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Abstract

Different techniques for the reduction of the magngeld arising from either
overhead lines or buried cables are presented,dbasethe use of active
conductors for the compensation.

The optimal choice of the currents to be driverthie compensation wires is
attained by means of a genetic algorithm, which gamas favourably with
deterministic algorithms in terms of accuracy aathputational costs.

The procedure may be applied to any kind of souwwcafiguration, with
appropriate modifications, ensuring significant meiic field reductions.

1 Introduction

Increasing attention is actually devoted to the megig field levels due to power
lines either in the overhead and cable configunativ¥arious mitigation
strategies are available and are generally applietexperienced at the design
stage, while the possibilities of achieving a mealuction strongly reduce when
existing installations are dealt with.

One of the most attractive technologies applicablalready realized power
lines relies on the so-called active shielding {#hich consists in the design of
antagonist sources capable of generating, in angiegion, a magnetic field
almost opposite to that of the original source. Saccompensation can be
achieved only in the average sense, however a demadile reduction is
generally possible at reasonable costs.

It should be noted, in fact, that passive shieldeahnologies based on the use
of panels realized by means of conductive and/ooifeagnetic are often not



feasible and generally present poor performanceebeer, the costs associated
with works of reconfiguration of existing powerdis are generally very high.

In this work an overview of a general and efficipnbcedure for the evaluation
of the optimal currents to be driven in the auxyiaompensation conductors is
presented. The procedure is based on a genetidgthlgowhich, starting from
the source configuration data (electrical and gdaooat) searches in user-
provided intervals the optimal configuration of thew conductors to be laid
and driven. In case of high-voltage overhead lime® of the active shielding
conductors may be the existing guard-wire.

It will be shown that very often two additional chrctors (one if the guard wire
is used for this purpose) are necessary for aafgew strong reduction; the
realization aspects will take eventually advantfigen the possibility of using
two currents opposite in phase.

Examples are presented with reference to eitherctide and the overhead
configuration and demonstrate how reductions onntlagnetic field levels in
the order of 70%-80% are easily achievable.

2 The active shielding

New limits for human exposure to low-frequency metgnfield generated by
power lines issued in several countries call fa& search of solutions for the
mitigation of the root mean square (r. m. s.) valtithe magnetic flux density.

In Figures 1 two typical configurations requiringrétigation are sketched, with
reference to overhead three-phase or buried cedobsrhission line. An active
shielding solution is proposed for the reductiortted magnetic flux density in
the grey area below a threshold value: a currendrigen in one or more
additional conductors, one of them being the gueird-if existing in order to
reduce the installation costs. In the followingh#as been considered that the
two compensation currents are opposite in phaseidiang in this way their
return through the earth, altough other solutioay ime adopted and work quite
well.
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Figure 1 — Three-phase overhead line (a) and beaaétk line (b) to be actively
shielded.



Input data are: coordinates of the phase condu@nods their currents (rms
values and phases), position of the guard-wirea(if), region of interest,
maximum admissible magnetic flux density in thegédrarea. Output data will
be: number, position and values of the currentshan compensation wires.
Constraints are the intervals of admissible pas#ifor the compensation wires,
values of their currents. The genetic algorithm mdd to solve this
optimization problem is described in the followirggction, after having
introduced three main assumptions which are ab#sés of the shielding design
procedure:

1) the magnetic flux density is assumed to have onlyard y-

components,
2) the conductors are parallel to the ground,
3) the area where the mitigation is requested is éatah one side only
with respect to the line.

The first assumption is reasonably verified in aose of changes of line
direction, whereas the second is not essentialraaygl be easily removed by
inserting into the formulation the effects of thenductor sags. The last
hypothesis is often verified and its removal impl@me modifications in the
design procedure. Both overhead lines and buribtesanay be considered as
magnetic field sources and balanced or unbalanbezk{phase systems are
admissible as well.

3 The genetic algorithms optimisation technique

Genetic algorithms [GAs] are wide-range numericgtirnisation methods,

based on the use of natural processes of evolatimhgenetic recombination
[5]. Thanks to their versatility, they can be apgldifferent fields, and they also
find a lot of applications in electromagnetic ogtiation problems [2-4].

GAs are particularly useful when the goal is todfian approximate global

minimum in a high-dimension, multi-modal functionrdain, in a near-optimal

manner. The algorithms encode each parameter® qfrtdblem to be optimised
into a proper sequence (where the alphabet usegrisrally binary), called

gene, and combine the different genes to constituderomosome. A proper set
of chromosomes, called population, undergoes thewidan processes of

natural selection, mating and mutation, creating generations, until it reaches
the final optimal solution. GAs show their poweraative shielding problems,

where different parameters, such as position af@aonductors and current
that flows inside them, must be optimised to redheemagnetic field in a given

target area.

4 Reduction of magnetic field produced by overhead lines

The reduction of magnetic field produced by ovedhéiaes is obtained, as
explained before, using proper currents that cateuin the guard wire and in
the underground compensation cable, whose posisiqgroperly searched to
obtaine the maximum reduction.

The magnetic flux density distribution B(x,y) inethconsidered target area
strictly depends on the power line geometry andrédated currents on the



dimensions of the target area, and on the relatistance between the power
line and the considered target area. For this reasoexpect to obtain different
results in term of percentage of reduction of B &amderms of position and

current in the compensation wires when one of thatimned parameter varies.

We mainly focus our attention on a fixed power ligeometry and various

situations for the target area have been considered

The power line geometrical arrangement is repoimedable I. It has been

considered a power line current | whose magnitsdequal to 300 A in each
phase, even if the considered GA algorithm expeedsecompensation currents
as ratio with respect to the power line currensueimg the obtained reduction
solutions to be invariable with respect to variaiaf magnitude of power line
current (if the compensation currents follow thesgiations according to the
mentioned ratios).

A target area whose height is equal to 10 metedsrmose width is equal to 10
meters has been considered. The relative distaoeerpline-target area has
been varied and the magnetic field reduction han hEptimised by the GA,

obtaining the results reported in Table Il and shawfigs.2.

The GA has obviously calculated different solutiofts each considered
geometry (due to the different individuals that qm®e the evolving

population), but only the solution characterized thg higher percentage of
reduction of the magnetic flux density has beersittared for each case.

Wire x[m] y[m] Current [A]
#1 -3 30 900010°
#2 0 30 9000 —-12C
#3 3 30 9000 - 240
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Table Il Results of the optimisation
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Figs.2 Magnetic flux density [T] in the considersdction, (height=10 m)
positioned between +10 m and +20 m with respedhépower line vertical
axes for different situations.

a) Magnetic field in the absence of compensatioreaim magnetic flux
density=1.1810° T).

b) (Guard wire + underground cable) - based congigars magnetic field in
the presence of a compensation current equab®I335° A in the guard wire
positioned in (0,33) and a compensation currenaketpu1801152 A in the
underground cable positioned in (-22,-1.1). The memgnetic flux density is
80.78% lower than that in the uncompensated sitnati



Different considerations can be drawn from the ioleth results.

The first consideration is that the proposed compgon method, applied to
this particular power line arrangement, ensuresifsignt reductions of the
mean magnetic flux density that varies with theatieé distance power line-
target area, as it was expected, reaching valudseadrder of 93% and that are
never lower than 68%.

The second consideration is that the undergroubte da always placed on the
same side of the power line with respect to thgetaarea. The position of the
underground cable varies obviously with the reatiistance power line-target
area to reduce, as much as possible, the mean afalbe magnetic flux density
in the target area itself.

The third consideration is that the compensated netig flux density
distribution inside the target area tends to assameadial symmetry with
respect to the approximate centre of the considered instead of a radial
symmetry with respect to the power line.

The fourth consideration is that the obtained valoé the current inside the
guard wire tend to be very similar in phase andabée in amplitude.

The last consideration is that the obtained valoEshe current inside the
underground cable tend to show the same behavidbeauard wire.

To verify the validity of the proposed method, difint power lines geometries
and different target area configurations were ojsith by the GA, obtaining
generally mean magnetic flux density reduction gmethan 50%.

As an example, it is considered a power line chiarezed by a reduced height
with respect to the ground and by a wider distayetveen the conductors that
generate a more intense and differently spaceilalistd magnetic flux density
in the target area.

Even in this case a significant reduction (abotp0f the mean magnetic flux
density in the target area is obtained, demonsgdtie validity of the proposed
technique.

5 Reduction of magnetic field produced by buried cables

The reduction of magnetic field produced by undemgd cables is obtained, as
explained before, using proper currents that céteuin one or two underground
cables, whose position is properly searched toimbtdne maximum reduction.

In the case of two underground cables the curteitftows inside them is equal
in amplitude and opposite in phase.

The magnetic flux density distribution B(x,y) inethconsidered target area
strictly depends on the underground cable geonaatdythe related currents, on
the dimensions of the target area, and on theivelatistance between the
underground cable and the considered target ameahls reason we expect to
obtain different results in terms of percentageeafuction of B and in terms of
position and current in the compensation cablesnwirge of the mentioned

parameter varies.

We mainly focus our attention on a fixed underguwable geometry and

various situations for the target area have beesidered.

The geometrical arrangement of the undergroundedahdeported in Table III.

It has been considered an underground cable currembse magnitude is equal



to 450 A in each phase, even if the considered @ara#hm expresses the
compensation currents as ratio with respect touthderground cable current,
ensuring the obtained reduction solutions to beariable with respect to
variations of magnitude of the underground cableeru (if the compensation
currents follow these variations according to thentioned ratios).

A target area whose height is equal to 10 metedsndiose width is equal to 10
meters has been considered. The relative distamderground cable-target area
has been varied and the magnetic field reductienblegn optimised by the GA,
obtaining the results reported in Table IV and shdwfigs.3 and 4.

The GA has obviously calculated different solutiofts each considered
geometry (due to the different individuals that qm®e the evolving
population), but only the solution characterized thg higher percentage of
reduction of the magnetic flux density has beersitared for each case.

Wire X[m] y[m] Current [A]
#1 -0.25 -1 45000°

#2 0 -1 4500 -120°
#3 +0.25 -1 4500 - 240

Table 1ll Geometrical arrangement of the considgreder line
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Table 1V Results of the optimisation
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Figs.3 Magnetic flux density [T] in the considersdction, (height=10 m)
positioned between +5 m and +15 m with respecth® underground cable
vertical axes for different situations.
a) Magnetic field in the absence of compensatioreaim magnetic flux
density=3.440" T).
b) 1 underground cable based compensation: madiedtldn the presence of a
compensation current equal 181330 A in the underground cable positioned
in (-0.31, -2). The mean magnetic flux density 612% lower than that in the
uncompensated situation.



Fig. 4

Fig.4 Magnetic flux density [T] in the consideredcton, (height=10 m)
positioned between +5 m and +15 m with respecthto underground cable
vertical axes for:

1+1 underground cables based compensation: madieddién the presence of a
compensation current equal t81500330° A in the underground cable
positioned in (+1.9, -1.1) and a compensation curegual to31.50015C A in
the underground cable positioned in (-5.93, -0)e mean magnetic flux
density is 93% lower than that in the uncompenssiteetion.

Different considerations can be drawn from the ioleth results.

The first consideration is that the proposed compton method, applied to
this particular underground cable arrangement, resssignificant reductions of
the mean magnetic flux density that vary with tektive distance underground
cable-target area, as it was expected, reachingesaf the order of 93% and
that are never lower than 46%.

The second consideration is that the compensatitnecables is/are always
placed on the same side of the underground caltferaspect to the target area.
The position of the compensation cable/cables sareviously with the relative
distance underground cable-target area to redsceose as possible, the mean
value of the magnetic flux density in the targetzaitself.

The third consideration is that the 1 undergroumdle configuration is not able
to reach the elevated values (> 80%) of magnegid freduction of the 1+1
underground configuration when the target areaes/ \close to the power
underground cable, ensuring anyway reductions efotidler of 50%. When the
target area is more distant, the one undergrouhté @onfiguration is able to



guarantee high field reductions (> 80%) even if thel underground

configuration ensures better results in any situatvith respect to it.

The last consideration is that in both the configions (1 or 1+1 cables) one
cable is always placed between the power cabletlaadarget area and the
current that flows inside it tends to assume thmesgphase values in any
configuration and position of the target area. $heond cable (return current),
on the contrary, is always placed on the opposite sf the target area with
respect to the power cable source.

To verify the validity of the proposed method, difnt underground cables
geometries and different target area configurativase optimised by the GA,
obtaining generally mean magnetic flux density mtidun always greater than
46% (and often much better).

6 Conclusions

We have presented different techniques, based enigh of active conductors
for the the reduction of the magnetic field arisfngm either overhead lines or
buried cables, which ensure significant reductidrmagnetic field in target

areas.

The optimal choice of the position of the compeiosatvires and of the currents
to be driven inside them is obtained by means ofetie algorithms, which

compare favourably with deterministic algorithms terms of accuracy and
computational costs.

The proposed technique can be applied to any Kisdurce configuration, with

appropriate modifications, yielding to significanagnetic field reductions.
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