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REDUCTION OF MAGNETIC FIELD LEVEL IN RESIDENTIAL OLD BUILDINGS
FROM OVERHEAD POWER LINES BY MEANS OF ACTIVE SCREENING

Aim. Reduction of the magnetic field induction to the level of modern sanitary standards by means of active screening in residential
old buildings which are located near existing typical overhead power lines are considered. Active shielding of the magnetic field
inside a single-storey and multi-storey building is considered. During the design the number, configurations, spatial arrangement of
the shielding windings, as well as the currents in the shielding windings were determined. Methodology. The design problem for the
system of active shielding reduced to solving the minimax vector optimization problem. The vector of objective function in this
minimax problem is calculated based on Biot-Savart's law. The solution of this problem is based on multi-agent optimization
algorithms. Results. The results of theoretical and experimental studies of the systems of active shielding of the magnetic field
generated by various overhead power lines inside a single and multi-storey building are presented. Originality. The possibility of
reducing the induction of the initial magnetic field inside the shielded space to the level of sanitary standards is shown. Practical
value. From the point of view of the practical implementation for a reasonable choice of the number and spatial arrangement of
shielding windings of systems for active shielding of the magnetic field generated by various overhead power lines inside residential
buildings of different storey s are given. References 47, figures 7.

Key words: overhead power line, magnetic field, system of active screening, computer simulation, experimental research.

Mema. Posenanymo 3HudCeHHs IHOYKYii MASHIMHO20 NOsL 00 PiBHA CYUACHUX CAHIMAPHUX HOPM 34 PAXYHOK AKMUBHO20 eKPAHYBAHHS 8
2HCUMIOBUX OYOUHKAX cmapoi 3a0y006U, PO3MAUIO8AHUX NOOIU3Y ICHYIOYUX MUNOBUX NOBIMPAHUX NI erekmponepedayi. Poszenanymo
aKmueHe eKpaHy8antsi MASHIMHO20 NOJIS 6CepPeOUHi 0OHON0BEPX08020 | bazamonosepxoozo Oyourky. Ilpu npoexmysanHi eusHauaAIUCS
KinbKicmy, KoHizypayis, npocmopose pPO3MAULYBAHHS EKPAHYIOUUX O0OMOMOK, a4 MAKONC CHMPYMU 6 eKPAHVIOUUX OOMOMKAX.
Memooonozia. 3a60anis NPOEKMYSAHHsL CUCTNEMU AKMUBHO20 EKPAHYBAHHS 3600UMbCsL 00 SUPIUEHHS 3A0ayl MIHIMAKCHOL 6eKMOPHOL
onmumizayii. Bekmop yinbooi yHkyii 6 yiti MiHiMakcHiil 3a0aui obuucmoemvcsi Ha ocHogl 3akony bio-Casapa. Bupiwenns yici
npobaemu epyHmMyemvca Ha aneopummax 6azamoazenmuoi onmumizayii. Pesynemamu. Ilpeocmaeneni pesynomamu meopemuyHux i
EKCNEPUMEHMANbHUX O00CTIONCEHb CUCeEM AKMUBHO20 eKPAHYBAHHA MAZHIMHO20 NONA, WO CMEOPIOEMbCA DI3HUMU NOGIMPAHUMU
JUHIAMU enekmponepeoayi 6cepeduni 0OHO- i bazamonosepxo6o2o OyouHky. Opuzinanvuicme. [loxazana MOXMCIUGICIb SHUICEHHS
IHOYKYIT NOYAMKOB020 MACHIMHO20 NOJIA 8CEPEOUHi NPOCMOPY, WO eKPAHYEMbCA, 00 pieHA canimaphux nopm. Ilpakmuuna yinnicme. 3
MOUKU 30py NpakmuyHoi peanizayii npeocmaeineni pexomenoayi 01 002PYHMOBAHO2O0 GUOOPY KITbKOCMI [ NpPOCmOpo8o2o
PO3MAULYBAHHSA EKPAHYIOYUX 0OMOMOK CUCHEM AKMUBHO2O eKPAHYBAHHS MASHIMHO20 NOJsL, WO CMEOPHOEMbCS PIZHUMU NOBIMPIHUMU
JUHIAMU eNeKmponepeday 6CepeOuHi Hcumuosux OyouHKis piznoi nogepxosocmi. biomn. 47, puc. 7.

Knouosi cnosa: noBitpsiHa JiHisi enekTponepeaavi, MarHiTHe moJie, CHCTeMa AKTHBHOIO €KPaHYBaHHSI, KOMII’'HOTepHe
MO/Ie/TI0BAHHS, eKCIIePUMEHTAJIbHI J0C/Ti>KeHH.

Introduction. Existing high-voltage overhead power
lines, located in residential areas of most developed
countries, are the main sources of magnetic field of
industrial frequency, which has a massive effect on the
population and is more dangerous to health than the
electric field [1-4]. Experts of the World Health
Organization in the late 20th century discovered the
carcinogenic properties of the magnetic field of overhead
power lines with its weak but long-lasting effects on
humans. Therefore, in the last 20 years the world has been
actively implementing and constantly strengthening
sanitary norms from the maximum allowable level of
induction of magnetic field 50-60 Hz for the population,
intensive development of methods for normalization of
magnetic field [5-11].

Recently, strict sanitary standards for the induction of
a magnetic field of 50 Hz (0,5 uT for the population) were
introduced for the first time in the regulations of Ukraine.
However, in Ukraine these norms are for most of the
existing 10-330 kV overhead power lines, which were built
during the last 50 years without taking into account the
current requirements for magnetic field, are not fulfilled.

Thus, as shown by the calculations and results of
numerous experiments [1, 2], the maximum allowable
level of induction of magnetic field at the boundary of the
sanitary protection zones of existing substations,
previously determined only by electric field, may be
exceeded by more than an order of magnitude. This poses

a threat to the health of hundreds of thousands of people

living closer than 100 m from overhead power lines.
Moreover, often residential old buildings are

generally located near power lines, as it is shown in Fig. 1.

LAl 1 o N
Fig. 1. Location of residential old buildings near power lines

This situation requires urgent measures to reduce to
a safe level induction of high-voltage overhead power
lines in nearby residential houses. Such normalization of
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magnetic field can be carried out either by reconstruction
of the overhead power lines, or by shielding residential
buildings from the magnetic field of overhead power
lines.

Reconstruction is the most effective method to
reduce to a safe level induction of magnetic field.

Higher shielding efficiency of magnetic field
submarines (up to 10) with less metal capacity is possible
to provide methods of active shielding of magnetic field
[12-18]. Their essence is automatic formation in a closed
structure by means of special windings of the
compensating magnetic field with such spatial time
structure, the superposition of which with magnetic field
submarine in the protection zone is minimized to a safe
level. Active shielding technology does not allow
relatively inexpensive means to solve socially important
problems.

The technology of active shielding of magnetic field
of operating substations has been used by the majority for
more than 10 years developed countries, such as the
United States, Italy, Spain and Israel [5-11]. In works
[12-18], methods for designing of such systems of active
screening based on genetic optimization algorithms were
developed. However, these works do not consider the
issues of the synthesis of robust systems of active
screening, the characteristics of which are not sensitive to
changes in the parameters and, possibly, the structure of
the control object and the parameters of the original
magnetic field [19-22].

In Ukraine in residential buildings of core city
buildings single-storey and multi-storey buildings most
often are located near existing 10-330 kV overhead power
lines including single-circuit overhead power lines with a
triangular suspension of wires, double-circuit overhead
power lines with a suspension of «barrel»-type wires.

The purpose of the work is to reduce the magnetic
field induction in residential buildings of old buildings
which are located near existing various types overhead
power lines to the level of modern sanitary standards by
means of active screening.

Statement of the research problem. The
mathematical model of the vector induction B,(P;, I(?), f)
of the initial magnetic field [22-28] in the form of the sum
of the vector inductions B,(P;, I(t)) generated by all L
currents /,(¢) in the conductors / of the power transmission
line at a point P; at a time ¢ is based on the Biot-Savart
law in the following form

I RO N

here a vector of power transmission line currents fy(?) is
introduced, the components of which are the currents /,(¢)
in / current conductors of the power transmission line
Iy(t) = {I(D);.

The shielding magnetic field induction B(P;, 1,(%), f)
generated by M control windings can be calculated
similarly as the sum of the inductions B,,(P;, 1,.(1), )
generated by the m currents /() of the shielding windings
at a point P; at a time 7 in the following form

B (1’ y ) szm(ls ym ) (2)

here the vector I,(¢) of currents of the shielding windings
is introduced, the components of which are I,(f) the
currents in m shielding windings I(¢) = {/,,,(£)}.

With the help of the M windings of the system of
active screening, it is necessary to generate a magnetic
field with the induction B,(P;, I,(), ) at the point P; of the
considered space, with the help of which the induction
B,(P;, I)(?), t) of initial magnetic field in the point P; of
considered space is compensated, so that the induction
B(P;, I(9), I(1), t) of the total magnetic field generated by
currents Io(f) of wires of power lines and currents 1,(¢) of
control windings at all points P;, of the considered space

B(Pulo()l ()»’): 3)
B (B0t B, 1, (0)1)

does not exceed the level of sanitary standards for all
points P; of the considered screening space.

The task of designing of the system of active
shielding is to determine the number and spatial location
of the compensating windings, as well as the currents in
these windings.

Solution method. In the process of designing of the
system of active shielding, it is necessary to determine the
amount M of compensating windings and the coordinates
X and Y of the spatial arrangement of the compensating
windings, as well as the currents /,(¢) in these windings
[20]-[23]. Let us introduce a vector of the sought-for
design parameters of the system of active shielding, the
components of which are the amount M of compensating
windings and the coordinates of the X and ¥ of the spatial
arrangement of the compensating windings, as well as the
currents of the 1,() in these windings. Then, for a given
value of the M quantity and the coordinates of the X and ¥
of the spatial arrangement of the compensating windings,
as well as the I(#) currents in these windings, the
mathematical model of the induction B,(P;, I,(?), t) of the
magnetic field generated at the point P; of the space under
consideration by all compensating windings is also based
on the Biot-Savart law.

When the system of active shielding operates at the
points of the shielding space located closer to the power
transmission line, undercompensation of the initial
magnetic field is possible, since the induction of the
magnetic field generated by the compensation windings
decreases faster than the induction of the initial magnetic
field generated by the power transmission line. On the
other hand, at the points of the shielding space located
further  from the power transmission line,
overcompensation of the initial magnetic field is possible,
since the induction of the magnetic field generated by the
compensation windings near these windings has a
significantly greater value of the induction of the initial
magnetic field generated by the power transmission line
in these same points [24-28]. Therefore, to reduce the
number of points taken into account, you can take a
limited number of points in the shielding space near the
transmission line and the most distant from the
transmission line.

A feature of the design problem is that the
parameters of the initial magnetic field, its induction and
the spatio-temporal characteristic, due, in particular, to the

ISSN 2074-272X. Electrical Engineering & Electromechanics, 2021, no. 5 25



currents in the wires of the power transmission line, are
not known exactly in advance and changes in time-during
the day, the time of the year and others. In addition, the
parameters of the active screening system, in particular,
the geometric dimensions of the compensating windings
and regulators, firstly, are implemented with some error
and, secondly, change during the operation of the system
of active shielding.

Therefore, the design of system of active shielding
must be carried out taking into account the uncertainty of
both the parameters of the initial magnetic field and the
system of active shielding parameters [29-35]. Let us
introduce a vector of uncertainties, the components of
which are the deviations of the parameters of the initial
magnetic field and the parameters of the system of active
shielding from their nominal values adopted in the design
of the system of active shielding.

Let's reduce the design of the system of active
shielding to solving the optimization problem. In the
presence of uncertainties in the system, the design of a
robust system is usually reduced to the «worst» case,
when the uncertainty vector behaves the most maliciously
and maximally degrades the compensation of the initial
magnetic field with the help of compensating windings
[36-38]. Then the design problem for the system of active
shielding can be reduced to solving the following
maximin vector optimization problem [39-41]. The vector
objective function in this minimax problem is calculated
based on Biot-Savart's law.

The solution to this problem is based on multi-agent
optimization algorithms [42-47].

Results of modeling and experimental research.
In residential buildings of core city buildings which are
located near existing typical power lines the most
widespread are single-circuit 110 kV transmission lines
with a triangular suspension of wires. Moreover, in the
area of laying these power lines, single-story residential
buildings are most often in the immediate vicinity. The
layout of power transmission line, single-story residential
building, in which it is necessary to reduce the induction
of the initial magnetic field to the level of modern sanitary
standards, and compensating windings are shown in
Fig. 2. As a result of the design of the system of active
shielding two compensating windings was calculated.

X, m

Fig. 2. The layout of single-circuit 110 kV transmission lines,
compensating windings and one-story residential building

In Fig. 3 is shown two compensating windings of
experimental plant of system of active shielding.

Fig. 3. Location of three compensating windings
of experimental plant of system of active shielding

In Fig. 4 are shown modeling and experimental
dependences of the induction of the initial and resulting
magnetic field as a function of the distance from the
power transmission line in the house, where it is
necessary to reduce the level of induction of the initial
magnetic field generated by the power transmission line.
As can be seen from this figure, the level of induction of
the initial magnetic field varies from 0,65 uT to 1,5 puT.
The induction of the total magnetic field in the shielding
zone practically does not exceed the level of sanitary
standards.
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Fig. 4. Comparison of magnetic flux density between
measurements and simulations with and without system
of active shielding

Single-circuit 110 kV power transmission lines with
a triangular suspension of wires often run near multi-
storey buildings of core city buildings. The layout of such
a power transmission line, compensating windings and a
multi-storey residential building, in which it is necessary
to reduce the induction of the initial magnetic field to the
level of modern sanitary standards, are shown in Fig. 5.
As a result of design of the system of active shielding, the
coordinates of three compensating windings were
calculated.

In Fig. 6 are shown three compensating windings of
experimental plant of system of active shielding.
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Arrangement of active elements

Fig. 5. The layout of single-circuit 110 kV transmission lines
with a triangular suspension of wires and multi-storey
residential building

Fig. 6. Location of three compensating windings of
experimental plant of system of active shielding

Results of modeling and experimental dependences
of the initial and resulting magnetic field induction as a
function of the distance from the power transmission line
are shown in Fig. 7 The level of the initial magnetic field
induction varies from 2,25 uT to 0,8 uT.

The level of the total magnetic field induction in the
house, where it is necessary to reduce the level of the
initial magnetic field induction does not exceed the
sanitary standards level.

Double-circuit overhead power lines with a
suspension of «barrel»-type wires also often run near
single-storey and multi-storey buildings of city core
buildings.

Such overhead power lines generate a weakly
polarized magnetic field, the space-time characteristic of
which is a highly elongated ellipse. To effectively
compensate for such a magnetic field, one screening
winding is sufficient. Such a winding generates
magnetic field, the space-time characteristic of which is
a straight line. Therefore, with the help of such a
shielding winding, it is possible to compensate for the
major axis of the space-time characteristic ellipse of the
initial magnetic field and to realize a sufficiently high
shielding efficiency.

Field before and after optimization

\. Field before i
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Fig. 7. Comparison of magnetic flux density between
measurements (solid lines) and simulations (+) with and without
system of active shielding

As a result of design of the system of active
shielding for such overhead power lines the coordinate’s
only single compensating winding were calculated.
During modeling and experimental research of such
system of active shielding with only single compensating
winding was shown the possibility to reduce the induction
of the initial magnetic field to the level of modern sanitary
standards in residential buildings of city core buildings
including single-storey and multi-storey buildings which
are located near existing double-circuit overhead power
lines with a suspension of «barrel»-type wires.

Conclusions.

1. The method for the design problem for the system of
active screening has been developed. During the design
the number, configuration, spatial arrangement of the
shielding windings and the currents in the shielding
windings were determined. The design problem is
reduced to solving the maximin vector optimization
problem. The vector objective function in this minimax
problem is calculated based on Biot-Savart's law. The
solution of this problem is based on multi-agent
optimization algorithms.

2. On the basis of the developed method the design of
the different type of systems of active screening to reduce
the magnetic field induction to the level of modern
sanitary standards for residential buildings of core city
buildings have been carried out. These systems contain
different number screening coils and include single-storey
and multi-storey buildings which are located near existing
typical power lines including single-circuit overhead
power lines with a triangular suspension of wires, double-
circuit overhead power lines with a suspension of
«barrel»-type wires.

3. As a result of computer simulation and experimental
studies of the synthesized systems of active screening, it
is shown that with the help of the synthesized systems, the
level of induction of the magnetic field in single-storey
and multi-storey buildings generated by different types of
high-voltage power lines are reduced to the sanitary
standards of Ukraine.
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