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Comparison of the effectiveness of thriple-loop and double-loop systems of active shielding
of a magnetic field in a multi-storey old buildings

Aim. The issues of comparing the effectiveness of reducing the level of the magnetic field in a five-storey old buildings generated by
a single-circuit overhead power transmission lines with a triangular suspension of wires using a thriple-loop and double-loop
systems of active screening, which respectively contain three or two compensating windings are considered. Methodology. Spatial
location coordinates of the compensating windings and the currents in the shielding windings were determined during the design of
systems of active screening based on solution of the maximin vector optimization problem, in whith the vector of objective function is
calculated based on Biot-Savart's law. The solution of this problem is calculated based on algorithms of multi-swarm multi-agent
optimization. Results. The results of theoretical and experimental comparing the effectiveness of reducing the level of the magnetic
field in a five-storey old generated by a single-circuit overhead power transmission lines with a triangular suspension of wires using
a thriple-loop and double-loop systems of active screening, which respectively contain three or two compensating windings are
presented. Originality. For the first time, the comparison the effectiveness of reducing the level of the magnetic field in a five-storey
old using a thriple-loop and double-loop systems of active screening are considered. Practical value. From the point of view of the
practical implementation it is shown the possibility to reduce the level of magnetic field induction in a five-storey old buildings to the
sanitary standards of Ukraine for real overhead power transmission lines currents with the help of a synthesized double-loop systems
of active screening. A double-loop active screening system is simpler in comparison with a thriple-loop active screening system when
implementing. References 48, figures 7.
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Mema. Poszensinymo numarnsi nOpi6HsHHS epeKmueHOCHi 3HUNCEHHS PIGHS MAZHIMHO20 NOJsL 6 N'SMUnogepxo8omy 0omi cmapoi
3a6y008U, 2eHepyuoMO20 OOHOKOHMYPHOIO NOGIMPAHOIO JIHICIO elleKkmponepeoayi 3 MPUKYMHUM RNIOBICOM  Npo8odia 3
BUKOPUCTAHHAM MPbOXKOHMYPHOI ma O0BOKOHMYPHOI cucmem axkmueHO20 eKpamyeauHs, AKI 6iOnogioHo micmame mpu abo 06i
Komnencayitini oomomxu. Memoouxa. Ilpu npoexmyeanni cucmemu axKmueHO20 eKPAHYBAHHA BUSHAYANUCA KOOPOUHAMU
NnpoCmopo8o2o po3MAULy8anHsa eKpanylouux 0OMomoK i Cmpymu 6 eKpaHylouux oOMOmMKAx Ha OCHOBI piuleHHs 3a0aui MaKCUMiHOi
eexmopnoi onmumizayii, 6 sAKiil eexkmop yinbosoi Gyuxyii pospaxosyemuvcs 3a 3axonom bio-Casapa. Piwenna yici 3adaui
po3paxoeano na OCHOGI aneopummie 6azamopotiogoi bacamoazenmnoi onmumizayii. Pesynvmamu. Haseoeni pezyivsmamu
meopemuunHo20 ma eKCnepUMeHmMaIbHO20 NOPIGHAHHA eHeKMUBHOCIT SHUNCEHHS DIBHA MASHIMHO20 NOJA 8 N'SAMUNOBEPX080MY 00Mi
cmapoi’ 3a6y006u, 2eHepyliomMo20 0OHOKOHMYPHOIO NOGIMPSHOIO JIHIEI0 eleKmponepedayi 3 MpUKVmMHUM NIOSICOM NPOB00I6 3
BUKOPUCTNAHHAM MPbOXKOHMYPHOI ma O0BOKOHMYPHOI cucmem axkmueHO20 eKpamyeauHs, AKI MiCmAmb ionogiono mpu abo 06i
Komnencayitini obmomku. Opuzinanvuicme. Bnepuwe po3enanymo nopieHanHs eQeKxmueHOCMI 3HUNICEHH PIGH MASHIMHO20 NOJA 6
n'amunogepxogomy 0omi cmapoi 3a0y006u, 3a 00ONOMO2010 MPLOXKOHMYPHOI Ma 080KOHMYPHOI cucmem aKmusHo20 eKpany8aHHs.
Ilpakmuuna yinnicms. 3 mouku 30py npakmuyHoi peanizayii NOKA3AHO MONCTUBICTNG 3HUINCEHHS PIGHA THOYKYIL MACHIMHO20 NOA 8
n'ssmunogepxosomy 0omi cmapoi 3a0y006u 00 canimaprux Hopm YKpainu 01s pearvHux cmpymie nosimpanoi ainii enexkmponepeoayi
30 0ONOMO2010 CUNIME308aHOT OBOKOHNYPHOT CUCHEMU AKMUBHO20 eKPAHYBANHA. [{BOKOHMYpHA cucmema aKmueHo20 eKpany8anis 6
NOPIGHAHHI 3 MPLOXKOHMYPHOIO CUCEMOIO AKMUBHO20 eKPANY8ANHs npu 6nposaddcenni npocmiwa. bion. 48, puc. 7.

Knouosi cnosa: noBiTpsina JiHisi ejiekTponepenavi, Mar"iTHe IoJie, CHCTeMa AKTHBHOIO EKPAHYBaHHS, KOMII’IOTepHE
MO/ICJIIOBAHHS, €KCIIEPUMEHTAIbHI J0CIi/IZKeHHS1.

Introduction. Many existing overhead power shielding, it is possible to reduce the level of the initial

transmission lines in Ukraine run near the zones of old
residential buildings. Often old residential buildings are
located in the immediate vicinity of residential buildings, as
shown in Fig. 1. Naturally, in such residential buildings the
level of magnetic field (MF) induction exceeds the sanitary
standards of Ukraine by two or three times [1-4]. For the
safe operation of many old residential buildings, it is
economically expedient to reduce the induction level of the
initial MF to the level of sanitary standards of Ukraine by
means of active shielding [5-18].

These lines generate a magnetic field with a circular
space-time characteristic [6] to compensate for which by
means of active shielding at least two compensation
windings are required [14].

To compensate for this magnetic field in a multi-
storey old building, three or more compensation windings
may be needed [16—18]. In [19], the issues of reducing the
level of the magnetic field generated by a single-circuit
power transmission line with a triangular arrangement of
wires in a five-story building of an old building are
considered. With the help of such a system of active

magnetic field by 8 times from the induction level of the
initial magnetic field of 4 uT to the level of sanitary
standards of Ukraine of 0.5 uT. At the same time, sanitary
standards are met throughout the entire space of the five-
story building.

Fig. 1. Location of a residential building near overhead power
transmission lines
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This active screening system has been synthesized
for the rated current of the transmission line. However,
the real currents in the power transmission lines of
Ukraine are two to three times less than the rated currents.
In this regard, it is advisable to synthesize an active
screening system, with the help of which it is possible to
reduce the level of magnetic field induction in old
buildings to the sanitary standards of Ukraine at real
power transmission line currents.

From the point of view of practical implementation,
in comparison with a three-circuit active screening
system, a two-circuit active screening system is simpler.
When implementing a two-circuit system, firstly, fewer
supports are needed to suspend only two rather than three
compensating windings. Secondly, to supply the
compensating windings of the windings, only two power
amplifiers are needed instead of three, and a smaller
number of sensors are needed to measure the magnetic
flux density of the of magnetic field.

The objective of the work is to synthesize and to
compare the effectiveness of triple-loop and double-loop
systems of active shielding of the magnetic field
generated by single—circuit overhead power lines with a
triangular suspension of wires in a multi-story old
building.

Problem statement. To reduce the level of the
magnetic field around the world, systems of active
shielding of the magnetic field are used with the help of a
system of special controlled magnetic field sources —
windings with adjustable current, installed in the area
where it is necessary to maintain internal magnetic field
parameters [11-14].

For a given shielding space, in particular an old
multi-storey residential building located in the immediate
vicinity of an overhead power line, it is necessary to
create a magnetic field by means of active shielding,
which would compensate for the original magnetic field.

Consider a system of active shielding of magnetic
field using a system of special controlled sources of
magnetic field — windings with adjustable current,
installed in the area where it is necessary to maintain the
parameters of the internal magnetic field within specified
limits. The man-caused magnetic field is created by a
three-phase high-voltage power line.

We introduce the vector of the required parameters of
systems of active shielding, the components of which are
vector of coordinates of the spatial location of the
compensation windings and regulators parameters [20-24].
Also we introduce vector of the parameter of uncertainty
of external magnetic field model [23. 24]. Then the
problem of synthesis of systems of active shielding is
associated with computation of such vector of the
required parameters of systems of active shielding which
assumes a minimum value from maximum value of the
magnetic flux density at selected points of the shielding
space [25-29]. However, in this case, it iS necessary to
simultaneously determine such a value of vector of the
parameter uncertainty, at which the maximum value of the
same magnetic flux density is maximum. This is the worst-
case approach when robust systems synthesis [30-33].

Method of synthesis. This problem is the multi-
criteria two-player zero-sum antagonistic game [40, 41].

The vector payoffs are the magnetic flux density in points
of the shielding space. The vector payoff is the vector
nonlinear functions of vector of the required parameters
of systems of active shielding and vector of the parameter
of uncertainty of external magnetic field model and
calculated based on Biot-Savart's law [1]. In this game the
first player is the parameters of systems of active
shielding and its strategy is the minimization of vector
payoff. The second player is the vector of parameter
uncertainty and its strategy is maximization of the same
vector payoff. The decision of this game is calculated on
based of multi-swarm stochastic multi-agent optimization
algorithm [42-48]. This decision is choose from systems
of Pareto-optimal decisions [42].

Computer simulation. Let us consider the result of
synthesis of triple-loop and double-loop systems of active
shielding of the magnetic field generated by single-circuit
overhead power lines with a triangular suspension of
wires in a multi-story old building. In Fig. 2 are shown
the layout of the power transmission line, a five-story
building, in which it is necessary to reduce the level of the
magnetic field, and the location of three (a) and two (b)
compensating windings of systems of active screening.

Arrangement of active elements

Fig. 2. Layout of the power transmission line, a five-story
building, in which it is necessary to reduce the level of the
magnetic field, and the location of three (a) and two (b)
compensating windings of systems of active screening

The coordinates of the spatial position of the
compensation windings, the parameters of the regulators and
the currents in the compensation windings are calculated as a
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result of solving the problem of vector optimization in the
synthesis of the systems of active shielding.

In Fig. 3 are shown the distributions of the resulting
magnetic field for triple-loop (a) and double-loop (b)
systems. When operating a triple-loop system, as follows
from Fig. 3,a, using the systems of active screening, the
induction level of the resulting magnetic field in the entire
space of a five-story building does not exceed the level of
0.5 uT, which corresponds to the sanitary standards of
Ukraine. However, when operating a double -loop system,
as shown in Fig. 3,b, the level of induction of the
resulting magnetic field at the border of a five-storey
building exceeds the level of sanitary standards of
Ukraine in 0.5 pT. In general, the implementation of
sanitary standards is carried out on 90 % of the area of
five-story old building.

Zm Field after optimization |B|, uT

Fig. 3. Distributions of the resulting magnetic field
for triple-loop (a) and double-loop (b) systems

In Fig. 4 are shown the dependences of the induction
level of the initial MF and the resulting magnetic field as
a function of the distance from the power transmission
line. When operating a triple-loop systems of active
screening, as follows from Fig. 3,a, the induction level in
the entire space of a five-story building does not exceed
0.5 uT. However, during the operation of a two-circuit

systems of active screening, the level of induction is
slightly higher than the level of 0.5 uT inside a five-story
building near a power transmission line, as it shown in
Fig. 3,b.
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Fig. 4. Dependences of the induction level of the initial MF and
the resulting magnetic field as a function of the distance from
the power transmission line

In Fig. 5 are shown the spatio-temporal
characteristics of the initial magnetic field (1), the
magnetic field generated by the compensation windings
(2) and the resulting magnetic field (3), respectively, for
three-circuit (¢) and two-loop (b) active screening
systems. As follows from Fig. 5,a, during the operation of
a three-loop active screening system, the initial magnetic
field is almost completely compensated by the screening
windings so that the spatio-temporal characteristic of the
resulting magnetic field remaining after the operation of
the three-loop active screening system is a point.

This results in a high shielding factor of more than
20 units in a limited area of the shielding space under
consideration. However, when a two-loop active
screening system operates in this limited area of the
screening space, the screening factor is about 6 units.
Therefore, the spatio-temporal characteristic of the
resulting magnetic field remaining after the operation of
the two-loop active screening system is a line.

Experimental results. For experimental research,
models of three-loop and two-loop active shielding
systems were developed, as well as a model of a single-
loop overhead power line with a triangular suspension of
wires.
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Fig. 5. The spatio-temporal characteristics of the initial magnetic
field (1), the magnetic field generated by the compensation
windings (2) and the resulting magnetic field (3), respectively,
for three-circuit («) and two-loop (b) active screening systems

Let us consider the field experimental model of
systems of active screening. In Fig. 6 are shown three
compensation windings (a) a triple-loop active screening
system and two compensation windings (b) a double-loop
active screening system.

Fig. 6.Three compensation windings (a) for triple-loop active
screening system and two compensation windings () for
double-loop system of active screening

The special measuring system for experimental
measurement of space-time characteristics was developed.
This measuring system includes two measuring windings,
the axes of which are perpendicular to each other. An
important issue in tuning this measuring system is the
precise setting of the gains and phase shifts of the
individual measurement channels. In Fig. 7 are shown
experimental measurement space-time characteristics of
magnetic field.

In Fig. 7,a is shown experimental measurement space-
time characteristics of initial magnetic field. The shape of
this characteristic is close to a circle, which corresponds to
the calculated space-time characteristics of initial magnetic
field characteristic, which are shown in Fig. 5.

In Fig. 7,b is shown experimental measurement space-
time characteristics of resulting magnetic field with double-
loop system of active shielding is on. The shape of this
characteristic is close to to the calculated space-time
characteristics of resulting magnetic field with double-loop
system of active shielding is on, which is shown in Fig. 5,b.
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Fig. 7. The experimental measurement space-time characteristics
of initial magnetic field (a) and resulting magnetic field (b)
with double-loop system of active shielding is on

Note that experimental measurement space-time
characteristics of resulting magnetic field with triple-loop
system of active shielding is on_quite small compared to
experimental measurement space-time characteristics of
initial magnetic field. The shape of this characteristic is close
to a dot, which corresponds to the calculated space-time
characteristics of resulting magnetic field with triple-loop
system of active shielding is on, which are shown in Fig. 5,a.
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In Fig. 4 also are shown the level of induction of
magnetic field calculated (solid line) and measured with
and without systems of active screening.

The difference of magnetic flux density found by
measurements and simulations in the shielding zone does
not exceed 20 %. The experimental shielding factor of
systems of active screening is more than 8.

Note that real power transmission line currents are
two to three times less than the rated currents. That's why
from the point of view of the practical implementation it
is shown the possibility to reduce the level of magnetic
field induction in a five-storey old buildings to the
sanitary standards of Ukraine for real overhead power
transmission lines currents with the help of a synthesized
double-loop systems of active screening. A double-loop
system of active screening is simpler in comparison with
a triple-loop active screening system when implementing.

Discussion. Note that during the operation of a three-
circuit systems of active screening in the distribution of the
induction of the resulting magnetic field there is a
minimum with an induction value of 0.2 uT at the point
with coordinates (16.0, 7.0), for which the screening
factor is 20 units. In addition to this global minimum,
there are two more local minima with an induction value
of 0.4 uT at points with coordinates (16.0, 1.5) and
(16.0, 14.0), the screening factor of which is 10 units.

During the operation of a two-circuit systems of
active screening in the distribution of the induction of the
resulting magnetic field, there are also two local minima
with an induction value of 0.2 pT at points with coordinates
(15.0, 3.5) and (15.5, 12.5) on the border of a five-storey
building, of which the screening factor is 20 units.

The presence of such local minima in the magnetic
field induction distribution imposes specific requirements
on the algorithms used for solving optimization problems.
In particular, in the synthesis of the systems of active
screening under consideration, stochastic multi-swarm
multi-agent optimization algorithms were used.

Conclusions.

1. The synthesis of triple-loop and double-loop systems
of active shielding of the magnetic field generated by 110
kV single-circuit overhead power lines with a triangular
suspension of wires in a five-story old building has been
performed. As a result of the synthesis, the coordinates of
the location of three and two compensation windings,
respectively, were determined, as well as the currents and
phases in these compensation windings.

2. To synthesize robust systems of active screening,
solutions to minimax vector optimization problems were
calculated based on stochastic multi-agent optimization
algorithms. The calculation of vector objective functions
and constraints was carried out on the basis of the Bio—
Savart's law.

3. The study of the efficiency of the synthesized triple-
loop and double-loop systems of active screening of the
magnetic field in a five-storey old building has been carried
out. It is shown that with the help of a triple-loop system, the
level of the initial magnetic field is reduced to the sanitary
standards of Ukraine in the entire all space of a five-story
building. The screening factor is more than 8 units.

4. It is shown, that for rated currents of 110 kV power
transmission line with the help of a double-loop system

the implementation of sanitary standards is carried out
only on 90 % of the area of five-story old building.

5. For real currents of 110 kV power transmission line,
which are two to three times less than the rated currents, with
the help of a synthesized double-loop systems of active
screening, it is possible to reduce the level of induction of
magnetic field in the entire all space of a five-story old
building to the sanitary standards of Ukraine.
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