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Abstract

Ground level magnetic field from overhead transmission lines (OHTLS) is of increasingly important
considerations in several research areas due to their harmful effect on human health and environment.
This paper computes the ground level magnetic field, under normal and abnormal conditions of Egyptian
500-kV single circuit transmission line, in three dimension (3-D) coordinates by using 3-D integration
technique. Abnormal conditions include symmetric fault, un-symmetric faults, direct stroke, and indirect
stroke on the OHTL. Where, ATP software is used to simulate the OHTL under all faulty and lightning
conditions. Varying time magnetic fields under normal and abnormal conditions, at certain points that
located at mid-span, tower height and right-of-way (ROW), are also computed that to indicate the worst
case.
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1. Introduction

Considerable research and public attention triggered a wealth of research efforts
focused on the evaluation of magnetic fields produced by overhead transmission lines (OHTLs)
to insure the safety for human health which is recommended by world health organization
(WHO) and American conference of governmental industrial hygienists (ACGIH) [1-4]. There are
many researches deal with the calculation of the magnetic field under normal operating
condition of the OHTL. An analytical calculation of the magnetic field produced by OHTLs, which
is suitable for flat, vertical, or delta arrangement computed by complex vector method was
produced in [5-6]. The estimation of the magnetic field density at points located under and far
from the two parallel transmission lines with different design configurations was presented in [7-
8]. In this paper, the time varying magnetic fields at specific points are calculated under normal
and abnormal conditions of Egyptian 500 kV OHTL.

Under normal conditions, the effect of different percentages of load current on the
calculated magnetic field is investigated. As well as, under abnormal conditions, the different
type of faults and lightning, such as: single phase to ground fault, double phase to ground fault,
phase to phase fault, three-phase to ground fault, direct stroke, and indirect stroke are
investigated.

In this paper, the time varying magnetic fields are calculated at three different points: 1)
under mid-span, 2) under tower height, and 3) at right-of-way, that to estimate the worst case.
Also in this paper, the 3-D integration technique is used [9], where the effect of the conductor’s
sag is taken into consideration.

2. Magnetic Field Calculations

By using the 3-D Integration Technique, which explained in detail in [9] and is reviewed
here, the magnetic field, produced by a multiphase conductors (M) and their images, in support
structures at any field point P(x,,Y.,2Z,) shown in Figure 1, can be obtained by using the Biot-
Savart law as follow [9-10]:

The exact shape of a conductor suspended between two towers of equal height can be
described by such parameters; as the distance between the points of suspension span L, the
sag of the conductor S, the height of the lowest point above the ground h, and the height of the
highest point above the ground hm, where h,, — h = S. Only two parameters are needed in order
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to define the shape of the catenary (S and L), while the third one (h or h,), determines its
location in relation to the ground surface.
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Figure 1. Application of Biot-Savart Law in Three Dimensions

Figure 2 shows the basic catenary geometry for a single conductor line, this geometry is
described by the following equation:

y:h+2asinh2(zj 1)

2a

Where a is the solution of the transcendental equation:

h, = h+2asinh2(Lj

4o

The parameter a is also associated with the mechanical parameters of the line, a =T,/
w where T, is the conductor tension at mid-span and w is the weight per-unit length of the line.
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a . Unit vector in X-direction,
a, Unit vector in Y-direction,

a_ Unit vector in Z-direction.

The C is the complex depth of each conductor’s image current which can be found as
given in [10-11].

¢ =287 | 5=503\/p/f

Where:

0 is the skin depth of the earth,

p is the resistivity of the earth, and

fis the frequency of the source current in Hz

The parameter (N) in Equation (2) represents the number of spans to the right and to
the left from the generic one where n=0 as shown in Figure 2.
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Figure 2. Linear Dimensions which Determine Parameters of the Catenary

3. Results and Discussion

The data used in the calculation of the magnetic field density at points one meter above
ground level (field points), under Egyptian 500-kV transmission-line single circuit are presented
in appendix (A).
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Figure 3. Three Phase 50Hz Sinusoidal Currents under Normal Condition
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The phase-conductor currents are defined by a balanced direct-sequence three-phase
set of 50 Hz sinusoidal currents, with 665-A rms, are shown in Figure 3 and defined by the
following equation:

1= 665[1;efj27r/3;ej27r/3] A @)

3.1. Case (A): Magnetic Field Under Normal Condition

Figure 4 and 5 shows the effect of the variation of the load capacity of the OHTL system
(I,) on the calculated magnetic field density under mid-span and under tower height and a
distance away from the center phase, respectively. It is noticed that, the magnetic field density
decreases with the decrease of the load capacity.
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Figure 4. Effect of Load Current on the Magnetic Field Density at Point (P1) under Mid-span

According to [12], the value of magnetic field density at right-of-way is taken to be in
range from 6.5 to 1.7 u.T. In this paper, the ROW is assumed to be equal 25 m from the center
phase [13]. From Figs. 4 and 5 it is noticed that the magnetic field density at ROW equals 5.3
M.T under mid-span and 4.55 p.T under tower height, respectively.
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Figure 5. Effect of Load Current on the Magnetic Field Density at Point (P2) under Tower Height

Figure 6 shows the time variation of the calculated magnetic field density at mid-point
under the center phase and at ROW, under the mid-span (point P1) and under the tower height
(point P2). It is noticed that the maximum values of the calculated magnetic field densities occur
under the mid-span.
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Figure 6(a). Varying Time Magnetic Field Figure 6(b). Varying Time Magnetic Field
Density under Mid-span (point P1) under Density under Tower Height (point P2) and at
Normal Condition ROW (point P1, P2) under Normal Condition

3.2. Case (B): Magnetic Field under Fault Conditions

In case (B), the ATP software is used to simulate the OHTL under different fault
conditions [14]. The fault is cleared after the time that is taken by the protection device. The time
of the protection device is divided into high voltage SFg circuit breaker breaking time that equals
40 msec. (2 cycle) [15], and the numerical distance relay time, which equals 12 msec [16]. So,
the total fault clearing time equals 52 msec. Hence, the fault is assumed to be occurred at
instant equals 0.03 second and is cleared after the time that is taken by the protection device, at
instant equals 0.082 second. The effects of various types of faults on the time varying magnetic
field density are studied in this section.

3.2.1. Single Phase to Ground Fault
Figure 7 shows the three phase sinusoidal currents under single phase to ground fault
on phase A, [0.03:0.082] sec, where, the maximum value of the fault current tends to be 11 KA.
Figure 8 shows the time varying magnetic field densities, during the single phase to
ground fault, at mid-point (under the center phase) and at ROW under both mid-span (point P1)
and tower height (point P2), respectively. It is seen that the maximum value of magnetic field
density, during the fault period [0.03:0.082] sec., under mid-span (point P1), equals 170 u.T.
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Figure 7. Three Phase Sinusoidal Currents Figure 8. Time Varying Magnetic Field Density
under Single Phase to Ground Fault at Mid-point and at ROW under Mid-span and
under Tower Height (point P1, P2) under
Single Phase to Ground Fault

3.2.2. Double Phase to Ground Fault
Figure 9 shows the three phase sinusoidal currents under double phase (A and B) to
ground fault, [0.03:0.082] sec, where, the maximum value of fault current tends to be 20kA.
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Figure 10 shows the time varying magnetic field densities, during the double phase to
ground fault, at mid-point (under the center phase) and at ROW, under both mid-span (point P1)
and tower height (point P2), respectively. It is seen that the maximum value of magnetic field
density, during the fault period [0.03:0.082] sec, under mid-span (point P1), equals 430u.T.
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Figure 9. Three Phase Sinusoidal Currents Figure 10. Time Varying Magnetic Field
under Double Phase to Ground Fault Density at Mid-point and at ROW under Mid-

span and under Tower Height (point P1,P2)
under Double Phase to Ground Fault

3.2.3. Phase to Phase Fault
Figure 11 shows the three phase sinusoidal currents under phase to phase (A and B)
fault, for a period [0.03:0.082] sec, where, the maximum value of fault current tends to be 18kA.
Figure 12 shows the time varying magnetic field densities, during phase to phase fault,
at mid-point (under the center phase) and at ROW, under both mid-span (point P1) and tower
height (point P2), respectively. It is seen that the maximum value of magnetic field density,
during the fault period [0.03:0.082] sec, under mid-span (point P1), equals 360u.T.

N
S
.
S
S

= phase A | |
1y == =1 phase B
== s == phase C | {

)

P 3t mid-span

N
S
S

= = 1 P2 at tow er height

N
>
S

.

.

.

.

X

2

=

Q

=

Plhase currents (kA )

=)
S

Magnetic field density (u

15
=]

o

. . . . . . .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.02 0.04 0.06 0.08 0.1 0.12

o

Variation of time (Sec.) Variation of time (Sec.)
Figure 11. Three Phase Sinusoidal Currents Figure 12. Time Varying Magnetic Field
under Phase to Phase Fault Density at Mid-point and at ROW under Mid-

span and under Tower Height (point P1, P2)
under Phase to Phase Fault

3.2.4. Three Phase to Ground Fault
Figure 13 shows the three phase sinusoidal currents, under three phase to ground fault,
for a period [0.03:0.082] sec, where, the maximum value of fault current tends to be 21kA.
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Figure 13. Three Phase Sinusoidal Currents Figure 14. Time Varying Magnetic Field
under Three Phase to Ground Fault Density at Mid-point and at ROW under Mid-

Span and under Tower Height (point P1, P2)
under Three Phase to Ground Fault

Figure 14 shows the time varying magnetic field densities, during the three phase to
ground fault, at mid-point (under the center phase) and at ROW, under both mid-span (point P1)
and tower height (point P2), respectively. It is seen that the maximum value of magnetic field
density, during the fault period [0.03:0.082] sec, under mid-span (point P1), equals 400u.T.

From case (B), the worst effect of fault on the time varying magnetic field density is the
double phase to ground fault, where the maximum value of the magnetic field density, during
the fault period [0.03:0.082] sec under mid-span (point P1) equals 430u.T. Followed by three
phase to ground fault, which have a maximum value of the magnetic field density equals
400u.T. Then phase to phase fault, which have a maximum value of the magnetic field density
equals 360u.T. Finally, single phase to ground fault, which have a maximum value of the
magnetic field density equals 170u.T. Also, it is noticed that, for each kind of the faults that are
studied under case (B) and also under normal condition of case (A), the maximum value of the
magnetic field density occurs under the mid-span, where the clearance between the conductors
and the ground level has its minimum value.

3.3. Case (C): Magnetic Field under Lightning Condition

In case (C), also ATP software is used to simulate the OHTL under lightning conditions.
The lightning impulse is assumed to have the following parameters: peak value of 100kA,
channel resistance equals 1MQ, front time equals 4 psec and tail time equals 50 psec [17]. The
effects of various type of lightning (direct and indirect) on the time varying magnetic field
densities are studied in this section.

3.3.1. Direct Stroke on Phase (B)

50 T T T T T T 6000

— phase A — G.W1=GW2

== o= s phase B | | 4000

= o == phase C
1 2000
0 AAa
| LAM

-2000

o~
S

A)

(kA)

Phase currents
>
Phase currents (

N
>

o

-4000

: ‘ ‘ ‘ ‘ ‘ ) 6000 * ] ] *
0 002 0.04 0.06 0.08 041 0.12 0 002 004 006 0.8 01 012

>

)
=]

Variation of time (Sec.) Variation of time (Sec.)
Figure 15(a). Three Phase Currents under Figure 15(b). Ground Wire Currents under
Direct Stroke on Phase B Direct Stroke on Phase B
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Figure 15 shows the three phase sinusoidal currents and ground wire currents under
direct stroke on phase (B), where the currents in the two ground wires are equal, due to their
relative position with respect to phase (B). It is noticed that the maximum value of the stroke
current tends to be 50kA within the first 4usec.

Figure 16 shows the time varying magnetic field densities, during the direct lightning
stroke on phase B, at mid-point (under the center phase) and at ROW, under both mid-span
(point P1) and tower height (point P2), respectively. It is seen that the maximum value of
magnetic field density, under mid-span (point P1), equals 680p.T.
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Figure 16. Time Varying Magnetic Field Density at Mid-point and at ROW under Mid-span and
under Tower Height (point P1, P2) under Direct Stroke on Phase B

3.3.2. Indirect Stroke on Ground Wire (1)

Figure 17 shows the three phase sinusoidal currents and ground wire currents under
indirect stroke on ground wire (1). It is noticed that the maximum value of the stroke current
tends to be 50kA within the first 4usec.
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Figure 17(a). Three Phase and G.W2 Currents  Figure 17(b). Ground Wire (1) Current under
under Indirect Stroke on G.W1 Indirect Stroke on G.W1

Figure 18 shows the time varying magnetic field densities, during the indirect lightning
stroke on ground wire (1), at mid-point (under the center phase) and at ROW, under both mid-
span (point P1) and tower height (point P2), respectively. It is seen that the maximum value of
magnetic field density, under mid-span (point P1), equals 460p.T.
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Figure 18. Time Varying Magnetic Field Density at Mid-point and at ROW under Mid-span and
under Tower Height (point P1, P2) under Indirect Stroke on Ground Wire (1)

4. Conclusion

In this paper the time varying magnetic field densities are calculated and analyzed
under three different cases of the OHTL namely: normal operating, fault, and lightning
conditions.

At normal operating condition, the magnetic field density varies with the distance from
the center phase for different percentage of load current. Also, the decrease in the load capacity
decreases the magnetic field density. Due to the sag effect, the ground level magnetic field
density has its maximum value under the mid-span, where, the clearance between the
conductors and the ground level has its minimum value. But under tower height, the ground
level magnetic field density has its minimum value due to the maximum clearance between the
conductors and the ground level.

Under different faulty conditions, it is observed that the highest values of the time
varying magnetic field densities at certain points (mid-span, tower height, and ROW) are
obtained firstly under double phase to ground fault, then under three phase to ground fault, then
under phase to phase fault, and finally under single phase to ground fault, which has the lowest
value.

Under lightning conditions, it is clear that the calculated values of the time varying
magnetic field densities at certain points for direct lightning stroke are more dangerous than
those of indirect lightning stroke and of different faulty conditions, even if, it is rarely happen.
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APPENDIX A

Figure A1 and Table A1 give the configuration and data of the El-Kuorimate-Cairo
power line, which are used in the calculation of the magnetic field.

12m 3 I2m
WIS GW2
Ph.(A) Ph.(C)
30m

Im

Figure A1. Power Line Tower Dimensions of 500kV

Table A1. El-Kuorimate-Cairo Power Line

Item Value
MVA 575
Line voltage (r.m.s) in kV 500
Length in km 124
Positive & negative sequence impedance per phase in ohnm  3.307+j14.053
Zero sequence impedance per phase in ohm 10.75+j45.67
No. of circuits per tower 1
No. of sub-conductors per phase 3
No. of ground wires 2
Diameter of sub-conductor in mm 30.6
Spacing between sub-conductor in phase in cm 47
Span in meter 400
Spacing between center phase and ground wire in meter 10
Vertical height of conductor at mid-span in meter 9
Vertical height of ground wire at mid-span in meter 21
Diameter of ground wire in mm 11.02
DC resistance of conductor in ohm per km 0.0133
DC resistance of ground wire in ohm per km 0.35
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