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The paper considers the possibility of improving the technical characteristics of gas surge arrest-
ers for the co-ordination of insulation at low voltage, medium voltage and high voltage levels. The
idea for improving the characteristics of a gas surge arrester is based on the application of the ra-
dioactive source 24!Am in the area of the surge arrester cathode. Intensive ionization with alpha
particles significantly increases the number of free electrons in the space between electrodes,
which shortens the time of their transition to initial electrons. This changes the Paschen curve of
the gas surge arrester, narrows and flattens its impulse characteristic and reduces the stochasticity
of the response of the gas surge arrester. All this results in a significant improvement in the charac-
teristics of the gas surge arrester at all voltage levels. This improvement is particularly noticeable
in the case of low voltage surge arresters. The paper is basically theoretical-experimental research.
The experiments were performed under well-controlled laboratory conditions. The combined

measurement uncertainty of all measurements was acceptable.
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INTRODUCTION

The principle of overvoltage protection is to
connect the components, which are protected, in paral-
lel with the overvoltage protection. The surge protec-
tion should meet the requirements: has an infinite re-
sistance for voltages lower than the nominal voltage of
the component being protected, it has a low resistance
for voltages higher than the nominal voltage of the
component being protected, and the capacitance is sig-
nificantly lower than the capacitance of the compo-
nents being protected.

The principles of overvoltage protection are the
same, regardless of the voltage level at which protec-
tion is performed. For this reason, the components for
overvoltage protection are the same, or rather very
similar [1-3]. The most important parameters of the
quality of protective components are: speed of re-
sponse, tolerable current, and reversibility of charac-
teristics after operation [4, 5].

Overvoltage protection components are: diodes,
varistors, and gas surge arresters. Diodes are the fast-
est surge arresters. Their disadvantage is the relatively
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low value of the current they can conduct (low power).
Likewise, a disadvantage is the relatively frequent
possibility of destruction, with the loss of the ability to
perform the protection function. Varistors have a
slower response than diodes. They can conduct a sig-
nificantly higher current without irreversible changes
in characteristics. However, if the current that the
varistor conducts is much higher than the minimum
value, irreversible changes can occur in its characteris-
tics and possibly destruction (with the loss of the pro-
tection function). The slowest of all surge protection
components are gas surge arresters. However, gas
surge arresters have an unlimited ability to conduct a
current with small irreversible changes (while retain-
ing the protective function). As a disadvantage of gas
surge arresters, it is often stated that the value of the
nominal breakdown voltage is a stochastic quantity. It
shows that the stochasticity of the value of the nominal
breakdown voltage depends on the shape of the
overvoltage pulse [6]. In addition to surge protection
components, hybrid circuits containing different types
of filters (together with surge protection components)
are often used [7, 8]. The aim of this paper is to exam-
ine the possibility of improving the characteristics of
gas surge arresters by applying ionizing radiation.
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GAS SURGE ARRESTERS

Gas surge arresters work on the principle of electri-
cal breakdown of gases. The manner of functioning, ad-
vantages and disadvantages of gas surge arresters do not
depend on the voltage level for which they are designed.
However, the methods that could influence the character-
istics of gas surge arresters differ due to the different
breakdown mechanism between gas surge arresters for
the low voltage level, gas surge arresters for the medium
voltage level and high voltage level. Namely, gas surge
arresters that are used for co-ordination of insulation at
the low voltage level work in the area of the combined
breakdown mechanism where the gas breakdown takes
place by the anomalous Paschen effect, the Townsend
mechanism and the streamer mechanism. Gas surge ar-
resters used for insulation co-ordination at the medium
and high voltage level work in the area of the streamer
breakdown mechanism [9, 10]. The anomalous Paschen
gas breakdown mechanism occurs in the border regions
between the vacuum breakdown mechanism and gas
breakdown mechanism. In that area, the breakdown
takes place by a mechanism that is essentially close to the
Townsend mechanism. That is, for the self~-maintenance
of the avalanche mechanism of electric discharge in the
case of the Paschen mechanism, secondary processes ac-
tive on the electrodes (ion discharge, photoemission, dis-
charge with metal ions) are necessary. The primary pro-
cesses in the case of the anomalous Paschen
breakthrough mechanism are processes active in the gas
(ionization by positive ions, photoionization, ionization
by metastable atoms or ions). The only difference be-
tween the anomalous Paschen mechanism and the
Townsend mechanism is that the breakdown in the case
of the anomalous Paschen minimum does not take place
along the shortest electric field line (i. e., the line of maxi-
mum electric field) but along some longer field line that
provides minimum energy consumption. The anomalous
Paschen breakdown mechanism occurs at points to the
left of the Paschen minimum and leads to flattening of the
Paschen curve, i. e., to a constant value of the breakdown
voltage. Such a phenomenon is a consequence of the fact
that Paschen's curve is the dependence of the value of the
breakdown voltage on the product of pressure and
interelectrode distance (i. e., pressure and the length of
the trajectory of the spark that makes the breakdown),
[11, 12]. The Townsend breakdown mechanism is char-
acteristic for points to the right of the Paschen minimum
in the regions of the product of pressure and
interelectrode distance close to the minimum. This
means that the Townsend breakdown mechanism occurs
at the rising points of the Paschen curve. The primary
processes of electrical breakdown by the Townsend
mechanism are active in the gas, and the secondary pro-
cesses are active at the electrodes. In this way, the break-
down mechanism does not differ from the breakdown
mechanism by the anomalous Paschen mechanism.
Breakdown by the anomalous Paschen mechanism and

breakdown by the Townsend mechanism occur at
underpressure of the order of 10*-107'° Pa and small
values of the interelectrode distance (0.1-1 mm).

Electric breakdown by the streamer mechanism
occurs when the density of electrons created by the pri-
mary processes of electric discharge in gases equals
the electron density of the primary avalanche. This ef-
fect occurs when the amount of charge in the primary
avalanche reaches a sufficient value to significantly
increase the field in the direction of the electrodes,
which leads to the ionization phenomenon in the
gases. These ionization phenomena thus generate the
free electrons needed to maintain the avalanche break-
down. The streamer breakdown is characterized by a
large number of partially ionized channels (streamers)
that arise in the interelectrode space. When one
streamer bridges the interelectrode space, a current
flows through it. This current, by the Joule effect,
heats the streamer and leads to thermoionization of the
gas in it. The appearance of the thermoionization of
the channel bridging the interelectrode space creates
the conditions for a breakthrough by the streamer
mechanism [13]. The streamer mechanism is active in
all areas where the Townsend mechanism does not oc-
cur. From the aspect of gas surge arresters, it is impor-
tant to note that the mechanism of the gas break-
through in low voltage arresters is of the Townsend
type, and in the case of medium voltage and high volt-
age arresters of the streamer type. Considering the
mechanisms of gas breakdown, it was assumed that
there is an electric field in the interelectrode space that
allows the electron on the mean free path length to gain
energy to ionize the atoms of the insulating gas mole-
cule. Such a field value is called critical. This kind of
breakdown can be realized with all types of voltage.
Especially important are DC and impulse voltage
types. The DC breakdown occurs when the rate of
change of the electric field is much higher than the rate
of elementary electrical discharge processes in gases.
Impulse breakdown occurs when the rate of change of
the electric field is of the same order of magnitude as
the rate of elementary electrical discharge processes in
gases. The DC breakdown voltage is a deterministic
quantity, i. e., type A measurement uncertainty for its
experimental determination is zero. The impulse
breakdown voltage is a stochastic quantity, i. e., type A
measurement uncertainty for its experimental determi-
nation is greater than zero [14, 15].

Since overvoltage phenomena in networks at all
voltage levels occur in pulse form (standard impulse
voltage 1.2/50 ps for lightning impulse overvoltage
and 250/2500 ps for switching overvoltage, approxi-
mately) special attention should be paid to impulse
breakdown. Figure 1 shows the impulse wave shape of
the gas breakdown.

In fig. 1, 7, is the statistical time. The statistical
time is the time that elapses from exceeding the value
of the DC breakdown voltage Uy to the appearance of
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the initial electron. The ¢, is the time of avalanche for-
mation, i. e., time from the appearance of the first ava-
lanche to the formation of the main discharge. In the
same figure, f;is the so-called formative time required
for the formation of the thermal channel of the spark
[16].

Unlike the value of the DC breakdown voltage,
which can be determined numerically, the impulse
breakdown voltage is characterized by so-called im-
pulse characteristics. The impulse characteristic rep-
resents a smooth curve in the voltage-time plane where
the impulse breakdown voltage value of a certain
probability quantile is expected to be. In order to ex-
perimentally determine the impulse characteristic, a
very large number of measurements (theoretically an
infinite number of measurements) of the impulse
breakdown voltage would be required. Since this is
practically impossible, the law of surfaces is used in
practice [17, 18].

DETERMINATION OF IMPULSE
CHARACTERISTICS USING THE LAW
OF SURFACES

The stochasticity of the random value of the im-
pulse breakdown voltage results from stochasticity of
statistical time, fig. 1. Namely, in the interelectrode
space there are always free electrons that are created
by collision processes [19]. However, these free elec-
trons are not necessarily initial electrons.

Namely, in order for a free electron to become
the initial electron, it needs to be in a place in the elec-
tric field where it can, on one length of the free path,
take over from the field enough energy to start the ava-
lanche process. Since this process takes place in time,
a time-dependent impulse characteristic is obtained.

Experimental determination of impulse charac-
teristics is very difficult. It is impossible because for
small probability quantiles it is associated with an ex-
tremely large number of measurements with different

wave shapes of impulse voltages. For this reason, a
semi-empirical method based on the law of surfaces is
used to determine the impulse characteristics. The
same law can be applied to the determination of the
minimum withstand voltage of arbitrary gas insulation
[20, 21].

The law of surfaces is derived based on the
proven fact that the plasma velocity in the
interelectrode space is proportional to the value of the
electric field

v(x,t)=K[E(x,t)~Eg] (1)

where x is the spatial co-ordinate, ¢ — the time, k — the
constant of proportionality, and Ep — the electric field
that corresponds to the DC break down voltage Us.

The electric field can be represented as a product
of two functions

E(x,t)=u(t)g(x) 2)

where g(x) is a function determined by the electrode
configuration.

After distributing the variables x and ¢, the inte-
gration can be performed

L+t, L+t,
et (TG TA LT
, &)
where # is the moment in time when the impulse volt-
age becomes equal to the value of the DC breakdown
voltage Ug, and #, + t, — the total time of the impulse
breakdown.

Based on eq. (3), it can be concluded that there is
a constant surface between impulse voltage u(#) and
voltage Uy, during breakdown ¢, fig. 2.

This conclusion makes it possible to determine,
on the basis of a representative statistical sample ob-
tained by one form of impulse voltage, the impulse
characteristics of an arbitrary quantile of probability
for these forms of impulse voltage. The procedure for
determining the impulse characteristics based on the
law of surfaces is to fit the random variable value of
the impulse breakdown voltage with the best theoreti-
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Figure 2. Graphic interpretation of the voltage-time
plane where the law of surfaces applies (where Fis a
constant area in the voltage-time plane)

cal statistical distribution: the value of the impulse
breakdown voltage for the desired probability quantile
is taken from the obtained distribution, calculation of
times ¢, and ¢, + ¢, based on the known wave shape of
the impulse voltage and the value of the DC break-
down voltage Up, calculation of the area between the
impulse voltage and the DC breakdown voltage value
for the desired probability quantile based on eq. (3),
and calculation of the impulse characteristic for the de-
sired probability quantile. The described procedure
for calculating the impulse characteristics is very im-
portant in the case of small probability quantiles, since
the corresponding values are difficult to determine ex-
perimentally [22]. In engineering practice, two im-
pulse characteristics are usually determined by the 0.1
% and 99.9 % quantile probability. In this way, an area
is obtained in the voltage-time plane where almost all
values of the impulse breakdown voltage are located
(regardless of the form of the impulse voltage).

EXPERIMENT

Since the impact of ionizing radiation on the re-
sponse of gas surge arresters at low voltage, medium
voltage and high voltage levels is considered in the paper,
three models of gas surge arresters were used for the
range of product values pd (pressure x interelectrode dis-
tance) and for three voltage levels. The gas surge arrester
model for the low voltage level is designed for the pd
value from 10 bar mm to 1 bar mm (1 bar = 100 kPa).
Variable pressures ranged from 1 mbar to 1000 mbar, and
the interelectrode distance from 0.1 mm to 1 mm. The
zero distance between electrodes was determined by
measuring the ohmic resistance. The interelectrode dis-
tance was adjusted with a high-precision (electronic) mi-
crometer system. The measurement uncertainty of set-
ting the working pd point of such procedure type B was
0.3 % [23, 24]. Figure 3(a) shows a schematic diagram of
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Figure 3(a). Cross-section of a gas surge arrester model
for low voltage insulation co-ordination
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Figure 3(b). Diagram of the gas circuit for adjusting

the pressure of the SF6 gas in the gas arrester model for

the coordination of the insulation at the low voltage level;
1- gas surge arrester model, 2—mechanic vacuum pump,

3 — diffusion vacuum pump, and 4 — molecule vacuum
pump, are two-position valves, is a dosing valve (needle

valve)

the chamber-model of a low voltage gas surge arrester.
The chamber-model from fig. 3(a) is designed for nega-
tive pressure. The overpressure in the chamber is set to a
value corresponding to the temperature of 0 °C. The pu-
rity of gas in the chamber was extremely high. Namely,
the chamber was repeatedly vacuumed and flushed with
working gas before filling with working gas to the set
pressure (which was reduced to the appropriate value at
0 °C). Figure 3(b) shows the gas circuit for filling the
chamber. The interelectrode distance was variable. For
each distance, other pairs of Rogowski electrodes were
made in accordance with the laws of similarity for gas
discharge [25, 26].

Rogowski type electrodes provided a pseudo-ho-
mogeneous electric field, but without the undesirable
edge effects. Chamber sealing was extremely reliable.
This was achieved by applying adequate procedures and
it worked despite the extremely small atom of He gas
with which the chamber was filled. A hole was made at
the cathode of the chamber with a width larger than the
mean free path length of electrons in the gas at the work-
ing pressure (this was done to take advantage of the hol-
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low cathode effect [27]). A radioactive source of **!Am
was placed in that hole, emitting a-particles. The >*' Am
source was screened at the electrode potential to be pro-
tected against spark shock during breakdown. The gas
surge arrester model for the medium voltage level is de-
signed for a product value pd from 1 bar mm to 20 bar
mm. The applicable pressures ranged from 1 bar to 4 bar,
and the interelectrode distance from 1 mm to 10 mm. The
cathode was mounted on an external micrometer screw
and then fixed. The zero interelectrode distance was de-
termined by measuring the ohmic resistance. The
interelectrode distance was determined by a micrometer
screw to which a variable cathode was attached. Type B
measurement uncertainty was observed at 0.4 % [28].
Figure 4(a) shows a model of the medium voltage gas
surge arrester chamber. Figure 4(b) shows the gas circuit
for filling the model chamber.

The chamber-model of the gas surge arrester was
designed for overpressures (when designing for
overpressures and underpressures, it is important to
properly profile the O-rings). The pressure in the
chamber was adjusted to 0 °C the purity of the gas in
the chamber was extremely high. Namely, the cham-
ber was repeatedly vacuumed and flushed with a

working gas before filling with a working gas for the
set pressure to the appropriate value reduced to 0 °C.
The interelectrode distance was variable.

Rogowski electrodes were used. As in the case
of the chamber-model, for each interelectrode dis-
tance, another pair of electrodes was used in accor-
dance with the law of similarity for gas discharges.
The chamber-model of medium voltage surge arrest-
ers did extremely well. The fact that the working gas
was SF6 also contributed to this.

The chamber-model gas surge arrester for high
voltage level is designed for product value pd from
10 bar mm to 300 bar mm. Applied pressures ranged
from 1 bar to 6 bar, and the interelectrode distance
from 10 mm to 30 mm. Zero distance between the
electrodes was determined by measuring the ohmic
resistance. Interelectrode distance was determined
by precise threading of the cathode support. Type B
measurement uncertainty of the operating point ad-
justment was 0.5 %. Figure 5(a) shows the diagram of
the chamber-model of the high-voltage gas surge ar-
rester. The chamber-model from fig. 5(a) is designed
for overpressures. The pressure in the chamber is set
to overpressure as in the case of the chamber-model
of the low-voltage arrester. Figure 5(b) shows dia-
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Figure 5(a). Cross-section of a gas surge arrester model
for high voltage insulation coordination

gram of the gas circuit for adjusting the pressure of
the SF6 gas in the gas arrester model for the co-ordi-
nation of the insulation at the high voltage level.

In all chambers the described electrodes of the
Rogowski type were used. The Rogovski-type elec-
trodes used in all chambers satisfied the law of similar-
ity for electrical discharges in gases. The electrodes
were always made of tungsten. Tungsten as a material
provided optimal synergy between the melting point
and thermal conductivity which minimized the change
of topography of electrode surfaces during multiple
breakdowns. In this way the irreversibility of character-
istics of the isolation system that was experimented
with was achieved. In order for this effect to be even less
noticeable, the chamber-model was grounded through a
resistance of 100 MQ, which significantly reduced the
spark current.

In the case of the chamber-model for low voltage
level a scheme of the pulse generator given in fig. 6 was
used. The generator was adjusted so that it could give
pulses of approximately 1 kV (us)™, 2 kV (us)™!, 3 kV
(us)™', 5 kV (us)™, 10 kV (us)™, 20 kV (ps)™, 30 kV
(us)™!, S0 kV (us)™!, 100 kV (us)™ and 200 kV (ps)™.

The value of the DC breakdown voltage required
to determine the impulse characteristics was deter-
mined mathematically using the conditions for the
Townsend breakdown mechanism and the streamer
breakdown voltage with the help of known values of
Townsend coefficients [29, 30].

For that procedure, the required value of the field
in the interelectrode space was determined by the
charge simulation method [31].

For the chamber-model of the high-voltage surge
arrester a multi-stage Max generator, fig. 7, was used and
on the Max generator it was possible to obtain voltages of
100 kV (us)™, 200 kV (us)™!, 435 kV (us)™! and 640 kV
(us)™! by combining resistance values.

The generator and associated resistors were of
the commercial type from Hetely. The value of the DC

Figure 5(b). Diagram of the gas circuit for
adjusting the pressure of the SF6 gas in the
gas arrester model for the coordination of
the insulation at the high voltage level;

1 — gas surge arrester model, 2 — mechanic
vacuum pump, 3 — diffusion vacuum pump,
and 4 — molecule vacuum pump, are
two-position valves, is a dosing valve
(needle valve)
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Figure 7. Scheme of the standard Max generator

breakdown voltage was determined numerically by a
mathematical procedure for the needs of the impulse
characteristics of the chamber-model of the low volt-
age surge arrester. The measurement procedure itself
for all chamber-models consisted of measuring 100
impulse breakdown voltage values with breaks be-
tween two consecutive 1 minute breakdowns. With
each form of impulse voltage 100 measurements were
made.

The statistical processing of the experimental re-
sults within one statistical sample of the random vari-
able impulse breakdown voltage is performed as fol-
lows: by applying the Chauvin criterion of rejecting
suspicious measurement results.

By applying the U-test to subsamples of 10 chro-
nological samples each, the affiliation of these random
variables with a simple statistical sample was checked;
determination of the first, second and third central mo-
ment of the statistical sample; the statistical distribu-
tion of random variables was determined on the basis

of maximum statistical reliability, and application of
the y’-test and the Kolmogorov test for checking the
belongingness/affinity? of the random variable im-
pulse breakdown voltage to the obtained statistical
distribution. All experimental procedures were per-
formed under well-controlled laboratory conditions.
For all experimental procedures, the combined mea-
surement uncertainty was less than 8 %.

CALCULATION OF THE ELECTRIC
FIELD IN THE INTERELECTRODE
SPACE AND CALCULATION OF THE
DC VOLTAGE VALUE

Knowing the electric field in the interelectrode
space is important for any quantitative analysis of the
electric discharge process in the interelectrode space.
It should be borne in mind that the initial distribution
of the field will be significantly changed by the spatial
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Figure 8. Cylindrical electrodes with fictitious charges contour and control points

electrification created during development of the
breakdown [32].

The evaluation of non-analytical spatial distri-
bution of the field in the interelectrode space, by the
analytical sample method, using analogue analytical
networks and the use of probes [33] is replaced by
more adaptable and accurate numerical methods of the
Laplace equation with the use of digital computers. In
that case, with the exception of the geometry of flat,
cylindrical and spherical coordinates, when comfort
mapping also gives satisfactory results, either the fi-
nite difference method or MK or the electrification
simulation method is used [34].

The finite difference method is based on an itera-
tive procedure in which the interelectrode space is di-
vided into a grid of variable pitch. The potential of each
step is determined by successive approximations whose
convergence can be improved by applying over-relax-
ation or accelerated finite difference formulas.

This method is effective in calculation of
axisymmetric 3-D systems, but in asymmetric systems
the field becomes too complex.

The program for calculation of electric fields
consists of inserting a number of fictitious (simulated)
charges and the same number of control points based
on analytical, geometrically defined, arc, long, spiral,
parabolic and hyperbolic elements of the electrode
contours, fig. 8.

Determining the course of the field lines is ac-
complished by connecting points known to lie on it
with straight lines, fig. 8. Control points allow field
lines to be checked with predetermined accuracy.
Once the field lines in the interelectrode space are de-
termined, then, based on the expected breakdown
mechanism, minimum voltage value, DC voltage
value, that lead to breakdown is calculated. This pro-
cess is done in an iterative procedure. Figure 9 shows a
block diagram of the DC breakdown voltage calcula-
tion using the mentioned procedure.

Setting electrode conture

|

Automatic placement of fictitious charges

| Y |

Calculation of fictitious charges

lterative calculation of minimum breakdown voltage

Assigning towsends coefficients

Figure 9. Diagram of the DC breakdown voltage
calculation using the mentioned procedure

As for checking the correctness of fulfillment of
breakdown conditions, it takes place in the following steps:
— Selecting the starting point of the field line along

which the fulfillment of the breakdown conditions
will be checked (it is done in such a way that for
breakdowns to the right of the P minimum, the
maximum field point is automatically adopted,
and for breakdowns to the left of the P minimum it
is set separately).
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— Calculation of the field line corresponding to the
starting point.

— Calculation of integral Joda(xi )dx;, where d is the

interelectrode distance and «(x;) the first
Townsend coefficient, along the isolated field
line. This integration after replacing the integral
with the sum ) " | ar(x; )Ax; where u is the number

of points of the observed line of the field, and Ax;
is their distance. The value of a(x;) would be ob-
tained based on the Townsend mechanism.

—  Verification of fulfillment of breakdown conditions
based on the expected breakdown mechanism.

RESULTS AND DISCUSSION

Figure 10 shows the characteristics obtained by
the chamber-model gas surge arrester for the low-volt-
age level (for the co-ordination of insulation at the
low-voltage level). The picture clearly shows that the
0.1 % and 99.9 % pulse characteristics obtained for the
same conditions are wider than the corresponding
pulse characteristics in which the cathode contained a
source of radioactive radiation. This effect is impor-
tant for engineering practice as it provides a deter-
mined operating voltage. Such a result corresponds
well with the results shown by the Paschen curves.

Figure 11 shows the impulse characteristics ob-
tained by the chamber-model gas surge arrester at the
medium voltage level (co-ordination of insulation at
the medium voltage level). The effect of ionizing radi-
ation is much more visible in the picture. It can be con-
cluded, from fig. 9, that the effect of ionizing radiation
in the gas surge arrester model largely excludes the
possibility that the surge passes the protection and
penetrates, with destruction, to the protected element.

Figure 12 shows the impulse characteristics ob-
tained by the chamber-model of the gas surge arrester for
the high-voltage level (for the co-ordination of insulation
at the high-voltage level). In fig. 12, the effect of ionizing
radiation is so noticeable that it almost completely pro-
vides protection to the protected element, i. e., a
high-voltage gas arrester with a radioactive source pro-
vides almost complete protection for the protected ele-
ment (except for some very fast overvoltages that occur
during nuclear explosions in the atmosphere).

The main purpose of the surge arrester to co-or-
dinate all voltage levels must be reliability and must
not allow the surge to pass to the protected element.
However, since the voltage response of a gas surge ar-
rester is a stochastic quantity, the problem of protec-
tion with it is the occurrence of stochastic peaks. For
this reason, the question of whether ionizing radiation
affects the reduction of stochastic peaks of the gas ar-
rester and thereby increases its reliability is of interest.

Figure 10. Impulse characteris-
tics of 0.1 % and 99 % quantiles
obtained by the method of sur-
face constancy for gas surge ar-
rester models on a low-voltage
level: without the application of
the ionizing radiation source
(lines 1 and 2, respectively), with
the application of the ionizing ra-

diation source (3 and 4,

0.60 1.20 1.80 240 3.00

respectively), and impulse
voltage (5)

4.20 T [us)

Figure 11. Impulse characteris-
tics of 0.1 % and 99 % quantiles
obtained by the method of sur-
face constancy for gas surge
arrester models on the me-
dium-voltage level: without the
application of the ionizing radia-

tion source (1 and 2, respec-

tively), with the application of the
ionizing radiation source (3 and
4, respectively), and impulse volt-
age (5)
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Figure 12. Impulse characteristics  U[V] 2
of 0.1 % and 99 % quantiles
obtained by the method of surface 90 G ;. 5
constancy for gas surge arrester 3 /
models on the high-voltage level:
without the application of the

i

T

ionizing radiation source (1 and 2, 15000+
respectively), with the application
of the ionizing radiation source (3

and 4, respectively), and impulse )

voltage (5)

Figure 13 shows the stochasticity of the response
of the gas surge arrester without the application of the
ionizing radiation source and with the application of
ionizing radiation. From fig. 13 it is obvious that the
effect of ionizing radiation significantly reduces the
occurrence of stochasticity in the response of the gas
surge arrester and thus significantly increases its effi-
ciency in protection against overvoltages at the low
voltage level.

Figure 14 shows the stochasticity of the response
of the gas surge arrester for the medium voltage level
without the application of the ionizing radiation
source and with the application of ionizing radiation.
In the case of a gas surge arrester, the effect of ionizing
radiation on the stochastic response of the gas surge ar-
rester for insulation co-ordination decreases signifi-
cantly. It is, in relative terms, much smaller than the re-

U k]|

2551
200+

1504 1

100+

f!
50__/\-‘/\/_\,‘_4\/\7/\/ o ‘/"\—/\/ \/x.u 2

060 1.20 1.60 2.40 3 3.'60 T [us]

Figure 13. Stochasticity of the response of the gas surge
arrester for the low-voltage level; 1 —without the applica-
tion of the ionizing radiation source and 2 — with the ap-
plication of ionizing radiation
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1DD_W 2
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Figure 14. Stochasticity of the response of the gas surge
arrester for medium-voltage level; 1 — without the appli-

cation of ionizing radiation source and 2 — with the appli-
cation of ionizing radiation
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Figure 15. Stochasticity of the response of the gas surge
arrester for high-voltage level; 1 — without the applica-
tion of the source of ionizing radiation and 2 — with the
application of ionizing radiation

petitive stochasticity that occurs in a low-voltage
surge arrester.

Figure 15 shows the stochasticity of the response
of the gas surge arrester for high voltage level without
the application of the source of ionizing radiation and
with the application of ionizing radiation. The effect of
ionizing radiation almost completely cancels the sto-
chastic peaks. This makes the gas surge arrester very
reliable for insulation coordination at the high voltage
level.

CONCLUSION

The paper examines the possibility of stabilizing
the operation of gas surge arresters for insulation co-ordi-
nation at low, medium, and high voltage levels. This
work is theoretical and experimental. In the theoretical
part, the algorithm for determining the impulse charac-
teristics and for the calculation of the DC breakdown
voltage is derived. When calculating the breakdown
voltage, the Townsend and streamer breakdown voltages
were taken into account. Experiments conducted under
well-controlled conditions showed that the source of ion-
izing radiation >*' Am (source of a + 3 radiation) com-
pletely stabilizes the gas surge arrester at the low voltage
level, and somewhat less stabilizes the gas surge arrester
at the medium voltage level. The source of ionizing radi-
ation 2*! Am least stabilizes the surge arrester at the high
voltage level. For that reason, and for possible contami-
nation of the environment with low voltage detectors
with built-in radioactive sources, the use of these should



28

A. R. Jusi¢, et al., Influence of Tonizing Radiation on the Stochasticity of ...
Nuclear Technology & Radiation Protection: Year 2023, Vol. 38, No. 1, pp. 18-29

be avoided. For gas arresters, which perform insulation
coordination at the medium and high voltage level, there
is no danger of environmental contamination and their
production with an additional source of ionizing radia-
tion can be recommended.
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Anuja P. JYCUh, THopae P. TASAPEBWh, Uppan M. TYPKOBUh

YTULHAJ JOHU3YJYREI 3PAYEIbA HA CTOXACTUYHOCT
INPEHAIIOHCKE 3AIITUTE HA HUCKOM, CPEAJILEM 1 BUCOKOM
HAIIOHY Y TACHUM OJBOJHUIINMA

Y papy ce pasmaTpa MOryhHOCT nMoOOJbllIakha TEXHUUYKUX KapaKTEPUCTHKA FACHUX OABOJIHMKA
IpEeHaIoHa 3a KOOpAWHALM]Y H30Jalije Ha HUCKOHAMOHCKOM, CPEJHOHANOHCKOM U BHCOKOHAIOHCKOM
HUBOY. Mieja 3a moGosblname KapaKTepUCTUKA TAaCHOT Of[BOAHUKA NpEHANOHA 3aCHUBA CE HA NMPHMEHH
pafuoakTUBHOr M3Bopa >*!Am y o6nacTu KaTojie OfBOJHMKA NpeHanoHa. MHTe3uBHa joHnsanmja ajda
yecTuiiama nosehasa 3HaTHO 6poOj CIOOOHUX €JIEKTPOHA y MehyeeKTpPOJHOM IPOCTOPY YMMe ce cKkpahyje
BpeMe HBUXOBOT IIpesiacka y MHULUjalHe eleKTpoHe. TuMe ce Mewa [larnenoBa KpuBa racHOT OfJBOJHUKA
IpEHaIoHa, Cy>kaBa U MOpaBHaBa HETOBA UMITYJICHA KapaKTEPUCTHKA U CMamyje CTOXaCTUYHOCT Ofi3MBa
racHOr OfIBOAHMKA TpeHamoHa. CBe OBO pe3yiTyje 3HATHHUM HOOOJbIIAFEM KapaKTEPHCTHKA TaCHOT
OBOJIHMKA IIPEHANIOHA HAa CBUM HANOHCKMM HuBomMa. OBO MOOOIbIIAKE MOCEOHO j€ M3PAKEHO Y
cllyyajeBHMa HUCKOHAIOHCKUX OfIBOJHUKA IpEHaNnoHa. Paj je TeopeTcKo-eKCnepuMEeHTaIHOT KapaKkTepa.
ExcnepuMeHTH ¢y BpIIeHH O] f06pO KOHTPOIUCAHUM JIA00paTOPHjcKUM yciioBuMa. KomOGrHOBaHA MepHa
HECUT'YPHOCT CBUX Mepema Ouila je IpUuXBaT/buBa.

Kmwyune pequ: 2acHu 00800HUK UPEHATIOHA, KOOPOUHAYU]A U30AAUU]e, HUCKOHAIOHCKU, CPeHOHAILOHCKU
U BUCOKOHATIOHCKU HUBOU, HH0O0MDULAHE 003UBA



