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Purpose. The results of the electric field intensity measurement within one span of the 330 kV extra-high voltage 
overhead power line were analyzed. The effect of vegetation on the distribution of the electric field near the overhead power 
line was examined. Methodology. To measure the electric field of an overhead power line, a metering device, designed 
to measure the root-mean-square value of the intensity of an alternating electric field varying with a 50 Hz frequency 
was chosen. In the electric field measuring device, three transducers are used, oriented in three mutually perpendicular 
directions. Equivalent charge method was used to estimate the maximum value of the electric field intensity in the middle 
of the span of overhead power line. Results. Experimental data show that on the right side of the transmission line route, 
where a row of deciduous trees grow, the electric field intensity is 31.2 % to 55.2 % lower than on the left side, where 
there are no trees. The values of the electric field intensity calculated accounting overhead shield wires are 3.4 % lower 
than without them. The experimental data are in good agreement with the calculations by equivalent charge method. 
Originality. Considered overhead power line with a horizontal arrangement of wires is symmetrical about middle phase 
and therefore it facilitates the analysis of the influence of ground objects on the distortion of the electric field distribution, 
specifically, deciduous trees located only on the one side of the line route. Practical value. Deciduous trees planted in 
a single row have a shielding effect, limiting the electric field intensity at a height corresponding to the average height 
of a human being. Conclusions. With an increase in the area of deciduous tree growth outside the edge of the transmission 
line right-of-way, the decrease in the electric field strength will be more significant. Future efforts should be focused on 
environmental impacts of extra-high voltage and ultra-high voltage overhead power lines as well as lightning performance 
of such lines. References 10, figures 8.
Key words: overhead power line, environmental impacts, deciduous trees.

PROBLEM STATEMENT. All extra-high 
voltage (EHV) overhead power lines are a source 
of electromagnetic radiation, which, depending 

on its intensity, can have a negative impact on 
the environment and human life. It should be noted, 
that according to the classification of overhead 
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transmission lines by operating voltage, in a number 
of countries, voltages in the range from 330 kV to 
750 kV are classified as EHV, while in a number 
of other countries, voltages ranging from 345 kV 
to 765 kV are known as EHV too. Despite this 
small difference, the physical presence of overhead 
power lines can affect wildlife (plants and animals) 
and human beings. The electromagnetic field 
of overhead power lines is estimated by the intensity 
of electric and magnetic field. This article is focused 
on the electric field of EHV overhead power lines. 
State sanitary norms and rules for protection of human 
beings from exposure to electromagnetic radiation 
set the maximum permissible levels of electric field 
intensity. For example, in a human populated area, 
outside the residential area, as well as in vegetable 
gardens and orchards, the root-mean-square (RMS) 
value of the electric field intensity should not exceed 
5.0 kV/m. In order to protect the human health from 
the effects of the electric field of overhead power 
lines, a sanitary protection zone is established. This 
term include all territories where the electric field 
intensity at 1.8 m height above the ground exceeds 
1.0 kV/m. As a result of human population growth 
and increased demand for electricity, the densely 
populated area is increasing, as well as the number 
of power transmission lines of different voltage 
classes. Thus, the distance between residential 
areas and overhead power line routes may decrease. 
Therefore, the problem of the environmental impact 
of overhead power lines remains relevant and receives 
considerable attention in the world. For example, 
reviewing the abstracts of modern articles, one can 
say that analysis of the electric field measurement 
under 220 kV and 400 kV power transmission lines 
is scrutinized in [1; 2]. Measurement of electric field 
near EHV transmission lines of other voltage classes 
is studied in following articles: 330 kV in [3], 400 kV 
in [4] and 500 kV in [5]. Due to the potential threat 
of electromagnetic field to human’s health, much 
effort has been put into not only measuring, but also 
simulating the electric field of power transmission 
lines [6; 7]. At the same time, it should be noted that 
only values that are close to the result of direct physical 
measurement can serve as a criterion for the reliability 
of data obtained as a result of simulation. This task 
is relevant for all countries that have a developed 
electrical network grid, consisting of both EHV 
and ultra-high voltage (UHV) overhead power lines. 
Vegetation and terrestrial objects affect the values 
of the electric field intensity. In particular, it has been 
found that the electric field intensity decreases near 
spruce trees [8].

The aim of this work is to continue the research 
started in [3] and to determine how other vegetation 
affect the distribution of the electric field near 
the overhead power line.

MATERIAL AND RESULTS. This article 
provides additional analysis of a part of the data 
array obtained in 2016. To measure the electric field 
intensity caused by overhead power line, one span 
of the 330 kV line with guyed suspension towers was 
considered (Fig. 1).

   
 Figure 1 – Sketch (left) and photograph (right) 

of a guyed suspension tower

This electricity pylon is symmetrical about middle 
phase and is therefore of interest for research, since 
it facilitates the analysis of the influence of ground 
objects on the distortion of the field distribution, 
for example, a line of deciduous trees located only 
on the one side of the line route. Near the line 
shown in Fig. 1, there are no other power lines. So, 
the measurement results will be due only to the wires 
of this line and ground objects that distort the field, 
specifically a line of deciduous trees that grow only 
on the one side of the line route at 8 m distance 
from the projection of the right phase to the ground. 
These trees are outside the edge of the transmission 
line right-of-way. The results of the electric field 
measurement under the wires of the power line in 
the middle of the span are shown in Fig. 2.

Here and below, the blue color (graph 1) 
shows the actual distribution of the electric field, 
distorted on one side by a row of trees. The red 
color (graph 2) shows the hypothetical distribution 
of the electric field, which could take place if there 
were no trees to the right of the line (as well as 
to the left). Some other plots at various positions 
between the two adjacent electricity pylons are 
shown in Fig. 3 to Fig. 6.
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Figure 2 – Electric field intensity in the middle 
of the span at 1.8 m height above the ground

 

Figure 3 – Electric field intensity at a distance 
of 35 % of the span length at 1.8 m height  

above the ground

 
Figure 4 – Electric field intensity at a distance 

of 25 % of the span length at 1.8 m height  
above the ground

In the illustrations above, the projections 
of the three phases on the ground correspond to 
the coordinates 0 m, 8 m and 16 m. According to 
the data obtained, at 5 m distance from the projection 
of the right phase on the ground, from the side where 
trees grow, the electric field intensity is 42.7 % lower 
than in the absence of trees (Fig. 3). In Fig. 4 electric 
field intensity is 31.2 % lower than in the absence 
of trees. In Fig. 5 and Fig. 6 electric field intensity 

is reduced by 55.2 % and 42.9 %, subsequently. The 
results show that even trees planted in a single row 
have a shielding effect, limiting the electric field 
intensity at a height corresponding to the average 
height of a human being.

 

Figure 5 – Electric field intensity at a distance 
of 15 % of the span length at 1.8 m height  

above the ground

 

Figure 6 – Electric field intensity at a distance 
of 5 % of the span length at 1.8 m height  

above the ground

The experimental data presented above reflect 
the typical features of the field distribution in the span 
of an overhead power line. For example, when 
moving away from the tower, as the sag of the wires 
increases, the electric field intensity increases, 
reaching maximal value in the middle of the span 
(refer to Fig. 2), where the distance between the wires 
and the ground is minimal. Contrariwise, when 
coming near the tower, the distance between 
the wires and the ground increases, and the electric 
field intensity reaches minimal value (refer to Fig. 6). 
An electric field measuring device used in the article 
is shown in Fig. 7.

In Fig. 7: 1 is a metal sphere; 2 is an antenna; 3 is 
a metal connecting ring; 4 is a dielectric holder.

To measure the electric field intensity, typically, 
devices with a field-voltage type conversion are used. 
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Moreover, to measure the electric field caused by 
overhead power lines, it is advisable to use devices 
based on RMS converters, since it is the RMS field 
values that are normalized in regulatory documents. 
Such devices make it possible to measure fields that 
change arbitrarily with time, in particular the electric 
fields of overhead power lines with elliptical 
polarization. Among the various devices, meters 
with three-component sensors have advantages over 
others. In such meters, three transducers are used, 
oriented in three mutually perpendicular directions, 
and the signal processing unit includes the RMS 
summation of the signals from all three transducers. 
Therefore, unlike a device with a single antenna, such 
a device is not characterized by reception directivity. 
That means the result of the field measurement 
does not depend on the angle between the direction 
of the field vector and the direction of the sensitivity 
axis of the transducer antenna.

 
Figure 7 – Sketch of electric field measuring device: 

back view (left) and side view (right)

Taking this into account, to measure the electric 
field of an overhead power line, a metering device, 
designed to measure the RMS value of the intensity 
of an alternating electric field varying with a 50 Hz 
frequency was chosen [9].

The measuring unit of the device consists of two 
hemispheres mounted on a connecting ring. The 
front hemisphere has controls, scale and a sleeve 
for connecting the dielectric holder. Three antennas 
are installed on the rear hemisphere, located in three 
orthogonal planes and having circular shape (disks). 
The processing of signals from three antennas is 
carried out according to the formula:

= + +2 2 2
x y zE K E E E , 

where: E are readings of the device; K is 
a proportionality factor, which depends on 
the size of the sphere and antennas; Ex, Ey and Ez 
are instantaneous values of signals, respectively, on 
the first, second and third channels.

During the measurement process, in order 
to exclude the distortion of the electric field by 
the operator, the device was installed vertically on 

an insulating rod 1.8 m high, after which the operator 
moved away from it. Also, during the measurement 
process, the possibility of changing the readings 
of the device depending on its spatial orientation 
was checked. No deviations from the measurement 
results were observed.

Operation of the device, study of its characteristics, 
as well as determination of the proportionality 
coefficient was performed in [9] and therefore is not 
the subject of this article.

To control the results of measuring the electric 
field intensity, it is necessary to carry out a numerical 
calculation of the electric field intensity values that 
should be expected during the physical measurement.

According to accurate problem definition, 
the electric field in the span of an overhead 
power line is three-dimensional. This is primarily 
due to the influence of metal towers, guy-wires 
(in case of guyed suspension towers), sagging 
of electrical wires, as well as uneven terrain 
where the power line goes. But if only the highest 
values of the electric field intensity in the span 
of the power line near the ground are of interest, 
then the calculation can be simplified by taking 
into account the following factors. Firstly, due to 
the sagging of electrical wires, the electric field 
intensity at the ground surface will be maximal in 
the middle of the span of the overhead line, where 
the distance between the wires and the ground is 
the smallest. Secondly, in the middle of the span, 
the wires go almost parallel to the ground surface. 
Thirdly, in the middle of the overhead power line 
span, far from the transmission towers, the influence 
of the latter can be neglected. Fourthly, overhead 
power lines are located, typically, on relatively 
flat terrain, and therefore uneven terrain can be 
neglected. With this in mind, one can assume 
that the problem of calculating the electric field 
of an overhead power line is reduced to calculating 
the electric field of a system of charged axes located 
near the conductive surface. Such an electric field is 
two-dimensional, or more precisely, plane-parallel, 
since in any plane perpendicular to the power line 
wires and the conductive ground, the electric field 
distribution will be the same. This task can be 
solved using the equivalent charge method [10].

The electric field of an infinite uniformly charged 
line is determined by equations (1) and (2).

( ) τ
πε ε

=
02 r

E r
r

.                       (1)

( ) τφ
πε ε

 = + 
 0

1
ln

2 r

r C
r

.                (2)
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In above expressions: r is the distance from 
the considered point to the line; τ is the line charge; εr 
is the relative permittivity of the air; ε0 is the electric 
constant; φ is the electric potential. The electric field 
intensity vector 



E  is directed radially along the line. 
When calculating the electric field of a charged line, 
it is considered that C = 0 in expression (2).

When calculating the electric field of a given 
system of fixed charges, the superposition principle 
is used. That means the electric field potential at any 
point is equal to the sum of the electric potentials 
generated by the charges of the system, and the electric 
field intensity vector is equal to the vector addition 
of the electric field intensity vectors from the charges.

In general, for a system of charged lines, 
the electric field at any point is given by following 
expressions:
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In above expressions: ri is the distance between 
the considered point and the i-axis; ( ) 

^

cos , ix r ,  
( ) 

^

cos , iy r  are the cosines of the angles between 
the vector 



E  and coordinate axes; Ex, Ey are 
projections of the vector 



E  onto the coordinate 
axes; i is the sequence number. Since the distances 
between phase conductors of overhead power lines 
are much greater than their radii, the displacement 
of the electric axes of the wires can be neglected 
and it can be assumed that the charges of the wires are 
concentrated on their geometric axes. When solving 
the tasks of electrostatics, the physical ground is 
generally considered conductive. Therefore, images 
of charged lines in the ground τi will have charges 
τ τ′ = −i i . Thus, one will have a system of equivalent 
charges, which consists of pairs of charged axes: 

′−2 2 , ′−2 2  and ′−3 3 .
This approach corresponds to the requirement 

(6) used when calculating the plane-parallel electric 
field of the overhead power line.

τ
=

=∑
1

0
n

i
i

.                            (6)

In a three-phase power line, voltages and in all 
three phases U1, U2 and U3 are time varying with 
an angular frequency ω: U1 = Um sin(ωt); 
U2 = Um sin(ωt – 2π/3); U3 = Um sin(ωt + 2π/3), 
where Um is a voltage amplitude. This complicates 

the calculation of the electric field, since it varies 
with time. Therefore, the calculation of the electric 
field is carried out for different instants of time. At 
any point P, which has geometric coordinates (x, y), 
the electric field intensity is given by formula (7).

= +2 2
x yE E E ,                        (7)

where:

=

= ∑
3

1
x xi

i

E E ,                           (8)

=

= ∑
3

1
y yi

i

E E ,                           (9)

Projections of the electric field intensity vector 
onto the coordinate axes are determined from 
expressions (4) and (5):
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where:

( ) ( )= − + −2 2
i i ir x x y y ,             (12)

( ) ( )′ = − + +2 2
i i ir x x y y .             (13)

Electric potential in any point P(x, y) is given by 
expression (14).

τ
πε=

′ 
=   

 
∑
3

1 0

ln
2

jii
P

i ji

r
U

r
.                (14)

To determine three unknown variables τ1, τ2 and τ3, it 
is necessary to solve a system of three equations arising 
from (14), placing a point P sequentially on the surface 
of each of the three wires (since the potentials of the wires 
are known). Neglecting the radius r0 of the wire 
compared to the distances between the wires, one 
obtains a system of equations in matrix form:

a ‧ τ = u.                            (15)
In expression (15): a is a main matrix of the system, 

τ is an equivalent charge matrix on each wire, u is 
a voltage matrix of each wire:
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Potential coefficients in square matrix are 
determined by expressions (16) and (17):

πε
 

=  
 0 0

21
ln

2
i

ij

y
a

r
, if i = j,           (16)

πε

′ 
=   

 0

1
ln

2
ji

ij
ji

r
a

r
, if i ≠ j.            (17)

In above two expressions: rij, ′ijr  are distances 
ri, ′ir , provided that the point P(x, y) is on the axis 
of the wire under the number j.

Unknown variables τ1, τ2 and τ3 are calculated with 
a help of determinants by the following formulas:

τ = 1
1

det
det

a
a

,                         (18)

τ = 2
2

det
det

a
a

,                         (19)

τ = 3
3

det
det

a
a

,                         (20)

In equations (18)–(20), the matrices a1, 
a2 and a3 are obtained with the replacement 
of the i-column (i = 1, 2, … n) by the column matrix u:

 
 =  
  

1

1 12 13

2 22 23

3 32 33

U a a

U a a

U a a

a , 
 
 =  
  

2

11 1 13

21 2 23

31 3 33

a U a

a U a

a U a

a , 

 
 =  
  

3

11 12 1

21 22 2

31 32 3

a a U

a a U

a a U

a . 

Then the determinants in equations (18)–(20) are 
calculated by formulas (21)–(24):

= − − +
+ + −

11 22 33 11 23 32 12 21 33

12 31 23 21 13 32 13 22 31

det a a a a a a a a a

a a a a a a a a a

a
,   (21)

= − − +
+ + −
1 12 23 3 12 33 2 13 22 3

13 32 2 22 33 1 23 32 1

det a a U a a U a a U

a a U a a U a a U

a
,   (22)

= − + −
− − +
2 11 33 2 11 23 3 21 13 3

21 33 1 13 31 2 31 23 1

det a a U a a U a a U

a a U a a U a a U

a
,   (23)

= − − +
+ + −
3 11 22 3 11 32 2 12 21 3

12 31 2 21 32 1 22 31 1

det a a U a a U a a U

a a U a a U a a U

a .   (24)

Bundled conductors are used in EHV overhead 
power lines. The bundled conductor design covers 
the number of conductors per phase, sectional area 
of conductors and spacing between conductors. 
Equivalent radius of conductor per phase is given by 
following formula:

−= 1
0

nn
eqr nr R .                       (25)

In expression (25) r0 is a calculation radius 
of single conductor; n is a number of sub-conductors 
and R is given by:

π
=

 
 
 

2 sin

a
R

n

, 

where: a is a spacing between sub-conductors.
The bundled conductors are electrically 

equivalent to a single conductor, but larger one than 
each of the sub-conductors.

It is the value calculated by formula (25) that 
must be substituted into (16) instead of r0 in the case 
of a bundled conductors.

Since the maximal RMS values of the electric 
field intensity are taken as the maximum permissible 
intensity, it is advisable to calculate the field in 
complex numbers by setting the potentials of the wires 
in exponential form:

= 0
1

3
jU

U e ; π−=

2 3
2

3
jU

U e ; π+=

2 3
3

3
jU

U e , 

where: U is the line-to-line voltage, kV.
Then, one exclude the time t from the calculation, 

and the electric field calculation can also be 
performed according to formulas (7)–(20), but 
instead of formula (7), use formula (26):

( ) ( )= = + = +    

2 2
2 2

max Re Im x yE E E E E E . (26)

Overhead shield wires affect the distribution 
of the electric field around power line and near 
ground. To assess this impact, shield wires must be 
taken into account in the calculation. One can assume 
that the overhead shield wires are at zero potential.

When taking into account overhead shield 
wires, the equation system (15) will change in 
the calculation and for towers with two ground wires 
it will take the form (27).

τ
τ
τ
τ
τ

     
     
     
     ⋅ =
     
     
         

11 12 13 14 15 1 1

21 22 23 24 25 2 2

31 32 33 34 35 3 3

41 42 43 44 45 4

51 52 53 54 55 5

0

0

a a a a a U

a a a a a U

a a a a a U

a a a a a

a a a a a

.    (27)

The system of equations (27) is similarly solved 
using determinants. But unlike expressions (21)–(24) 
for a system with 5 unknown variables, the symbolic 
expressions of the determinants are too long, 
and therefore they are not given here. Determination 
of unknown charges using matrix determinants 
is convenient to perform using software that has 
built-in functions for calculating determinants. 
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Regardless of the number of unknown variables, 
this method is more clear and less time consuming 
than solving a system of linear algebraic equations 
using the Gaussian elimination or Gauss-Jordan 
elimination method.

Comparison of the results of electric field intensity 
measurement beneath a 330 kV transmission line 
at 1.8 m height above the ground with the results 
of calculations using the equivalent charge method 
for the middle of the span are shown in Fig. 8.

In Fig. 8: blue color (graph 1) shows 
the measurement results; red color (graph 2) shows 
the results of the calculation, taking into account 
overhead shield wires; green color (chart 3) shows 
the calculation results without shield wires. The 
experimental data are in good agreement with 
the calculation results. Shield wires have little effect 
on the electric field near the earth’s surface. This is 
confirmed by the results of the analytical calculation 
of the electric field. The values of the electric field 
intensity calculated accounting overhead shield 
wires are 3.4 % lower than without them.

CONCLUSIONS. The article examines 
the measurement of the alternating electric field 
intensity within one span of the 330 kV EHV 
transmission. The maximum value of the electric 
field intensity beneath the phase wires at the point 
where the distance between phase conductors 
and the ground is minimal does not exceed 
the 5.0 kV/m maximum allowable level. Ground 

objects located near the power line affect 
the distribution of the electric field. This is 
especially evident for a line with a horizontal 
arrangement of wires, when, due to the influence 
of ground objects located only on the one side 
of the power line route, the symmetry of the line 
field pattern about the middle phase is distorted. 
Comparison of experimental results and numerical 
calculations showed that the equivalent charge 
method can be used to estimate the maximum 
value of the electric field intensity in the middle 
of the span of overhead power lines. The previously 
established fact of a decrease in the electric field 
intensity by trees that grow near power lines has 
been confirmed. Experimental data show that on 
the right side of the transmission line route, where 
a row of deciduous trees grow, the electric field 
intensity is 31.2 % to 55.2 % lower than on the left 
side, where there are no trees. Even a single row 
of deciduous trees has a shielding effect, limiting 
the electric field intensity. The protective effect 
of trees lies in the fact that living trees, having 
sufficient electrical conductivity, carry the potential 
of the earth to a height that exceeds the height 
of a human being, which creates a shielding effect. 
With an increase in the area of deciduous tree growth, 
the decrease in the electric field strength will be 
more significant. Obviously it is about trees outside 
the edge of the transmission line right-of-way. 
Future efforts should be focused on environmental 

 

Figure 8 – Results of measurement and calculation of the electric field intensity  
in the middle of the span
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impacts of EHV and UHV overhead power lines as 
well as lightning performance of such lines.
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Проаналізовано результати вимірювання напруженості електричного поля в межах одного прольоту повітря-
ної лінії надвисокої напруги класу напруги 330 кВ. Досліджено вплив рослинності на розподіл електричного поля 
поблизу повітряної лінії електропередачі. Для вимірювання електричного поля повітряної лінії електропередачі 
використано вимірювальний прилад, призначений для вимірювання середньоквадратичного значення напруже-
ності змінного електричного поля, що змінюється з частотою 50 Гц. У пристрої вимірювання електричного поля 
використовуються три перетворювачі, орієнтовані у трьох взаємно перпендикулярних напрямках. Методом екві-
валентного заряду розраховано максимальне значення напруженості електричного поля у середині прольоту пові-
тряної лінії електропередачі. Експериментальні дані показують, що з правого боку траси лінії електропередачі, 
де росте ряд листяних дерев, напруженість електричного поля на 31,2–55,2 % нижча, ніж з лівого боку, де дерев 
немає. Значення напруженості електричного поля, розраховані з урахуванням грозозахисних тросів на 3,4 % ниж-
чі, ніж без них. Експериментальні дані добре узгоджуються з розрахунками, виконаними за методом еквівалент-
них зарядів. Розглянута повітряна лінії електропередачі з горизонтальним розташуванням проводів симетрична 
відносно середньої фази, і тому полегшує аналіз впливу наземних об’єктів на спотворення розподілу електрично-
го поля, зокрема листяних дерев, розташованих лише з одного боку траси лінії. Листяні дерева, посаджені в один 
ряд, мають екрануючий ефект, обмежуючи напруженість електричного поля на висоті, що відповідає середньому 
зросту людини. Зі збільшенням площі насадження листяних дерев за межами смуги відчуження лінії електропере-
дачі зменшення напруженості електричного поля буде більш істотним. Подальші зусилля необхідно зосередити на 
екологічному аспекті повітряних ліній електропередач надвисокої та ультрависокої напруги, а також на питаннях 
блискавкозахисту таких ліній.
Ключові слова: повітряна ліні електропередачі, вплив на навколишнє середовище, листяні дерева.
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