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Abstract: With rapid industrial and commercial growth and 

flourishing population, power demand is increasing rapidly.  

Modern methods of UHV transmission lines are important to 

transmit bulk amount of power more efficiently in comparison to 

earlier methods of transmission. 1200 KV UHV transmission line 

is India future and therefore forthcoming project to tackle this 

situation. However as line to line voltage level increases, 

complexity of the transmission line increases. But, with higher 

level of line to line voltage, complexity of transmission line 

increases. ROW is one of the major concerns with transmission 

lines. Many parameters need to take care in designing; one of 

them is a magnetic field distribution at surroundings of 

transmission line. India has initiated to expand its UHV range to 

1200kv. Paper suggest magnetic field of three configurations of 

the 1200KV line. Horizontal and vertical configuration test lines 

have been installed. Analysis has been done by two methods 

finite element method and 

(Method of images) analytical method. FEM is used to solve 

partial differential equations. Results from both methods have 

been compared. 3D electric field analysis of configuration also 

performed. Plotted results are compared with ICNIRP standards 

and safety limits defined. Adverse effects of excess magnetic field 

is also discussed. Biological effects of electromagnetic field on 

people, animals and plants are also discussed. Thus paper aimed 

at magnetic field calculation and verification with respect to 

standard. It also helps to utilize less right of way. The subject is 

under broad development due to its advantages over lower 

voltage levels and holds significance in future as well. 

Keywords : Analytical Method, Finite Element Method  

(FEM), International commission on non-ionizing radiation 

protection (ICNIRP). Magnetic field, Right Of Way (ROW). 

I. INTRODUCTION 

To transmit bulk amount of electrical power economically 

over a long distance, research and test facilities are being 

built in several countries. Initial work started in the 1970s 

and research and development work is still continued to 

gather the vast amount of technical information necessary to 

design transmission lines above 1000 kV AC. Experimental 

lines and ultra-high voltage (UHV) test stations were built in 

several countries. This paper highlights the glimpses of 

establishment of major UHV projects, in general, and that of 

1200 kV Indian project in particular [1-2].  

India generates surplus power in  northeast states and 

in eastern region. While northern, southern and western 

regions are mainly load centers of India [2]. So, to transmit 

large amount of energy over distant load centers, large 

transmission corridors are required.  
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Therefore, India initiated with 1200kv voltage range in 

UHV transmission line.  Test substation have been installed 

at Bina,for research and development which uses two 

configurations for test lines which are S/C horizontal 

configuration and D/C vertical configuration 

Also, At present, Wardha to Aurangabad line is operating at 

400kv voltage level, will be upgraded to 1200kv level[5]. 

By 1200kv UHV transmission line, it is possible to transmit 

6000-8000 MW power over long distance, which is 2 to 3 

times power carrying capacity of 765kv UHV transmission 

line. It also reduces the power loss/km and optimizes Right 

of Way (ROW) [5]. The UHV system increases the 

associated electric and magnetic fields (EMF) and hence, 

needs to be examined for its impact on design of lines, on 

behaviour of humans, animal and plants in and around the 

power lines [6]. 

Magnetic field depends on current flowing through 

conductors. As per CIGRE WG 36.01 analytical method is 

used for magnetic field analysis. In this paper magnetic field 

is calculated and compared for both configurations by finite 

element method and analytical method [7].Experimental 

results are under test. 

II. SYSTEM DATA  AND METHODOLOGY 

A. SYSTEM DATA 

A design specification of 1200kv transmission lines is given 

in table I.  

Table I  Line Parameters 
Description Notatio

n 

Value Units 

Number of sub-conductors in 
a bundle 

N 8 Nos. 

Bundle Radius R 0.6 m 

Sub conductor spacing B 0.46 m 

Diameter of sub-conductor d 4.63 cm 

Conductor height above 

ground at a tower  

H 37 m 

Conductor height above 

ground at midspan 

Hm 24.3 m 

Phase spacing S 27 m 

Bundle conductor type Bersimis/moose 

 

In this paper, twoconfigurations of a line have been 

discussed, which are single circuit horizontal, configuration 

and double circuit vertical configuration [8]. 

 
Fig. 1.S/C Horizontal configuration 
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Fig.2.D/C Vertical configuration 

From data, geometrical representation of octacorebersimis 

bundle conductor looks like as in figure 3. From data 

equivalent radius of conductor can be given by (1).  

𝑟𝑒𝑞 = R  
Nr

R
 

1

N
= 0.518 𝑚(1) 

 
Fig. 3.octacorebersimis bundle conductor. 

B. METHODOLOGY 

Magnetic field produced due to current, as per the Maxwell-

ampere law magnetic field intensity correlates with current 

density as given in (2)& (9). 

𝛻 × H = J             (2) 

Magnetic flux density depends on permeability of material. 

Relation between magnetic field intensity and magnetic flux 

density can be given as in (3) and it also given by curl of 

magnetic vector potential as in eq(4) 

B = μH                               (3) 

B = 𝛻 × A                 (4) 

By combining (2), (3), (4) magnetic vector potential can be 

correlated with current density as in (5), called poisson‟s 

equation for magnetic field. For analysis cross section of 

line has been considered, x axis stands for ground surface, y 

axis stand for height above ground surface, lines are 

assumed to be parallel with z-axis. So, direction of current 

density is taken in z direction, which is shown in (5). 

𝛻 ×  
1

μ
𝛻 × Azz  = J𝑧z       (5) 

There will be many value which satisfies (5). To get unique 

solution gauge condition needs to be applied, which is given 

as in (6). 

𝛻. A = 0                            (6) 

Final equationobtained  by combining (5) and (6) equation  

can be written as (7). 

     −
𝜕

𝜕𝑥
 

1

μ

𝜕𝐴𝑧

𝜕𝑥
 −

𝜕

𝜕𝑦
 

1

μ

𝜕𝐴𝑧

𝜕𝑦
 = J𝑧 (7) 

C  FINITE ELEMENT METHOD 

In this section basic steps of the finite element method to 

formulateand  solve magnetic field problems [9-10] is 

discussed. 

D   DOMAIN DISCRITIZATION 

The first step of a finite element analysis is to divide the 

domain area into small elements. Figure 4 shows quadratic 

triangular element. For magnetic problems magnetic vector 

potential equation at each node is given in (8). By (9) 

magnetic potential at any location within an element can be 

written in the form of magnetic vector potential at six nodes. 

This equation called interpolation equation aregiven as (9). 

 

Fig.4. Quadratic type triangular element 
2
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2
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E   FORMULATION OF FUNCTIONAL EQUATION 

Functional equation is formulated as per Ritz method. 

Functional equations for i
th

 element can be written as (10).  

It shows integration within the area of an element. A 

represents magnetic vector potential at six nodes of an 

element and J stands for current density.  

𝐹𝑒 𝐴𝑒 =
1

2
  

1

μ
 
𝜕𝐴𝑒

𝜕x
 

2

+
1

μ
 
𝜕𝐴𝑒

𝜕y
 

2

− 2𝐽𝐴𝑒 𝑑Ω(10) 

To solve (10) it needs to be differentiated with respect to 

magnetic vector potential at all nodes, which equals to zero. 

From (9) value of vector potential can be put in (10) to make 

it into a matrix form equation. Expanded version of that 

equation can be written as in (11), where M stands for all 

number of nodes in domain area. 

𝜕𝐹 𝐴 

𝜕𝐴𝑖
=    

 
1

μ
 
𝜕𝑁𝑖

𝜕𝑥
  

𝜕𝑁𝑗

𝜕𝑥
 +

1

μ
 
𝜕𝑁𝑖

𝜕𝑦
  

𝜕𝑁𝑗

𝜕𝑦
  𝐴𝑗

−𝐽𝑁𝑖

 𝑑Ω𝑀
𝑗=1  (11) 

F. BOUNDARY CONDITIONS 

For magnetic problem two boundary conditions have been 

used. One is Dirichlet condition and second is Neumann 

condition. Dirichlet conditions are current flow density in 

phase conductors, assuming balanced full load condition. 

Full load current is 3800 ampere and equivalent radius of 

conductor 0.518 meter. Dirichlet conditions for conductors 

are given as in (12). 

Dirichlet conditions: 

1. Current density in R-
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phase conductor: 
3800

π(0.518)2 = =4507.89 Amp/m
2
 

2. Current density in Y- phase conductor =4507.89∠ −

120°  Amp/m
2   

(12) 

3. Current density in B- phase conductor 

=4507.89∠ 120°  Amp/m
2 

Practically transmission lines are in air medium which is 

unbounded, but for analysis bounded geometry is required. 

For that line is bounded by big size of rectangle.Neumann 

condition is applied to boundaries of rectangle, which is 

given as in (13). Wheren ,stands for normal vector to 

boundary surface and A for current density at boundary 

point. 

Neumann condition: 

n × A = 0   (13)  

III. ANALYTICAL METHOD 

For understanding method for magnetic field calculations 

three phase configuration of line geometry has been 

considered as shown in figure 5. Here h shows height of the 

conductors from ground surface and s stands for phase to 

phase spacing. Three phases are represented by a, b, and c 

and images of conductor due to ground effect are 

represented as a‟, b‟ and c‟[6]. 

 

Fig. 5.3-phase horizontal configuration 

Suppose I amperes are flowing through conductors. At point 

P magnetic field is required to be calculated. Figure 6 shows 

simple explanation of magnetic field due to phase “a” to that 

at point P. 

Directions of magnetic field intensity due to conductor “a” 

and image of conductor a‟ can be found by right hand thumb 

rule. Magnitude of field intensity can be given by (14).  

H =
I

2πD
 

H′ = −
I

2πD′
                                                        (14) 

  

Fig.6. magnetic field intensity at point P due to phase “a” 

By separating horizontal and vertical configuration, total 

magnetic field due to a phase conductor at point P can be 

written asin equation (15) and (16). 

Hh = H cos θ + H ′cos θ′   

=
I

2π
 

y + h

 x − s 2 +  y + h 2

−
y − h

 x − s 2 +  y − h 2
  

                                                                                          (15) 

 𝐇𝐯 = 𝐇𝐬𝐢𝐧 𝛉 + 𝐇′𝐬𝐢𝐧𝛉′ 

=
I

2π
 

x − s

 x − s 2 +  y − h 2

−
x − s

 x − s 2 +  y + h 2  

                                                                                          (16) 

Now, in same manner horizontal components for all three 

phases can be found. Three variables can also be defined for 

locating  part in (15), these are given as (17) 

Ka =
y − h

 x − s 2 +  y + h 2
−

y + h

 x − s 2 +  y − h 2
 

Kb =
y−h

 x 2+ y+h 2 −
y+h

 x 2+ y−h 2                (17) 

  Kc =
y − h

 x + s 2 +  y + h 2
−

y + h

 x + s 2 +  y − h 2
 

Now, horizontal component of magnetic field at point P due 

to three phases can be written as shown in (18).  

Hht =
1

2π
 IaKa + IbKb + IcKc      (18) 

In balanced load condition current magnitude is same in all 

three phases with 120 degree phase difference, which can be 

written as in (19). By solving (19) into overall magnitude 

can be written as in (20). Similarly vertical component of 

magnetic field can be calculated, variables defined by J term 

for vertical components can be given as in (21). Total 

magnetic field intensity of vertical component can be given 

as in (22). 

Hht =
I

2π
 Ka∠0° + Kb∠ − 120° + Kc∠120° (19) 

 Hht  =
I

2π
 Ka

2 + Kb
2 + Kc

2 − KaKb − KaKc −

KcKb1/2(20) 

Ja =
x − s

 x − s 2 +  y + h 2
−

𝑥 − 𝑠

 x − s 2 +  y − h 2
 

Jb =
𝑥

 x 2+ y+h 2
−

𝑥

 x 2+ y−h 2
(21) 

  Jc =
x + s

 x + s 2 +  y + h 2
−

x + s

 x + s 2 +  y − h 2
 

 Hvt  =
I

2π
 Ja

2 + Jb
2 + Jc

2 − JaJb − JaJc − JcJb 
1/2

(22) 
Total magnetic field at point P can be given as in (23). 

Magnetic flux density correlates with a magnetic field 

intensity as in (3). Unit of magnetic flux density is in tesla, 

which can be converted into mG.  

H =  Hht
2 +Hvt

2  1/2 A/m(23) 
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IV. RESULTS AND DISCUSSION  

A magnetic field is calculated and plotted for two 

configurations of a 1200kV transmission line. Magnetic 

field is plotted,  up to some distance from reference point on 

ground surface. It is repeated forvarious heights from the 

ground surface and 2m, 4m, 6m, 8m and 10m above from 

the ground surface. 

 The Analysis is performed by considering the minimum 

height of conductors in a span. COMSOL Multi Physics is 

used for analysis by technique of  FEM and MATLAB is 

also used for analysing the same details. Figure 7 and figure 

8 shows magnetic field of horizontal configuration of 

1200kv transmission line by FEM and Mat Lab respectively. 

 
Fig.7. Magnetic field distribution for S/C horizontal 

configuration by FEM 

 

Fig.8. Magnetic field distribution for horizontal 

configuration by Analytical method 

In same manner figure 9 and figure 10 shows magnetic field 

results by Comsol and Mat Lab  for vertical configuration. 

 
Fig.9. Magnetic field distribution for D/C vertical 

configuration by FEM 

 

Fig.10. Magnetic field distribution for vertical 

configuration by Analytical method 

Table 2 and table 3 shows comparison of results obtained by 

two methods. It is clear that FEM can be used for magnetic 

field analysis. Practically ground surface is not flat 

everywhere. Transmission lines are not straight lines 

throughout it length. For practical and more realistic cases 

Finite element method is very useful. It simplifies 

complexity of problem by dividing into elements. 

Table2. Comparison of results for horizontal 

configuration 

 

Location 

from the 

reference 

point 

Magnetic flux density(mG) 

 

 

Horizontal configuration 

By FEM 
By Mat 

Lab 

Percentage 

error 

(-50,10) 249.9209 250.5 -0.23% 

(-25,8) 534.273 534.8 -0.09% 

(0,6) 412.5707 412.9 -0.08% 

(25,4) 465.6701 466.3 -0.16% 

(50,2) 247.325 248 -0.27% 

(0,0) 345.3331 345.6 -0.08% 
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Table3. Comparison of results for vertical configuration 

Location 

from the 

reference 

point 

Magnetic flux density(mG) 

 

 

Vertical configuration 

By FEM 
By Mat 

Lab 

Percentage 

error 

(-50,10) 163.638 163.1 0.33% 

(-25,8) 475.516 475.6 -0.02% 

(0,6) 119.3387 119.3 0.03% 

(25,4) 418.5359 418.5 0.01% 

(50,2) 154.9238 154.1 0.53% 

(0,0) 14.6754 14.54 0.93% 

As per ICNIRP standards magnetic flux density above 

2000mG is harmful for human, animals and plants. 

Magnetic fields are basically energy reservoirs with an 

energy density, which is given as 

 

e =
B2

2μ0

 Joule/m3                                       (21) 

This energy is known to influence tissues in the human body 

in everyday activities.Some of the effects are known to be 

beneficial such as being used medically for healing broken 

bones. But most are harmful and pose health hazards among 

which includes cancer of many types, like leukaemia or 

blood cancer, lymphoma, nervous disorders leading to brain 

damage such as Alzheimer disease, breast cancer in both 

femaleThe study of health hazards associated with power-

frequency (50 and 60 Hz) magnetic fields has gained world-

wide importance in medical, biological, physics and 

engineering fields and is the subject of intensive study, 

including the magnetic-field radiation from UHV lines and 

distribution lines [6]. 

V. CONCLUSION  

From above calculation it is clear that for given design 

magnetic flux density is in limit when compared with 

ICNIRP standards. There will be no harmful effects on 

human beings, animals, plants. By comparison between 

COMSOL and FEM it can be concluded that results by 

finite element method are also accurate. COMSOL multi 

physics can be used for many applications in 

electromagnetic field analysis with more complexities. 

Comsol finite element calculation is in direct comparision 

with matlab results. Also paper suggests that horizontal 

configuration results are better than vertical configuration. 

Thus, paper has successfully estimated magnetic field 

strength of 1200 kv UHV transmission line. 
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