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Problem of improving of efficiency of overhead power lines magnetic field mitigation by combined active and passive
contours shielding and reducing system sensitivity to uncertainty and changes in system parameters considered. Design
of combined active and passive shielding reduced to solving the geometric inverse problem of magneto-quasi-static’s
based on vector game solution with vector payoff calculated based on Maxwell equations solution in a quasi-stationary
approximation using COMSOL Multiphysics software. Vector game solution calculated based on particles multi-swarm
optimization algorithms from Pareto optimal solutions set taking into account binary preference relations. During de-
sign of combined active and passive shielding number and spatial arrangement coordinates of active compensating
windings and passive contours, as well as currents and phases in active compensating windings calculated. The com-
puter simulation and experimental research of combined active and passive contours shielding for improving of over-
head power lines magnetic field mitigation efficiency presented. References 3, figures 2.
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Introduction. Protecting public health from the biological impact of the man-made electromagnetic
field of electric power facilities has a high social significance and is an extremely relevant and important task
in improving the quality and life expectancy of the population. Many residential buildings located in close
proximity to high-voltage power lines (PL), so that magnetic field (MF) level significantly exceeds modern
sanitary standards. Currently, research is being intensively carried out all over the world and various systems
for power frequency MF active shield (AS) being implemented [1]. Passive shields (PS) have a significantly
lower shielding factor (SF) than AS, therefore PS often used as a supplement to AS so that combined active
and passive shield (CAPS) various design used simultaneously [2]. In works [1, 2] PL currents considered
known and do not change over time, however, actual current values have daily, weekly and seasonal
changes, so designed system must be robust.

The aim of this work is development of method for design of combined active and passive contours
shielding means for improve of overhead power lines magnetic field mitigation and reducing system
sensitivity to uncertainty and changes in system parameters

Problem statement. MF source is PL wires currents. Magnetism direct problem is MF generated by
PL wires calculation. Mathematical modeling of electromagnetic field in general case comes down to solving
a boundary value problem for system of Maxwell partial differential equations [1]. An intermediate position
between a constant field and a rapidly changing field occupied by so-called quasi-stationary field — an
electromagnetic field in which study displacement currents neglected in comparison with conduction
currents. From this approximation it follows that quasi-stationary MF at any given moment in time is
completely determined by distribution of electric currents at the same moment in time and found from this
distribution in exactly the same way as is done in magnetostatics.
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Consider MF direct problem — calculating the initial MF generated by PL. Let's set the amplitudes
and phases of the power frequency currents in PL wires. Let us introduce a vector of parameters of the initial
uncertainties of CAPS design problem with components of initially known inaccurately and change during
system operation. Then initial MF vector calculated as the sum of MF vectors generated by all PL wires.

Now consider MF geometric inverse problem for CAPS. It is necessary to calculate the number,
spatial locations and geometric dimensions of compensation windings, as well as the amplitude and phase of
the currents in the compensation windings of CAPS, so that with the help of these windings a compensation
MF generated opposite to original MF, generated by PL wires.

Introduce required parameters vector for the CAPS design problem with components compensation
windings geometric dimensions values as well as amplitudes and phases of AS compensation windings
currents [1, 2]. Then resulting MF vector calculated as sum of MF vectors generated by all Pl wires, all AS
compensating windings wires and all PS contours.

Solution method. CAPS design problem comes down to solving a vector game in which necessary
to find the minimum of payoff game vector on required parameters vector but the maximum of the same
payoff game vector on uncertainty parameters vector. Payoff game vector is nonlinear vector functions of
required parameters vector and of uncertainty parameters vector and calculated by COMSOL Multiphysics
software.

To calculate vector game solution from Pareto-optimal solutions set multi-swarm stochastic multi-
agent optimization algorithm used based on particles swarm collective intelligence to globally optimal value
find [3].

Based on binary preferences relationships when minimizing the induction level of the resulting MF
at one point in shielding space and increasing MF level at another point in this space due to
undercompensation or overcompensation of original MF, one can choose solution that minimizes the
maximum MF level at all considered points of shielding space.

Simulation results. Consider CAPS design to increase the efficiency MF reduction generated by
single-circuit PL with wires triangular arrangement in one-story old house. In CAPS design process spatial
location coordinates of 16 conductors of multi-circuits PS calculated. Spatial location coordinates of AS two
compensation windings, as well as the currents and phases in these AS windings also calculated. Unlike
work [2] in this work spatial location coordinates of 16 contours of multi-circuit PS calculated as vector
game solution.

The layout of PL, AS compensating windings and PS multi-circuit passive screen shown in Fig. 1.

Fig. 1

In MF distribution characteristic areas of stress concentration at 16 conductors locations of multi-
loop PS. Minimum level of the resulting magnetic field in central part of the shielding space is 0.1 uT7.
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Shielding factor (SF) calculated value in central part of shielding space is more than 10 units. CAPS makes it
possible to reduce initial MF in a significantly larger area of the shielding space compared to using only AS.

Experimental results. Let us now consider the results of experimental studies of CAPS. In Fig. 2, a
shown CAPS control system. In Fig. 2, b shown PS multi-circuit PS. In Fig. 2, ¢ shown the experimentally
measured initial MF and resulting MF with CAPS. MF minimum value in small shielding space with CAPS
is 0.1 p7. Experimentally measured SF maximum value is also more than 10 units. Comparison of the results
of calculated and experimentally measured initial and resulting MF magnetic fields with CAPS differ by no
more than 20 %.

Distribution of the magnetic field induction |B|
of the HPVL+SAE+CPS

Fig. 2

Conclusion. For the first time the method for design of combined active and passive contours shield
for improving of efficiency of overhead power lines magnetic field mitigation and reducing system
sensitivity to uncertainty and changes in system parameters development.

Combined active and passive shielding design reduced to solving the geometric inverse problem of
magneto-quasi-static’s based on vector game solution with vector payoff calculated based on Maxwell equa-
tions solution in a quasi-stationary approximation using COMSOL Multiphysics software. Vector game solu-
tion calculated based on particles multi-swarm optimization algorithms from Pareto optimal solutions set tak-
ing into account binary preference relations.

Number and spatial arrangement coordinates of active compensating windings and passive contours,
as well as currents and phases in active compensating windings calculated during design of combined active
and passive shielding.
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Result of computer simulation and experimental research of combined active and passive contours
shielding for improving of efficiency of overhead power lines magnetic field mitigation and reducing system
sensitivity to uncertainty and changes in system parameters presented.

The main advantage of using combined active-passive screen is that it can be used to reduce the level
of the initial magnetic field over a much larger area of the shielding space compared to using only an active
screen.
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Bcemyn. Posensanymo npobiemy niosuujenHs eekmueHocmi ociadieHHs MAeHIMHO20 NOJs 8 HCUMT08UX OYOUHKAX 8i0
NOBIMpAHUX TiHIU elekmponepeoayi KOMOIHO8AHUMU AKMUBHUMU MA NACUBHUMU KOHMYpHUMU ekpaHamu. Mema.
Pospodxa memody npoexmyganHs KOMOIHOBAHUX AKMUBHUX [ NACUBHUX KOHMYPHUX eKPAHi8 3a0is NiO8UUEHHS
epexmusHocmi  0CIAONEHH MAZHIMHO20 NOJSL NOSIMPSHUX JIHIU eleKmponepeoayi ma 3MeHUEHHsT YYMIUGOCMI
cucmemu 00 HegU3HAYeHOCMI I 3MiH napamempis cucmemu. Memooonozisn. Ilpoexmysansi KOMOIHOBAHUX AKMUBHUX [
NACUBHUX KOHMYPHUX eKPAHIB 3600UMbCs 00 PO36 SA3aHHS 2e0MempuUdHoi 06epHeHoT 3a0aui MAZHIMO-K8A3ICMAmMuKy Ha
OCHOGI pileHHsl 6eKIMOPHOI epU 3 BEKMOPHUM BUSpALLeM, SAKUL PO3PAXO8YEMbCA HA OCHOSI piuleHb pisHanb Maxceenna 6
K8asicmayioHapHoMy — HAOMudCeHHi 3a  0onomozoi  npozpamuozo  3abesneuennss COMSOL  Multiphysics.
Opucinansnicms. Piuienns 6exmopHoi epu po3paxo8yemvpcsi HA OCHOGI an2opummis Oazamopoiiosoi onmumizayii
yacmuHox i3 MHoocunu Ilapemo-onmumanvHux piuieHb 3 Ypaxy8aHuAM OiHapHux 6iOHouieHb nepesae. 11i0 uac
NPOEKMYBaHHs KOMOIHOBAHO20 AKMUBHO20 MA NACUBHO20 KOHIMYPHO20 eKPAH) PO3PAX08YIOMb KLIbKICMb i KOOPOUHAMU
NPOCMOPOB020 POIMAULYBAHHA AKMUBHUX KOMIEHCYIOUUX 0OMOMOK | NACUBHUX KOHMYPIB, d MaKoxc cmpymu il (paszu 6
aKMUeHUX  Komneucylouux obmomxax. Pesynomamu. Ilpedcmasneno  komn’tomepne  MOOeN08AHHA — mda
excnepumeHmanbHe 00CNiONHCeHHs 3ACMOCY8AHHA KOMOIHOBAHO20 AKMUBHO20 A NACUBHO20 KOHMYPHO20 eKpaHy 3d0is
niOGuen sl eeKmuUeHOCI OCIAONeH ST MAZHIMHO20 NOJs, 5Ke 2eHePYEMbCsl 0OHOKON08010 NOGIMPSHON JIHIEI0
eexmponepeoayi i3 mpuxymuum po3smauty8anHIM APosooie 6 00HON0B8ePX08OMY OYOuHKY cmapoi 3abyooeu. I1i0 wac
NPOEKMYanHs KOMOIHOBAHO20 AKMUBHO20 MA OA2AMOKOHMYPHO20 NACUBHO20 €KPAMIE PO3PAX08AHO KOOPOUHAMU
npocmopogozo posmautyéanhs 16 KOHmMypie nacugHo2o ekpany ma 080X KOMNEHCAYitiHUX 0OMOMOK, d MAKOI’C CIMPYMU
ma ¢aszu 6 yux obmomrax akmugHoeo expauny. bioin. 3, puc. 2.
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