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ABSTRACT: The electric field strength near a high voltage power transmission line can be greater than maximum 
permissible values. Therefore it is important to know the limits of these areas. It is presented in the paper that the 
expressions and calculations of the electric field strength at any observation point near the three-phase line dependently 
both on geometrical parameters of the line and coordinates of the observation point. The 2D approach is used for 
obtaining expressions which we can calculate electric field strength in any point near the line. The analytically calculated 
values are compared with the numerically calculated ones. 
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I.INTRODUCTION 

The main source of industrial frequency – 50 Hzelectric field is the three phase transmissionline. The strength of electric 
field in any point near the line depends on the distance from the line wires and on thelinevoltage. Some authors have 
provided calculation methods and values of the electric and magnetic fields, corona losses [1–4, 17]. It is clear from the 
results that electric field could have greater values at the high voltage power lines. There is a lack of analytical methods 
to calculate effective value of three phase line electric field without using expensive computer programmes and big 
computer memory capacities. Calculation of the real electric or magnetic field values is difficult solution because of soil 
parameters. Some of the authors shown soil model described it dependence from humidity, soil structure [5–7, 15]. We 
used simpler model with ideal ground potential in this paper.  
 
Near three phase high voltage lines can be the zones in which electric field strength is greater than maximum permissible 
values and can disruptand endangerthe health of workerswho operate andmaintainelectrical equipment [8, 9]. The 
territory of the open switch–gear is dangerous especially because there the height of line wires is lower and electric field 
gains greatest values. Consequently, it is extremely important to know the strength of the electric field at height of up to 2 
m in the switch-gear territory. 
 
For the industrial frequency electric field strength calculation the methods of electrostatic fields can be used because the 
dimensions of switch-gear are beyond comparison with the length of the 50 Hz frequency wave. We used the method of 
images for the ground influence evaluation [10, 11]. 
Conventional methods consist of calculation instant value of the field strength initially, evaluating phase difference in 
wires of the line in the observation point as function of observation point position and line voltage [10-12]. These 
computations take a long time and needs a handiwork. 
 
We expressed the effective value of electric field strength in the observation point without instant values. We have 
provided a direct formula for calculation effective value of electric field strength immediately. Validation of the 
computation is carried out with numerical calculation with finite element method programme Comsol Multiphysics in 
conventional method. The novelty of the work is analytical expression which enables to determine effective values of the 
electric field strength under three-phase power line evaluating induced charges not only in respect of the earth but also of 
the other wires simultaneously. The application of this work is faster calculation of the effective electric field values and 
calculation not only for the wires placed in one plane but also for other distributions of the wires 
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II.ELECTRIC FIELD STRENGTH GENERATED UNDER THREE-PHASE POWER LINE 

Geometry of the power line and observation point above the ground is presented in the Fig. 1. Thelineconsists of 
threeequalandparallel to the groundstretchedconductors. Wires of the line have linear charges densities i (i=A, B, C). 
Real wires have little sag. We suppose that wires are straight and perform the analysis for line arranged in the height h 
equal to distance to the ground to the point of the real wires maximal sag [10]. Therefore two dimensional problems can 
be solved. 
The distance of the three-phase conductors from the earth's surface is the same and equal to h. Then the distance from the 
images will approximately be h'=h. Height of theobservation pointMof isyM. We assume that the ground is plane and 
smooth. The linear charge densities images of any line have the same values and opposite signs:A

'A, B
'Band 

C
'C. 

The value of the electric field strength Ei (i=A, B, C, A', B', C') is generated by any of the charges with densities i or i
' 

can be calculated using the following equation [12]: 

i

i
i r

E 1
επε2 0r





 ;           (1) 

where 0 =8,85·10-12 F/m – dielectric constant, r  – relative dielectric constant; r – the distance between the charge and 
the observation point. 

 
Fig. 1.Linear charge densities and their mirror images of the three phase power line. Components of the electric field 

strength generated at the point M by different linear charge densities. 
 
The field is two dimensional because it equals along the line and there is no variation at the z axis. 
 

III.CALCULATION OF THE ELECTRIC FIELD STRENGTH EFFECTIVE VALUE AT THREE PHASE 
LINE 

Vector of the electric field strength generated by the three-phase line (Fig. 1) can be expressed as follows: 
CBA EEEE  ;           (2) 

whereEA, EB, ECthe electric field strength generated by phases conductors A, B, C linear charges and its images.  
Because the field is two-dimensional we express the x and y components of electric field strength, Ex and Ey, in the 
observation point M separately. Any field strength component is created by the positive and by the negative charge. 
Components created by wire linear charge we note as  E and created by image charge we note as  E . Therefore, we 
can write: 

)()(   xxx EEE ,           (3) 

)()(   yyy EEE            (4) 
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and 
22
yx EEE  .            (5) 

Value of electric field strength at point M generated of the phase wires A, B, Caccording to the (1) can be expressed as 
follows: 

 
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where CB,A,r  are the distances from the point M to the phases A, B, C and CB,A,r to the its images. CB,A, and
CB,A,

  are 

linear charge densities generated on the phases A, B, C wires and its images, correspondingly. 
Values of the components x and y of the electric field strength  AE and  AE ,  BE and  BE ,  CE and  CE  from 
the Fig. 1 can be calculated as follows: 

    AAxA cos  EE and     AAxA cos   EE ,        (9) 

    AAyA sin  EE and     AAyA sin   EE ,        (10) 

Angles αi, iA, A',are showed in the Fig. 1. Accordingly with Fig. 1 values of the angle: 

 M

M0arctan
yh
xd

A 


 ,  M

M0arctan
yh
xd

A 


 ,        (11) 

Distances between linear charge and observation point M ri, i  A, A' can be calculated as follows: 

  2
0M

2
M )( dxyhrA  , 2

0M
2

M )()( dxyhrA  , 
whereh – distance between power line wires plane and the observation point M;d0– distance between wires of 
phases A and B same as between wires of phases B and C, yM and xM are in x and y coordinates. Calculations for phase B 
and C are performed in the same way.  
Accordingly to equations (3) and (4) the components Ex and Ey can be calculated as follows [10]: 

)xC()xC()xB()xB()xA()xA(x   EEEEEEE ,        (12) 

)yC()yC()yB()yB()yA()yA(y   EEEEEEE .        (13) 
Substituting equations (6) – (10) we can write: 

 CCBBAA
0rεπε2

1 CCCEx   ,          (14) 

 CCBBAA
0r

y επε2
1 SSSE             (15) 

Where 
A

A
A

A
A

sinsin
rr

C

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A

A
A

A
A

coscos
rr

S


  .  

Potentials of the wires Vi(i=A, B, C)can be related with charge densities i (i=A, B, C) by Maxwell’s equations which we 
can express in matrix: 
     iii V  ,            (16) 
where: 
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whereβkn(k=1, 2, 3; n=1, 2, 3) are capacitance coefficients. They can be expressed via coefficients of the potential kn  

(k=1, 2, 3; n=1, 2, 3) evaluating     1 αβ  as follows: 





det

det kn
kn  .            (17) 

Potential coefficients are expressed via the geometrical parameters [11]. Coefficients α11=α22=α33 can be found from the 
following equation: 

;2ln
επε2

1

0r
11 r

h
            (18) 

coefficientsα12=α21=α23=α32 can be found as follows: 

;ln
επε2

1

AB

BA

0r
12 a

a             (19) 

whereaAB=aBC is the distance between the wire phases A and B, whereas aAB'is the distance between the phase A wire and 
the image B' of the phase B wire.  
Coefficients α13=α31 can be calculated in this way: 

;ln
επε2

1

AC

CA

0r
13 a

a             (20) 

whereaAC is the distance between the wire phases A and C, whereas aAC'is the distance between the phase A wire and the 
image C' wire of the phase C. All coefficients are counted in the same way to get coefficient matrix. 
Potentials of the wires can be expressed as follows [10]: 

 
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whereUm is amplitude of phase voltage. 
Effective value of the electric field could be found from: 

 
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          (22) 

Substituting equation (14) to spread the electric field strength in to x direction: 
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2
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2
C

2
B

2
B

2
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2
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2

22
2
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CCCCCEx
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        (23) 

Linear charge density from the equation (23) could be written: 
 

C13B12C13A11

B12A11
2

C
2

13
2

B
2

12

2
A

2
11C13B12A11
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22
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VVVV
VVVV

VVVV
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        (24) 

It is clear from the equations (24, 25, 31) that only voltage depends from time. To calculate Erms in the equation (23) 
variables V must be found with integration. 

;5,0dsin1 2
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A UttU
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It must be noted that 2
m

2
C

2
B

2
A 5,0 UVVV  and 2

mCBCABA 25,0 UVVVVVV  . Calculations of linear charge density 
and potentials of the wires to the other phases are performed in the same way.  
Substituting equations (22) – (26) and considering that β11= β 31, β23= β32 = β12 = β21 and β 13= β 31 we can write final 
equation for three phase power line (fig. 1): 
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where coefficients: 
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)()( 1131222122AB
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2
131112131211AC

2K )()()(   . 
 

IV.RESULTS AND DISCUSSION 

All calculations are carried out with Matlab program package. Calculations are executed with amplitude of phase voltage 
Um=1 V, all other values of the electric field effective value could be found by multiplying with desired value of power 
line potential. 
Model (Fig. 1) is assumed as electric power line in open switch-gear station where electric field values may be exceeded. 
Distance from the surface of the earth’s to the wires is 6.5 m. Distance between the wires is 4.5 m. Height of the 
observation point M is 1.8 m. Frequency is 50 Hz. Calculations are made from –10 to 10 meters from the centre of the 
coordinates. Results are shown in Fig. 2. 
Effective value of the electric field strength could be calculated in any point of the field with this method. 

 

 
Figure 2.Effective values of the electric field strength 

 

It is clear from the Fig. 2 that the highest values of electric field are reached under A and C phase (Fig. 1) wires and the 
values are equal. The smallest values in the power line zone is reached in the middle wire B. Electric field effective 
values steadily decreases receding from the power line. 
Validation of the computation is carried out with numerical calculation with finite element method programme package 
Comsol Multiphysics in conventional method, using electrostatic module. Calculations are performed every 10 degrees 
with varying boundary conditions of power line wires potentials. Potentials are calculated from (21) equations. Total 
effective value of the electric field is determined by Eq. 28: 
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;E1 n

1

2
rms t

T
E n            (28) 

Height of the observation point M is 1.8 m, distance from the centre of the coordinates is from -10 to 10 meters. Real 
electric field values are ten times higher because of the model was made 10 times smaller.  
 
Validation of analytical calculation with numerical method was performed at the three important points which are located 
directly under the wires (x = -4.5, 0, 4.5 m). Analytical solution values is calculated without capacitance (coefficients α12, 
α13, α21, α23, α31, α32 equal to zero) because of numerical calculation was performed without capacitance. Effective values 
of the electric field strength calculated without evaluating capacitance by analytical method is shown in Fig. 3. 

 
Figure 3.Effective values of the electric field strength calculated with analytical method without evaluating capacitance 

 
The calculated effective values of the electric field with analytical method are 0.0235, 0.019, 0.0235. The values 
calculated by numerical method with (Eq. 28) are 0.0241, 0.0194, 0.0241. Percentage difference is 2.5 % and 2.1 % 
accordingly. Difference could be due to the numerical calculation are performed by 10 degrees and analytical expression 
is made by assumption that linear charges are in the middle of the wire. 

V.CONCLUSION 
The expression for calculation of electric field strength created by power transmission line in any observation point has 
been obtained in the study. The electric field strength created by unite potential is expressed via the geometrical 
parameters of line and observation point coordinates.  
The highest values of electric field are reached under A and C phase wires and these values are equal. The smallest value 
is reached under the middle wire B in the power line zone. The effective values of electric field steadily decrease to 
receding from the power line. 
 
The advantage of this method is the calculations carried out simultaneously. As result of this, induction could be 
estimated as well. There are some limitations that the model only works in two dimensions and couldn’t estimate 
influence of the pylons which are situated nearby. It is lacking of real soil influence evaluation for real model 
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