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The aim of this paper is to examine the influence of gamma and X-radiation on relevant
characteristics of commercial gas filled surge arresters in the d. c. regime. This ques-
tion is very important because of the wide application of gas filled surge arresters in
telecommunications, military industry and space technology. We found that both
types of radiation had significant influence on the performance of gas filled surge ar-

resters.
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INTRODUCTION

The possibility of blocking over-voltage oc-
currences is significantly reduced by the miniatur-
ization of electronic components. Therefore, effi-
cient over-voltage protection of electronic devices
and components at low-voltage level is of great im-
portance for their correct functioning. Over-voltage
transients in power or signal lines arise directly from
the commutation process, electrostatic discharge,
lightening stroke, or, indirectly, as a consequence of
interaction between wire structures of the system
and an electromagnetic field. A permanent or tem-
porary malfunctioning of the equipment caused by
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asurge, may be the result of an improperly designed
protection circuitry [1].

The over-voltage components are divided into
two categories: (1) linear and (2) non-linear. Linear
over-voltage protection components include various
types of filters made up of capacitors and coils.
Non-linear over-voltage protection components in-
clude transient suppresser diodes (TSD), metaloxide
varistors (MOV) and gas-filled surge arresters
(GFSA) [2]

The GFSA design is very simple. It consists of
a ceramic housing and an electrode system. Itisa
two-clectrode symmetric component with gas insu-
lation. Noble gases are most frequently used as the
insulation medium. The electrodes are profiled so as
to provide a pseudo-homogeneous macro compo-
nent of the electric field [3].

GFSA operation relies on the principle of the
electrical breakdown of a gas, which in itself is a
consequence of a self-sustained avalanche process
that depends on the relative activity of electron gen-
eration and loss mechanisms [4].

GEFSA possesses certain advantages compared
to the other over-voltage protection components.
These are [1, 2]:

(1) the ability to conduct high currents (up to
5000 A),
(2) a low intrinsic capacity (~1 pF ), and
(3) low costs.
The disadvantages of GFSA are:
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(1) the practical irreversibility of the characteristics
after the electric arc effect, and
(2) a delayed response.

The stability characteristic of the GESA is of great
importance, particularly if a device is operating in
high-risk conditions, i. e. when the radiation influence
must be taken into account [5]. The results obtained in
previous investigations imply the possibility of replac-
ing commonly used semiconductor over-voltage com-
ponents (transient suppresser diodes, metal-oxide
varistor) whose protective characteristics significantly
degrade when subjected to radiation by GESA [6, 7].

The aim of this work is to establish the criteria,
which a commercially available GESA should meet if it
is to be considered for use in high-risk systems.

EXPERIMENTAL

The examination was carried out on the follow-
ing commercial components: (1) SIEMENS (type A)
gas surge arresters (nominal voltage 230 V), and (2)
CITEL BB (type B) bipolar ceramic gas surge arrest-
ers (d. c. spark over-voltage 230 V). The outer dimen-
sions and shapes of all components of the one type
were identical. The effects of gamma and X-radiation
on the following GESA characteristics were exam-
ined:
(1) pre-breakdown current as a function of applied

voltage, and

(2) resistance as a function of applied voltage.

The schematic diagram of the test cycle for in-
vestigating the influence of radiation on GEFSA
characteristics by ad. c. voltage is depicted in fig. 1.

Examination of GFSA characteristics was car-
ried out in a gamma radiation field of ®°Co at the
VINCA Institute of Nuclear Sciences. The average
energy of the applied gamma quantum was 1.25 MeV.
The dose rate in air was 87,5 c¢Gy/h, 875 c¢Gy/h, and
1750 cGy/h, respectively. The distance between the
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Figure 1. The scheme of the test cycle for investigat-
ing the radioactive resistance of GFSA by a d. c. volt-
age
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radioactive source and the examined over-voltage
components was 272 cm, 86 cm, and 60 cm, respec-
tively. All testing was performed at room temperature,
20 °C.

The following parameters of the radiation
field of the X-ray generator Philips MG-320 were
employed: high voltage 300 keV, electric current
15 mA. The filtration used was in accordance
with ISO standards. The energy of X-rays
amounted to 48 keV, 118 keV, and 248 keV, re-
spectively. The testing was performed at room
temperature of 20 °C.

For experimental purposes, we used speci-
mens consisting of 50 commercial components of
a single manufacturer, with identical characteris-
tics. While forming the experimental specimen
consisting of 50 components, we measured their
nominal characteristics. When the measured val-
ues of nominal characteristics of a particular com-
ponent exhibited significant discrepancy with re-
spect to the declared values, we employed
Sovene’s criterion in order to read reject the bad
ones; i. e. the experimental specimen excluded

them [8].

RESULTS AND DISCUSSION

The GFSA pre-breakdown current as a func-
tion of applied voltage without radiation, with
gamma radiation and with X-radiation is shown in
figs. 2-4, respectively. From these diagrams we have
concluded the following:

(1) In the absence of radiation, GFSA shows a very
sharp current increase during the breakdown
(the breakdown voltage is 212 V for type A
components and 223 V for type B compo-
nents). Before the breakdown, the current is
constant, of the order of 0.1n A. When the volt-
age reaches the breakdown level, an abrupt in-
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Figure 2. Pre-breakdown current versus applied
voltage without radiation



B. Loncar, et al.: The Influence of Gamma and X-Radiation on Pre-Breakdown Currents ... 61

Pre-breakdown current / [nA]

1000
b Gamma radiation %°Co Odjﬁ
—m— D= 87.5cGyh g
100 < —0— Dy, = 875 cGylh (c;l
—&— D, = 1750 cGyhh e
10 4 0
)
& Jd "
14 co0000Q0OO0Y ‘ﬁ
e E'C‘)'O'."‘""""""""‘JH:Aufm“
JAAAA R AR R R -
d_/
QR-A-&
01 t+————r—r—r—-rr—r—r—r—r—r—rr—r—r—rr—r—r—r—r——r—r
] 50 100 150 200 250

Applied voltage U [V]

Figure 3. Pre-breakdown current versus applied
voltage in gamma radiation field
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Figure 4. Pre-breakdown current versus applied
voltage in X-radiation field

crease of the current is observed; current values
reaching up to a uA level. The effect of the rapid
current increase at the moment of the break-
down can be explained by the increase of the
ionization effective cross-section for the atoms
of the gas, with the increase of applied gamma

radiation energy. The increased number of elec-
tron-ion pairs in the area between electrodes
leads to the increase in the pre-breakdown cur-
rent (consisting of free electrons and ions reach-
ing electrodes per unit time). In the moment of
the breakdown, that is, when one of the free
electrons generated in this way is initialized, an
avalanche process generates a breakdown cur-
rent whose magnitude is independent of the
pre-breakdown current. Ohm’s law is not valid
1n this region, since the observed two-electrode
system 1is in saturation. In this case all elec-
tron-ion pairs, generated per unit time, reach
the electrodes per unit time.

(2) gamma radiation significantly influences GEFSA

performance. In the pre-breakdown regime, the
current is ten times stronger than without radia-
tion. Pre-breakdown current increases with the
increase of the radiation dose rate. In a gamma ra-
diation field, breakdown occurred at a lower volt-
age (205 V). The current increase is not as sharp
as in the case where there is no radiation field dur-
ing the transition from a non-conducting to a
conducting regime.

(3) GESA 1is especially sensitive to X-radiation;

pre-breakdown current is larger than in a
gamma radiation field. At higher levels of
X-ray energy (248 keV), lower values of
pre-breakdown current are observed. Break-
down occurred at lower voltage levels than in
gamma field, and the current increase is
sharper than with gamma radiation.

Effective cross-section for the ionization of

the gas is not a linear function of the applied radia-
tion. During X-ray irradiation (fig. 4), a resonant in-
crease of the effective cross-section for ionization is
apparent for the radiation values corresponding to
the limits of the continual atomic spectrum of the
gas in the gas filled surge arresters. Accordingly,
lower values of the X-ray energy correspond to the
higher values of the pre-breakdown current.

The obtained results regarding the increase in the

influence of the X-ray irradiation (compared to the
gamma radiation) on the pre-breakdown current in-
crease can be explained by the fact that X-rays have
higher ionization probability during the interaction
with the atoms of the gas. Namely; greater wave length,
i. e. lower X-ray energy, lead to the interaction of the
X-rays with the gas atoms as a whole, resulting in the ex-
citation or ionization of the atom. On the other hand,
smaller wave length, i. e. higher gamma energy, pro-
duces interaction with the individual (single) electron
in the atom, resulting in the lower effective cross-sec-
tion for ionization in the case of the applied gamma ir-
radiation (Compton effect, photoionization) [9].
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Figure 5. GFSA resistance versus applied voltage
without radiation
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Figure 6. GFSA resistance versus applied voltage in
gamma radiation field
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Figure 7. GFSA resistance versus applied voltage in
X-radiation field

The GESA resistance versus applied voltage
without radiation, in Co gamma field and with X-rays,
is shown in figs. 5-7, respectively. The volt-ohm char-
acteristic can be easily calculated from the volt-ampere
curve. Using the linear regression (least-squares mini-
mal error method) formulae defining the relationship
between resistance and voltage are obtained. The con-
clusions are the following:

(1) In the pre-breakdown regime GFSA resistance
shows linear increase with the applied voltage.
The increase is more prominent for type A com-
mercial components than for type B commer-
cial components. As voltage reaches breakdown
level, an abrupt decrease of the resistance is ob-
served.

(2) In a gamma radiation field, the resistance also
exhibits a linear increase with the applied volt-
age, but has lower values of one order of magni-
tude than without radiation. A slight decrease
of the resistance is observed at voltage values

near breakdown voltage; at breakdown voltage
the decrease is decidedly pronounced.

(3) Atlower X-ray energies (48 keV and 118 keV),
the increase of the resistance with the applied
voltage is slower than at higher X-ray energies
(248 keV). Variations in the resistance values
are observed for higher X-ray energies; break-
down occurred at lower voltages followed by a
sharp decrease in resistance.

CONCLUSIONS

The results of examining the radioactive reli-
ability of commercial GESA are presented in this pa-
per. The influence of gamma radiation from a cobalt
gamma source, as well as the influence of X-radia-
tion, was tested on SIEMENS gas surge arresters
(type A) and CITEL BB bipolar ceramic gas surge
arresters (type B).

Our main conclusions are as follows:

e The values of breakdown voltages for the
two types of commercial GFSA in the presence of
gamma and X-radiation and without radiation have
been determined.

e According to the obtained experimental re-
sults, it can be concluded that both types of radia-
tion had significant influence on GESA pre-break-
down currents and resistance. Also, it was found
that GESA is particularly sensitive to X-radiation.
The obtained results are of practical value for the
manufacturers of these components.

o All observed eftects of gamma and X-radia-
tion on GFSA commercial components have revers-
ible character; i. e. after a short period of time,
GFSA characteristics are the same as before irradia-
tion.

In the future, our intentions are the following:

e To investigate the influence of n, y-radia-
tion, as well as the influence of or-rays and -rays, on
the characteristics of commercial GESA;

e To determine the relevant characteristics of
GEFSA under the influence of radiation in the pulse
regime;

e To examine the influences of different types
of radiation on an originally developed GEFSA
model;

e To take into account the variations in pres-
sure in the gas chamber;

o To further examine the influence of electrode
materials and electrode diameter on GFSA charac-
teristics.
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Bopuc TOHYAP, Cp6osyo CTAHKOBU,
Anekcangpa BACHUh, [Ipenpar OCMOKPOBU'H

YTULIAJ TAMA U X-3PAYEIA HA IPETIIPOBOJHY CTPYJY U OTHHOPHOCT
HEKNX KOMEPIIMJA/IHUX T'ACHUX OJBOJHUKA ITPEHAIIOHA

Llwb oBor paja je ga ce WcnmTa yTUlaj rama u X-3padermha Ha PEleBaHTHE KapaKTEpUCTHKE
HEKWX KOMEPIUjaJHuX TaCHUX OJBOJJHMKA MPEHANOHA Yy JeAHOCMEPHOM pekumy papa. OBO murame je
BeoMa 3HaYajHO 300T MHUPOKe NMPUMEHE TaCHUX OJBOJHMKA MPEHAIOHA Y TEIIEKOMYHHKAIMjaMa, BOjHO]
UHAYCTPUjU W CBeMHUpPCKO] TexHojoruju. [loka3aHo je jga oba Tuma 3paderma 3HAYAjHO yTHYY Ha
KapaKTEPpUCTUKE TaCHUX OJJBOTHUKA MpE€HaIloHa.

Kmyune pequ: ZacHu 00800HUK UpeHATOHA, UPelllUpoOOjHa CHpYja, OUNOPHOCI, 2aMa 3paAderbe,

X-3pauemwe



