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THE EFFECTIVENESS OF ACTIVE SHIELDING OF MAGNETIC FIELD WITH
CIRCULAR SPACE-TIME CHARACTERISTIC AND WITH DIFFERENT SHIELDING
COILS SPATIAL POSITIONS

Aim. The synthesis, computer modeling and field experimental research of two degree of freedom robust two circuit system of active
shielding of magnetic field with circular space-time characteristic, generated by overhead power lines with «triangle» type of phase
conductors arrangements and with different shielding coils spatial positions for reducing the magnetic flux density to the sanitary
standards level and to reducing the sensitivity of the system to plant parameters uncertainty. Methodology. The synthesis is based on
the multi-criteria game decision, in which the payoff vector is calculated on the basis of the Maxwell equations quasi-stationary
approximation solutions. The game decision is based on the stochastic particles multiswarm optimization algorithms. The initial
parameters for the synthesis by system of active shielding are the location of the overhead power lines with respect to the shielding
space, geometry and number of shielding coils, operating currents, as well as the size of the shielding space and magnetic flux density
normative value, which should be achieved as a result of shielding. The objective of the synthesis is to determine their number,
configuration, spatial arrangement and shielding coils currents, the control systems parameters as well as the resulting of the
magnetic flux density value at the shielding space. Results. Computer simulation and field experimental research results of two
degree of freedom robust two circuit system of active shielding of magnetic field, generated by overhead power lines with «triangle»
type of phase conductors arrangements and with different shielding coils spatial positions are given. The possibility of initial
magnetic flux density level reducing and system sensitivity to the plant parameters uncertainty reducing is shown. Originality. For
the first time the synthesis, theoretical and experimental research of two degree of fieedom robust two -circuit t system of active
shielding of magnetic field generated by single-circuit overhead power line with phase conductor’s triangular arrangements and with
different shielding coils spatial positions carried out. Practical value. Practical recommendations from the point of view of the
practical implementation on reasonable choice of the spatial arrangement of two shielding coils of robust two -circuit system of active
shielding of the magnetic field with circular space-time characteristic generated by single-circuit overhead power line with phase
conductor’s triangular arrangements are given. References 32, figures 20.

Key words: overhead power lines with «triangle» type of phase conductors arrangements, magnetic field, system of active
shielding, computer simulation, field experimental research.

Llens. Cunmes, KomnvlomepHoe MmoOenupoganue u Hnoaegble IKCHEPUMEHMANIbHBIE UCCTE008AHUA KOMOUHUPOBAHHOIL
pobacmuoil  06yXKOHMYPHOU CUCHIEMbl AKIMUGHO20 IKPAHUPOGAHUA MAZHUMHOZ0 RONA C KpPY2060il RPOCMPAHCHIGEHHO-
6PEMEHHOI XAPAKMEPUCMUKOU, 2eHepUpPyemo0 O0OHOKOHMYPHOU 6030YWIHOI JIHHUEINl INeKmponepeoaiu ¢ mpeyzonbHbIM
noogecom npo60006, U C PAa3IUYHLIM NPOCHIPAHCHIECHHBIM PACHONONCCHUEM IKPAHUPYIOUWUX OOMOMOK ONA CHUNCEHUS.
UHOYKUUU MAZHUMHO20 NONAA 00 YPOGHA CAHUMAPHLIX HOPM U ONA CHUMNCEHUA UYYECIMEUMENbHOCU CUCHEMbl K
HeonpedeneHHOCmMuU napamempog odvekma ynpaenenusn. Memooonozus. Cunmes 0CHOGAH HA PEWIEHUNU MHOZOKPUMEPUATILHONL
CMOXACMUYEeCKOl Uzpbl, 6 KOMOPOU 6EKMOPHDLIL GbIUZPLIUL GBIUUCIACMCA HA OCHOGAHUU peuwieHull ypaenenuil Maxceenna 6
Keazucmayuonapuom npudnuxcenuu. Peutenue uzpol Haxooumca Ha 0CHOGe AN2OPUNMOE CHIOXACIMUYECKOT MYTbMUALEHIMHOIL
onmumuzayuu mynsmupoem uacmuy. Hcxoonvimu napamempamu Onsa CUHMEIA CUCHMEMbl AKMUGHO20 IKPAHUPOBAHUS
AGNAIOMCA PACNOJIONCEHUE BbICOKOGONLMHOI TUHUIL INIEKMPOneEPeoai no OMHOWIEHUIO K IKPAHUPYEMOMY NPOCHPAHCIEY, ee
2eomempuiecKue pasmepvl, KOJIUYECHEO NPO6000E u padouue moKu IUHUU INeKmponepeoaiu, pasmepvl IKPAHUPYEMOZO
npoCmMpancmea u HOpMAMUGHoOe 3HAYEHUE UHOYKUUU MAZHUMHO20 N0, KOMOPoe 00JI)CHO Oblmb 00CMUZHYMO 6 pe3yiibmame
IKPAHUPOBAHUA. 3a0aueil cunmesa AGNAEMCs onpedesieHue Koauuecmea, KoHpuzypayuu, npocmpanHcmeeHH020 Pacnoiolcenus
U 3HAYEHU MOKO0G 6 IKPAHUPYIOWUX 0OMOMKAX, RAPAMEMPbL CUCHEMbL YRPACICHUA, 4 MAKIHCE PE3YTbMUPYIOU|e20 3HA4eHUA
UHOYKUUU MAZHUMHO20 NOAA 68 IKpaHupyemom npocmpancmee. Pezynomamel. Ilpusooamca pe3ynsmamosl KOMNbIOMEPHO20
MOOenuposanun U NoueevlX IKCHEPUMEHMATILHBIX UCCAE006aHULI KOMOUHUPOSAHHOU POOACMHON 08YXKOHMYPHOU CUCHEMbL
AKMUBHO20 IKPAHUPOGAHUA MAZHUMHO20 NOA, 2€HEPUPYEMO20 G030YWIHOU JUHUEl INeKmponepeoaiu ¢ MpeyzonbHbIM
noogecom npoeooos, U C PpazluUYHBLIM NPOCHMPAHCIMEEHHBIM PACHON0MNCEHUEM IKpanupylowux oomomok. Ilokazana
603MOMNCHOCHG CHUMNCEHUA YPOGHA UHOYKUUU UCXOOHO20 MAZHUMHO20 NONA GHYMPU IKPAHUPYEMO20 NPOCHMPAHCMEA U
CHUMCEHUA 4YECMEUMEbHOCMU CUCMEMbl K HeonpeleieHHocmam napamempoé odvekma ynpaeénenus. OpuunanbHocmo.
Bnepevie npogedenvt cunmes, meopemuueckue u IKCHEPUMEHMATIbHBIE UCCIC006AHUA KOMOUHUPOBAHHOI POOACMHOTL
O0GYXKOHMYPHOU CUCHEMbl AKMUBHO20 IKPAHUPOBAHUA MAZHUMHOZ0 N0, 2EHEPUPYEMO20 00HOKOHMYPHOU 6030YUIHON TUHUELL
IneKmponepeoauu ¢ MPeyoabHLIM N006ecoM npoeodos. Ilpakmuueckaa uennocms. Ilpusodamca npaxmuueckue
PeKomeHoayuu no 060CHOBAHHOMY 6bIOOPY C MOYUKU 3PEHUA NPAKMUYECKOU Peanu3ayuu npoCmpancmeenHoz0 pacnonodicenus
06YX IKPAHUPYIOWUX O0OMOMOK OGYXKOHMYPHOU PpOOACMHOI cucmembl AKMUEHO20 IKPAHUPOGAHUA MAZHUMHO20 NONA C
Kpy20601l  npOCMPAHCMEEHHO-BPEMEHHOI  XAPAKMEPUCMUKOU,  C03046aemM020  O0OHOKOHMYPHOU  6030YWIHOU  JUHUEl
INeKmponepedanu ¢ mpeyzoabHvlM n00eecom npoeooos. budi. 32, puc. 20.

Kniouesvie cnosa: Bo3nyIIHAsl JHHUS YJIEKTpPoINepenay, MoBec NMPOBOAOB THIA «TPEYroJbHHK», MATHUTHOE I0JIe, CHCTEMA
AKTHBHOI0 SKPAHHPOBAHHS, KOMIILIOTEPHOE MO/IeTHPOBAHHe, T0JIeBble IKCIePUMEHTAIbHbIe HCCIeI0BAHMS.

Introduction. World Health Organization experts
have identified the carcinogenic properties of the power
frequency (PF) magnetic field (MF). Therefore, in the
world over the past 15 years, sanitary standards are
constantly tightening at the maximum permissible level of
MF induction of 50-60 Hz and intensive research is being

conducted on the development of methods for MF
normalization. Overhead power lines (OPL) are one of the
most dangerous for people sources of PF MF [1, 2].
Active contour shielding of PF MF generated by
OPL [3, 4] is the most acceptable and economically
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feasible for ensuring the sanitary norms of Ukraine in the
PF MF. The methods of synthesis of systems of active
shielding (SAS) for MF, generate by OPL, developed
in [5-8].

Single-circuit SAS with single SC is most widely
used in world practice [3]. Such SAS can effectively
shielded by MF with a small polarization. The space-time
characteristics (STC) of such MF is a very elongated
ellipse whose ellipse coefficient (ratio of the smaller axis
to the larger axis) is seeks to zero. Single SC of single-
circuit OPL generates MF, whose STC is a straight line.
With such a single- circuit SAS with single SC, the major
axis of the STS ellipse of the initial MF is compensated,
so that the STS of the total MP with SAS is on is
significantly smaller than the STS of the initial MF,
which determines the high shielding factor of such single-
circuit SAS. Single-circuit OPL with horizontal and
vertical bus arrangement, double-circuit OPL such as
«barrely, «tree» and «inverted tree», and groups of OPL
generates a MF with a weak polarization.

However, the single-circuit OPL with phase
conductor’s triangular arrangements generated most
polarized MF. The STC of such MF is practically a circle.
Therefore, for effective shielding of such MF it is
necessary to have two SC at least [5]. Note that the vast
majority of single-circuit OPL in Ukraine has just such
phase conductors triangular arrangements.

The goal of this work is the synthesis, computer
modeling and field experimental research of two degree
of freedom robust two circuit system with different both
shielding coils spatial positions for active shielding of
magnetic field with circular space-time characteristic,
generated by overhead power lines with «triangle» type of
phase conductors arrangements for reducing the magnetic
flux density to the sanitary standards level and to reducing
the sensitivity of the system to plant parameters
uncertainty.

Problem statement. The initial data for the
synthesis of the SAS are the parameters of the
transmission lines (working currents, geometry and
number of wires, location of the transmission lines
relative to the protected space) and the dimensions of the
shielding space and magnetic flux density sanitary
standards level, which should be achieved as a result of
shielding [12-22]. In the process of synthesis, it is
necessary to determine the parameters of the shielding
coils (SC) (their number, configuration, and spatial
arrangement), currents and the resulting magnetic flux
density level. To shielding factor improvement two
degree of freedom SAS are used in which simultaneously
used feed back regulator for closed loop control and feed
forward regulator for open loop control [22-26].

Two degree of freedom robust SAS synthesizing
problem reduced [27, 28] to the determination of such SC
spatial arrangement and geometric sizes, as well as
parameters of the regulator vector and uncertainty
parameters vector, which the maximum value of the
magnetic flux density in the shielding space points
assumes a minimum value for the SC spatial arrangement
and geometric sizes parameters vector but the maximum
value for the uncertainty parameters vector [28]. The two
degree of freedom robust SAS includes open loop and

closed loop control. The synthesis of such two degree of
freedom robust SAS is based on the multi-criteria game
decision [29-31], in which the payoff vector calculated on
the basis of the Maxwell equations quasi-stationary
approximation solutions [1, 2]. The game decision based
on the stochastic particles multiswarm optimization
algorithms [32].

Computer simulation results. Consider the results
of the two degree of freedom robust two circuit SAS
synthesis of MF with circular space-time characteristic
generated by 110 kV OPL with triangular conductors
arrangement in a single-story building located at a
distance of 10 m from OPL. In Fig. 1 are shown location
of OPL and shielding space (SS) in which MF must
mitigated to the sanitary norms level. In Figure 1 also are
shown location of both SC. SC upper parts are
coordinates (3.0416, 3.4965) and (7.1943, 3.6818). SC
lower parts are coordinates (6.3707, 0.6637) and (2.8478,
2.4522).

At 250 A OPL current, its necessary 86.2448 and
86.2768 amperes of turns (AT) in SC. Phase current shifts
are 0.8074 rad and 1.2043 rad.
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Fig. 1. The location of 110 kV overhead power line with phase
conductors triangular arrangements, both shielding coils and
shielding space

In Figure 2 are shown comparison of magnetic flux
density between working SAS with and without SAS. The
initial magnetic flux density level in shielding space is
0.75 uT. When the SAS is on, the magnetic flux density
level in shielding space is reduced to 0.12 pT. Therefore,
the shielding factor is 6.25.
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Fig. 2. Comparison of magnetic flux density between with and
without system of active shielding
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In Figure 3 are shown the MF STC, generated by
OPL (1); both SC (2) and total MF with SAS is on (3).
The STC of initial MF generated by OPL with phase
conductors triangular arrangements close to the circle.
STC of MF generated by both SC is also close to the
circle of the STC of initial MF, which ensures high
shielding factor.
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Fig. 3. Comparison of space-time characteristics of magnetic
flux density between with and without system of active
shielding and both shielding coils

However, STC of MF generated separately by only
single first SC or only single second SC are straight lines.
Naturally, the STC of the resulting MF generated by OPL
and only single SC is an ellipse, which will be shielded by
another SC. In Figure 4 are shown the STC of the initial
MF generated by OPL, shielding MF generated by only
single first SC and the resulting MF when only single first
SC is used.

As can seen from Fig. 4, the STC of the resulting
MF is a strongly elongated ellipse, the semi-major axis of
which is almost two times larger than the STC of the
initial MF, and therefore, due to only single first SC work,
initial MF is almost twice re compensated.
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Fig. 4. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single first shielding coil and only single
first shielding coil

However, then after second SC switching resulting
MF STC becomes significantly less than the STC of

initial MF, which ensures high shielding factor. Note that
the STC of the resulting MF, left after the operation of
only single first SC, practically parallel with the STC
generated by the MF using only single second SC.

In Figure 5 are shown the STC of the initial MF
generated by OPL, shielding MF generated by only single
second SC and the resulting MF when only single second
SC is used.
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Fig. 5. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single second shielding coil and only single
second shielding coil

As can seen from Fig. 4 and Fig. 5, STC of MF
generated separately by only single first SC, or only
single second SC are straight lines. However, STC of the
resulting MF, which left after the operation of only single
first (or second) SC, practically parallel with the MF STC
of MF, generated by using only single second (or first)
SC. It is the STC arrangement that provides ensures high
shielding factor, when both SC work simultaneously.

Notice, that the initial magnetic flux density level
ranges from 0.75 pT to 0.35 puT in all shielding space, as
can be seen from Fig. 2. When SAS is on, the magnetic
flux density level does not exceed 0.12 pT in all shielding
space, as can be seen from Fig. 2.

However, when SAS is on and with only single first
SC is used, the magnetic flux density level ranges from
1.5 uT to 0.3 uT in all shielding space. Consequently,
when SAS is on and with only single first SC is used
initial magnetic flux density level more than double due
to overcompensation.

However, when SAS is on and with only single
second SC is used, the magnetic flux density level ranges
from 2 puT to 0.4 puT in all shielding space. Consequently,
when SAS is on and with only single second SC is used
initial magnetic flux density level also more than 2.5 due
to recompensation. However, when SAS is on and with
both first SC and second SC is used, the magnetic flux
density level does not exceed 0.12 puT in all shielding
space. Consequently, when SAS is on and with both first
SC and second SC is used shielding factor is 6.25.

Notice also, that initial magnetic flux density level
overcompensation effect with only single first SC also
follows from comparison between MF STC without and
with SAS with only single first SC. Similarly initial
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magnetic flux density level overcompensation effect with
only single second SC also follows from comparison
between MF STC without and with SAS with only single
second SC.

Magnetic flux density level sanitary norms of
Ukraine are 0.5 pT. When the SAS is on, the magnetic
flux density level in shielding space is reduced to 0.12 puT
at 250 A OPL current. Consider the results of the SAS
synthesis at 700 A OPL current. In Fig. 6 are shown
location of OPL and shielding space in which MF must
mitigated to the sanitary norms level and location of both
SC. SC upper parts are coordinates (2, 4) and (6, 3.1031).
The SC lower parts are coordinates (6.6897, 1.5394) and
(2,0).
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Fig. 6. The location of 110 kV overhead power line with phase
conductors triangular arrangements, both shielding coils and
shielding space

At 750 A OPL current, its necessary 158.9729 and
—178.5417 AT in SC. Phase Current Shifts are 0.6934 rad
and 1.5959 rad. In Figure 7 are shown comparison of
magnetic flux density between with and without SAS.
The initial magnetic flux density level in shielding space
is 2.25 puT. When the SAS is on, the magnetic flux density
level in shielding space is reduced to 0.55 puT. Therefore,
the shielding factor is 4.1.
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Fig. 7. Comparison of magnetic flux density between with and
without system of active shielding

In Figure 8 are shown the MF STC, generated by
OPL (1); both SC (2) and total MF with SAS is on (3).

The STC of initial MF generated by OPL with phase
conductors triangular arrangements close to the circle.
STC of MF generated by both SC is also close to the

circle of the STC of initial MF, which ensures high
shielding factor.
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Fig. 8. Comparison of space-time characteristics of magnetic
flux density between with and without system of active
shielding and both shielding coils

The STC of the resulting MF generated by OPL and
only single SC is an ellipse, which will be shielded by
another SC. In Figure 9 are shown the STC of the initial
MF generated by OPL, shielding MF generated by only
single first SC and the resulting MF when only single first
SC is used. The STC of the resulting MF is a strongly
elongated ellipse, the semi-major axis of which is almost
two times larger than the STC of the initial MF, and
therefore, due to only single first SC work, initial MF is
almost twice re compensated. However, then after second
SC switching resulting MF STC becomes significantly
less than the STC of initial MF, which ensures high
shielding factor. Note that the STC of the resulting MF,
left after the operation of only single first SC, practically
parallel with the STC generated by the MF using only
single second SC.
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Fig. 9. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single first shielding coil and only single
first shielding coil

In Figure 10 are shown the STC of the initial MF

generated by OPL, shielding MF generated by only single

second SC and the resulting MF when only single second
SC is used.
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Fig. 10. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single second shielding coil and only single
second shielding coil

The initial magnetic flux density level ranges from
2.25 uT to 1 uT in all shielding space, as can be seen from
Fig. 7. However, when SAS is on and with only single
first SC is used, the magnetic flux density level ranges
from 2 uT to 0.8 uT in all shielding space. When SAS is
on and with only single second SC is used, the magnetic
flux density level ranges from 3.5 pT to 1.2 uT in all
shielding space. Consequently, when SAS is on and with
only single second SC is used initial magnetic flux
density level also more than 1.5 due to recompensation.
However, when SAS is on and with both first SC and
second SC is used, the magnetic flux density level does
not exceed 0.55 uT in all shielding space. Consequently,
when SAS is on and with both first SC and second SC is
used shielding factor is 4.1.

At 750 A OPL current when the SAS is on the
magnetic flux density level in shielding space is reduced
to 0.55 uT, which exceeds the magnetic flux density level
sanitary norms of Ukraine is 0.5 uT. So consider the
results of the SAS synthesis at 625 A OPL current. In Fig.
11 are shown location of OPL and shielding space in
which MF must mitigated to the sanitary norms level and
location of both SC. SC upper parts are coordinates
(8.544, 2.6895) and (3.069, 2.8128). SC lower parts are
coordinates (4.8693, 0.1461) and (8.4686, 0.2538). At
750 A OPL current, its necessary 77.5265 and —73.1804
AT in SC. Phase current shifts are 1.1091 rad and
0.8583 rad.

In Figure 12 are shown comparison of magnetic flux
density between with and without SAS. The initial
magnetic flux density level in shielding space is 1.9 pT.
When the SAS is on, the magnetic flux density level in
shielding space is reduced to 0.4 pT. Therefore, the
shielding factor is 4.75.

In Figure 13 are shown the MF STC, generated by
OPL (1); both SC (2) and total MF with SAS is on (3).

The STC of initial MF generated by OPL with phase
conductors triangular arrangements close to the circle.
STC of MF generated by both SC is also close to the
circle of the STC of initial MF, which ensures high
shielding factor.

i g

LY, m

X, m
Fig. 11. The location of 110 kV overhead power line with phase
conductors triangular arrangements, both shielding coils and
shielding space
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Fig. 12. Comparison of magnetic flux density between with and
without system of active shielding
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Fig. 13. Comparison of space-time characteristics of magnetic
flux density between with and without system of active
shielding and both shielding coils

The STC of the resulting MF generated by OPL and
only single SC is an ellipse, which will be shielded by
another SC. In Figure 14 are shown the STC of the initial
MF generated by OPL, shielding MF generated by only
single first SC and the resulting MF when only single first
SC is used.

As can seen from Fig. 14, the STC of the resulting
MF is a strongly elongated ellipse, the semi-major axis of
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which is almost two times larger than the STC of the
initial MF, and therefore, due to only single first SC work,
initial MF is almost twice re compensated. However, then
after second SC switching resulting MF STC becomes
significantly less than the STC of initial MF, which
ensures high shielding factor. Note that the STC of the
resulting MF, left after the operation of only single first
SC, practically parallel with the STC generated by the MF
using only single second SC.
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Fig. 14. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single first shielding coil and only single
first shielding coil

In Figurel5 are shown the STC of the initial MF
generated by OPL, shielding MF generated by only single
second SC and the resulting MF when only single second
SC is used.
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Fig. 15. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single second shielding coil and only single
second shielding coil

At 625 A OPL current the initial magnetic flux
density level ranges from 2 pT to 0.9 uT in all shielding
space, as can be seen from Fig. 2. However, when SAS is
on and with only single first SC is used, the magnetic flux
density level ranges from 4 pT to 0.7 uT in all shielding
space. Consequently, when SAS is on and with only
single first SC is used initial magnetic flux density level
more than double due to overcompensation.

However, when SAS is on and with only single
second SC is used, the magnetic flux density level ranges
from 5 uT to 1 pT in all shielding space. Consequently,
when SAS is on and with only single second SC is used
initial magnetic flux density level also more than double
due to recompensation. However, when SAS is on and
with both first SC and second SC is used, the magnetic
flux density level does not exceed 0.4 puT in all shielding
space. Consequently, when SAS is on and with both first
SC and second SC is used shielding factor is 4.75.

The initial magnetic flux density level
overcompensation effect with only single first SC also
follows from comparison between MF STC without and
with SAS with only single first SC, which Fig. 14 shows.
Similarly initial magnetic flux density level
overcompensation effect with only single second SC also
follows from comparison between MF STC without and
with SAS with only single second SC, which in Fig. 15
are shown.

To realize the SAS according to the first option of
SC spatial arrangement which is shown in Fig. 1, even at
a of 250 A OPL current , its necessary 86.2448 and
86.2768 AT in SC. Wherein SC upper parts are
coordinates (3.0416, 3.4965) and (7.1943, 3.6818). SC
lower parts are coordinates (6.3707, 0.6637) and (2.8478,
2.4522). To reduce the number of amperes in the SC, we
bring the SC to the shielding space. Consider the results
of the SAS synthesis at 250 A OPL current. In Fig. 16 are
shown location of OPL and shielding space in which MF
must mitigated to the sanitary norms level and location of
both SC. The SC upper parts are coordinates (6.0278,
2.9014) and (7.9925, 3.1824). SC lower parts are
coordinates (8.0261, 1.0391) and (5.9751, 0.1319).

y, m

X, m

Fig.16. The location of 110 kV overhead power line with phase
conductors triangular arrangements, both shielding coils and
shielding space

In this SAS at 250 A OPL current, its necessary
28.7127 and —25.6121 AT in SC. Phase current shifts are
1.0056 rad and 1.6681 rad. In Figure 17 are shown
comparison of magnetic flux density between with and
without SAS. The initial magnetic flux density level in
shielding space is 0.75 pT. When the SAS is on, the
magnetic flux density level in shielding space is reduced
to 0.26 uT. Therefore, the shielding factor is 2.88.
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Fig. 17. Comparison of magnetic flux density between
measurements and simulations with and without system of
active shielding

In Figure 18 are shown the STC of MF, generated by
OPL (1); both SC (2) and total MF with SAS is on (3).
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Fig. 18. Comparison of space-time characteristics of magnetic
flux density between with and without system of active
shielding and both shielding coils

The STC of initial MF generated by OPL with phase
conductors triangular arrangements close to the circle.
STC of MF generated by both SC is also close to the
circle of the STC of initial MF, which ensures high
shielding factor.

The STC of the resulting MF generated by OPL and
only single SC is an ellipse, which will be shielded by
another SC. In Figure 19 are shown the STC of the initial
MF generated by OPL, shielding MF generated by only
single first SC and the resulting MF when only single first
SC is used.

As can seen from Fig. 19, the STC of the resulting
MF is a strongly elongated ellipse, the semi-major axis of
which is almost 1.5 times larger than the STC of the
initial MF, and therefore, due to only single first SC work,
initial MF is almost twice re compensated. However, then
after second SC switching resulting MF STC becomes
significantly less than the STC of initial MF, which
ensures high shielding factor. Note that the STC of the
resulting MF, left after the operation of only single first
SC, practically parallel with the STC generated by the MF
using only single second SC.
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Fig. 19. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single first shielding coil and only single
first shielding coil

In Figure 20 are shown the STC of the initial MF
generated by OPL, shielding MF generated by only single
second SC and the resulting MF when only single second
SC is used.
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Fig. 20. Comparison between space-time characteristics of
magnetic flux density without and with system of active
shielding with only single second shielding coil and only single
second shielding coil

At 250 A OPL current the initial magnetic flux
density level ranges from 0.75 pT to 0.33 uT in all
shielding space, as can be seen from Fig. 17. However,
when SAS is on and with only single first SC is used, the
magnetic flux density level ranges from 1.5 uT to 0.3 pT
in all shielding space. Consequently, when SAS is on and
with only single first SC is used initial magnetic flux
density level more than double due to overcompensation.
When SAS is on and with only single second SC is used,
the magnetic flux density level ranges from 1.5 pT to
0.35 uT in all shielding space. Consequently, when SAS
is on and with only single second SC is used initial
magnetic flux density level also more than double due to
recompensation. However, when SAS is on and with both
first SC and second SC is used, the magnetic flux density
level does not exceed 0.26 uT in all shielding space.
Consequently, when SAS is on and with both first SC and
second SC is used shielding factor is 2.88.
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Note that with the first variant of the location of the
SC shown in Fig. 1 and Fig. 2, magnetic flux density
value of the initial MP decreases from 0.75 pT to 0.12 uT
and, therefore, the shielding factor is 6.25. However, in
this case, it is necessary to use 86.2448 AT and 86.2768
AT in a SC. Such a large value of the amperes turns in SC
are due to the fact that in this variant the both SC are
located closer to the transmission line, but with the variant
of the location of the SC shown in Fig. 16 and Fig. 17, at
the same 250 A OPL current, the initial magnetic flux
density level are reduced from 0.75 pT to 0.26 puT and,
therefore, the screening factor is 2.88. However, in this
case, it is necessary to use 28.7127 AT and 25.6121 AT in
a SC. Such a small value of the amperes turns in SC is
because in this variant the both SC are located far
from OPL.

Experimental research. Consider the field
experimental research of the SAS model. SC upper parts
of SC located at heights of 2.9 m and 3.2 m from the
ground, and the SC lower parts located at heights of 1 m
and 0.1 m from the ground. Both SC contains 20 winds
and are powered by 1.4 A and 1.25 A current from
amplifier type TDA7294. In Figure 17 are shown
comparison of magnetic flux density between
measurements (cross) and simulations (solid) with and
without SAS. The experimental SAS shielding factor is
also more than 2 units. A magnetic flux density difference
between measurements and simulations in the shielding
zone does not exceed 20 %.

Conclusions.

1. For the first time the synthesis, computer
modeling and field experimental research of the
effectiveness of system of active shielding of magnetic
field with circular space-time characteristic, generated by
overhead power lines with triangular conductor’s
arrangement, and with different shielding coils spatial
positions are given.

2. The synthesis of two degree of freedom robust
two-circuit system of active shielding is based on multi-
criteria stochastic game decision, which is calculated by
multiswarm stochastic multi-agent optimization from
Pareto-optimal solutions. Multi-criteria game vector
payoff is calculated based on the Maxwell equations
solution. The spatial arrangement and currents in two
shielding coils, the regulator parameters and resulting
magnetic flux density value in the shielding space are
determined by the system synthesis.

3. It was found, that depending on the shielding coils
spatial positions, the shielding factor level varies in the
range from 6.25 to 2.88. The closer the shielding coils are
located to overhead power lines, the shielding factor level
higher. However, the closer the shielding coils are located
to overhead power lines, it is necessary the amperes of
turns greater in shielding coils by shield the initial
magnetic field in the shielding space. Naturally, with the
same shielding coils arrangement when the overhead
power line current changes, the shielding coils current
changes in proportion to the line current.

4. It is shown, that when only single first shielding
coil or only single second shielding coil is working
separately, the initial magnetic flux density level may
increases 2-3 times due to overcompensation by initial

magnetic field. Moreover, the space-time characteristic of
magnetic field, generated separately by only single first
shielding coil or only single second shielding coils are
straight lines. However the space-time characteristic of
the resulting magnetic field, which left after the work of
only single first (or second) shielding coil, practically
parallel with the space-time characteristic of magnetic
field generated by using only single second (or first)
shielding coil. It is the space-time characteristic
arrangement that provides ensures high shielding factor,
when both shielding coils work simultaneously.

5. Based on field experimental research of two degree
of freedom robust two-circuits system of active shielding of
magnetic field with circular space-time characteristic,
generated by overhead power lines with «triangle» type of
phase conductor’s arrangements, and with different
shielding coils spatial positions are shown that
experimental and calculated magnetic flux density values in
the shielding space spread does not exceed 20 %.
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