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All Over Head (OH) transmission lines produce considerable amount of electric and magnetic fields and depend on the system 

voltage, the tower configuration, the type and size of conductors, the conductor height above the ground etc. Continuous 

radiations due to these fields causes serious health threats to the personnel working outdoors. Thus, measurement and 

computation of these fields is of paramount interest. The computations can be achieved by both analytical and numerical methods 

by employing 2D models. In this paper, a 2D ANSYS Maxwell model was proposed for the analysis of the electric field 

distributions due to 110kV, double circuit transmission lines. Power frequency electric field distribution beneath the proposed H V 

lines was determined by using the FEM based ANSYS Maxwell software package. Electric field distribution at 1.5 m above the 

ground surface has been calculated inside the transmission line corridor. It was found that the maximum field strength occurs just 

below the line conductors and is at minimum ground clearance. The calculated results have been compared with the national and 

international standards safety guidelines and it was found that the results obtained were within the permissible limits. 

 

KEYWORDS: Electric Field, FEM, 110kV transmission line, ICNIRP, CEA, ANSYS Maxwell. 

1. INTRODUCTION 

 One of the major concerns while designing an 

Overhead Transmission Line and tower is to study the 

field produced by a corresponding transmission line 

and its effect on the surrounding region. Bulk power is 

transmitted by using High Voltage transmission lines. 

These lines produce both the magnetic field and the 

electric field around it. This paper is restricted to the 

study of electric field produced by a High Voltage 

transmission line. 

 On continuous exposure to the electric field generated 

by a High Voltage line, human beings may suffer from 

significant health issues like leukemia, reproductive 

disorder, etc. [1]. This electric field will also create some 

environmental impacts on the region surrounding it, 

viz., reduction in soil fertility in agricultural area and it 

will also affect the wild life. In order to prevent such 

undesirable effects of the electric field on other objects, 

safe distance must be maintained across the tower and 

the conductors are placed at a sufficient height from the 

ground. In a forest region, where these transmission 
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lines span, it is mandatory to cut down the trees till a 

specified area on either side of the transmission line in 

order to minimize the risk of power interruptions 

caused by trees. A strip of land across the tower along 

the span which is defined for the transmission line 

operation and maintenance is called Right-of-way 

(ROW) [2]. The ROW width can be determined by 

knowing the electric field intensity produced by the 

transmission on the ground surface. 

 The electric field generated due to a High Voltage 

transmission line is mainly dependent on the operating 

voltage. As the system’s operating voltage increases, 

more field will be produced by the line, in turn 

increasing the ROW. The electric field is also dependent 

on some of the other factors like ground clearance, type 

of conductor, etc. As per the ICNIRP guidelines, the 

maximum allowable limit of the electric field for human 

beings is 5 kV/m, underneath the line and (1 – 0.5) kV/m 

at the edge of the ROW [3]. 

 In this paper, a three – phase, 110kV, double circuit 

(six conductors) transmission line system is modelled in 

a two – dimensional plane using FEM based ANSYS 

Maxwell Software and the electric field intensity in the 

region above 1.5 m from the ground is analyzed by 

using AC Conduction simulation. 

 

2. METHOD ELECTRIC FIELD CALCULATION 

The evaluation of Electric field produced by 

transmission lines is of paramount interest to study the 

effects on the personnel working in the vicinity of it. The 

field produced by HV lines are so complex that 

analytical solutions of Laplace’s equation is difficult and 

numerical methods are generally the only viable 

approach. There are two categories in numerical 

methods: i) Domain method and ii) the boundary 

method. Finite element method is based on the concept 

of domain method. Finite Element analysis of any 

problem involves four steps. i) Finite element 

discretization, ii) Governing equations, iii) Assembling 

all the elements, iv) solving the resulting system 

equations 

 To apply FEM, in the beginning, the feasible region 

called field is defined and the region is to be discretized 

into finite elements, called meshing. The vertices of each 

element where they intersect are called nodes. The 

elements may be triangular or quadrilateral. Generally, 

triangular meshing is adopted because of its higher 

accuracy. Calculations are performed on individual 

element and are rearranged to solve the resulting 

equation to determine the electric field in the region.  

From Laplace’s or Poisson’s equation, the electric field 

E which is a gradient of potential V is given by [4], 

E=-∇ V          (1) 

The relation between the field density D and charge 

density ρ is given by, 

 D=ρ         (2) 

The field density and the electric field can be 

represented as, 

D= ∈E          (3) 

where, ∈ is the dielectric permittivity. By solving the 

above three equations, we get  

∇ ϵ E=ρ 

∈∇ . ∇V=-ρ 

∇ 2 V = -ρ /∈       (4) 

By equation (4), the electric potential at different 

points in a region can be obtained and electric field 

intensity can be computed. 

3. SYSTEM MODELLING AND DISCUSSION OF RESULTS 

The present work selected 110kV, double circuit 

OH transmission line with shield wire for model 

implementation. The dimensions are considered as per 

CEA standards [5]. The towers were normal suspension 

type and have six phases equipped with ACSR 

(Aluminum Conductor Steel Reinforced) conductors 

modelled in 2D ANSYS Maxwell 16.0 software. 

 
Fig.1. 110kV, double circuit transmission line with 

shield wire. 
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Fig.2. ANSYS simulated model of 110kV, double circuit 

transmission line with shield wire. 

The model shown in Fig.1 is simulated by using AC 

Conduction simulation. Physical properties of the 

conductor permittivity and electrical conductivity are 

specified. All the six conductors of double circuit are 

excited with the system voltage of 110kV. The shield 

wire, tower and the ground surface were maintained at 

zero potential. The soil for the ground surface is 

assumed as a clay dry soil [6]. In the proposed work, the 

feasible region is considered as transmission lines 

corridor region recommended by standards and it is 

equal to 22m for the 110kV, double circuit power line 

system [5]. The ANSYS simulation model with the 

electric field distribution due to the six conductors (R, Y, 

B of circuit-1 and R1, Y1, B1 of circuit-2) of both the 

circuits located on either side of the tower is shown in 

Fig.2. 

It can be observed from the Fig.2 that, the electric field 

intensity is concentrated around the surface of the 

conductors of each phase and it is scattered as we move 

away the phase conductors. 

The contribution from the lowest phase conductors of 

both circuits 1 &2 in the region of ground clearance are 

shown in the figures 3 and 4 respectively.  

 
Fig.3. Electric field distribution around lowest phase (R) 

of circuit-1 of 110kV Double circuit line. 

 

 
Fig.4. Electric field distribution around lowest phase 

(R1) of circuit-2of 110kV Double circuit line. 

 

It can be observed from figures 3 and 4 that, the 

electric field on the surfaces of conductors R and R1 are 

1989.6 kV/m. The electric field on the surfaces of 

conductors Y & Y1 is 973.8 kV/m and it is 826.1 kV/m on 

the surfaces of B and B1 phases. The total field produced 

due to these six conductors (R, Y, B, R1, Y1, and B1) is 

distributed in the feasible region under consideration 

and contribution from the lowest phase conductors is 

more than the other phase conductors. 

To study the effect of electric field on living beings in 

the feasible region, a height of 1.5m above the ground 

surface is considered and the magnitude of electric field 

in that region is calculated and tabulated.  

The electric field distribution in the region above 1.5m 

from the ground surface (y = 1.5 m) reckoned from the 

edge of ROW of circuit-1 side and moving towards other 

edge of ROW of the circuit-2 passing through the region 

below the conductors of circuit-1 and 2 has been 
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observed. Table. I tabulate the electric field intensity due 

to the conductors of both circuits. The graphical plot of 

Table. I have been shown in Fig.5.  

From the Fig.5 it is observed that, the electric field 

from one edge of the Transmission line corridor 

increases as we move towards the line phases of 

circuit-1 and it becomes maximum just below the 

conductors and then decrease in the middle of the 

corridor i.e. near the tower and it starts to increase 

further as move towards the other edge of the corridor 

and it reaches a maximum value again at just below the 

conductors of circuit-2, further it starts to decrease and 

reaches a minimum value at the other edge of the 

corridor. The Table. I show that, minimum value electric 

field at the edges of ROW of either side was almost 

equal to 0.44 kV/m and the maximum field intensities 

were equal to 3.44 kV/m at just below the conductors of 

both circuits. 

 

Fig.5. Electric field distribution in the region 1.5 m above 

ground surface along ROW. 

 

According to ICNIRP guidelines, the safe allowable 

limit that a human body can be exposed was 5 kV/m and 

0.5 to 1 kV/m at the edge of Right-of-way [3]. The 

simulation results obtained for the proposed 110kV, 

double circuit transmission lines have found to be in the 

acceptable limits. 

 

Table. I: Electric field distribution at 1.5 m above ground 

surface inside the transmission line corridor. 

Lateral Distance 

across the tower (m) 

Magnitude of 

Electric field (kV/m) 

0 0.44 

1 0.66 

2 0.99 

3 1.42 

4 1.94 

5 2.52 

6 3.08 

7 3.43 

8 3.44 

9 3.00 

10 2.39 

10.5 2.20 

11.5 2.21 

12 2.40 

13 3.00 

14 3.44 

15 3.43 

16 3.08 

17 2.52 

18 1.94 

19 1.42 

20 0.99 

21 0.67 

22 0.437 

 

4. CONCLUSION 

The main objective of the present study consists 

of development of a simple 2D model of 110kV, double 

circuit transmission line system using 2D ANSYS 

Maxwell model for computing and analyzing electric 

fields produced by these high voltage power lines under 

various conditions. The work mainly intended to verify 

the compliance with the electric field exposure limits 

recommended by the ICNIRP standards.  Comparisons 

of simulation results to the recommended ICNIRP 

standards limits revealed an excellent agreement 

between the results and were well within the allowable 

limits. 
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