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Abstract. The paper deals with protection of electrical and electronic equipment of a structure against lightning overvoltages penetrating its
installation. The protection is assumed to be performed according to the concept of lightning protection zones (LPZ) [4], [6]. In order to recognize the
conditions for efficient selection, location and coordination of overvoltage protection measures, adequate laboratory tests and computer simulations
in PSpice computer program of overvoltages in different arrangements have been developed. Obtained results have been in the paper presented
and discussed

Streszczenie. Artykut dotyczy ochrony elektrycznego i elektronicznego wyposazenia obiektu przed przepieciami atmosferycznymi, wnikajgcymi do
instalacji obiektu. Zaktada sie, ze ochrona ta ma byc¢ realizowana zgodnie z koncepcjg stref ochrony odgromowej (LPZ) [4], [6]. Aby rozeznaé
warunki skutecznej selekcji, lokalizacji i koordynacji Srodkéw ochrony przeprowadzono odpowiednie badania laboratoryjne i symulacje komputerowe
przepie¢ w réznych uktadach przy zastosowaniu programu PSpice. W artykule przedstawiono i oméwiono uzyskane wyniki. (Symulacje

komputerowe urzadzen ochrony przepieciowej wykorzystywane do tworzenia prawidtowej ochrony przepieciowej )
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Introduction

It is important to know, how significant is not only
coordination between SPDs and devices to be protected,
but also the coordination between all other protective
measures involved to protect these devices with their
circuits. Consequently, the progressive concept of up-to-day
protection against lightning overvoltages should take into
consideration not only conditions accepted for present
International Standards [2], [3], [4], [5], [6] but also the
conditions resulting from the nature, configuration and
parameters of the circuits with their loads, what has been
ignored in the Standards. Every structure with its equipment
has specific features, which may modify significantly the
overvoltage conditions for different circuits.

Cases of overvoltage occurrence

The lightning channel, down conductors, earth
terminations, ends of incoming lines and circuits connecting
these lines with devices of the structure equipment to be
protected belong to main elements of real arrangement
under consideration. The tests have been focused to the
measuring of voltages in the points located at the beginning
and at the end of the circuits connecting the incoming lines
with the devices to be protected. The voltages in these
points depend not only on their initial sources but also on
the circuit features and parameters as well as on the
applied protection measures.

Basic protective measures consist of surge protective
devices (SPD) [2], [3]. In order to look consciously for the
suitable SPD positioning [1] one should recognize all
locations of the lightning, at which overvoltages may
appear. These locations, according to the standards [4], [5],
are following: the LPS (lightning protection system) of the
structure, the structure surroundings, the lines entering the
structure, and the surface near to the lines.

In the first location the overvoltages arise on the LPS
earthing resistance and are transmitted through the bonding
bar and SPDs to the protected circuits and to the incoming
lines. Moreover additional overvoltages may appear due to
magnetic coupling of lightning channel with internal circuits
to be protected.

In the second location the overvoltages may appear in
internal circuits due to their magnetic coupling with lightning
channel. Resistive coupling through the ground and buried
conductive parts are not excluded.

In the third case of location the appearing overvoltages
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are limited to the level of line insulation withstand voltages
and to the level of voltage drops caused on the way of
lightning current to the ground. Additional overvoltages may
also appear in the internal circuits to be protected due to
their magnetic coupling with lightning channel.

In the last (fourth) case of location the overvoltages may
be induced both in the incoming line and in the internal
circuits to be protected.

Arrangements and procedures
Two arrangements presented schematically in Fig. 1 and in
Fig. 2 have been taken into account.

Fig. 1. Investigated arrangement (dim. are given in cm)

Fig. 2. Scheme of investigated shielded arrangement

The circuit of first arrangement (Fig. 1) is without shield
and has been selected for laboratory tests only in order to
assess the influence of induced voltages. The second
arrangement (Fig. 2) is equipped with metallic shield in
order to eliminate influences of inductive voltages and this
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arrangement has been just used for PSpice computer
simulations.

PSpice Simulations

For PSpice computer simulations the arrangement of
Fig. 2 with varistor SPD [7], [8] has been replaced by the
scheme as shown in Fig. 3. It consists of the current
generator, the connecting line with terminals AB for devices
to be protected and the SPD at its entrance.
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Fig. 3. Scheme of shielded arrangement with spark-gap used for
PSpice simulations
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Fig. 4. An example of simulation: residual voltage on varistor for
three different length of the wires between SPD and protected
device (R =10 Q) : 6a) 8m, 6b) 10m and 6¢) 12m.

Wave shapes of the current for the first and subsequent
strokes simulated by the impulse generator of the scheme
(Fig. 3) have been described by Heidler relation:

/ (t /z )10
(1) =—— VYV _exp-t/r
k 1+(t/r1)10 ( 2)
where: | - current peak value; k - correction factor; t — time;
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14 - front time constant; 15 - tail time constant.

Three line lengths have been assumed: 8, 10 and 12 m.
For the length of 10 m the critical value of loading
resistance R = 10 Q connected between AB terminals has
been applied. For SPDs at the line entrance the protection
level of 2kV has been assumed. Simulation results are
shown in Fig. 4

Simulations show that the distance between SPD and
the protected device as well as its resistance are very
important. Successive diagrams in Figure 4 show that the
distance is coordinated with critical value of loading
resistance. When the resistance value is greater than
critical one the overvoltage on the device terminals
increases and additional SPD is needed. It is easy to state
that the length of 10 meters is a critical value for this
arrangement, when the protected device is free from
overvoltages.

Laboratory tests

In order to confirm the simulation results and to
investigate the meaning of induced voltages the laboratory
tests have been undertaken in accordance with the
arrangements given in Fig. 1 and in Fig. 2. The test scheme
has been explained in Fig. 5. Current generator produces
impulses with the shape close to 10/350. Such impulses
were injected in point P4 (Fig. 1 and 2) to the circuit
connecting the incoming line or impulse generator with the
device to be protected. This circuit is of different length.
780 cm long and the distance between its parallel horizontal
conductors (with 0,3 cm diameter) is equal 5 cm. It is
connected to the protected device, which parameters (R=
0,9 O and L = 10 pH) have been so selected that the
possible reflections could be limited to a minimum. The
reflections might be a reason for voltage increase at
terminations of protected device. The conductors in SPD
branches were as short as possible. They were inserted to
the circuit alternatively in points P2 and P3 (Fig. 1). The
voltage drops on these conductors could also increase the
voltages at the terminations of the protected device.

SPD being a single varistor with protection level 0,8 kV
have been selected for investigation, located at the end (p.
P2) and alternatively at the beginning (p. P3) of the circuit.

Impulse currents have forced every time the voltages in
point Py and alternatively in points P, or Ps according to the
sequence resulting from items 1) and 2). In this way it was
possible to observe the changes of voltages appearing on
the protected device, when the SPD was located in greater
and smaller distances from this device. Measurements of
these voltages (in points: Py, P, and Ps;) have been
performed according to the impulse generator scheme
presented in Fig. 5.

Fig. 5. Scheme of impulse current generator with measuring sets

Among basic data of impulse generator parameters
there are: main capacity of the current impulse generator C
= 0,8 mF; parallel resistance R = 1,05 MQ; inductance of
discharge circuit L = 23 nH; resistance of discharge circuit
Ri = 13,5 Q; the range of loading voltage U, could be
changed within the limits up to 10 kV.

The components assigned for measurements contained
two their sets: current measuring set and voltage measuring
set. The current measuring set consisted of the shunt Rs =
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2,1 mQ with fitting resistance R,. Measured impulses taken
from the shunt were sent to the digital oscilloscope. The
voltage measuring set consisted of voltage divider D (Fig. 5)
with the fitting resistance R; = 75Q. The voltage ratio of the
divider was defined as 6 = 200. Measured voltage impulses,
taken from the divider, were sent also to the digital
oscilloscope and allowed to register the voltage changes
and to form the archives.

For voltage measurement in different points of the
relevant arrangement, namely in points P, P, or Ps, the
divider was switched over from one of these point to
another according to the program of investigations. The
voltages measured in these points have been distinguished
by corresponding symbols: Up1, Up2, and Ups.

The loading voltage U, was changed during the
measurements within the limits from 1 kV to 6 kV

Test results and comments

The case of unshielded arrangement of Fig. 1 is
considered. Due to impulse currents injected in point P4 the
voltages appeared in points P1 and P, as well as in points
Py and P; of the circuit and they were measured in due
sequence. Obtained results consist of a set of voltage
values and registered their curves. The values obtained for
all investigated arrangements have been specified in
table 1. Comparing these values one can easily state that
the voltages on the protected device (Up1) are strongly
dependent on the distance to the protecting SPD. The way
of its installation and the values of loading voltages are also
important.

Table 1. A set of results obtained for arrangement with varistor

Loading Arrangement and measured voltages

voltage At the end At the beginning

Ui [kV] Upo [kV] Upq [kV] Ups [kV] Upq [kV]
3,0 0,84 0,86 0,84 1,60
3,5 0,84 0,88 0,85 1,80
4,0 0,86 0,90 0,85 1,85
4,5 0,88 0,90 0,88 1,90
5,0 0,88 0,95 0,88 1,92

Analyzing obtained voltages one can state unexpectedly
that voltages Upz and Upsz are greater than Upq (see item 1
at Uy = 3,5kV and item 2 at Uy = 1,5 kV).

Fig. 6. Curves of voltages: a) Up1, b) Ups, registered in arrangement
item 1) at beginning and U; = 3 kV

Two examples of registered voltages are shown in Fig.
6. They have been selected to compare the change of
voltages on the protected device at different SPD locations
for Uy = 3 kV. Fig. 6 allows comparing the voltages Up1 and
Ups for arrangement equipped with one varistor SPD. The
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curves are different and obtained voltage values are
different. The voltage Up+ is above 30 % greater than Ups,

Shielded arrangement was almost the same, but the
circuit was placed in metallic pipe grounded on both ends
as in Fig.2. Diameter of the pipe was equal 15 cm and its
length - 760 cm. Thickness of the pipe metal was 1 mm. For
the test the same generator was used. the results are
shown in table 2

Table 2. A set of results obtained for shielded arrangement

Loading Arrangement and measured voltages at the beginning

voltage two composed SPD varistor as SPD

U [kV] Ups [kV] Up1 [kV] Ups [kV] Up1 [kV]
4,0 1,30 1,30 650 650
5,0 1,36 1,40 670 670
6,0 1,40 1,45 730 740
6,5 1,50 1,45 750 750

Conclusions

» Voltages appearing on protected devices are, as a rule,
greater than voltages on SPD and the difference
increases with a distance between them.

* The voltages appearing during the tests on protected
devices depend distinctly on loading voltage values and
the distance of SPD installation.

» The way of SPD installation influences considerably its
efficiency.

» Simulations in PSpice showed the same results as
laboratory tests.
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