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SINGLE-CIRCUIT ACTIVE SCREENING OF MAGNETIC FIELD GENERATED
BY SEVERAL OVERHEAD TRANSMISSION LINES IN RESIDENTIAL AREA

Purpose. The synthesis of active screening system of magnetic field, generated by several high voltage overhead transmission
lines, with the help of single compensation cables is presented. Methodology. The initial parameters for the synthesis of active
screening system parameters are the location of the high voltage overhead transmission lines with respect to the protected
transmission line space, geometry and number of cables, operating currents, as well as the size of the protected space and
normative value of magnetic flux density, which should be achieved as a result of screening. The objective of the synthesis of the
active screening system is to determine their number, configuration, spatial arrangement, wiring diagrams and compensation
cables currents, setting algorithm of the control systems as well as the resulting value of the induction magnetic field at the points
of the protected space. Synthesis of active screening system is reduced to the problem of multi objective nonlinear programming
with constraints in which calculation of the objective functions and constraints are carried out on the basis of the Maxwell
equations solutions in the quasi-stationary approximation. The problem is solved by a stochastic multi swarm multi agent
particles optimization, which can significantly reduce the time to solve it. Results. Active screening system synthesis results for
reduction of a magnetic field generated by several high voltage overhead transmission lines are presented. The possibility of a
significant reduction in the level of source magnetic flux density within a given. Originality. For the first time the synthesis of the
active screening systems of magnetic field generated by the several high voltage overhead transmission lines within a given region
of space is carried out. Practical value. Practical recommendations on reasonable choice of the number and spatial arrangement
of compensating cables of active screening systems of the magnetic field generated by the several high voltage overhead
transmission lines is given. References 10, figures 7.
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Ilonyuun Oanvheliwee pazsumue Memoo CUHME3A CUCIMEM AKMUGHO20 IKPAHUPOBAHUA MAZHUMHOZO NOJIA, 2€HEPUPYEMO20
Heckonvbkumu 6030yuwinvimu JIII, na ocnose muozokpumepuanvnozo nooxoda. Ilpu cunmesze ucnonvzyemcs ynpoujennas
Mamemamuyeckas mMooeib MAZHUMHO20 NOJIA, 2EHEPUPYEMO20 HeCKoabKumu 030yuinvimu JIDII, udenmugurxayus komopoi
GbINOIHEHA NO IKCREPUMEHMAIbHHIM 3HAYEHUAM UHOYKUUU MAZHUMHOZ0 ROA 6 3a0AHHBIX NMOYKAX HA OCHOBE Pelienus 3a0auu
onmumu3zayuu. Ilpugedensvt pezyrvmamol cunme3a 0OHOKOHMYPHOU CUCHEMbl AKMUGHO20 IKPAHUPOBAHUA MAZHUMHO20 NOJA,
2eHepupyemozo neckonvkumu 6030ywnvimu JIDII. Ilokazana 603MOMiCHOCMb YyMeHbUIEHUA UHOYKUUU MAZHUMHOZ0 NOJA C
nOMOWBIO CUHMESUPOBGAHHOIL CUCHEMbL 00 YPOBHA CAHUMAPHBIX HOpm YKpaunst. bubn. 10, puc. 7.

Kniouesvle cnosa: BO3AyLIHbIE JUHUH JJIeKTpoNeperayd, MATHUTHOE I0Jie€ MPOMBIIIEHHOH YacTOThl, CHCTeMa AKTHBHOIO
IKPAHMPOBAHHS, MHOTOKPUTEPUAJILHBII CHHTE3.

Introduction. Ukrainian electricity networks are
characterized by high density, and especially near high-
voltage power substations. There is usually a group of
overhead transmission lines (TL), in the immediate
vicinity of which can be located residential buildings. In
this case, the level flux density of the magnetic field (MF)
created by a group of TL in residential areas may exceed
sanitary standards [1], which creates a threat to public
health and requires the adoption of appropriate measures
to normalize the MF.

For Ukraine, the method of active circuit screening
of MF is economically the most acceptable method of
reducing the MF in a residential area of operating
overhead TL [2].

Analysis of existing active screening systems. At
present, in many countries, active screening systems
(ASS) for MF generated by overhead TL [3-7] have been
developed and implemented. In such systems with
different control algorithms [8, 9], special compensation
windings — active cables, the number of which is
determined by the specific nature of the problem being
solved — are used as the executive body of the ASS.

The simplest single-circuit ASS with one
compensating winding are the most widely used [3],
however, the synthesis methods of such ASS are currently
developed only for single TL [10].

In connection with this, the problem arises of
synthesizing single-circuit ASS for efficient screening of
MF generated by a group of overhead TL.

The goal of the work is synthesis and investigation
of single-circuit active screening systems of the magnetic
field of the power frequency created in a residential area
by several overhead TL.

Problem definition. Let us consider the
construction of an ASS for protection against MF created
by several TL the layout of which is shown in Fig. 1.
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Fig. 1. The layout of several TL and protected area

In the immediate vicinity of the screening are there
are two double-circuit TL 110 kV (TL-1 and TL-2), a
two-circuit TL 330 kV (TL-3) and a single-circuit TL 330
kV (TL-4).
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Method of synthesis. We synthesize the ASS of MF
generated by several TL on the basis of the method
developed in [10]. In this case, the synthesis of the ASS is
reduced to solving the problem of multicriterion nonlinear
programming with constraints in which the calculations of
objective functions and constraints are performed on the
basis of the solution of the Maxwell equation in the quasi-
stationary approximation [1]. This problem is solved on
the basis of constructing Pareto-optimal solutions with the
help of algorithms of stochastic multi-agent optimization
by multiswarm of particles [10].

For the synthesis of ASS, in addition to the
geometrical dimensions of the TL, the location of the
residential zone, where it is necessary to shield the MF, it
is necessary to determine the complex values of the
currents in the wires of the TL. Moreover, when the
currents in different power lines change, not only the level
of the total MF generated by several TL changes, but also
the space-time electromagnetic field characteristics (STC)
of the MF due to the relative redistribution of the vertical
and horizontal components of the magnetic flux density
vector created by different TL.

The complexity of solving the problem of
synthesizing the ASS is determined by the number of
wires of the TL. Naturally, taking into account all the
wires of the TL creating the MF in the screening zone, the
problem of synthesizing the ASS is complicated.

Let us consider an approach to the synthesis of the
ASS which makes it possible to simplify the solution of
the synthesis problem on the basis of taking into account a
smaller number of wires compared with the original
problem. To this end, we first carry out experimental
studies of the MF level both in the screening zone and
near the TL. On the basis of the data obtained, we solve
the problem of identifying the currents in the wires of the
TL under which the sum of the squared errors of the
measured and model values of the flux density of the MF
at the given points is minimized.

In fact, this approach solves the problem of
approximating the initial MF measured as a result of
experimental studies, with the help of several TL.
Depending on the required accuracy of the approximation,
the number of TL taken into account can be reduced to
two or even one which makes it possible to substantially
simplify the solution of the problem of synthesis of the
ASS.

On the basis of the obtained simplified model of
MF created by several TL the problem of synthesis of
ASS can be solved on the basis of the method
described in [10].

Mathematical model of the initial MF generated
by several TL. Mathematical model of MF created by
several TL on the basis of a quasi-stationary solution of
Maxwell equation [1] can be represented in the following
form

B Iy (1)) (1)

M»

Blk( I,k( )) are the instantaneous

~

where  B,(P.1),
values of the flux density vectors of the resultant
magnetic field at the point of space P; and the magnetic

field created at the same point in space by k-th current
line of lk-th TL, K is the number of TL; L, is the number
of wires in k-th TL; Iy(¢) is the instantaneous current in
k-th wire of the lk-th TL.

Fig. 2 shows the lines of the same level of the
magnetic flux density calculated for the rated currents of
the TL.

Experimental studies of the MF created by these
several TL in a residential area in which it is necessary to
reduce the level of the magnetic field to sanitary standards
have shown that the flux density values of the MF
calculated at the rated values of the currents of the TL and
the measured values are very different.

Fig. 2. The distribution of the flux density of the initial magnetic
field generated by several TL at rated currents

Simulation of the MF created by individual TL in
the screening zone was carried out. Fig. 3 shows the
results of calculating the distribution of the flux density of
the magnetic field in the screening zone at the operation:
a) of one TL-4; b) at the operation of two TL-3 and TL-4;
¢) when three TL-2, TL-3 and TL-4 are operating; and d)
when four TL-1, TL-2, TL-3 and TL-4 are operating. In
this case, the currents in the wires of all TL were assumed
the same and equal to 500 A.

Based on the analysis of the dependencies shown in
Fig. 3 it can be seen that as the TL is removed from the
screening, the level of the flux density of the magnetic
field created by this TL in the screening zone decreases.
However, in the system under consideration, the rated
currents in the TL-3 and TL-4 wires are 2000 A, and the
rated currents in the TL-1 and TL-2 wires are 1000 A.
Therefore, despite the fact that TL-3 and TL-4 are
removed from the screening zone for a longer distance
than TL-1 and TL-2, the effect of TL-4 and especially
TL-3 on the level of the flux density of MF in the
screening zone can be significant.

Let us now consider the construction of a simplified
mathematical model of the initial MF generated by
several TL, and its identification from experimental data.
In order to determine the required number of TL wires to
be considered and the current values in these wires, we
construct a simplified model of the magnetic field based
on the simulation of the MF distribution in the screening
zone, taking into account the different number of wires
and the results of experimental studies.
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We define the current [;(f) in the k-th wire of the
lk-th TL in the following form

I (1) = Ay sin(or + gy ). 2
To determine the amplitudes A, of the currents 7;(¢)
we introduce the vector of the required parameters

7 ={4y}, the components of which are the amplitudes
Ay of the currents I(¢) in the k-th wire of the 1k-th TL.
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Fig. 3. Distribution of the magnetic flux density in the screening
zone during operation: a) one TL-4; b) two TL-3 and TL-4;
¢) three TL-2, TL-3 and TL-4; d) four TL-1, TL-2, TL-3 and

TL-4

Then the identification of the mathematical model
(1) can be reduced to minimizing the quadratic criterion
2
I
ok ) - -
Z = argman‘Bo(Pl-)—Be(PiX , 3)
i=l
where B,(P) is the measured magnetic flux density

vector in the point P;.

For the problem under consideration, an
approximated mathematical model of the initial MF is
constructed, in which the influence of only two 110 kV L
on the MF is taken into account. Fig. 4 shows the flux
density distribution of the MF of this approximated
model.

Fig. 4. Flux density distribution of the approximated
model of the magnetic field created by several TL

Fig. 5 shows the dependence of the flux density of
the MF of / — approximated model and 2 — measured
values. Comparison of simulation results and
experimental studies of the MF distribution in the
screening zone showed that when only the first two TL-1
and TL-2 of voltage of 110 kV are taken into account, the
error between such an approximated model and the
experimental values of the MF level does not exceed 4 %.

30 25 20 15 -10 -
Fig. 5. Dependencies of the MF flux density:
1 — calculated and 2 — measured values

Results of synthesis of ASS. We consider the
synthesis of the ASS of the MF created by several TL the
layout of which is shown in Fig. 1. This figure also shows
the residential area in which the MF screening is required,
and the location of the compensation winding. Based on
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experimental studies, it was found that in the screening
zone, the MF generated by these TL has a negligible
polarization, which makes it possible to construct a
single-circuit ASS with one compensation winding. It
should be noted that such systems have become most
widespread in the world practice [3-7].

Fig. 6 shows the lines of equal level of the magnetic
flux density module: @) of the initial MF created by
several TL and b) with the active screening system turned
on. The initial flux density of the MF in the residential
space under consideration is 1.8 uT which is 3.6 times
higher than the sanitary norms of 0.5 pT [1]. When the
active screening system is turned on, the flux density level
of the MF does not exceed 0.4 uT.
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Fig. 6. Flux density distribution: a) of the initial MF created by
several TL and b) of the MF with the ASS turned on

Fig. 7 shows the STC of the MF created: / — by
several TL; 2 — by compensating winding and 3 — total
MF with the system turned on. As can be seen from this
figure, in the space under consideration, the initial MF
created by several TL has a negligible polarization, so
that its STC represents a strongly elongated ellipse, and
the ellipse coefficient (ratio of the smaller semi-axis of
the ellipse to the larger semi-axis) is about 0.4, that is
confirmed by experimental research. Naturally, such a
MF can be effectively compensated with a single-circuit
ASS. With the help of one winding, the lager semi-axis
of the STC ellipse of the original MF is compensated, so
that the STC of the resultant MF remaining after the
operation of the ASS is an ellipse with an ellipse
coefficient equal to 0.8.

In conclusion, we note that the calculated screening
efficiency of the synthesized ASS in a residential zone
has been experimentally confirmed in the field on its full-
scale model and is more than four.

Fig. 7. Space-time characteristics of the flux density vector
of MF created: / — by TL; 2 — by compensating winding
and 3 — of total MF with ASS turned on

Conclusions.

1. Methods for the synthesis of active screening
systems of the MF generated by several TL on the base of
multicriteria approach and methods for constructing a
mathematical model of the MF generated by several TL
based on the experimental values of the flux density of the
MF at given points of space, based on solving the
optimization problem, have been further developed.

2.0n the basis of the proposed methods, a single-
circuit active screening system for the MF created by
several overhead TL in a residential zone was first
synthesized.

3. The possibility of a significant (by 4 or more time)
reduction of the flux density of the MF with the help of a
synthesized single-circuit screening system and achieving
the sanitary standards for the MF in the residential zone
located near the TL group is shown.

REFERENCES
1. Rozov V.Yu., Grinchenko V.S., Pelevin D.Ye., Chunikhin
K.V. Simulation of electromagnetic field in residential buildings
located near overhead lines. Technical electrodynamics, 2016,
no.3, pp. 6-8. (Rus).
2. Voloshko O.V. Synthesis of active shielding systems of
power transmission lines magnetic field. Visnyk of the National
Academy of Sciences of Ukraine, 2017, no.7, pp. 64-73. (Ukr).
doi: 10.15407/visn2017.07.064.
3. Active Magnetic Shielding (Field Cancellation). Available
at:  http://www.emfservices.com/afcs.html  (accessed 10
September 2012).
4. Beltran H., Fuster V., Garcia M. Magnetic field reduction
screening system for a magnetic field source used in industrial
applications. 9 Congreso Hispano Luso de Ingenieria Eléctrica
(9 CHLIE), Marbella (Malaga, Spain), 2005, pp. 84-99.
5. Celozzi S., Garzia F. Active shielding for power-frequency
magnetic field reduction using genetic algorithms optimization.
IEE Proceedings — Science, Measurement and Technology,
2004, Vol.151, no.1, pp. 2-7. doi: 10.1049/ip-smt:20040002.
6. Shenkman A., Sonkin N., Kamensky V. Active protection
from electromagnetic field hazards of a high voltage power line.
HAIT Journal of Science and Engineering. Series B: Applied
Sciences and Engineering, Vol. 2, Issues 1-2, pp. 254-265.

44 ISSN 2074-272X. Electrical Engineering & Electromechanics. 2018. no.1



7. Celozzi S. Active compensation and partial shields for the
power-frequency magnetic field reduction. Conference Paper of
IEEE  International ~ Symposium  on  Electromagnetic
Compatibility. Minneapolis (USA), 2002, Vol.1, pp. 222-226.
doi: 10.1109/isemc.2002.1032478.

8. Rozov V.Yu., Assyirov D.A., Reytskiy S.Yu. Technical
objects magnetic-field closed loop compensation systems with
different feed-backs forming. Technical electrodynamics.
Thematic issue «Problems of modern electrical engineering,
2008, chapter 4, pp. 97-100. (Rus).

9. Rozov V.Y., Assyirov D.A. Method of external magnetic
field active shielding of technical objects. Technical
electrodynamics. Thematic issue «Problems of modern electrical
engineering», 2006, chapter 3, pp. 13-16. (Rus).

10. Kuznetsov B.I., Turenko A.N., Nikitina T.B., Voloshko
A.V., Kolomiets V.V. Method of synthesis of closed-loop
systems of active shielding magnetic field of power transmission
lines. Technical electrodynamics, 2016, no.4, pp. 8-10. (Rus).

Received 15.12.2017

How to cite this article:

B.I Kuznetsov', Doctor of Technical Science, Professor,
T.B. Nikitinaz, Doctor of Technical Science, Professor,
AV. Voloshkol, Candidate of Technical Science,

LV. Bovdyj', Candidate of Technical Science,

E.V. Vinichenkol, Candidate of Technical Science,

B.B. Kobilyanskiy', Candidate of Technical Science, Associate
Professor,

! State Institution «Institute of Technical Problems

of Magnetism of the NAS of Ukrainey,

19, Industrialna Str., Kharkiv, 61106, Ukraine,

phone +380 50 5766900,

e-mail: kuznetsov.boris.i@gmail.com

% Kharkov National Automobile and Highway University,
25, Yaroslava Mudrogo Str., Kharkov, 61002, Ukraine,
e-mail: tatjana55555@gmail.com

Kuznetsov B.I., Nikitina T.B., Voloshko A.V., Bovdyj I.V., Vinichenko E.V., Kobilyanskiy B.B. Single-circuit active
screening of magnetic field generated by several overhead transmission lines in residential area. Electrical engineering
& electromechanics, 2018, no.1, pp. 41-45. doi: 10.20998/2074-272X.2018.1.06.

ISSN 2074-272X. Electrical Engineering & Electromechanics. 2018. no.1 45



