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Abstract

An electric field exist in a region or space if a charge, at rest in that space, encounters
an force of electrical origin. The electric field created by high voltage transmission
line stretches out from the energized conductors to other conducting objects for ex-
ample the ground, towers, vegetation, building, vehicles and individuals. Electrical
field is theoretically affected by the transmission line voltage, load current, sag above
the ground and environment condition.

In this project a three-phase overhead transmission line model in different configu-
ration as analyzed for electric field radiating to atmosphere around the transmission
line. The electric field line calculated, at different voltage levels in various configura-

tion as helps deciding in the height and ROW for towers.
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E DM Finite difference method
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Chapter 1

Introduction

Electric field in the region of space is defined, if a charge at rest experiences a force
of electrical origin in that space. High voltage transmission line creates Electric field
which extend to other conducting objects such as the ground, tower, vegetation,
building, vehicles and people. In order to meet the increasing electric demand there
is a need for increasing transmission voltage levels, at the same time there is a need
for reducing size and weight of electrical equipment. Design for higher voltage level
transmission tower is possible only through proper understanding of the insulating

materials and knowledge of electric field.

The electric field around the line is directly proportional line voltage, as we go for
higher transmission voltage the electric field around the overhead transmission line
is also increased. High electric field leads to health problem, affects the vegetation,
corrosion of other cable near the transmission line,etc. It is necessary to calculate the
electric field around the transmission line taking sag into consideration specially in
case when the transmission line are to be designed for long span or uneven surfaces,

to find the height of the tower, the insulation material to be used.

1.1 Literature Survey

For the better understanding of project literature survey plays a very important role.

Literature Survey consists of papers referred which gives fundamental knowledge of
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Electric field.

e Yong Lu [1] This paper entitled “Electric Field Calculation of High Voltage
Transmission Line” presented about the electric field generated by the overhead
transmission line is studied and to achieve this the desired calculation surface

charges method is used.

e S.Tupsie, A.Isaramongkolrak, and P.Pao-la-or [2] This paper entitled
“Analysis of Electromagnetic Field Effects Using FEM for Transmission Lines
Transposition ” proposed the six type of 500kV high voltage double circuit trans-
mission line, the mathematical modeling of the field generated by the transmis-

sion line is done and for analysis finite element method is applied, developed

using MATLAB® program.

e Shizuo Li, Huajun Lu [3] The paper entitled “Electric Field Calculation
of Double Circuit Compact Overhead Transmission Line on Same 550kV Tow-
ers” discusses the electric field around the 550 kV double circuit high voltage

transmission line, Surface charge method is used for calculation.

1.2 Objective

This project propose to calculate the electric field intensity around the transmission
line in different configurations, to decide the minimum height of transmission line for
a given voltage level, developing a three phase transmission line model and analyzing
the electrostatic field radiating to atmosphere around the transmission line and also
find the safe distance away from the transmission line. To achieve this objective, the

scope of the project is outlined as:

e Developing mathematical modeling and calculation the value of electric field

around the DC transmission line.(as an initial test only)

e comparing the results obtained from the mathematical calculations and from

the simulation done in ANSYS to validate the design for DC transmission line.
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e Developing the mathematical model of 3 phase transmission line, assigning 3
phase sinusoidal AC voltage to all 3 phases and finding the electric field around

this at different time instinct and coordinates.

e Develop same model in the ANSYS for which mathematical calculation was
done to validate results and to analyze the results to get the safe distance and

have electric field as per standard or below.

e Model different 3 phase transmission line with the help of standards to reach

the electric field level below standard limit.

1.3 Methodology

In order to achieve the objective of developing a model of three phase transmission
line in different configurations and to get the most optimum design, the FEM based

software is used.

1.4 Organization of Thesis

The work carried out during the dissertation work is divided into four chapter chap-
ters. the present chapter consist of introduction, literature survey, objective, method-

ology. The other three chapters are as follows.

e Chapter 2 Define electric field, equipotential and formulation of mathematical
equation to find the electric field around two parallel conductors(DC case for
initial test), then carrying the same for different configuration of three phase

AC transmission line.

e Chapter 3 It include calculation, validation and simulation result. Here the
mathematical calculation and it is used for validation of simulation results and

electric field around different model of overhead transmission line is analyzed.

e Chapter 4 It comprises of conclusion and future work.



Chapter 2

Calculation of Electrostatic Field

of AC Lines

2.1 Electric field

Electric field is a vector of electric field quality characterized by its space component
along three orthogonal axes. For steady state sinusoidal field, each space segment
is a phasor that may be indicated by a rms value (V/m), due to increasing electric
demand there is a requirement for raising the transmission limit and to achieve that
we need to try for higher transmission voltage. With the increasing voltage the issue
identified with electric field is increased as the electric field around a conductor is

straightforwardly relative to the transmission voltage.

2.2 Equipotential

Equipotential is a region in space with each point in that region is at same potential.
Electrostatic equipotentials are two dimensional surface at which electric field lines

are perpendicularly intersecting it at each point of surface.

4
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2.3 Electric field Around Two Parallel Conductor

The two parallel conductors of same magnitude potential (with respect to ground)
and far away from other parallel conductors is discussed. generally, bundle conductors
are used for high voltage transmission line, but for simplicity equivalent conductors
are used for modelling and simulation. Here, two cylindrical conductors are charged
with inverse extremities. The two line charges +Q)/l = £p; running in parallel and
symmetrically placed in the conductors. This arrangement is shown in fig 2.1] in
which separation between the line charges £p; is b. At any point P the potential ®,

can be found by using principle of superposition. If r is the separation of the point

from the line charge then the electrical field at that point is given by E(r) = 5.

By applying the superposition ,the following equation is obtained.

2

o, = (") 4k (2.1)

,r.l

- 2lle

Plane of symmetry-.._,__l

Figure 2.1: Two charges £p; in parallel

The two conductors shown in fig [2.2] with separation ¢ between the line charges
and both conductors having same equivalent radius r; =7y = 7. As 1 << (a/2) we
can take separation ¢ = (a - b)/2 and all of the field lines are coming out from one

conductor and terminating on other conductor. Here the potential ®(y) along the
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I_— FPlane of symmetry

$= V=0m‘

Figure 2.2: Two equal cylindrical conductors in parallel, symmetrically charged

line joining two line charges beginning at B (y =0)

7

D(y) = Aln(~;) (2.2)

Here A is constant define by the boundary conditions, y is the distance from the
positive conductor to the point at which the potential is to be calculated, Assuming

the potential ®(y) = +V/2 at the surface of the conductor (at y =0).

V/2

ln(l’;J_“—S)

A:

(2.3)

using the constant value of A in and applying superposition on and E(y) =

—dq;(y) to get electric field.
Y

E(y) =

(2.4)

n

v
2[(3)2 = (25%)in(3:5)

As equal and opposite potential is given to both the lines, with zero potential at mid

point (y = S/2) and simplifying the above equation we get final equation

- K ((%)2 + §)1/2
E(y) =3 L+ 2= Llin(1+ 2+ ((£)2 + 2)12) (2.5)

T

From [2.5] the electric potential at the different points on the line joining the center of
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two conductor.

For all ratios r”/r’ = const, also K is constant and may lead to any positive or
negative potentials. However, all constant ratios of r” /r’" generate cylindrical surfaces.
These surfaces may be assumed to be cylindrical conductors of different diameters.
Interested in two conductors of equal diameters, the two line charges will be eccen-
trically but symmetrically placed within

these two conductors as shown in fig[2.2] The eccentric position, indicated by the

distance ¢ between the line charges and the centers M of the conductors.

bis _

B(y) = Alnl ;L] 27)

P = T = Al + ] (25)
V b

= Sy o - e 0

QI =[P [V] = [M][V] (2.10)

where [Q]= Total charge
[V]= Line to ground voltage
[P]= nx n matrix of maxwell’s potential coeffcients

here Pj; = ln(%)andﬂj = ln(i”)

H,=distance between the ground and the conductor i
I;j=distance between the conductor i and the image of j conductor in ground
A;;=aerial distance between conductor i and j

r=radius of conductor

Taking 3 phase line with 3 conductors placed at a height 13.5 m above the ground

level with voltages
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[V] = Vinlsin(wt), sin(wt — 120), sin(wt + 120)]
Here, V,, is the peak phase to ground voltage taking the point just below the mid
conductor at the ground as origin and the coordinates of line conductor (z;,%;) and

taking any random point (x,y) at which we have to calculate the total electrical field.

Qi
E,; = 2.11
k 2meD; ( )

where D; is the distance of conductor i from the point A at which electrical

field is to be calculated. dividing the electrical component to horizontal and vertical

component
Bri = 57 *pi
Em' = 2?:5315_:2;;
Ent = 35 (o
E = Qi ytvi

vl 2me (D:)Q

From the above and we get
Ep =V, S1[Myysin(wt) + Migsin(wt — 120) + Mizsin(wt + 120)] (2.12)

Similarly, for other two conductors the calculate of total horizontal component at

point A due to all three conductors and for vertical component E,;

Ey1 = Vi Ri[Myysin(wt) + Myasin(wt — 120) + Missin(wt + 120)] (2.13)

‘where,

S; = (I - xz)[D12 - (D%/)Q]

— W=vi) _ (i)
After having the total horizontal and vertical component the total electrical field at

that point is
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2.5 Method to Solve Electric Field Equation

a. Finite difference method (FDM)

b. Finite element method (FEM)

o

. Charge simulation method (CSM)

o,

. Boundary element method(BEM)

2.6 Finite Element Method (FEM)

The FEM standouts amongst the well known numerical systems utilized for machine
simulation. The focal point of the FEM over other numerical methods in engineer-
ing applications is the capacity to handle nonlinear, time-dependent and circular
geometry issues. Subsequently, this technique is suitable for taking care of the is-
sue including electric and magnetic field effects around the transmission line created
by circular cross section of high voltage conductors. In the finite element method,
the differential equations that describe the transmission line are not tackled directly.
Instead, this method takes advantage of the equivalent physical principle that the
voltage distribution along the line will always adjust itself as to minimize power loss.
When coupled with familiar idea of piecewise approximation. Here, in the finite ele-
ment approach for the transmission line to find out the electric field around it, there

is a need for boundary condition.

2.6.1 Boundary Conditions

Boundary condition is the condition or the value given to any node ,edge,all or part
of the boundary in which the set of differential equation to be solved. Let’s take an
example of a two line in parallel design to carry signal, the receiving end is taken
to be very lightly loaded, practically an open circuit. The equivalent circuit of a
short length dx of the line. The final differential equation are formed depending on
the system with some unknown constants. In the above case the equation require

two boundary condition to be applied, One will be the sending end voltage and the
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other will be the receiving end current which vanishes. Similarly in case to find the
electric field around the transmission line through finite element approach there is
need of assign the boundary condition. In this case cylinder surrounding the three
transmission line will be taken as the balloon boundary and with that we will be

giving the respective voltage to the three transmission lines .

2.7 Summary

In this chapter electric field, equipotential is defined and formulation of mathemat-
ical equation to find the electric field around two parallel conductors(DC case for
initial test), then carrying the same for different configuration of three phase AC

transmission line.
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Calculation and Simulation Results

3.1 Calculation and validation

3.1.1 Electrostatic Field of Two Parallel Conductor

In this 2 D model, each circle represents a conductor of diameter 20 mm, each circle
is of aluminium material, the gap distance between the consecutive circle is 7 m. The
extreme left circle is given ground potential and the other two circle are given opposite
potential of magnitude 190 kV(peak line to ground potential) each. The boundary
condition is given by a arc enclosed structure give ground potential to it’s edges, the
arc of 60m radius, its center at the origin enclosed by a line y = -13.5 m and assigned
vacuum as material to it. Here, the calculated electric field at different distance (given
to the electric field magnitude scale) and similarly the electric field generated around
the conductor from the simulation is compared. The below equation is used for
calculation of electric field on the line joining the two conductors.

(£ + 57

g - (3.1)
L2 = Bl 5+ (32 + D7)

T

B =&

Known value
V = 380kV

S = 6.980m

11
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r=.01lm

Calculation
At Y=1m
E(1) = 2908.6/86.67 = 33.559kV/m
At Y=2m
E(2) =2908.6/143.68 = 20.243kV/m
At Y=3m
E(3) =2908.6/172 = 16.910Kv/m
At Y=4 m
E(4) =2908.6/172 = 16.910kV/m
At Y=bm
E(5) =2908.6/143.68 = 20.243kV/m
At Y=6m

E(6) = 2908.6/86.67 = 33.559kV/m

putting this value of electric field in the scale we get,
33.559 kV/m at Y=1m

20.243 kV/m at Y=2m

16.910 kV/m at Y = 2.9 m

16.910 kV/m at Y =4.1m

20.243 kV/m at Y = 5 m and

33.559 kV/mat Y = 6 m .



Chapter 3. Calculation and Simulation Result

13

As the result of the electric field magnitude obtained from the calculation and the

simulation are nearly same

ELY_per_meter]

I 3. 3559 +BaY

Z.8243e+0aY4

I 1. 6918 +@AY

Figure 3.1: 2D model of 3phase line showing the electric field magnitude

3.1.2 Electrostatic Field of an AC Conductor

In this 2 D model each circle represent the conductor of diameter 20 mm, each circle
is of aluminium material, the gap distance between the consecutive circle is 7 m. The
mid circle is give 188 kV(peak line to ground voltage) and the other two circle are
given negative potential of magnitude 94kV each. The boundary condition is given
by an arc enclosed structure of radius 60 m and assigned balloon boundary to it,
the straight line y = -10 m closing the arc and given ground potential(representing
ground) to it.

Here, the electric field is calculated at point where it attains maximum value at 6 m
above the ground with the conductor just above that point is at maximum potential
of 188 kV (peak line to ground voltage). The horizontal and vertical component
of electric field at point A due to each point is calculated and vector addition is

performed to get the total electric field at point A (0,6).

Known Quantities

Vi = —94kV
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Vo = 188kV
Vs = —94kV
H =10m

(z1,91) = (=7,10)
(z2,92) = (0,10)

(1‘3,93) = (—77 10)

Calculation
1 1
%= (=25 ~ p )

(3.2)

(3.3)
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24.4
P13 = P31 = ZH(T) = 0.556

21.2
P23 = P32 = ln(7) =1.11

En =V, 51 [Mysin(wt) + Migsin(wt — 120) + Myzsin(wt + 120)]
B = 188 x (0.085)[0.135(—0.5) — 0.0186 + 0.0036] = —1.318kV/m
B =0
Epz = 188 x (—0.085)[0.0036 — 0.0186 — 0.135(—0.5)] = 1.318kV/m

Similarly
Ey1 = Vi Ry [Myysin(wt) + Myasin(wt — 120) + Mizsin(wt + 120)]

Ey = —1.768kV/m

Eys = 9.1415kV/m

B,y = —1.768kV/m

E, = 5.5kV/m
E, =0

From equation (2.5)

E, =\/E?+ E?

E, = 5.5kV/m

Validation

(3.5)

In this 2 D model each circle representing the conductor of diameter 20 mm, each

circle is of aluminium material, the gap distance between the consecutive circle is 7 m.

The mid circle is give 188 kV(peak line to ground voltage) and the other two circle are

given negative potential of magnitude 94kV each. The boundary condition is give by

a arc enclosed structure assigned balloon boundary to it and the straight line closing
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0 2e+004 4e+004 (mm)

Figure 3.2: 2D model of 220 kV 3-phase line showing the electric field magnitude

the arc in given ground potential, the arc with its center at origin and radius of 60 m
enclosed by a line y = -10 m. As the result of the electric field magnitude obtained
from the calculation and the simulation are nearly same and are near the limit of 5

kV/m at the worse case taking sag as 3.5 m for the tower of 220 kV nominal voltage

3.2 Result and Analysis

3D Model of 3-Phase Line

In this 3D simulation, small model is taken in which each line of length 40 m and
radius 10 mm. Give respective voltage of -110, 220, -110 kV here the mid wire carries
the 220 kV. The space difference between the two consecutive lines is 7 m, the center of
the mid wire is taken as origin. The boundary condition is given by a hollow cylinder
having its center at the origin and radius 13.5 m and the ground potential is applied
to it. This simulation result show the electric field line and its intensity, electric field
line are coming out perpendicular from the 220 kV line and getting terminated at the
-110 kV lines ,and the electric field intensity shows that as move away from the line
the intensity of the electric field decreases it in maximum near the highest potential

line.
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Figure 3.3: 3D model of 3-phase line showing the electric field lines

2D Model of 3-phase Line Showing Equipotentials

In this 2D simulation, three circle of 10 mm each representing the transmission line,
each consecutive circle is 7 m apart from each other having voltage 220,-110,-110 kV
respectively assign to them from left to right circles and mid circle center is taken as
origin. The boundary condition in given by a arc with a center at origin, the radius of
30 m and enclosed by a line which is 13.5 m below the origin in the y axis, the edge of
this boundary is given zero potential. This simulation result shows the equipotentials
in different colour with zero potential existing in between the 220 kV line and the
mid line of -110 kV, ideally it also exist at infinite distance from the transmission
line. The equipotentials has its own importance at equipotentials the electric field
line are perpendicularly cutting the equipotential layer and it is also important to
find the safe distance from the ground if the voltage above the ground is high means
the person and object will feel a high field and current will flow through the body

which is above the desired level.
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Figure 3.4: 2D model of 3-phase line showing the equipotential

Considering Different Cases for 765 kV Transmission Line Tower

Case 1: Three conductors are placed horizontally with two overhead earth wires(Single

Circuit)
e Case 1.1: Showing electric field magnitude around the conductors.
e (Case 1.2: Showing the equipotentials around the conductors.

Case 1.1: In this 2D simulation, four circles in each phase of 10 mm is taken, each
representing the four sub conductor in each phase and are spaced 100 mm apart from
each other and are excited with same voltage, each consecutive phase is 15.25 m apart
from each other, sinusoidal voltages assigned to each phase with the phase displace-
ment of 120 deg from each other and having peak magnitude of 653.2 kV (Peak line

to ground voltage).

The boundary condition is given by an arc with a center at origin, the radius of
100 m with balloon boundary assigned to it and enclosed by a line which is 27.3 m
below the origin in the y axis and zero potential is given to this line (representing
ground). Two overhead earth wires are placed at a vertical distance of 13.8 m above

the conductor and 21.5 m apart from each other, symmetrically placed .
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Figure 3.5: 2D model of 765 kV 3-phase line with conductors horizontally placed
showing electric field magnitude around it

In this a non model point and line in constructed at point 6 meter above ground
below the mid conductor, in this model we get 5.83 kV/m at that point, which is
above the specified value of 5 kV/m and three low electric field point and formed two
on earth wire which are stationary and a moving zero which is along the line joining
three conductor. Using this model to get the value of peak value of electric field at

different degrees and position of peak electric field at point 6 m above the ground.
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Table 3.1: Peak Electric Field at Different Angles and Positions

Angle(degree) | E,(kV/m) | Coordinates(m)
230 1 (-8,6)
20 155 (-7.6)
10 5.05 (6,6)

0 5.36 (5,6
10 5.6 (-3.5,6)
20 5.78 (-1.5,6)
30 5.83 (0,6)
40 5.78 (15.6)
50 5.6 (3.5.6)
60 5.36 (5.6)
70 5.05 (6,6)
80 455 (7.,6)
90 1 (3.6)

Here 0 angle refer to instinct when phase A is at positive peak and similarly other
angle refer to current angular position of phase A at that instinct from its peak.
E, is the peak electric field noticed at a point vertically 6 m above the ground.
For coordinates the point below the center conductor on the ground is taken as
reference.
From the table it is observed as A phase is at 30 deg from its peak the electric field
attain its peak with phase B at zero potential and phase C has equal magnitude as

phase A but opposite polarity.
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Figure 3.6: 2D model of 765 kV 3-phase line with conductors horizontally placed
showing the equipotentials

Case 1.2: This simulation result shows the equipotentials in different colour with
zero potential existing in between the 653.2 kV line and the mid line of -326.6 kV,

ideally it also exist at infinite distance from the transmission line.

The equipotentials has its own importance, at equipotentials the electric field line
are perpendicularly cutting the equipotential layer and it is also important to find
the safe distance from the ground if the voltage above the ground is high, means the
person and object will feel a high field and current will flow through the body which
is above the desired level.

Case 2: Triangular spacing of two conductors with two overhead earth wires(Single
Circuit). In this simulation model, each phase has six subconductor with minimum
distance between them as 100 mm with two phases placed horizontally, 22 m apart
from each other and the third phase is horizontally place symmetrically in between

and vertically 11 m above the other two phases.

Two overhead ground wire is represented by a circle of 10 mm radius and placed
vertically 10 m above the third phase and horizontally distance between the two
ground wire is 10.73 m.

All the six subconductor in one phase are give same voltage of magnitude 654 kV (peak
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line to ground value) and voltage of each phase are 120 apart from each other, the two
circle representing ground wire are give zero potential. Boundary condition is given
by an arc of 60 m radius enclosed by a line vertically 26 m below the two horizontally

placed conductor, along the x axis.

In this model height of tower is 47 m and ROW is 22 m and the peak value of
electric field at point 6 m above the ground is 4.9 kV/m which is below the desired
level of 5 kV /m.
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Figure 3.7: 2D model of 765 kV 3 phase line with cross arm length 22 m showing
electric field magnitude around it
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Case 3: Considering a 3 phase line with tower height 64.5 m, length of largest
cross arm 37.5 m and phase sequence is CBA-A’C’B’ (Double Circuit) In this tower

19.5m

4

Figure 3.8: Tower design of 765 kV double circuit 3 phase line with height of 64.5 m

design the conductor are given assigned sinusoidal voltages as given in figure with
phase A given 654 kV and phase B conductor is given 654 kV and phase displace of
120 degree from phase A and similarly phase C conductors are assigned voltages 120
degree apart from the phase B and A conductors and voltage 654 kV. The height of

tower in this case is 64.5 m and the length of the largest cross arm is 37.5 meters.
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Figure 3.9: 2 D model of 765 kV double circuit 3 phase line with sag of 10m and
height of 64.5 m

This 2D model of double circuit 765 kV transmission line with each phase consist-
ing of 6 subconductors each of 10 mm radius and spacing between two consecutive
subconductors is 100 mm. Here bottom conductors with horizontal distance between
A and B’ of 15.5 m and vertically placed 22.5 m above ground, the conductors B
and C" are placed 32.5 m above the ground level and are place horizontally 18.75 m
distance away from the center line of the tower and similarly conductors of phase C
and A" place vertically above phase A and B' conductors and vertically 22 m above

the phase A conductors.

Two overhead earth wires are placed symmetrically 19.5 m away from the center
of tower and vertically 10 m above the phase C conductors. The total height of tower
is 64.5 m with a sag of 10 m , ROW from the simulation result is 65 m and from the
result of continuous variation in sinusoidal voltages in all three phases the maximum
magnitude of electric field at point 6 m above the ground is 5 kV/m which is the
standard limit of given by IEEE.
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Case 4: Considering a 3 phase line with tower height 64.5 m, length of largest
cross arm 37.5 m and phase sequence is CBA-A’B’C’ (Double Circuit)

Figure 3.10: Tower design of 765 kV double circuit 3 phase line with height of 64.5 m

In this tower design the conductor are given assigned sinusoidal voltages as given
in figure with phase A given 654 kV and phase B conductor is given 654 kV and
phase displace of 120 degree from phase A and similarly phase C conductors are as-
signed voltages 120 degree apart from the phase B and A conductors and voltage 654
kV. The height of tower in this case is 64.5 m and the length of the largest cross arm

is 37.5 meters.



Chapter 3. Calculation and Simulation Result

26

ELY_per_meter]

3, 3479:+006
1, 8627s+006
1,8557e+006
5.9555e+085
5, 3479e+0B5
1, G627e+0B5
1,8587e+085
5.9535e+884

- 3. 3479e+EAY
1. 8527 e+E04

1.85587e+EEY
5.9535e+803
3. 3479e+E03
1.8827e+E83
1.85587e+B803
5. 9535e+802
3. 3479e+E02

0 5e+004 1e+005 (mm)

Figure 3.11: 2 D model of 765 kV double circuit 3 phase line with sag of 10m and
height of 64.5 m

This 2D model of double circuit 765 kV transmission line with each phase consist-
ing of 6 subconductors each of 10 mm radius and spacing between two consecutive
subconductors is 100 mm. Here bottom conductors with horizontal distance between
A and C' of 15.5 m and vertically placed 22.5 m above ground, the conductors B
and B are placed 32.5 m above the ground level and are place horizontally 18.75 m
distance away from the center line of the tower and similarly conductors of phase C
and A’ place vertically above phase A and C' conductors and vertically 22 m above

the phase A conductors.

Two overhead earth wires are placed symmetrically 19.5 m away from the center
of tower and vertically 10 m above the phase C conductors. The total height of tower
is 64.5 m with a sag of 10 m , ROW from the simulation result is 65 m and from the
result of continuous variation in sinusoidal voltages in all three phases the maximum
magnitude of electric field at point 6 m above the ground is 5 kV/m which is the
standard limit of given by IEEE.
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Case 5: Considering a 3 phase line with tower height 73.5 m, length of largest
cross arm 31 m and phase sequence is CBA-A’C’B’ (Double Circuit) In this tower

Figure 3.12: Tower design of 765 kV double circuit 3 phase line with height of 73.5 m

design the conductor are given assigned sinusoidal voltages as given in figure with
phase A given 654 kV and phase B conductor is given 654 kV and phase displace of
120 degree from phase A and similarly phase C conductors are assigned voltages 120
degree apart from the phase B and A conductors and voltage 654 kV. The height of

tower in this case is 73.5 m and the length of the largest cross arm is 31 m.
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Figure 3.13: 2 D model of 765 kV double circuit 3 phase line with sag of 10 m and
height of 73.5 m

This 2D model of double circuit 765 kV transmission line with each phase consist-
ing of 6 subconductors each of 10 mm radius and spacing between two consecutive
subconductors is 100 mm. Here bottom conductors are A and B’ with horizontal
distance between them of 15.5 m and vertically placed 22.5 m above ground, the con-
ductors B and C’ are placed 36 m above the ground level and are place horizontally
15.5 m distance away from the center line of the tower and similarly conductors of
phase C and A’ place vertically above phase A and B’ conductors and vertically 27

m above the phase A conductors.

One overhead earth wires is placed horizontally at the center and 13.5 m above the
phase C conductors. The total height of tower is 73.5 m with a sag of 10 m , ROW
from the simulation result is 61 m and from the result of continuous variation in sinu-
soidal voltages in all three phases the maximum magnitude of electric field at point

6 m above the ground is 5 kV/m which is the standard limit of given by IEEE.
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Case 6: Considering a 3 phase line with tower height 73.5 m, length of largest
cross arm 31 m and phase sequence is CBA-A’B’C’ (Double Circuit) In this tower

Figure 3.14: Tower design of 765 kV double circuit 3 phase line with height of 73.5 m

design the conductor are given assigned sinusoidal voltages as given in figure with
phase A given 654 kV and phase B conductor is given 654 kV and phase displace of
120 degree from phase A and similarly phase C conductors are assigned voltages 120
degree apart from the phase B and A conductors and voltage 654 kV. The height of

tower in this case is 73.5 m and the length of the largest cross arm is 31 m.
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Figure 3.15: 2 D model of 765 kV double circuit 3 phase line with sag of 10 m and
height of 73.5 m

This 2D model of double circuit 765 kV transmission line with each phase consist-
ing of 6 subconductors each of 10 mm radius and spacing between two consecutive
subconductors is 100 mm. Here bottom conductors are A and C' with horizontal
distance between them of 15.5 m and vertically placed 22.5 m above ground, the con-
ductors B and B’ are placed 36 m above the ground level and are place horizontally
15.5 m distance away from the center line of the tower and similarly conductors of
phase C and A’ place vertically above phase A and C' conductors and vertically 27

m above the phase A conductors.

One overhead earth wires is placed horizontally at the center and 13.5 m above the
phase C conductors. The total height of tower is 73 m with a sag of 10 m , ROW from
the simulation result is 59 m and from the result of continuous variation in sinusoidal
voltages in all three phases the maximum magnitude of electric field at point 6 m

above the ground is 5 kV/m which is the standard limit given by IEEE.

3.3 Summary

It includes the calculation, validation and simulation result. Here, the mathematical

calculation is shown and is used for validation of simulation results. Also, electric
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Table 3.2: Summarising the results obtained considering above mentioned cases

case | Height(m) | Largest crossarm(m) | ROW (m)
1 41.1 31 26
2 47 22 53
3 64.5 37.5 65
4 64.5 37.5 62
5 73.5 31 61
6 73.5 31 29

field around different model of overhead transmission line is analyzed. The below
table summarises the result obtained from the simulation of different model of 765

kV overhead transmission line.
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Conclusion and Future Work

4.1 Conclusion

The preliminary analysis is done on ANSYS/Maxwell with different condition. The
simulation result is similar to calculation done by mathematical modeling, both the
calculated value and the value from the simulation are just above the standard limit

of 5 kV/m at a height 6 m above the ground level for 220 kV model.

For 765 kV, a standardize model and its results were not known in prior. So dif-
ferent models were developed, simulated and analyzed and the result of the same are
presented for all models. In the first model, the length is of 30.5 m and the height is
of 41.1 m from the simulation, the ROW for this model is 56 m, electric field is 5.83
kV/m at a point 6 m above the ground level. In the second model, ROW is 53 m and
height is 47 m with electric field of 4.9 kV/m at height 6 m above the ground which is
below the standard limit of 5 kV/m. The other four models consist of double circuit
line, two models are of height 64.5 m, length of largest cross arm is 37.5, two overhead
earth wire and ROW of 65 m and 62 m respectively whereas the other two models
has the height of 73.5 m and length of largest cross arm is 31 m with single overhead
earth wire for lighting protection. In both the models, the electric field is near the
standard value of 5kV/m and ROW of 61 m and 59 m respectively as indicated in

the simulation results and sag for both the models is 10 m.

32
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4.2 Future Work

e Developing the model of three phase transmission line with more configuration.

e To analyze the result obtained by considering sub-conductors in a bundle con-

ductors.
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