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This paper deals with the active shielding of the magnetic field of a flat three-phase power line. The present study
considers active loops with the magnetic moment opposite to the magnetic moment of the f-component currents circuit,
arising in alpha-beta transformation applied to three-phase power line currents. Relationship between the size of the
proposed active loops and the electric current is derived. Presented results show that such active loops allow reduction
of the width of sanitary-hygienic zone under power lines, where the magnetic flux density exceeds the reference level, by
11% compared to the known active loops. References 5, table 1, figures 3.
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In most cases electricity is transmitted by the overhead HV power lines. According to the modern guidelines
RMS of the magnetic flux density of industrial frequency should not exceed the reference level of 0.5 uT. The width of
sanitary-hygienic zone under the power line, where the magnetic flux density exceeds the reference level, may be
reduced using active loops or passive loops. Shielding loops are implemented in the form of the oblong rectangles,
whose longer sides are parallel to the power line wires. In active loops the electric current flow is provided by an
external voltage source. The electric current flow in passive loops is caused by the phenomenon of electromagnetic
induction. No external power supply usage is the advantage of the passive loops, but due to the relatively low magnetic
field shielding factor their use is limited.

To have a complete active loop description, it is necessary to specify the coordinates of its forward and reverse
wires, the loop current amplitude /s and the phase ¢g. If the shielding system is composed of several superposed loops,
I is their total current. The greatest shielding factor is achieved by the use of active loops represented in the research
works by Celozzi [1] and Cruz [2]. In these papers the optimization of active loops parameters is carried out using
genetic algorithm [1] and simulated annealing [2]. These optimization techniques allow to obtain the parameters of
active loops that reduce magnetic field by 60-90% depending on the distance between power line wires, the size of the
protected area and its distance from the power lines. Nevertheless, these shields have some disadvantages. It is difficult
to implement the active loop proposed in [1], because it is assumed that current amplitudes in forward and reverse wires
are several times different. After consideration of few possibilities, authors in [2] propose to place an active loop in the
plane of the power line. However, the use of above stated active loop leads to asymmetrical distribution of RMS of the
magnetic flux density along the ground, so that the sanitary-hygienic zone on one side of the power line is one and a
half times wider than the other side. Also approaches used in [1] and [2] do not answer the question: why the shielding
factor increasing is obtained, and how to modify active loop parameters with power line changes.

The aim of this research is to determine the
interdependencies between the parameters of active loop and power
line, which will allow to reduce the width of the sanitary-hygienic
zone, where the magnetic flux density exceeds the reference level.

The flat three-phase power line is considered in this paper:

h I is the amplitude of power line currents, d is the interphase
distance, 4 is the height of the power line location. In some studies,
eg [3], authors take the sagging effect into account. Nevertheless, a
Z ? ; classical model [1,2,4,5] is used in the present work, according to
Figure 1 which, the power line and active loop wires are straight, endless and

parallel to the ground (Fig. 1).

Electric current in the power line varies harmonically with the frequency of 50 Hz. Accordingly, the current
frequency in active loop should be 50 Hz. Therefore, the total magnetic field is harmonic too. Since all the time-
dependent quantities change harmonically, hereinafter the variables are described in terms of the complex amplitudes.

Using alpha-beta transformation (Clarke transformation) the currents of three-phase power line can be
represented as a superposition of a- and f-components [5]:
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where 1,, I, 1, — are complex amplitudes of currents on the left, center and right phases of the power line; 7, / PE I,

— are corresponding currents given by the transformation.
27 L2

As iL:I-e 3 , iC:I, iR:I-ej 3, where j is a complex unit, then fa:I, iﬁ:—jl. For a

symmetrical three-phase line 7, = 0. Therefore I, =1,, I, =—(i, —\/gfﬂ)/Z, I,=—, +\/§jﬂ)/2 (Fig. 2).
It was shown in [5] that the magnetic field produced by
o-component currents is several times smaller than the one

0 0 0
power line '!’_.]20 "’.U f’+.120 produced by p-component currents. Qualitatively this can be
Currents L C R explained by the dipole model [4]. Let’s consider a-component
= currents as a superposition of two single-phase circuits: the first
a-cotnponent Y 1,180" 1,0 ¥ 1,180"  circuit is formed by the “left” a-component current and a half of
—— L L L “central” a-component current, the second circuit is formed by a
i half of “central” a-component current and the “right” a-
\/ 7 —90° / 7 +90° component current. The magnetic moments of these circuits are

f-component /2 * z o equal in magnitude and opposite in direction.
currents e ) . The main idea of this work is the use of an active loop
Figure 2 to compensate the magnetic moment of fS-component currents

(Fig. 2). Therefore, the magnetic moment of f-component
currents and active loop magnetic moment should be equal in magnitude and opposite in direction. To satisfy these
conditions it is necessary to locate an active loop at a height 4 above the ground in the plane of the power line (Fig. 1),

to set the current amplitude in active loop equal to [ = Id NE) /(2s) , where s is the half of the distance between the left

wire (LW) and the right wire (RW) of the active loop, and finally to shift active loop phase ¢ on 90° relatively to the
phase of current /. As a result, the current complex amplitude in the LW and RW of the active loop will be equal to

I, =1Ide' *\3/(2s) and 1, = Ide '>[3/(2s) respectively.

Hereby, the coordinates of power lines wires and active loop and respective current complex amplitudes are
known. So the expression for RMS of the magnetic flux density of shielded magnetic field can be retrieved using the
Biot-Savart law, the superposition principle and the method of complex amplitudes.

Power line parameters are retrieved from [2]: /=500 A, d=8.5 m, =10 m. Active loop characteristics for
different values of s and calculated values of the sanitary-hygienic zone width, where the magnetic flux density exceeds
0.5 uT, are expressed in Table. Also, there are characteristics of the Cruz’s active loop [2]. Distributions of RMS of
magnetic flux density B,,,, along the ground (y=0) for the case of shield absence, using active loop # 2, active loop # 3
and Cruz’s active loop are represented in
Fig. 3.

In active loops, working on the
proposed principle of compensation of the
magnetic moment of the pf-component
currents, amplitude /s and distance s are

NG

related as [ -s ZTd -1 =const . Increase the reference level

active loop #2
Cruz’s active loop
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of the distance between active loop wires
allows to reduce active loop current
amplitude and absorbed power
simultaneously. As found in results, the

active loop #3
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decrease of active loop current by 25% Figirs's
leads to the increase of sanitary-hygienic =
zone width by 19%.
sanitary zone Let’s compare characteristics of proposed
sld Is A s width, m active loops and active loops described in the literature.
no shielding — — — 90.8 Since s is the same for active loop #2 and Cruz’s active
active loop #1 1.5 288.7 90° 50.3 loop, the comparison is correct. As seen from the
active loop #2 1.7 2547 90° 53.9 results, sanitary-hygienic zone width of proposed
active loop #3 ) 216.5 90° 59.8 active loop is 11% lower than the one of Cruz’s active
active loop #4 25 173.2 90° 693 loop,. and power consumption of the proposed active
Cruz'sactiveloop| 1.7 | 273 | 100° 60.4 loop is 13% lower.
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Conclusions. In this paper a new approach to the design of active loops for the flat power lines is proposed.
Active loops with parameters determined by this approach provide 40% reduction of the width of the sanitary-hygienic
zone, where the magnetic field of the flat power line exceeds the reference level. Proposed active loops outperform
known analogues by the parameters of shielding factor and the power consumption.
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HoJAX04 K AKTUBHOMY 3KPAHUPOBAHUIO MAT'HUTHOI'O ITOJISA IMHUN
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B cmamve paccmompeno chudicenue macHumHO20 nojs MpexgasHot IUHUU DNEKMPONnepeoayu ¢ 20PU30HMAIbHbIM
pacnonodicenuem az npu NOMowju aAKMuUBHO20 KOHMYPHO20 dKpaud. Pacnonooicenue, paszmepvl u mok axmueHoO20o
KOHMYPHO20 IKpAHa ONpeoeisiomcs maxkum o0pazom, umobvl e20 MASHUMHbLLL MOMEHM Obll NPOMUBONONOINCEH
MACHUMHOMY MOMEHMY KOHMYPA MOKA [-KOMHOHEHmbl, GO3HUKAiowel npu anvgha-dema npeobpazosanuy moxos
mpexgazHol TuHUU d1eKmponepedayu. YCmanoseieHo, Ymo maxou 9KpaH noseossem ymeuviuums Ha 11% wupuny
CAHUMAPHO-3AUIUMHOL 30HbI, 8 KOMOPOU YPo8eHb MacHumuou undykyuu JIDI1 npegvliuaem epanuyno-o0onycmumvlil, o
CPABHEHUIO ¢ KOHMYPHbIMU IKPAHAMU, U3BECHIHLIMU U3 IUMEPAmYpPHbIX Ucmounukos. bubm. 5, tabn. 1, puc. 3.
Knrouesvle cnoea: >xpaHNpOBaHHE, aKTHBHBIA KOHTYPHBIM JKpaH, MarHUTHOE ToJie, anb(a-0era mpeoOpasoBaHue,
npeobpaszoBanne Kiapka, MarHUTHBIA MOMEHT.
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HIJIXIT 10 AKTUBHOTI'O EKPAHYBAHHSI MATHITHOI'O TTOJISA JITHIT EJJEKTPOIEPEIAYI HA
OCHOBI AJIb®A-BETA IEPETBOPEHHS Ii CTPYMIB

B.C. I'pin4yeHK0, KaH].TEXH.HAyK

IHcTuTyT TexHiyHUX Mpodaem marHetusmy HAH Ykpainn,

ByJa. Inaycrpianbha, 19, Xapkis, 61106, Ykpaina,

e-mail: ysgrinchenko@gmail.com.

Y emammi poszensnymo 3sHudiceHHA MacHimHO20 noas mpugasnoi NiHii erekmponepedadi 3 20PU3OHMANLHUM PO3-
MAULYSanusimM Gasz 3a OONOMO2010 aKMUBHO2O KOHMYPHO20 eKkpana. Posmawysanmus, posmipu ma cmpym axmueHozo
KOHMYPHO20 eKPAHy UHAYAIOMbCA MAKUM YUHOM, WOO 11020 MASHIMHUL MOMEeHm 0V8 NPOMUNEHCHUU MASHIMHOMY
MOMEHMY KOHMYPY CMpPYMY [-KOMROHEHMU, WO SUHUKAE NpU alba-bema nepemeopenHi cmpymie mpudasnoi ninii
enekmponepedaui. Bcmarnogneno, wo makuii ekpan 003601s€ 3meHuwumu na 11 % wupuny canimapHo-3axucHoi 301u, 6
AKil pisenv maenimuoi indykyii JIEII nepesuwye epanuuno-npunycmumuil, 6 NOPIGHAHHI 3 KOHMYPHUMU EKPAHAMU,
sioomumu 3 rimepamyprux odicepen. biom. 5, Tadx. 1, puc. 3.

Knrouosi cnosa: expanyBaHHs, aKTHBHUAN KOHTYPHHI €KpaH, MaTHITHE TI0IE, allb(a-0eTa mepeTBOPCHHS, IIEPETBOPEHHS
Knapka, MaraiTHui# MOMEHT.
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