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Rezumat: In lucrare sunt prezentate observatiile asupra valorilor
campului electric §i magnetic, calculate si masurate in vecind-
tatea unei linii de inalta tensiune, precum si posibilele efecte
asupra starii de sandtate a personalului aflat in domeniul de
camp studiat. Calculele au fost realizate in MATLAB iar mdsura-
torile asupra intensitatii campului electric s-au facut cu dipolul
sferic.

1. Introducere

Dezvoltarea sistemului electroenergetic, vitald in viata
cotidiand, conduce si la aspecte cu implicatii negative, care
afecteaza defavorabil mediul ambiant, producand uneori
in situatii limita grave dezechilibre.

Lucrarea de fata 1si propune sa contribuie la aprofunda-
rea tocmai a acestor aspecte din urma, incercand sa siste-
matizeze cunostintele legate de calculul campului elec-
tromagnetic din jurul conductoarelor. Cunoasterea valorilor
campului electromagnetic in jurul unei linii electrice tri-
fazate de inaltd tensiune este foarte importantd pentru
personalul de exploatare a liniilor electrice.

Determinarea campului electromagnetic in vecindtatea
liniilor electrice aeriene se face cu pachetul de programe
MATLAB R12. Se pun in evidenta valorile campului electric
si magnetic in regimul permanent e al liniilor electrice.

In literatura de specialitate [1] se prezinti un aparat
sub forma unui dipol sferic cu care se poate masura campul
electric cu erori de masura de ordinul procentului si care
prin prezenta sa nu deformeaza sesizabil campul. Din ob-
servatiile de laborator a rezultat cd intr-un camp electric cu
valori mai mari de 500 Vm™, prezenta omului la o distanta
mai mare de 1,5 m nu influenteaza indicatia instrumentului .

In cadrul prezentei lucrari determinirile experimentale
s-au efectuat 1n statia electrici Dumbravita.

2. Campul electric in puncte din vecinitatea unei linii
electrice aeriene de inalta tensiune [2, 3]
Se considera regimul cvasistationar (50Hz), 1n care cal-
culul potentialului electric V, fatd de pamant si a intensitatii
campului electric E, in puncte din vecinatatea unei linii
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Abstract: In this paper the analytical calculus and the experimental
measurements of the electric and magnetic field around a high
voltage 110KV electrical overhead lines has been analyzed.
There has been analyzed the possible influences of the electromag-
netic field on the health of the human beings. The calculus has
been done using the MatLab medium, the experimental
measurements of the electric strength have been done using a
spherical dipole.

1. Introduction

The development of the electromagnetic devices, very
useful in our daily life, has also some useless effects,
which affects the environment and in some cases produce
serious unbalance.

The present paper refers to those aspects, trying to syste-
matize the knowledge for evaluation of the electromagnetic
field around the three-phase conductors. Knowing the values
of the electromagnetic field around a three-phase electrical
overhead line is important for the protection of the voltage
substation workers.

The calculus of the electromagnetic field around the
high voltage electrical overhead lines has been made
using the MatLab medium. The steady state of the electrical
lines has been considered during the calculation of the
electric and magnetic field.

A device based on a spherical dipole for measuring
the electrical field has been presented in [1]. The presence
of the device in an electrical field has a less influence
over the field distribution. The experimental measurements
shows that in electrical fields that exceed 500 V/m, the
human presence at a distance greater then 1.5m does not
affects the precision of the device.

The experimental measurements in this paper have
been made in Dumbravita voltage substation.

2.The electric field around a high voltage three-phase
electrical overhead line [2, 3]
The calculus of the potential V (against the earth) and
the electrical strength E around a three-phase high voltage
overhead electrical line with double circuit, fig. 1, has
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electrice trifazate, dublu circuit (fig. 1), se face cu metoda
imaginilor electrice. Aplicand principiul super-pozitiei se
obtin valorile rezultante in punctele de calcul considerate.

Pentru calculul potentialului electric V se foloseste
urmatoarea relatie [3,8]:
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been made using the “electrical imagine method”.
Using the “superposition principle” we obtained the
values of the electromagnetic quantities in the current
points around the line.

For the calculation of the potential V, has been used, [3, 8]:
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Ty - este distanta de la conductorul k la punctul P in care
se face calculul,

I’ ki - distanta de la punctul de calcul P la imaginea elec-
tricd a conductorului faza k;

n - numarul de conductoare care-si aduc aportul la valoa-
rea marimii calculate;

gk - sarcina electrica a conductorului de faza, distribuita
liniar.

Se constata o dependentd a marimii potentialului electric
V si intensitatii cAmpului electric E de sarcinile electrice
de pe conductoarele circuitului si de geometria stalpului,
respectiv a liniilor.

Sarcina electrica distribuita liniar pe conductoarele de
faza se determind pe baza relatiilor lui Maxwell referitoare
la capacitati, scrise matricial astfel:

w1=[p] 4] “)
unde [U] este matricea potentialelor fatd de pamant ale
conductoarelor de faza, iar [p] este matricea coeficientilor
de potential alcétuita cu elemente de forma:

where:

Ik - distance between the phase k and the current point P;

1’ i - distance between the electrical images of the phase k
and the current point P;

n - the number of the phases that take influence over the
electrical quantities that are calculated;

gk - electrical charges of the phase k, considered as a
linear distribution.

Note that the electrical potential V and the electric
field strength E depends on the electrical charges from the
three-phase conductors and on the geometrical design of
the pillars, and the lines.

Using the Maxwell equations for the capacitates, the
linear distributed electrical charge on the phase conductors is:

[]=1[r]-ld] )
where [U ] is the phases potential matrix (towards the earth)
and [p] is the potential coefficients matrix in form:
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cu Dy distanta Intre conductorul i si j; Dj; distanta intre
conductorul i §i imaginea conductorului j fatad de pamant,
iar r,; este raza conductorului i.

3. Calculul cAmpului magnetic in puncte din vecinatatea
liniei electrice de 110 kV
in sistemul de coordonate x, y, z, linia electricd, ale
carei conductoare de fazd sunt parcurse dupa directia axei
z de urmdtorul sistem simetric de curenti electrici:
. 2 : 7[ .
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determind urmaétoarele componente ale inductiei magnetice
in puncte din vecinatate:
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bilitatea vidului.

4. Modelarea numerica

Folosind pachetul de programe MATLAB R12, pentru
linia electrica aeriand, de 110 kV, dublu circuit, cu stalpi
tip Sn 110.252, s-au introdus urmatoarele valori:

%Date initiale
h1=20; h2=16; h3=12;
d1=6.1; d2=7.65; d3=6.1;
r0=9.5*¥10"(-3);
L=13*10"3;
eps0=1./(4*pi*9*10"9);
miu0=4.*pi.*10.-7;
f=50; ro=50;
omega=2.*pi.*f;
Rep=550.*sqrt(ro./f);
%Tensiunile pe faze
U=zeros(6,1);
U(1,1)=63.509*10"3;
U(2,1)=(63.509*10"3)*(-.5-1*sqrt(3)/2);
U(3,1)=(63.509*%10"3)*(-.5+i*sqrt(3)/2);
U4,1)=U(1,1); U(5,1)=U(2,1); U(6,1)=U(3,1)
%Curentii prin faze
[1=100; [2=100.*(-.5-1*sqrt(3)/2); 13=100.*(-.5+i*sqrt(3)/2);
14=I11; 15=12; 16=I13;
Valorile pentru potentialul electric V fatd de pamant
sunt prezentate grafic in figura 2, pentru intensitatea campului
electric E in fig. 3, iar pentru inductia magnetica B in fig. 4.

with D;; the distance between the conductors i and j; Dj;

the distance between the conductor i and the image of j
(against the earth); 7,; the radius of the conductor i.

3. The magnetic field calculation around a 110 KV three-
phase electrical line
In Cartesian coordinates (X, y, z), the three-phase line
currents, having a z axes orientation, are:
27
—j=
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The magnetic flux density components produced by the
currents (6), are:
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and the magnetic flux density is:
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where g -9 and s, —4.7-107 H/m,
2.z

4.Numerical evaluation
The calculus for the electric and magnetic field around
a three-phase high voltage 110 KV overhead electrical
line with double circuit, has been made using the MatLab
medium. Considering line pillars tip Sn 110.252, we show
below the initial dates and the program steps of the calculus.
%Date initiale
h1=20; h2=16; h3=12;
d1=6.1; d2=7.65; d3=6.1;
r0=9.5*10"(-3);
L=13*10"3;
eps0=1./(4*pi*9*10"9);
miu0=4.*pi.*10.%-7;
f=50; ro=50;
omega=2.*pi.*f}
Rep=550.*sqrt(ro./f);
%Tensiunile pe faze
U=zeros(6,1);
U(1,1)=63.509*10"3;
U(2,1)=(63.509*%10"3)*(-.5-1*sqrt(3)/2);
U(3,1)=(63.509*%10"3)*(-.5+1*sqrt(3)/2);
U4,1)=U(1,1); U(5,1)=U(2,1); U(6,1)=U(3,1)
%Curentii prin faze
11=100; 12=100.*(-.5-1*sqrt(3)/2); 13=100.*(-.5+i*sqrt(3)/2);
14=I11; 15=12; 16=I13;
There results for the electrical potential V (against the
earth), the electric field strength E, and the magnetic flux
density B are presented in fig.2, fig.3 and fig.4.
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5. Determindri experimentale

In vederea confirmarii valorilor intensitatii cAmpului
electric, E, obtinute in punctele din vecinatatea liniilor
electrice aeriene prin modelare numerica, s-a procedat la
masurarea acestora cu aparatul de masurd conceput si
realizat la Catedra de Masurari electrice din Universitatea
“Politehnica” Timisoara [1], [4]. In acest context sunt con-
semnate valorile corespunzatoare in punctele din vecina-
tatea unei linii electrice aeriene de 110 kV in tabelull.
Valorile intensitatii cAmpului electric corespunzitoare
punctelor de masura de pe suprafata organismului uman
situat in campul electromagnetic determinat de linia
electrica aeriana de 110 kV sunt prezentate in tabelul 2.

5. Experimental masurements

In order to verify the values of the electric field strength
E obtained by numerical evaluation, we have determined
the electrical field by experimental measurements around
a three-phase high voltage overhead electrical line. The ex-
perimental measurements have been done using a electrical
device built in the Measurement Department of the
"Politehnica" University from Timisoara. In tab. 1 we have
presented the measured values of the electric field
straight E, around the electrical line from Dumbrivita
voltage substation. In tab. 2 are presented the measured
values of the electric field straight E in different parts of the
human body placed in an electrical field produce by three-
phase high voltage over-head electrical circuit. The
human body was insulated against the earth.

Tab. 1.
[m] E [V/m]
Yo'\X, 0 10 20
2 428,571 85,714 28,571
1,5 142,857 28,571 28,571
1 57,143 22,857 28,571
0,5 28,571 14,286 20
0,1 14,286 2,857 14,286
Tab. 2.
E [V/m]
X, 0 10 20
laba piciorului / Foot 71,429 20 14,286
Genunchi / Knee 114,286 22,857 14,286
Stomac / Stomak 285,714 28,571 28,571
Plamén / Lang 285,714 28,571 42,857
Gat / Neck 4429 4429 457,14
Frunte / Forehead 7429 6571 1000
Crestetul capului / Top of the head 9286 7286 1714
Ceafd / Mape of the head 5857 1429 342,85
Omoplat / Shoulders 142,857 42,857 57,143
Rinichi / Kidneys 71,429 20 28,571
Cilcai / Heel 71,429 14,286 2,857

Masuratorile s-au facut 1n conditiile organismului izolat
fata de pamant, dupa ploaie, la o temperaturd de 17 °C.

6. Concluzii
In ceea ce priveste valorile potentialului electric si ale
intensitatii cAmpului electric creat de linia electrice aeriana
cu dublu circuit, datoritd sarcinilor electrice in puncte
situate in vecindtate se pot mentiona urmatoarele:
= cele mai mari valori ale potentialului fata de pamant si
ale intensitatii campului electric pentru linia de 110
kV se obtin in vecinatatea conductorului fazei R, in
punctul de coordonate x=0 si y=12,25m, adicd pe
axa stal-pului, la 1ndltimea de 12,25m, unde V =
40,66 kV si E=41,21kV/m;
= pe masura ce ne indepartam de axa stalpului, potentialul
si intensitatea campului electric scade rapid, astfel la
3 m departare si la aceeasi inaltime, V = 8,029 kV iar
E=2,791 kV/m;
= cele mai mari valori ale inductiei magnetice se obtin
pe axa de simetrie a stalpului, in punctele situate in
vecinatatea faze R. Astfel o valore de B=829 uT ob-

The measurements have been done after rain at a tempe-
rature of 17°C.

6. Conclusions
On the values of the electrical potential V and the
electric field strength E around a high voltage overhead
line with double circuit, it follows:
= the highest value of the potential (against the earth)
and the electric field strength for 110 KV electric line,
takes place in the neighborhood of the conductor R, in
the point (x = 0, y = 12.25 m); the point is placed on
the pillar axes at a height of 12.25 m where V =
40.66 kV and E =41.21 kV/m;
= as we move away from the pillar axes, the potential
and the electric field strength decreases rapidly, so for a
distance of 3 m of the pillar axes (at the same height), we
obtained V =8.029 kV and E = 2.791 kV/m;
= the highest value of the magnetic flux density takes place
on the pillow axes around the conductor R. A value of
B = 829 uT, obtained on the pillow axes at 12.25 m
height, represents a dangerous value for the human body.
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tinutd pe axa stilpului la Inaltimea de 12,25 m este

periculoasd pentru organismul uman, motiv pentru

care aceste zone trebuie evitate sau limitate.

Din masuratorile efectuate se constati cd prezenta
omului modifica campul in functie de modul in care este
izolat fatd de pamant si valoarea campului existent in
absenta sa. Aceste valori cresc in functie de izolatia
omului fatd de pamant, fiind in general de 6+7 ori mai
mari dacd omul este neizolat. Se constatad ca echipa-
mentul de protectie reduce in medie la jumatate campul
electric existent in partea superioara a corpului uman.

Sunt mentionate valorile maxime admise prin NORMELE
GENERALE DE PROTECTIE A MUNCII din 1996 [2]

10 kV m™ / schimb de lucru ;

30 kV m™, pentru un interval de timp al expunerii, scurt ;

500 pT/ schimb de lucru ;

5 mT, pentru expuneri mai mici de 2 ore ;

25 mT, pentru un interval scurt al expunerii extremitatilor
corpului.

Durata expunerii in cdmp electric cu intensitdti cuprinse
intre 10 kV m™ §i 30 kV m™ se calculeaza cu relatia r <80 E 7,
unde t reprezintd durata zilei de lucru, iar E intensitatea
campului electric in kV m .
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