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ABSTRACT
The paper investigates the magnetic flux density levels under and around a single tower
transmission line. The single tower is a tower carrying transmission circuits with negligible mutual
effect from any other circuits. Three cases for a singie tower carrying a single circuit are
considered. The first is a conventional delta which exhibits the highest level patterns. The second is
a compact inverted delta which exhibits the optimal level patterns. The third is a compact delta
which falls in between. A single tower carrying a conventional double 3- phase circuit is compared
with a 6-phase converted circuit having the same configuration. These two cases are compared with
a compact design 6-phase single tower transmission line. The 6-phase compact circuit exhibits the
optimal performance. The conventional converted 6-phase circuit exhibits the highest density level

patterns. The conventional double three phase circuit falls in between.
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1. INTRODUCTION

There have been several debates about the biological
effects of exposure to electric and magnetic fields
(EMF) and their possible detrimental effects on
human and animal health., However, after more than
twenty years of research, it has not been conclusively
demonstrated that any such detrimental effects exist.
Statistical studies on children with leukemia have
suggested that there is an association between the
proximity of distribution lines to houses, where
children live, and the disease. Attempts to correlate
this directly with the magnetic field from the lines
have not been successful, Further, it has not been
possible so far to prove conclusively that magnetic
fields can cause cancer or promote its growth [1-4].

Many studies have been carried out to evaluate the
magnetic field distribution under different line
configurations using various computational methods.
These studies cover three-phase circuits and six-
phase circuits, The magpetic field density under and
around a single tower transmission line (i.e. 30m left
and 30m right of the center line of the tower) is
studied.

In this paper a single tower transmission line is a one
with negligible mutual effect from any other circuits.
This negligibitity is achieved when the other
transmission lines are 100 m more far from the center
line of the tower under study [5]. The single tower
carries a single 3-phase circuit or a double 3-phase
circuit or a six-phase circuit. The magnetic field
density under mid-span with minimum safe clearance
to ground is considered in this paper. This is because
it exhibits the highest density tevels [5].

Three configurations of a single 3-phase 500kV
circuit carrying a single tower are studied. The first is
a conventional delta (D) configuration, Fig. la. The
second is a compact delta (CD} configuration, Fig.1b.
The third is a compact inverted delta (CID)
configuration, Fig.1c. The phase conductors of the
above mentioned three configurations consist of four

bundied conductors (4 x 30mm diameter) per phase.
Each phase bundle carries 1000A [6]. A conventional

FE5EV double 3-phase circuit (3D) configuration
carried by single tower is also studied, Fig. 2a. This
configuration is compared with a 6-phase circuit
(6Con) carried by the above mentioned single tower,
Fig 2b. This configuration is by conversion of the
double 3-phase circuit using the same tower and the
same conductors and the same current. This
converted six-phase circuit is chosen normally to
make advantage of the 76% increase in power

handling capability without bothering the exiting
accessible corridor [7].

The last two configurations are compared with a
compact 6-phase circuit (6Com) carried by single
tower, Fig. 2¢, having the same conductors and the
same current as the two above mentioned cases. This
is a favorable choice for new projects because it helps
to reduce the problem of the right of way.

The phase conductors of the above mentioned three
configurations consist of one conductor of
30mm diameter per phase. Fach phase conductor
carries 10004 [8-10].

The results in this paper help the designers to

approach the optimal design for both existing and
future projects.
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Fig 1: A single tower carrying a single circuit
configuration:
a. Conventional delta (D)) configuration
b. Compact deita (CD) configuration
c¢. Compact inverted delta (CID) configuration
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2. METHOD OF CALCULATION
The magnitude of the magnetic field intensity dH 5 at
a point 2 produced by a differential filamentary
conductor dfl carrying current [, is, Fig. 3, [11]
dH = —— 1)
47rR12

where;
R,,: The normal distance from the differential

element dfl to the point 2.

a Ry’ A unit vector normal to the differential element

and the distance R, .

b ;: Conventional converted 6-phase circuit (6Con)
091 m

L L

10 m

[ 3

¢ : Compact 6-phase configuration (6Com)

Fig 2: A single tower carrying double 3-phase or 6-
phase

The transmission line current carrying conductor can
be considered as an infinitely long straight filament

carrying a root mean square current /, Fig. 4,
Equation (1) can be developed and the magnetic field
intensity A ; at point P is [11];

— P
, = a
pi ¢

where;

Alm {2)

a¢ - A unit vector normal to the distance P

Riz , point2

Fig 3: Hlustration of Equation (1)

Fig 4: Illustration of Equations (2)

The three-phase circuits consist of three current-
carrying conductors with 120° phase shift between
the currents. The 6- phase circuits consist of six
current-carrying conductors with 60° phase shift
between the currents. The resultant magnetic field
intensity at any point, Say P, is the vectorial
summation of the magnetic field intensity caused by
N current-carrying conductors of the single tower.
Horizontal and vertical components, Equation.2, of
the magnetic field intensity at point P as a result of a
current, say I, are;
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I cosf )
- = o 3
xpi x
ZﬁRpi
H Jisinﬁ . @
.= a
ypi ¥

The resultant magnetic field intensity of N currents
carried by N conductors of a single tower is;

2 (5)

H N 2 N
ip - (E’Ipri) * (EIHypi)
The resultant magnetic field density at point P is
given by:
p = Hollap
(6)

po=4yrx10'_7 Hlm

3. A SINGLE CIRCUIT CARRYING A SINGLE
TOWER CONFIGURATION

In Fig. 5, the solid curve represents the D
configuration, the stars curve represents the CD
configuration, the circles curve represents the CID
configuration. Comparing these curves shows that the
D configuration exhibits the highest density levels at
all locations. It shows also that CID configuration
exhibits the lowest density Jevels at all locations.
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Fig 5: Magnetic flux density distribution oft
D (), CD (%), CID (o)
The D curve shows a spread peak around the center
line of 21.5u7 average value. Ten meters far from
the center line, the density staris to drop sharply
down to about 5.5 17" at 30m distance from the

center line.

Both the CD> and the CID curves have a single peak
exactly at the center line, The curve around the peak
in the CID is sharper than that of the CD. The CD

peak value amounts to 1947 and the lowest value
drops down to 347 at 30w far from the center line.
The CID peak value amounts to [4.25u7 and the
lowest value drops to 2.547 at 30m far from the
center line.

The CD configuration reduces the peak by 10.6% and
the CID configuration reduces the peak by about 34%
and the lowest level, at 30m far from the center line,
reduces by more than 50% all compared with the D
configuration.

It is important to observe that CID configuration has
one phase nearer to the ground while the other two
phases are at higher levels. The CD configuration has
two phases nearer to the ground level and one phase

at higher level.

The change in phase arrangement as transposition
takes place is studied and no change is noticed in
magnetic field density levels and subsequently the
curves are not needed for this case.

4. SINGLE TOWER CARRYING DOUBLE
THREE PHASE CIRCUITS OR A SIX-
PHASE CIRCUIT

Figure 6 shows the distribution of the magnetic field
density under 3D configuration. The solid curve is for
ABC-ABC phase arrangement of the two three phase
circuits top to bottom. The star curve is for ABC-
CBA phase arrangement of the two three phase
circuits top to bottom. Comparing the two curves
shows that changing the phase arrangement leads to a
change in the magnetic field density distribution, in
this case ABC-CBA arrangement in comparison with
the  ABC-ABC arrangement exhibits a

Sul reduction in  the peak value and
1.7 pT reduction in the minimum value.
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Fig 6: Magnetic flux density level under 3D circuit
ABC-ABC phase arrangement (-
ABC-CBA (%)
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The phase arrangement changes as transposition takes
place. Subsequently, worst case should be considered
to make sure that its level is below the maximum

permissible limits.

Changing the phase arrangement in the six phase
circuits is tested and it does not result in any change
in the magnetic field density patterns. Subsequently,
no curves are needed.

Figure 7 shows three magnetic field density
distribution curves. The solid curve is for 3D
configuration with ABC-ABC phase arrangement
taken as a reference. The star curve is for 6Con
configuration. The circles curve is for 6Com

configuration.

The 6Con configuration exhibits the highest density
level at all points. A single peak of 2047 occurs
exactly at the center line. The density falls sharply
down to 2.54T at 30 m far from the center line.

The 6Com configuration exhibits the lowest density
level curve at all points. The 6Com curve has a single

peak of 5.9uT exactly at the center line. The

magnetic field density falls sharply up to 15 m far
from the center line and then slowly down to

0.4 1T at 30 m far from the center line. Comparing
the 6Com with the reference case, the peak drops by
55% and the minimum drops by 80%. Comparing the
6Con with reference case the peak increases by about
54% and the minimum increases by about 20%.

The 3D configuration falls in between with a single
peak of 12.8uT falling exactly at the center line.
The minimum is 2.147 at 30 m far from the center

line.

Magneliz Fiald Donsity Mizro Tasla

Distance from cenler lina {m)

Fig 7: 3D circuit with ABC-ABC phase arrangement
(), 6Con circuit (*), 6Com circuit {o)
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5. CONCLUSION

I. The Single circuit carrying a single tower
configuration

» The change in phase arrangement does not affect
the shape or the level of the magnetic field

density patterns.

¢ The compact inverted delta is  highly
recommended for new projects because it
exhibits the optimal magnetic field density levels
at all locations and minimize the problems of the

right of way.

11. The double three-phase circuit configurations and
the six-phase circuit configurations both carrying

a single tower configuration.

® The phase arrangement in the double three phase
circuits give similar patterns but with different
levels. Careful examination of different flux
density level patterns should be studied as phase
arrangement changes when transposition takes
place. This is necessary to insure that worst case
pattern levels are lower than maximum
permissible levels.

« For the six phase c¢ircuit, the change in phase
arrangement does not affect the shape or the level

of the magnetic flux density patierns.

® Converting the existing double three phase
circuits to a six phase circuit is recommended to
increase power handling capacity by 76%, but it
also increases the magnetic flux density levels,
Subsequently, careful examination of magnetic
flux density levels of the converted circuit is
necessary to insure that it is below the maximum

permissible levels.

» The compact six phase circuit is highly
recommended for new projecis because it
exhibits the optimal magnetic field density
patterns, It can handle higher power and reduces
the problem of the right of way.
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