVC with FMW at the end of the scale is equal
to

yk:Kk~5k:2.07~0.15:0.31 a7

When normalizing a measuring device according to the standard, it is necessary to have
data on aging of at least 25% of the physical error, and the normalized value of the accuracy
of the ECVC with FMW can be selected from several estimated numbers provided by GOST.
For those considering ECVC with FMW, the accuracy class with a margin is 0.5%.

4 Conclusion

Analysis of circuits, constructions, structures and relations in the conversion of the primary
electric current of the consumer electricity receiver into a signal in the control of the power
supply, the study of physical and technical effects based on simulation and the principle of
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research and the construction of the sensor. Based on the circuit model construction algorithm
to convert the current into a signal, a model is created for the design of the Sensor. With the
interrelationship between the structure and values of circuits of different physical natures, the
transformation corresponds to the process of hybrid power supply management, in which
different sources of electric energy are considered as controlled consumer sources.
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