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Abstract : The objective of my work is the simulation and analysis of the protection of electrical networks
against lightning strikes. To achieve this goal, | will use the simulation programs ATP/EMTP and
MATLAB/SIMULINK to simulate a lightning strike in two cases: in the first case, simulate a lightning strike in an
electrical networks without a surge arresters installed, and in the second case , simulating a lightning strike in
an electrical networks with a surge arresters installed, to see the behavior of our electrical network in both cases,
and to know the importance of surge arresters in the protection of electrical networks and also to validate and
compare the results obtained by the two simulation programs.
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1. INTRODUCTION

All electrical installations, overhead
transmission lines or equipment are subject to
natural disruptive phenomena. Among these
phenomena we specify lightning. The latter
directly influences electrical networks through
direct impact on lines or indirectly through
electromagnetic radiation [1]. In order of
priority and impact rate in the stress classes,
lightning represents the natural, unpredictable
and most harmful phenomenon on all electro-
energetic systems and if it can be said that
nowadays, energy carriers adequately control
the protection of the network against
accidental (internal) faults, this is not the case
for its protection against lightning (natural and
external fault) especially during an indirect
impact where it radiates significant
electromagnetic fields which will induce by
electromagnetic coupling cruel overvoltages
in their targets, in particular electrical energy
transport networks[2].

Lightning is lightning that falls to the ground. It
is a frequent phenomenon which behaves like
a perfect generator of electric current. To
protect yourself in 95% of cases, the current
to take into account is 100kA with a very short
rise time. In addition to the conduction
phenomenon, the ionized lightning channel
behaves like a long wire that radiates an
electromagnetic field. This field induces
voltages in the large ground loops which are
measured in kilovolts. These surges can
destroy interface components. Lightning is
therefore not a phenomenon to be feared only

during a “hit on goal”; the effect induced by the
field matters [3].

The metal oxide varistor (MOV) is a basic
component of surge protection systems in
low-voltage power networks. MOV provided
overvoltage protection by resistance drop
during surge current flows. Until now, during
computer simulation, MOV was presented as
arrangements of linear and nonlinear
elements [4].

In this work, | will try to simulate a lightning
strike in an electrical network system without
the installation of surge arresters and with the
installation of surge arresters by using
MATLAB/SIMULINK and ATP/EMTP software
to compare and validate the results obtained
and to show the importance of surge arresters
in minimizing overvoltages induced by
lightning strikes.

2. CLASSIFICATION OF LIGHTNING
STRIKS

The unevenness of the ground or structures
create a “peak effect” which very significantly
amplifies the local electric field. This increase
in the electric field results in a “Corona” effect
— local ionization of the air. A channel of
ionized air connecting the cloud to the ground
allows the flow of the lightning strike. There
are four characteristic types of lightning
strikes: negative, positive, descending and
ascending. In France, 90% of lightning strikes
are negative downwards. The current
amplitude can be very high, ranging from 2000
to 200000 amperes [5].
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2.1. Cloud-to-Ground (CG) Lightning

In CG lightning, a channel of negative charge,
called a stepped leader, will zigzag downward
in a ‘forked’ pattern hence it is sometimes
called forked lightning. This stepped leader is
invisible to the human eye and travels to the
ground in a millisecond. As it nears the
ground, the negatively charged stepped
leader is attracted to a channel of positive
charge reaching up, a streamer, usually
through something tall, such as a tree, house,
or telephone pole. When the oppositely-
charged leader and streamer connect, a
powerful electrical current begins flowing. A
return stroke travels at about 60,000 miles per
second back towards the cloud, with one flash
consisting of as many as 20 return strokes [6].

2.2. Negative Cloud-to-Ground Lightning
A downward-moving initiates the most
common CG flashes, negatively-charged
stepped leader, followed by an upward
travelling return stroke. The net effect of this
flash is to lower negative charge from the
cloud to the ground. Negative CG lightning
strikes can be identified by their distinctive
downward branching [7].

2.3. Positive Cloud-to-Ground Lightning

A downward-moving initiates the less
common CG flashes, positively-charged
stepped leader, followed by an upward
travelling return stroke that lowers the positive
charge to earth. Such lightning is usually
associated with supercell thunderstorms and
trailing stratiform precipitation regions behind
squall lines. Positive cloud-to-ground lightning
strikes are typically very bright and can be
identified by their distinct lack of branching
near the ground. Thunder from such lightning
is very loud and may sound like a series of
deep, low-frequency sonic booms [8].

2.4. Cloud-to-Air (CA) Lightning

This refers to a discharge that jumps from a
cloud into clear air and terminates abruptly —
indeed, CG lightning contains CA lightning via
the branches that extend from the main
channel into the mid-air. However, the most
dramatic examples occur when long, bright
lightning channels extend from the sides of
cumulonimbus clouds [9].

3. MODELING AND METHODOLOGY
3.1. Lightning Modeling
Lightning can be considered a current source
whose shape is depicted by the Heidler
function [10] or the Rusck formula. In the IEEE
standard (std. C62.45), the double

exponential and the triangular waveforms are
used to represent lightning return stroke
currents. In this study, the test waveform
presented in the IEEE std. C62.45 [12] is used
as follows[11]:

) =1,e*-e™) (1)
Where |, is maximum lightning current, a is

first-stroke time, and b is second-stroke time.
The Heidler model is also obtained as follows
[12]:

iyt (X)) e:t 2
0= n1+(X)

where ip is the peak current, n is a correction

factor of the peak current, and n is the current
steepness factor, with X = Ti and 71 being the
1

time constants determining the current rise.

3.2. Metal Oxide Arrester Modeling

Metal oxide surge arresters, as important
protective devices, have been widely used in
distribution grids to reduce lightning effects
and enhance power supply reliability. For this
reason, various arrester models have been
developed to demonstrate the frequency-
dependent behavior of the surge arresters [13]
such as (1) the IEEE model, in Fig 1a; (2) the
Pinceti—Giannettoni model, in Fig 1b; and (3)
the Fernandez—Diaz model, in Fig 1c.
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Fig. 1 (a) IEEE model. (b) Pinceti-Giannettoni
model. (c) Fernandez—Diaz model.

In the IEEE arrester modeling, parameters
including L1 and R1 and LO, RO, and C are
determined according to technical data
provided by the manufacturer [14].

4. APPLICATION EXAMPLES
This example shows how to perform a
switching analysis in a simplified network. The
line model used is a PI equivalent line
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calculated for 5,000 Hz, by Line Constants
[15]. See Fig 2.
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Fig. 2 Network system to study.
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4.1. Example 1: A lightning strike hits our
network system without a lightning
arrester

4.1.1. With ATP/EMTP

The ATP/EMTP [16] test network diagram
without lightning arrester appears in fig 3.
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Fig. 3 Alightning strike in our network system to
study with ATP/EMTP.

4.1.2. Results with ATP/EMTP

The results of the simulation in ATP/EMTP are
presented in fig 4, fig 5, fig 6 and fig 7.
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Fig. 4 Voltage curve of phases A, B and C at the
beginning of the line.
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Fig. 5 Voltage curve of phases A, B and C at the
end of the line.
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Fig. 6 Voltage curve of phases A, B and C at the
BUS point.
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Fig. 7 Currents curve of the load of phases A, B
and C.

4.1.3. With MATLAB/SIMULINK
The MATLAB/SIMULINK test network diagram
without lightning arrester appears in fig 8.
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Fig. 8 A lightning strike in our network system to
study with MATLAB/SIMULINK.

4.1.4. Results with MATLAB/SIMULINK

The results of the simulation in
MATLAB/SIMULINK are shown in fig 9, fig 10,
fig 11 and fig 12.
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Fig. 9 Voltage curve of phases A, B and C at the
beginning of the line.
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Fig. 10 Voltage curve of phases A, B and C at the
end of the line.

Curve Voltages
28 —=VE A
e V BUS B
20 ==V BUSC
15
MV
1.0
05 | I
00 :‘1‘
| | LTk |
Oi‘v\/.r VAVAVAVAVAVAVAVAVATAVAVAV| VAVAVAVAVAVAVAYAY vv’,|
0.00 0.04 008 fyepey 012 0.16 020

Fig.11 Voltage curve of phases A, B and C at the
BUS point.
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Fig. 12 Currents curve of the load of phases A, B
and C.

4.1.5. Interpretation
In example 1, we notice in (fig 4 and fig 9) after

a lightning strike to phase A, and tend that not
a surge protector installed that there are
fluctuations in the voltage of phase A and a
peak of voltage reaches 600 kV, but for (fig 5
and fig 10) note that the effect of lightning
strikes at the end of line It appears to a lesser
extent Due to its distance from the point of
lightning strike, but for (fig 6 and fig 11) which
represents the voltages of the Bus point
phases (lightning strike point) we note the
significant effect of lightning at phase A, We
notice the appearance of a peak exceeding
2MV for the voltage of phase A, but for the
load currents there are fluctuations in phase
A, with a current value around 50A (see fig 7
and fig 12).

We note that the results obtained either for the
voltage curves or current curves are almost
identical in the two simulation software
ATP/EMTP and MATLAB/SIMULINK.
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4.2. Example 2: A lightning strike in our
network system with the installation of a
lightning arrester

4.2.1. With ATP/EMTP
The ATP/EMTP test network diagram with
lightning arrester appears in fig 13.

Fig. 13 A lightning strike in our network system to
be studied with lightning arrester, in ATP/EMTP.

4.2.2. Results with ATP/EMTP

The results of the simulation in ATP/EMTP are
presented in fig 14, fig 15, fig 16 and fig 17.
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Fig. 14 Voltage curve of phases A, B and C at the
beginning of the line.

Curve of voltages
500 =

400
200 eenenesdennan

0=
200

400 -----teeoni]
!

-600 - : - ; T - : :
0.00 0.04 0.08 0.12 0.16
(file exa_10.1.pM; x-vart) vENDA vENDE vENDC

Fig. 15 Voltage curve of phases A, B and C at the
end of the line.
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Fig. 16 Voltage curve of phases A, B and C at the
BUS point.
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Fig .17 Currents curve of the load of phases A, B
and C.

4.2.3. With MATLAB/SIMULINK
The MATLAB/SIMULINK test network diagram
with lightning arrester appears in fig 18.
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Fig. 18 A lightning strike in our network system to
be studied with lightning arrester, in
MATLAB/SIMULINK.
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4.2.4. Results with MATLAB/SIMULINK

The results of the simulation in
MATLAB/SIMULINK are presented in fig 19,
fig 20, fig 21 and fig 22.
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Fig. 19 Voltage curve of phases A, B and C at the
beginning of the line.
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Fig. 20 Voltage curve of phases A, B and C at the
end of the line.
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Fig. 21 Voltage curve of phases A, B and C at the
BUS point.
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Fig. 22 Currents curve of the load of phases A, B
and C.

4.2.5. Interpretation
For example 2, in the case we installed a

surge protector (see fig 13 and fig 18), we note
that the phase voltage at the start of the line
and the phase voltage at the end of the line
did not changed (see fig 14 and fig 15 using
ATP/EMTP and see fig 19 and fig 20 using
MATLAB/SIMULINK), but for (fig 16 and fig
21), we notice the big change in the voltage at
the Bus point (point of lightning strike) that the
peak voltage of phase A fell from 2.2MV to
620KV because of the installation of lightning
arrester at this point, for fig 17 we notice that
the current of phase A deprived from 60A to
50A (see fig 17 and fig 22).

We note that the results obtained either for the
voltage curves or current curves are almost
similar in the two simulation software
ATP/EMTP and MATLAB/SIMULINK.

5. CONCLUSION
In this work | used two simulation software

ATP/EMTP and MATLAB/SIMULINK for the
same electrical network system and with the
same faults, to see the importance of using
surge arresters in electrical systems in the
event of a sudden lightning.

To achieve this result, | followed the following
steps: At the beginning | talked about the
classification of lightning strikes, then | briefly
discussed the means of protection against
lightning strikes.

Subsequently, | simulated a lightning strike in
a network system by using the simulation
software mentioned previously in two cases:
in the first case | simulated a lightning strike in
a network system without the installation of a
surge arresters, and in the second case |
simulated a lightning strike in a network
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system by installing a surge arrester, then |
displayed the results obtained by the two
software programs to compare them and to

explain it.
By using his two previously mentioned
simulation software, | can say that the

lightning strike has a large effect on the
network node closest to the lightning strike,
and that its effect decreases as the network
node is distant.

| can confirm that the surge arresters play an
important role in reducing overvoltage in an
electrical network struck by lightning; this is
what we observed using the two simulation
software ATP/EMTP and
MATLAB/SIMULINK.
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