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Abstract-Electromagnetic radiation has turned 

into a major threat to humans from sources like 

mobile phones, transmission lines and many 

more electrical appliances. An ecological prob-

lem with increasing sensibility is seen. For 

providing continuous and uninterrupted supply 

of electric power to consumer's maintenance, 

operation of high voltage power lines are often 

performed with systems energized. In planning 

high-voltage lies, the magnetic and electric 

field quantities have to be examined in order to 

avoid EMC problems with the surroundings of 

the power line. The main aim of this paper is to 

create a model for human body and transmis-

sion line using Ansoft Maxwell. Mathematical 

model for operation of EHV lines have been de-

veloped using MATLAB considering time- var-

ying magnetic fields expressed in second order 

differential equation. The effect of EHV lines 

will be measured and the safe limits for human 

interference with electromagnetic fields will be 

determined. 

Key words- Calculation of EMF, Modelling of 

human body 

 

I. INTRODUCTION 

For millions of years, all living organisms 

have existed within a natural electromag-

netic environ-ment determined by the 

earth's electric and magnet-ic fields, the 

sun's electromagnetic activity, cosmic ion-

ising and non-ioniz-ing radiation (including 

"cosmic microwaves"), and terrestrial radi-

oactivity consisting of y radiation and 

charged particles. These natural electro-

magnetic field/radiation sources provide a 

continual flow of electromagnet-ic energy 

within which all living beings exist. With 

the exception of static terrestrial fields and 

cosmic microwaves, this natural electro-

magnet-ic environment has a relatively con-

stant intensi-ty level most of the time, and 

living organisms have adapted to this stable 

electromagnetic environment for millions 

of years. Nonethe-less, fluctuations in the 

regular levels of natural fields of the order 

of 20% occur during "magnetic storms" 

caused by enhanced sun activity. Dur-ing 

these changes, which normally last a few 

days, there is a significant increase in health 

problems in people and all living things on 

Earth. 

Man-made EMFS (such as those associated 

with power lines) and wireless communications 

radiation at frequencies below the low limit of 

infrared have arisen at very high rates over the 

previous century and notably in the last dec-

ades. These unnatural (manufactured) EMFs 

differ from natural ones primarily because they 

are polarised, changing, usually modulated, and 

produced in a continuous manner by elec-

tric/electronic oscillation circuits. These 

manmade EMFS combine with natural environ-

mental EMFS, increasing the exposure of living 
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creatures to EMFS and resulting in "electro-

magnetic pollution." 

Adverse health effects of low frequency electric 

and magnetic fields research began in the early 

1970s, when papers were produced on the ef-

fects of overhead lines on the health of utility 

staff exposed to electric fields. Epidemiological 

studies have rekindled interest in the potential 

health impacts of alternating current electric 

and magnetic fields. These investigations 

linked medical problems such as headaches, 

central nervous system disruptions, physiologi-

cal and psychological effects, hormone and en-

zyme processes on cell membrane surfaces, 

bone cancer, and blood cancer to exposure to 

strong alternating current electric and magnetic 

fields. It was discovered that exposing tested 

rats to relatively high electric and magnetic 

fields for 20 to 24 hours a day can cause dizzi-

ness, decreased activity, panic, and loss of ap-

petite. All engineering investigations found that 

biological impacts from field exposure are pos-

sible. Additional research was recommended 

for all of these reviews. Magnetic fields that 

change over time may interact with living or-

ganisms. 

Electric currents can be induced in stationary 

conducting objects by time-varying fields, in-

cluding extremely low frequency (ELF) fields. 

Thus, time-varying electric fields can initiate all 

kinds of interaction with biological matter, 

while static magnetic fields cannot Because 

very strong external (ELF) electric fields are 

necessary to generate even tiny internal fields, 

a time-varying magnetic flux will induce elec-

trical potential difference and eddy currents 

across the conducting channels. The health and 

environmental effects of high voltage transmis-

sion lines have been split into two major re-

search areas. The first step is to investigate the 

potential impacts of electrical and magnetic 

fields in the area of the line. The second is as a 

result of the electrical discharges and ionisation 

caused by these lines. 

Table 1: Maximal exposure values for the 

magnetic field 

 Workers 

(mT) 

General pub-

lic (mT) 

 

 

2 hours a 

week 

5.0 - 

A whole day 0.5 0.1 

For limbs 

 

25.0 - 

A few hours 

a week 

- 1.0 

 

 

П. NUMERICAL ANALYSIS 

Solving the electric field problem each segment 

of the line model represents a constant line 

charge. In the case of evaluating the magnetic 

field distribution each segment of this polygon 

represents a current. Using this mathematical 

model the point matching method can be ap-

plied to solve the electric field problem and the 

BIOT SAVART law determines the quantities 

of the magnetic field, respectively. Due to line-

arity, the superposition of the partial field val-

ues of the single conductors or segmented fila-

ments respectively, results in the overall three 

dimensional field distributions below the high 

voltage line. It is assumed that only symmetric 

rotary voltage and current systems are taken 

into consideration. The ground below the trans-

mission line is considered to being an even 

plane. To consider the slack of the conductors a 

quadratic approximation is used Bundle con-

ductors are taken to account with an equivalent  

t radius. 

A. Calculation Procedure for the Electro-

magnetic Field  

All calculation methods for electromagnetic 

fields can be subdivided into two classes, nu-

merical and analytical methods. Both types of 

methods are based on solving the Maxwell 

equations for the electromagnetic field, and 

each method has its own [5:34 pm, 21/09/2023] 

aurtsurya00: drawbacks. In the analytical meth-

ods, some assumptions are always used. On the 

other hand, the accuracy of numerical methods, 

such as the finite- element method, is condi-

tioned by the applied partition of the continuous 

space into elements. Yet, the analytical method 

is less laborious, and its application seems to be 

more justified provided that the adopted as-

sumptions are valid. In the analytical method, 

the electromagnetic field is calculated under the 

following assumptions: 

 

1. The current density in all conductors is uni-

form, i.e., the proximity effects for the wires 

and components of bundled phase conductors 

are disregarded; 

 

2. The conduction current in the ground is neg-

ligible; 
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3. The influence of the extraneous (human) 

body on the field pattern in air is also negligi-

ble; 

4. Longitudinal currents in the ground can be 

ignored." 

According to [4] an analysis for wires treated as 

narrow linear conductors and for wires whose 

finite dimensions are taken into account the 

modeling, the magnetic fields in the dielectric 

were almost identical. Hence, the first assump-

tion in the calculation of the HV Transmission 

line magnetic field is proved valid According to 

Carson, the second assumption introduces no 

serious inaccuracies in the calculated data at 

frequencies below 1 MHz and at specific re-

sistances of the ground not lower than 100 

Ohm-me The third assumption is related with 

the average electrical conductivity of human 

tissues of about 0.04 S/m. For this conductivity, 

the skin depth for 50-Hz electromagnetic waves 

amounts to 250 m. 

The latter depth being much larger than human-

body sizes, the third assumption is justified. 

The fourth assumption was validated through 

comparison of analytical and numerical calcu-

lations of HV PL electromagnetic fields. The 

numerical calculations were performed using 

the ANSOFT program package; in these calcu-

lations, a value of 100-500 Ohm-m was adopted 

for the specific resistance of the ground On the 

other hand, under the adopted assumptions the 

PL electromagnetic-field intensity due to each 

HV Transmission line wire (a total of n conduc-

tors) can be calculated by the formulas: 

 

Here, z is the coordinate of the point at which 

we calculate the intensity, d is the distance be-

tween thispoint and the nearest PL tower, and h 

is the height of wire suspension over the ground 

level. 

 

III. MODELING USING SOFTWARE 

A. Induction currents in a human body acted 

upon by a 50-hz electromagnetic field 

 

Presently, the action of a magnetic field of in-

dustrial frequency is characterized just with the 

absolute value of the magnetic field disregard-

ing the direction of the field vector. For in-

stance, in Europe the specified modulus of the 

field vector is 80 A/m. Nonetheless, for differ-

ent field vector orientations with respect to the 

human body the harmful induction currents dif-

fer in value. In the present study, the Influence 

of the field-vector orientation on the values of 

induced currents was analyzed based on the nu-

merical solution of Maxwell equations for the 

total current and electromagnetic induction sup-

plemented with appropriate boundary condi-

tions. 

 

 

 B. One method to analyze body model is seg-

mental phantom: 

Body model segmental body analysis can 

be accomplished by computing segmental 

body impedances. It is meant to be a simple 

model that allows for the quick estimation 

of segmental impedances without the need 

for complex software. Six distinct portions 

in which the impedance exhibits character-

istic behaviour can be identified in the sim-

ulation data. This includes the lower leg, 

knee, upper leg, chest, upper arm, and lower 

arm. Homogeneous cylinders are used to 

model sections with linear impedance. Ho-

mogeneous cut-off cones are utilised in the 

lower limbs, where the impedance steadily 
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increases. The sections are summarised be-

low:

 

 

The resistance of a cylinder with the length L 

and a radius r is given by: 

                 

 

where p is the specific resistivity of the mate-

rial. The geometry of a cut-off cone is drafted 

in Fig. 2. Its resistance can be calculated using: 

 

 

 

In case of the full cut-off cone this simplifies to 

 

              

In order to fit the resistance values of the simple 

phantom to the simulation results, the geometry 

and conductivity of each section have to be es-

timated. This is done in several steps: 

 

 L is measured. 

 The resistance of the complete section R is 

obtained from the simulated curve. 

 Cylinder: r is measured. Cone: The aver-

aged radius is measured; r1 and r2 are var-

ied for an optimal fit. 

 

 

 

Table below shows the geometry and conduc-

tivity data for the six sections of the simple 

phantom obtained to fit the simulation data at 

50 Hz. A comparison between the estimated im-

pedances by the simulations and by the simple 

phantom is shown in the figure above with Red 

circles represent simulation data; the dark line 

depicts results obtained from the phantom. The 

resistance values calculated using the simple 

phantom or human body agree very well with 

the results from simulation data, confirming the 

validity of the simple model. 

Table 3: Parameters for the simple phantom or 

human body at 60Hz. 
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C. Transmission line model using Finite Ele-

ment Method 

Maximum values for the field quantities are 

supplied, a cross-section of the transmission 

line is made at the place where the wires are 

closest to the ground level. A 3 dimensional fi-

nite element mode lateral to the line at this place 

is build. The potential distribution over each el-

ement is approximated by a polynomial. Instead 

of solving the field equations directly, the prin-

ciple of minimum potential energy is used to 

obtain the potential distribution over the whole 

model. 

 

D. 3 Dimensional Mesh generation 

The ratio of the largest size of a finite element 

to the smallest size in a finite element model of 

a transmission line is about 10,000. The circular 

boundary of the model has a radius of about 100 

m, while the radius of the conductors is a few 

centimeters. Therefore special attention must be 

paid to obtain a regular mesh with good shaped 

elements. This ensures an accurate solution of 

the field problem. The change in the size of the 

elements in the direction away from the con-

ductor can be computing the electric field 

strength it is assumed that the ground plane be-

low the transmission line is considered being an 

equipotential surface. Contrary to this, in the 

model for the magnetic field calculation the 

ground possess the same magnetic properties as 

the surrounding air and Magnetic field intensi-

ties in the corridors of HV Transmission lines. 

 

 

Fig. 4(a): graph of transmission line (PLs) de-

sign and field intensities. 

  

 

Fig 4(b): graph of transmission line (PLs) de-

sign and field intensities 30 m away from line  

 

IV. RESULTS 

The figures below show the field distribution in 

transmission line and induced effect in the hu-

man body which are modeled and simulated us-

ing FEM. 

 

 

 

The line considered is 400kV line with the field 

intensity of 1.9A/m 30m away from the trans-

mission lines. [Fig 4(b)] 
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Human body values were calculated and the 

values are given in the below table- 

 

Table 4: Conductivity Values of Human Body 

 

 

Unfortunately, to date no definite recommenda-

tions on the repair technology of hot HV can be 

formulated (concerning the danger of human 

stay in an intense magnetic field). All measures 

presently taken during such repair works are 

aimed at the reduction of the field level. Yet, the 

risks related to such stay still remain poorly in-

vestigated. 

 

V. CONCLUSION 

 

 The electromagnetic fields in the corridor of 

HV Transmission lines can be adequately 

calculated by analytical procedure. 

 

 The maximum strength of the total magnetic 

field is found to be around the center  con-

ductor of the line. 

 

 Electric and magnetic fields associated with 

the transmission lines have adverse health 

effect on any life near it. 

 

 It is insufficient to characterize the lim-

iting value of the magnetic-field intensity just 

with the field vector modulus: it is also required 

to observe the orientation of the magnetic-field 

vector with respect to human body and the ac-

tion of induced currents on body parts. This cir-

cumstance must be taken into consideration 

when organizing hotline repair works. 

 

 The matter whether it is possible or not to ex-

ecute hot-line repair works on particular HV 

Transmission lines is to be considered with 

obligatory performance of biomedical tests 

since only in such tests limiting acceptable 

values of induced currents in different parts of 

human body can be evaluated. 
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