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Abstract— like all electrical equipment photovoltaic systems
can be damaged by both direct and indirect lightning strikes and
other overvoltage disturbances caused by electrical switching
operations, load switching and so on.

The purpose of this paper is to investigate the propagation of
overvoltage induced by a lightning strike on an overhead line
which can be coupled with a photovoltaic array.

For reasons of electromagnetic compatibility (EMC), the need
for a good quality in power supply along with the widespread use
of sensitive devices connected to distribution lines makes the
protection against lightning induced disturbances of primary
importance. In this paper we investigate the shielding effect due
to the presence of other conductor in a multiconductor overhead
line as well as that of the shield wire periodically grounded, and
the surge arresters in order to protect an electric network
coupled to a photovoltaic generator against the propagation of
overvoltage induced by indirect lightning return stroke.
Keywords— EMC, Lightning-induced voltage, overhead lines,
shielding, FDTD.

I. INTRODUCTION

Induced overvoltage is created by either direct or indirect
lightning strike hit on solar panel system. A cloud to ground
lightning flash generates a transient electromagnetic field
which can induce overvoltage of significant magnitudes on
overhead lines situated in the adjacent. Like all electrical
equipment photovoltaic systems can be damaged with both
direct and indirect lightning strikes and other overvoltage
disturbances caused by electrical switching operations, load
switching and so on.

This paper is devoted to the study of the induced-voltages
on a multiconductor line and to the influence of a shielding
wire to reduce the propagation of the phenomena.

The electromagnetic field resulting from a spatial-temporal
distribution of the return stroke current along the lightning
channel causes induced voltage in the surrounding devices
(electric power transmission lines). The calculation of these
induced voltages requires the use of a suitable coupling model
(coupling equations) based on the transmission lines theory
applied to the problem of interaction between the lightning
electromagnetic field and an overhead line.

The induced overvoltage on a conductor belong a
multiconductor line is affected by the presence of others
conductors, and shielding wire.
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The calculation results presented in this paper were
obtained by means of computer programs developed by the
authors using MATLAB environment.

Il. CALCULATION OF INDUCED OVERVOLTAGE

A. Coupling model between an EM field and multiconductor
overhead lines

Starting from Maxwell’s equations and adopting the
transmission line approximation, it is possible to derive a pair
of equation describing the coupling of an external
electromagnetic field and multiconductor line. These
equations can be written in different equivalent formulations.
The formulation we adopt in this paper is the one proposed by
Agrawal et al [1], which for the case of homogeneous lossless
multiconductor line above a perfectly conducting ground and
illuminated by an external field, is given by (see Fig. 1):

Fig.1. Geometry used to calculate the induced lightning overvoltage
on a multiconductor overhead line
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These equations will have been solved by means of the
point-centered finite difference technique in time domain

(FDTD).
Where:
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[E,; (x,h;,1)] is the vector of the horizontal component

of the incident electric field along the x axis at
conductor’s height h;.
[0] matrice zero.

[Li'jJ and [Ci'jJare respectively the inductance and the

capacitance matrices per unit length of the line.
[i; (x,t)] is the line current vector.

luis(x, t)J is the scattered voltage vector, related to the

total voltage vector [ui (x,t)] by the following
expression:

[ui (x,t)]z [uiS (x, t)]+ [u,e (x,t)]z [uiS (x, t)]— TE; (x,z,t)dz
0

Where

€
E;i (X’ Z’t) is the exciting vertical electric field that can
be considered as unvarying in the height 0 <z <hi

[uie (X, t)]z - T ES(x z,t)z | = —[hi E2(x,0, t)]

The boundary conditions for

the scattered voltage
luis (X, t)J

vector are given by:

luf ©.0]= -z Jis @]+ [nE5 (0.0.0)

luis(l-’t)Jz_[ZB][ii(L’t)]"'lhiE?i(L’O’t)J
Where 1Za] ang [Z6]

terminations.

The equivalent circuit for infinitesimal section of a lossless
line is presented in Fig. 2.

and are the matrices of the line
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Fig.2 Equivalent circuit of Agrawal et al coupling equations for the case of a
lossless multiconductor line.

I11. ANALYSIS OF INDUCED OVERVOLTAGE

In the following a three-phase line is analysed. The
considered geometry is represented in Fig.3. The phase
conductors are located at a height of 10 m. The radius of the
conductors is 9.14 mm. The ground wires are located at 3.05
m over the phase conductors and their radius is 3.96 mm. The
line is 1 km long. The stroke location is at 50 m from the line
centre, at the same distance from the two terminations. Each

conductor is terminated on its characteristic impedance
determined in absence of the other conductors. The adopted
channel base current is the one represented in Fig. 4. The
velocity of the return stroke is v = 1,3.10° m/s , the channel
height is 7.5 km. We note that the ground is always
considered like a perfect conductor [8, 9].
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Fig. 3 Power line configurations for the analysis (4, and 5 ground wire), a) 1
conductor in each phase, b) 2 conductors in each phase
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Fig. 4 Typical lightning current over 50 s

A. Multiconductor line without a shielding cable

Fig. 5 shows induced-voltages calculated at the line
extremities, for the horizontally-configured line, the highest
reduction occurs for the middle one (conductor 2 in Fig. 3).
We also note that the induced-voltage in conductor 1 and 3 are
superposed. The shielding effect due to the presence of other
conductors is much more important and remarkable when
each phase is fractionated in two conductors which is shown
in Figure 5-b.
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Fig. 5 Induced-voltage on horizontal multiconductor overhead line without
shielding wire, a) the three phase conductors, b) each phase divided by 2
conductors

B. Influence of the shielding wire

To illustrate the reducing effect of a shielding conductor,
we have considered both a single-wire configuration and the
same three-phase configurations examined previously with the
presence of the shielding wire grounded at line extremities
(conductor 4 and 5 in Fig. 3).

For the configuration with a 1 km single-conductor, the
shielding wire was placed successively above and under a
single phase-conductor at two different heights, namely 7 or
13 m (the single-wire height is 10 m).

Figure 6 shows the induced-voltage at line terminations of a
single phase conductor with and without the presence of the
shielding wire. It can be seen that the shielding wire is more
efficient in mitigating the induced-voltage when it is placed
above the phase conductor.

Figure 7 shows the effect of the ground wires on the
induced-voltage on the three conductors. It can be seen that
the peak value of the induced-voltage is significantly reduced.
The induced current in the shielding wire is represented in
figure 8.
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Fig. 7 Induced-voltage on the three line conductors of a multiconductor
overhead line with, a) 1 shielding wire, b) 2 shielding wire
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Fig. 8 Induced-current in the end of the shielding wire (Conductor 4 for the
horizontal configuration).

C. Three-phase line without ground wires and with surge
arresters

Besides, the line has been analysed when terminated on
non-linear loads: each conductor, in this case, is terminated at
both ends on its characteristic impedance R_ in parallel to a
Zn-0 surge-arrester, inserted to “protect” the load R, (Fig. 9).

Surge
arrester
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Fig.9 Non-linear load terminating the phase-conductors

The Zn-O surge-arrester has been modelled by
i=K(V/Vier)" ,with k = 2,5 KA, n= 24 and v,= 40 kV (Fig.10).
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Fig.10 Characteristic of the Zn-O surge arrester [12]

The nonlinear surge-arresters play a significant role in
limiting the induced overvoltages. This is well remarked in
Figure. 11.
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Fig. 11 Induced overvoltage on three line conductor terminated on non-
linear loads

IV.SURGE PROTECTION OF SYSTEMS

The photovoltaic system coupled with an overhead network
is schematized in figure. 12

R S
Loads
N
Champ Onduleur
photovoltaigue synchrone
PV array Synchaneous

inverter

Réseau
Grid

Fig. 12 PV array coupled with overhead network

The protection of photovoltaic systems coupled to the
overhead electrical networks is performed primarily by
limiting induced voltage by the indirect effect of a lightning
strike on overhead lines (working section I11).

The principle of the protection of the photovoltaic system
side is carried out as follows [13]:

o Interconnection of the masses by bare copper cable

between the PV array and inverter.

e Grounding of the masses.

o Floating photovoltaic generator.

e Connection PV array / inverter with

protection.

o Insulation monitoring device generally integrated in the

inverter.

reinforced
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Fig. 13 protection of the photovoltaic system side [13]

e Surge arresters on DC Circuit:
» Bipolar in junction (varistor characteristics of zinc
oxide) with integrated thermal disconnection.
» Bipolar inverter input.
e Surge arresters on alternative circuit:
» TT modular type for high flow capacity of
distributor network.

V. CONCLUSIONS

The knowledge of induced voltage will aid the designer for
the appropriate design of solar power system as well as its set
up in a proper way. In our study, we have observed the effect
of indirect lightning strike on an overhead lines witch coupled
with a solar power system.

Lightning induced-voltages on multiconductor lines are
computed using MTL model for the return stroke field
calculation and the Agrawal et al. coupling model for field-to-
transmission line coupling calculations.

Voltages induced on 1 km long three phase power lines by
a subsequent return stroke with a striking point close to the
line equidistant to the line terminations have been calculated
in order to assess the shielding effect of a multiconductor and
the ground wire. It has been shown that:

e The induced overvoltage on a phase of a
multiconductor line is affected by the presence of
other conductor. For the examined cases, the
induced-voltages on each of the line conductors are

[t

[2]

(3]

[4]

[5]

(6]

(7

(8]

Parafoudres et Contrdleur Permanent
d’Isclement (CPI}
genéralement intégrés dans l'onduleur
Surge protective devices and Insulation
Permaneant Controller {(IPC) are generaly
integrated inside the inverter

generally 15 to 25% lower than those corresponding
to a single phase placed at the same height.

e The presence of the shielding wire allows to reduce

the peak value of the induced-voltage about 40%
(horizontal with two shielding conductors).

e The presence of non-linear loads (Surge arresters) at

the termination of the line plays a significant role in
limiting the induced overvoltages.
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