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Numerical Computation of Lightning Induced
Surges on Overhead Power Distribution Lines

S. M. Abdur Razzak, M. Abdur Rashid, M. Z. 1. Sarkar, Shiro Tamaki and M. Mortuza Ali

Abstract—This paper presents numerical computation of
lightning induced surges on a overhead power conductor taking
into account real earth conductivity. A modified dipole
technique is used to compute lightning generated
electromagnetic fields radiated from lightning return strokes. A
modified Agrawal transmission line model is used to calculate
interaction between the electromagnetic fields and the overhead
power conductor based on the finite difference method. Induced
overvoltage waveforms resulting in from a front return stroke
current model are presented for different line heights. Validity
of the new dipole technique as well as the modified Agrawal
model is also tested.

Index Terms—lightning induced surge, electromagnetic
compatibility, finite difference computation, overvoltage
phenomenon, and computational electro-magnetics.

[. INTRODUCTION

Numerical simulation plays an essential role for theoretical
studies of electromagnetic problems because of the complex
nature of the electromagnetic waves. A close interaction
between theory and practical works is crucial for every
developing research field. Numerical computation of surge
waveforms resulting in from lightning strokes is very
important to know various aspects of the problems and
equally important in developing protection schemes against
such an atmospheric phenomena. Lightning surge related
damages may arise either due to direct strokes or by the fields
radiated from distant lightning i.e., indirect strokes. Direct
lightning strokes are considered as a serious problem.
However, indirect strokes, although less energetic than direct
strokes, may be a significant problem because of their high
frequency of occurrence. The later causes significant
damages to electrical power system components,
telecommunication equipments, and computer networks
every year. These damages result in huge losses of capitals,
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equipments, interruption of services, and increased operation
and maintenance cost. Therefore, the need for adequate
protection of electrical and electronic systems from radiated
and/or conducted electromagnetic disturbances is becoming
increasingly important [3]. For insulation design of the power
lines and optimal design of effective and economic protection
schemes for sophisticated electronic and telecommunication
systems, it is very important to know the induced voltage
behaviors. As a consequence, evaluation of lightning induced
electromagnetic fields has been the subject of theoretical and
experimental studies for the last few decades [4-11].
Although the techniques have long been studied, an
agreement has not been reached yet in the methods of its
evaluation [12]. Therefore, it is being reconsidered again in
recent years [13-17].

Lightning induced electromagnetic fields have two major
components, namely, horizontal fields and vertical fields.
Each of them consists of three terms: electrostatic field,
induction field, and radiation field. All these components are
responsible for inducing voltage on an overhead conductor.
In the previous works, the electromagnetic fields radiated
from lightning discharges were calculated either by
Sommerfeld integral method or by Wave-tilt function method
[7, 18]. In both methods, the effects of electrostatic field and
induction field were neglected, only the radiation field was
considered to evaluate the induced voltages. As a result, the
above methods are incapable to compute induced voltages
when strike occurs in the vicinity of the line conductors. For
strikes occurring at the close vicinity of the line conductor,
the effects of induction and electrostatic field components are
significant and therefore can’t be neglected.

In this paper, the modified dipole technique is used to
estimate electric fields. This new technique is capable of
computing electromagnetic fields regardless of the striking
point distance as this method takes into consideration all the
three field components. Moreover, the dipole technique is
computationally simple, robust, and eliminates the
complicated frequency domain analysis of the Wave-tilt
function or the time consuming evaluation of Sommerfeld
Integrals. The finite difference method is used to solve the
telegrapher’s equation using a modified Agrawal time
domain model [4].

II. COMPUTATION OF ELECTROMAGNETIC FIELDS

Two critical points in the calculation process for
electromagnetic fields are the lightning channel model and
handling the lossy ground effects. We consider a straight
vertical return stroke lightning channel having the dipole
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geometry and current waveform as shown in Fig. 1. Electric
fields radiated from such a lightning channel current can be
computed by solving the time varying Maxwell’s equations
and are given by [17]-
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Fig.1 (a) Lightning strike and dipole geometry, (b) Return stroke current
waveform
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As we consider ground as a medium of finite conductivity,
the electric field due to image source can be determined from
(1) and (2) by simply replacing i(t) by ij(t). Where i(t) is the
source current and the i;(t) is the image current. The modified
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dipole technique evaluates i(t) depending on the ground
conductivity and therefore not the same as the source
strength.

III. SOURCE AND IMAGE CURRENT MODELS

Figure 2 shows the source and image current and the effect
of ground conductivity on the rise characteristics of the
image current. The typical return stroke current waveform
shown in Fig.1b can be given by the following mathematical
expression

i(t) = 1 ,[exp(—a1) — exp(—fr) 3

The image current i;(t) [17] can be calculated by taking the

inverse Laplace transform of (4) and is given by the time

domain equation (5).
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where, I(s) and Ii(s) are, respectively, the Laplace

transform of source and image current, 6. and €. are
respectively the ground conductivity and permittivity.
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Equation (5) can be rearranged as (6) to evaluate the image
current for a ground conductivity of zero i.e., ground as an
insulator. In this case there will be no image current which is
depicted in Fig 2.

|:[ew _e—(O'L, /6‘(,)[] [efﬂ _e—(o;, /Ed)t]
o/e—-a ole-p

The field at P(r, ¢, h) for the small segment of channel is
the vector sum of the fields due to source and image dipole
and the total field can be obtained by integrating over the
length of the channel.
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Fig.2 Effects of ground conductivity on rise time characteristic of image
current waveform.

To cheek validity of the image current model, two extreme
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cases were considered. In the first case, the ground is
considered as an insulator (¢ =0) and it is found that the
electric field at P is only due to source current as expected. In
the second case, the ground is considered as an infinitely
conductive (G =eo), in this case the source and image current
will be same but opposite in polarity. The validity of the
image current for the extreme cases ensures its usefulness for
finite values of the earth conductivity.

IV. CALCULATION OF INDUCED VOLTAGES

Original Agrawal [4] model has T-section representation
of the transmission line. Here, II-section model is used to
ensure symmetry in the calculation. Figure 3 shows the
modified Agrawal model of transmission line. The
transmission line is considered to be lossless and it is a good
approximation for line length up to 3km depending on the
ground conductivities. L and C are the unit length inductance
and capacitance of the considered line respectively, / is the
line length, h is the line height above the earth surface and R,
is the characteristic impedance.
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Fig. 3 Transmission line model.
The coupling between the electromagnetic fields produced
by nearby return stroke current and overhead line in time
domain can be expressed as-

S
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where, 1 (y, t) is the line current, V¥(y,t) is the scattered
voltage and F ’v (y,h,t) is the horizontal component of the

incident electric field along y-axis at the conductors height. It
should be noted that the horizontal electric field interacts
with vertical conductors and vertical electric field interacts
with the horizontal conductor. The line is considered to be lay
down along the y-axis on the z = / plane.

Applying the boundary conditions for the scattered voltage,
the differential voltage and current equations given in
equations (7) and (8) can be expressed as equations (9) and
(10) respectively-
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Here, t+At denote incremental time and y+Ay denote
incremental line length. The above equations are solved by
finite forward difference method to calculate the induced
voltage. Voltage at any position for the incremental time t+At
is calculated from their own values, currents, and vertical
electric field for present time t, and also for incremental time
t+At along the overhead line by (9). Similarly, current at any
position for the incremental time t+At is calculated from their
own values, voltage and horizontal electric field for present
time t, and also for incremental time t+At along the overhead
line by (10).

V. SIMULATION RESULTS

The relative position of the overhead transmission line and
strike points is shown in Fig. 4. A semicircle of radius D is
considered from the centre of the line on the plane at the line
height. Strike points are denoted by points 1 to 9. Point 1
which is on the extension of the line axis is called side return
strike point and point 5 which is on the perpendicular bisector
of the line is called the front return strike point. We consider
that the return stroke current propagates upward with a
constant velocity; the shape of the lightning current is an
impulse of 1/20 ps, and the overhead line is lossless while the
earth is homogeneous with constant conductivity and
permittivity. Based on these parameters and considerations,
Fig. 5 and 6 show simulation results.

Fig.4 Lightning strike points and power line orientation.

In Fig. 5, calculated pick induced voltages at every striking
points are shown for three different line heights. It shows that
a side return stroke induces more voltage than a front return
stroke for the same parameters. The induced voltage
magnitude decreases as the strike point moves toward the
front return point on the semicircle. Fig. 6 shows voltage
waveforms for strike at point 5 for three different line heights.
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It shows that more the line height more is the induced voltage.

The wave shape of the induced voltage is found similar to
that calculated by Nucci et al. [8]. The difference in
magnitude between the two calculations is due to difference
in line, strike parameters and earth conductivity.

TABLE I: PARAMETER VALUES USED IN CALCULATION

Name of the Parameter Values
Line Length, / 1000 m
Line Height, h 5,10, 15m
Line Inductance, p.u., L 2.14 uH
Line Capacitance, p.u., C 5.20 pF
Peak Channel current, IP 12 kA
Channel Current Velocity, v 300 m/pus
Front time of the current, Tr 1.0 ps
Tail Time of the current, Tf 20 ps
Ground Conductivity, 6 0.03 S/m
Ground Relative Permittivity, € 10 &
Striking point distance, D 1000 m
Cloud Height, H 4 km
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Fig.5 Absolute peak induced voltage magnitude for lightning strikes at
different points.
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Fig.6 Induced voltage waveforms for lightning strike at the front return
stroke point 5.

VI. CONCLUSION

A new dipole technique based finite difference
computation of lightning induced overvoltages on overhead
power lines has been presented. For the purpose of
demonstration of such a new technique, a single conductor
unexcited power line has been considered. Mathematical
expressions and simulation results have been presented. This
method is computationally simple, accurate and easy to
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implement using computer software. There is scope to
improve this method for calculating lightning induced
voltages on multiconductor power.
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