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The pa per con sid ers the pos si bil ity of im prov ing the tech ni cal char ac ter is tics of gas surge ar rest -
ers for the co-or di na tion of in su la tion at low volt age, me dium volt age and high volt age lev els. The 
idea for im prov ing the char ac ter is tics of a gas surge ar rester is based on the ap pli ca tion of the ra -
dio ac tive source 241Am in the area of the surge ar rester cath ode. In ten sive ion iza tion with al pha
par ti cles sig nif i cantly in creases the num ber of free elec trons in the space be tween elec trodes,
which short ens the time of their tran si tion to ini tial elec trons. This changes the Paschen curve of
the gas surge ar rester, nar rows and flat tens its im pulse char ac ter is tic and re duces the stochasticity
of the re sponse of the gas surge ar rester. All this re sults in a sig nif i cant im prove ment in the char ac -
ter is tics of the gas surge ar rester at all volt age lev els. This im prove ment is par tic u larly no tice able
in the case of low volt age surge ar rest ers. The pa per is ba si cally the o ret i cal-ex per i men tal re search.
The ex per i ments were per formed un der well-con trolled lab o ra tory con di tions. The com bined
mea sure ment un cer tainty of all mea sure ments was ac cept able.
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IN TRO DUC TION

The prin ci ple of overvoltage pro tec tion is to
con nect the com po nents, which are pro tected, in par al -
lel with the overvoltage pro tec tion. The surge pro tec -
tion should meet the re quire ments: has an in fi nite re -
sis tance for volt ages lower than the nom i nal volt age of 
the com po nent be ing pro tected, it has a low re sis tance
for volt ages higher than the nom i nal volt age of the
com po nent be ing pro tected, and the ca pac i tance is sig -
nif i cantly lower than the ca pac i tance of the com po -
nents be ing pro tected.

The prin ci ples of overvoltage pro tec tion are the
same, re gard less of the volt age level at which pro tec -
tion is per formed. For this rea son, the com po nents for
overvoltage pro tec tion are the same, or rather very
sim i lar [1-3]. The most im por tant pa ram e ters of the
qual ity of pro tec tive com po nents are: speed of re -
sponse, tol er a ble cur rent, and re vers ibil ity of char ac -
ter is tics af ter op er a tion [4, 5].

Overvoltage pro tec tion com po nents are: di odes,
varistors, and gas surge ar rest ers. Di odes are the fast -
est surge ar rest ers. Their dis ad van tage is the rel a tively

low value of the cur rent they can con duct (low power). 
Like wise, a dis ad van tage is the rel a tively fre quent
pos si bil ity of de struc tion, with the loss of the abil ity to
per form the pro tec tion func tion. Varistors have a
slower re sponse than di odes. They can con duct a sig -
nif i cantly higher cur rent with out ir re vers ible changes
in char ac ter is tics. How ever, if the cur rent that the
varistor con ducts is much higher than the min i mum
value, ir re vers ible changes can oc cur in its char ac ter is -
tics and pos si bly de struc tion (with the loss of the pro -
tec tion func tion). The slow est of all surge pro tec tion
com po nents are gas surge ar rest ers. How ever, gas
surge ar rest ers have an un lim ited abil ity to con duct a
cur rent with small ir re vers ible changes (while re tain -
ing the pro tec tive func tion). As a dis ad van tage of gas
surge ar rest ers, it is of ten stated that the value of the
nom i nal break down volt age is a sto chas tic quan tity. It
shows that the stochasticity of the value of the nom i nal 
break down volt age de pends on the shape of the
overvoltage pulse [6]. In ad di tion to surge pro tec tion
com po nents, hy brid cir cuits con tain ing dif fer ent types 
of fil ters (to gether with surge pro tec tion com po nents)
are of ten used [7, 8]. The aim of this pa per is to ex am -
ine the pos si bil ity of im prov ing the char ac ter is tics of
gas surge ar rest ers by ap ply ing ion iz ing radiation.
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GAS SURGE AR REST ERS

Gas surge ar rest ers work on the prin ci ple of elec tri -
cal break down of gases. The man ner of func tion ing, ad -
van tages and dis ad van tages of gas surge ar rest ers do not
de pend on the volt age level for which they are de signed.
How ever, the meth ods that could in flu ence the char ac ter -
is tics of gas surge ar rest ers dif fer due to the dif fer ent
break down mech a nism be tween gas surge ar rest ers for
the low volt age level, gas surge ar rest ers for the me dium
volt age level and high volt age level. Namely, gas surge
ar rest ers that are used for co-or di na tion of in su la tion at
the low volt age level work in the area of the com bined
break down mech a nism where the gas break down takes
place by the anom a lous Paschen ef fect, the Townsend
mech a nism and the streamer mech a nism. Gas surge ar -
rest ers used for in su la tion co-or di na tion at the me dium
and high volt age level work in the area of the streamer
break down mech a nism [9, 10]. The anom a lous Paschen
gas break down mech a nism oc curs in the bor der re gions
be tween the vac uum break down mech a nism and gas
break down mech a nism. In that area, the break down
takes place by a mech a nism that is es sen tially close to the
Townsend mech a nism. That is, for the self-main te nance
of the av a lanche mech a nism of elec tric dis charge in the
case of the Paschen mech a nism, sec ond ary pro cesses ac -
tive on the elec trodes (ion dis charge, photoemission, dis -
charge with metal ions) are nec es sary. The pri mary pro -
cesses in the case of the anom a lous Paschen
break through mech a nism are pro cesses ac tive in the gas
(ion iza tion by pos i tive ions, photoionization, ion iza tion
by metastable at oms or ions). The only dif fer ence be -
tween the anom a lous Paschen mech a nism and the
Townsend mech a nism is that the break down in the case
of the anom a lous Paschen min i mum does not take place
along the short est elec tric field line (i. e., the line of max i -
mum elec tric field) but along some lon ger field line that
pro vides min i mum en ergy con sump tion. The anom a lous 
Paschen break down mech a nism oc curs at points to the
left of the Paschen min i mum and leads to flat ten ing of the 
Paschen curve, i. e., to a con stant value of the break down
volt age. Such a phe nom e non is a con se quence of the fact
that Paschen's curve is the de pend ence of the value of the
break down volt age on the prod uct of pres sure and
interelectrode dis tance (i. e., pres sure and the length of
the tra jec tory of the spark that makes the break down),
[11, 12]. The Townsend break down mech a nism is char -
ac ter is tic for points to the right of the Paschen min i mum
in the re gions of the prod uct of pres sure and
interelectrode dis tance close to the min i mum. This
means that the Townsend break down mech a nism oc curs
at the ris ing points of the Paschen curve. The pri mary
pro cesses of elec tri cal break down by the Townsend
mech a nism are ac tive in the gas, and the sec ond ary pro -
cesses are ac tive at the elec trodes. In this way, the break -
down mech a nism does not dif fer from the break down
mech a nism by the anom a lous Paschen mech a nism.
Break down by the anom a lous Paschen mech a nism and

break down by the Townsend mech a nism oc cur at
underpressure of the or der of 10–4-10–10 Pa and small
val ues of the interelectrode dis tance (0.1-1 mm).

Elec tric break down by the streamer mech a nism
oc curs when the den sity of elec trons cre ated by the pri -
mary pro cesses of elec tric dis charge in gases equals
the elec tron den sity of the pri mary av a lanche. This ef -
fect oc curs when the amount of charge in the pri mary
av a lanche reaches a suf fi cient value to sig nif i cantly
in crease the field in the di rec tion of the elec trodes,
which leads to the ion iza tion phe nom e non in the
gases. These ion iza tion phe nom ena thus gen er ate the
free elec trons needed to main tain the av a lanche break -
down. The streamer break down is char ac ter ized by a
large num ber of par tially ion ized chan nels (stream ers)
that arise in the interelectrode space. When one
streamer bridges the interelectrode space, a cur rent
flows through it. This cur rent, by the Joule ef fect,
heats the streamer and leads to thermoionization of the
gas in it. The ap pear ance of the thermoionization of
the chan nel bridg ing the interelectrode space cre ates
the con di tions for a break through by the streamer
mech a nism [13]. The streamer mech a nism is ac tive in
all ar eas where the Townsend mech a nism does not oc -
cur. From the as pect of gas surge ar rest ers, it is im por -
tant to note that the mech a nism of the gas break -
through in low volt age ar rest ers is of the Townsend
type, and in the case of me dium volt age and high volt -
age ar rest ers of the streamer type. Con sid er ing the
mech a nisms of gas break down, it was as sumed that
there is an elec tric field in the interelectrode space that
al lows the elec tron on the mean free path length to gain 
en ergy to ion ize the at oms of the in su lat ing gas mol e -
cule. Such a field value is called crit i cal. This kind of
break down can be re al ized with all types of volt age.
Es pe cially im por tant are DC and im pulse volt age
types. The DC break down oc curs when the rate of
change of the elec tric field is much higher than the rate
of el e men tary elec tri cal dis charge pro cesses in gases.
Im pulse break down oc curs when the rate of change of
the elec tric field is of the same or der of mag ni tude as
the rate of el e men tary elec tri cal dis charge pro cesses in 
gases. The DC break down volt age is a de ter min is tic
quan tity, i. e., type A mea sure ment un cer tainty for its
ex per i men tal de ter mi na tion is zero. The im pulse
break down volt age is a sto chas tic quan tity, i. e., type A 
mea sure ment un cer tainty for its ex per i men tal de ter mi -
na tion is greater than zero [14, 15].

Since overvoltage phe nom ena in net works at all
volt age lev els oc cur in pulse form (stan dard im pulse
volt age 1.2/50 µs for light ning im pulse overvoltage
and 250/2500 µs for switch ing overvoltage, ap prox i -
mately) spe cial at ten tion should be paid to im pulse
break down. Fig ure 1 shows the im pulse wave shape of 
the gas break down.

In fig. 1, tp is the sta tis ti cal time. The sta tis ti cal
time is the time that elapses from ex ceed ing the value
of the DC break down volt age UB to the ap pear ance of
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the ini tial elec tron. The tl is the time of av a lanche for -
ma tion, i. e., time from the ap pear ance of the first av a -
lanche to the for ma tion of the main dis charge. In the
same fig ure, tf is the so-called for ma tive time re quired
for the for ma tion of the ther mal chan nel of the spark
[16].

Un like the value of the DC break down volt age,
which can be de ter mined nu mer i cally, the im pulse
break down volt age is char ac ter ized by so-called im -
pulse char ac ter is tics. The im pulse char ac ter is tic rep -
re sents a smooth curve in the volt age-time plane where 
the im pulse break down volt age value of a cer tain
prob a bil ity quantile is ex pected to be. In or der to ex -
per i men tally de ter mine the im pulse char ac ter is tic, a
very large num ber of mea sure ments (the o ret i cally an
in fi nite num ber of mea sure ments) of the im pulse
break down volt age would be re quired. Since this is
prac ti cally im pos si ble, the law of sur faces is used in
prac tice [17, 18].

DE TER MI NA TION OF IM PULSE
CHAR AC TER IS TICS US ING THE LAW
OF SUR FACES

The stochasticity of the ran dom value of the im -
pulse break down volt age re sults from stochasticity of
sta tis ti cal time, fig. 1. Namely, in the interelectrode
space there are al ways free elec trons that are cre ated
by col li sion pro cesses [19]. How ever, these free elec -
trons are not nec es sar ily ini tial elec trons.

Namely, in or der for a free elec tron to be come
the ini tial elec tron, 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 en ergy to start the av a -
lanche pro cess. Since this pro cess takes place in time,
a time-de pend ent im pulse char ac ter is tic is ob tained.

Ex per i men tal de ter mi na tion of im pulse char ac -
ter is tics is very dif fi cult. It is im pos si ble be cause for
small prob a bil ity quantiles it is as so ci ated with an ex -
tremely large num ber of mea sure ments with dif fer ent

wave shapes of im pulse volt ages. For this rea son, a
semi-em pir i cal method based on the law of sur faces is
used to de ter mine the im pulse char ac ter is tics. The
same law can be ap plied to the de ter mi na tion of the
min i mum with stand volt age of ar bi trary gas in su la tion 
[20, 21].

The law of sur faces is de rived based on the
proven fact that the plasma ve loc ity in the
interelectrode space is pro por tional to the value of the
elec tric field

v x t k E x t E( , ) [ ( , ) ]= - B (1)

where x is the spa tial co-or di nate, t – the time, k – the
con stant of pro por tion al ity, and EB – the elec tric field
that cor re sponds to the DC break down volt age UB.

The elec tric field can be rep re sented as a prod uct
of two func tions

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

where g(x) is a func tion de ter mined by the elec trode
con fig u ra tion.

Af ter dis trib ut ing the vari ables x and t, the in te -
gra tion can be per formed
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where t1 is the mo ment in time when the im pulse volt -
age be comes equal to the value of the DC break down
volt age UB, and t1 + t2 – the to tal time of the im pulse
break down.

Based on eq. (3), it can be con cluded that there is
a con stant sur face be tween im pulse volt age u(t) and
volt age UB, dur ing break down t, fig. 2.

This con clu sion makes it pos si ble to de ter mine,
on the ba sis of a rep re sen ta tive sta tis ti cal sam ple ob -
tained by one form of im pulse volt age, the im pulse
char ac ter is tics of an ar bi trary quantile of prob a bil ity
for these forms of im pulse volt age. The pro ce dure for
de ter min ing the im pulse char ac ter is tics based on the
law of sur faces is to fit the ran dom vari able value of
the im pulse break down volt age with the best the o ret i -
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Fig ure 1. Char ac ter is tic wave shape
of im pulse volt age with which the
break down was achieved



cal sta tis ti cal dis tri bu tion: the value of the im pulse
break down volt age for the de sired prob a bil ity quantile 
is taken from the ob tained dis tri bu tion, cal cu la tion of
times t1 and t1 + t2 based on the known wave shape of
the im pulse volt age and the value of the DC break -
down volt age UB, cal cu la tion of the area be tween the
im pulse volt age and the DC break down volt age value
for the de sired prob a bil ity quantile based on eq. (3),
and cal cu la tion of the im pulse char ac ter is tic for the de -
sired prob a bil ity quantile. The de scribed pro ce dure
for cal cu lat ing the im pulse char ac ter is tics is very im -
por tant in the case of small prob a bil ity quantiles, since
the cor re spond ing val ues are dif fi cult to de ter mine ex -
per i men tally [22]. In en gi neer ing prac tice, two im -
pulse char ac ter is tics are usu ally de ter mined by the 0.1
% and 99.9 % quantile prob a bil ity. In this way, an area
is ob tained in the volt age-time plane where al most all
val ues of the im pulse break down volt age are lo cated
(re gard less of the form of the im pulse volt age).

EX PER I MENT

Since the im pact of ion iz ing ra di a tion on the re -
sponse of gas surge ar rest ers at low volt age, me dium
volt age and high volt age lev els is con sid ered in the pa per, 
three mod els of gas surge ar rest ers were used for the
range of prod uct val ues pd (pres sure x interelectrode dis -
tance) and for three volt age lev els. The gas surge ar rester
model for the low volt age level is de signed for the pd
value from 10–4 bar mm to 1 bar mm (1 bar = 100 kPa).
Vari able pres sures ranged from 1 mbar to 1000 mbar, and 
the interelectrode dis tance from 0.1 mm to 1 mm. The
zero dis tance be tween elec trodes was de ter mined by
mea sur ing the ohmic re sis tance. The interelectrode dis -
tance was ad justed with a high-pre ci sion (elec tronic) mi -
crom e ter sys tem. The mea sure ment un cer tainty of set -
ting the work ing pd point of such pro ce dure type B was
0.3 % [23, 24]. Fig ure 3(a) shows a sche matic di a gram of 

the cham ber-model of a low volt age gas surge ar rester.
The cham ber-model from fig. 3(a) is de signed for neg a -
tive pres sure. The overpressure in the cham ber is set to a
value cor re spond ing to the tem per a ture of 0 °C. The pu -
rity of gas in the cham ber was ex tremely high. Namely,
the cham ber was re peat edly vac u umed and flushed with
work ing gas be fore fill ing with work ing gas to the set
pres sure  (which was re duced to the ap pro pri ate value at
0 °C). Fig ure 3(b) shows the gas cir cuit for fill ing the
cham ber. The interelectrode dis tance was vari able. For
each dis tance, other pairs of Rogowski elec trodes were
made in ac cor dance with the laws of sim i lar ity for gas
dis charge [25, 26].

Rogowski type elec trodes pro vided a pseudo-ho -
mo ge neous elec tric field, but with out the un de sir able
edge ef fects. Cham ber seal ing was ex tremely re li able.
This was achieved by ap ply ing ad e quate pro ce dures and
it worked de spite the ex tremely small atom of He gas
with which the cham ber was filled. A hole was made at
the cath ode of the cham ber with a width larger than the
mean free path length of elec trons in the gas at the work -
ing pres sure (this was done to take ad van tage of the hol -
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Fig ure 2. Graphic in ter pre ta tion of the volt age-time
plane where the law of sur faces ap plies (where F is a
con stant area in the volt age-time plane)

Fig ure 3(a). Cross-sec tion of a gas surge ar rester model
for low volt age in su la tion co-or di na tion

Fig ure 3(b). Di a gram of the gas cir cuit for ad just ing
the pres sure of the SF6 gas in the gas ar rester model for
the co or di na tion of the in su la tion at the low volt age level;
1 –  gas surge ar rester model, 2 – me chanic vac uum pump,
3 – dif fu sion vac uum pump, and 4 – mol e cule vac uum
 pump, are two-po si tion valves,  is a dos ing valve (nee dle
valve)



low cath ode ef fect [27]). A ra dio ac tive source of 241Am
was placed in that hole, emit ting a-par ti cles. The 241Am
source was screened at the elec trode po ten tial to be pro -
tected against spark shock dur ing break down. The gas
surge ar rester model for the me dium volt age level is de -
signed for a prod uct value pd from 1 bar mm to 20 bar
mm. The ap pli ca ble pres sures ranged from 1 bar to 4 bar,
and the interelectrode dis tance from 1 mm to 10 mm. The 
cath ode was mounted on an ex ter nal mi crom e ter screw
and then fixed. The zero interelectrode dis tance was de -
ter mined by mea sur ing the ohmic re sis tance. The
interelectrode dis tance was de ter mined by a mi crom e ter
screw to which a vari able cath ode was at tached. Type B
mea sure ment un cer tainty was ob served at 0.4 % [28].
Fig ure 4(a) shows a model of the me dium volt age gas
surge ar rester cham ber. Fig ure 4(b) shows the gas cir cuit
for fill ing the model cham ber.

The cham ber-model of the gas surge ar rester was 
de signed for overpressures (when de sign ing for
overpressures and underpressures, it is im por tant to
prop erly pro file the O-rings). The pres sure in the
cham ber was ad justed to 0 °C the pu rity of the gas in
the cham ber was ex tremely high. Namely, the cham -
ber was re peat edly vac u umed and flushed with a

work ing gas be fore fill ing with a work ing gas for the
set pres sure to the ap pro pri ate value re duced to 0 °C.
The interelectrode dis tance was vari able.

Rogowski elec trodes were used. As in the case
of the cham ber-model, for each interelectrode dis -
tance, an other pair of elec trodes was used in ac cor -
dance with the law of sim i lar ity for gas dis charges.
The cham ber-model of me dium volt age surge ar rest -
ers did ex tremely well. The fact that the work ing gas
was SF6 also con trib uted to this.

The cham ber-model gas surge ar rester for high
volt age level is de signed for prod uct value pd from
10 bar mm to 300 bar mm. Ap plied pres sures ranged
from 1 bar to 6 bar, and the interelectrode dis tance
from 10 mm to 30 mm. Zero dis tance be tween the
elec trodes was de ter mined by mea sur ing the ohmic
re sis tance. Interelectrode dis tance was de ter mined
by pre cise thread ing of the cath ode sup port. Type B
mea sure ment un cer tainty of the op er at ing point ad -
just ment was 0.5 %. Fig ure 5(a) shows the di a gram of 
the cham ber-model of the high-volt age gas surge ar -
rester. The cham ber-model from fig. 5(a) is de signed
for overpressures. The pres sure in the cham ber is set
to overpressure as in the case of the cham ber-model
of the low-volt age ar rester. Fig ure 5(b) shows di a -
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Fig ure 4(a). Cross-sec tion of
a gas surge ar rester model
for me dium volt age
in su la tion co or di na tion

Fig ure 4(b). Di a gram of the gas cir cuit
for ad just ing the pres sure of the SF6
gas in the gas ar rester model for the
co or di na tion of the in su la tion at the
me dium volt age level; 1 – gas surge
ar rester model, 2 – me chanic vac uum
pump, 3 – dif fu sion vac uum pump, and
4 – mol e cule vac uum pump, are
two-po si tion valves, is a dos ing valve
(nee dle valve)



gram of the gas cir cuit for ad just ing the pres sure of
the SF6 gas in the gas ar rester model for the co-or di -
na tion of the in su la tion at the high volt age level.

In all cham bers the de scribed elec trodes of the
Rogowski type were used. The Rogovski-type elec -
trodes used in all cham bers sat is fied the law of sim i lar -
ity for elec tri cal dis charges in gases. The elec trodes
were al ways made of tung sten. Tung sten as a ma te rial
pro vided op ti mal syn ergy be tween the melt ing point
and ther mal con duc tiv ity which min i mized the change
of to pog ra phy of elec trode sur faces dur ing mul ti ple
break downs. In this way the ir re vers ibil ity of char ac ter -
is tics of the iso la tion sys tem that was ex per i mented
with was achieved. In or der for this ef fect to be even less 
no tice able, the cham ber-model was grounded through a 
re sis tance of 100 MW, which sig nif i cantly re duced the
spark cur rent.

In the case of the cham ber-model for low volt age
level a scheme of the pulse gen er a tor given in fig. 6 was
used. The gen er a tor was ad justed so that it could give
pulses of ap prox i mately 1 kV (ms)–1, 2 kV (ms)–1, 3 kV
(ms)–1, 5 kV (ms)–1, 10 kV (ms)–1, 20 kV (ms)–1, 30 kV
(ms)–1, 50 kV (ms)–1, 100 kV (ms)–1 and 200 kV (ms)–1.

The value of the DC break down volt age re quired 
to de ter mine the im pulse char ac ter is tics was de ter -
mined math e mat i cally us ing the con di tions for the
Townsend break down mech a nism and the streamer
break down volt age with the help of known val ues of
Townsend co ef fi cients [29, 30].

For that pro ce dure, the re quired value of the field 
in the interelectrode space was de ter mined by the
charge sim u la tion method [31].

For the cham ber-model of the high-volt age surge
ar rester a multi-stage Max gen er a tor, fig. 7, was used and
on the Max gen er a tor it was pos si ble to ob tain volt ages of 
100 kV (ms)–1, 200 kV (ms)–1, 435 kV (ms)–1 and 640 kV
(ms)–1 by com bin ing re sis tance val ues.

The gen er a tor and as so ci ated re sis tors were of
the com mer cial type from Hetely. The value of the DC
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Fig ure 5(a). Cross-sec tion of a gas surge ar rester model
for high volt age in su la tion co or di na tion

Fig ure 5(b). Di a gram of the gas cir cuit for
ad just ing the pres sure of the SF6 gas in the
gas ar rester model for the co or di na tion of
the in su la tion at the high volt age level;
1 – gas surge ar rester model, 2 – me chanic
vac uum pump, 3 – dif fu sion vac uum pump,
and 4 – mol e cule vac uum pump, are
two-po si tion valves, is a dos ing valve
(nee dle valve)



break down volt age was de ter mined nu mer i cally by a
math e mat i cal pro ce dure for the needs of the im pulse
char ac ter is tics of the cham ber-model of the low volt -
age surge ar rester. The mea sure ment pro ce dure it self
for all cham ber-mod els con sisted of mea sur ing 100
im pulse break down volt age val ues with breaks be -
tween two con sec u tive 1 minute break downs. With
each form of im pulse volt age 100 mea sure ments were
made.

The sta tis ti cal pro cess ing of the ex per i men tal re -
sults within one sta tis ti cal sam ple of the ran dom vari -
able im pulse break down volt age is per formed as fol -
lows: by ap ply ing the Chauvin cri te rion of re ject ing
sus pi cious mea sure ment re sults.

By ap ply ing the U-test to subsamples of 10 chro -
no log i cal sam ples each, the af fil i a tion of these ran dom 
vari ables with a sim ple sta tis ti cal sam ple was checked; 
de ter mi na tion of the first, sec ond and third cen tral mo -
ment of the sta tis ti cal sam ple; the sta tis ti cal dis tri bu -
tion of ran dom vari ables was de ter mined on the ba sis

of max i mum sta tis ti cal re li abil ity, and ap pli ca tion of
the c2-test and the Kolmogorov test for check ing the
belongingness/af fin ity? of the ran dom vari able im -
pulse break down volt age to the ob tained sta tis ti cal
dis tri bu tion. All ex per i men tal pro ce dures were per -
formed un der well-con trolled lab o ra tory con di tions.
For all ex per i men tal pro ce dures, the com bined mea -
sure ment un cer tainty was less than 8 %.

CAL CU LA TION OF THE ELEC TRIC
FIELD IN THE INTERELECTRODE
SPACE AND CAL CU LA TION OF THE
DC VOLT AGE VALUE

Know ing the elec tric field in the interelectrode
space is im por tant for any quan ti ta tive anal y sis of the
elec tric dis charge pro cess in the interelectrode space.
It should be borne in mind that the ini tial dis tri bu tion
of the field will be sig nif i cantly changed by the spa tial
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Fig ure 7. Scheme of the stan dard Max gen er a tor

Fig ure 6. Di a gram of the pulse 
gen er a tor used for low-volt -
age test ing



elec tri fi ca tion cre ated dur ing de vel op ment of the
break down [32].

The eval u a tion of non-an a lyt i cal spa tial dis tri -
bu tion of the field in the interelectrode space, by the
an a lyt i cal sam ple method, us ing an a logue an a lyt i cal
net works and the use of probes [33] is re placed by
more adapt able and ac cu rate nu mer i cal meth ods of the 
Laplace equa tion with the use of dig i tal com put ers. In
that case, with the ex cep tion of the ge om e try of flat,
cy lin dri cal and spher i cal co or di nates, when com fort
map ping also gives sat is fac tory re sults, ei ther the fi -
nite dif fer ence method or MK or the elec tri fi ca tion
sim u la tion method is used [34].

The fi nite dif fer ence method is based on an it er a -
tive pro ce dure in which the interelectrode space is di -
vided into a grid of vari able pitch. The po ten tial of each
step is de ter mined by suc ces sive ap prox i ma tions whose 
con ver gence can be im proved by ap ply ing over-re lax -
ation or ac cel er ated fi nite dif fer ence for mu las.

This method is ef fec tive in cal cu la tion of
axisymmetric 3-D sys tems, but in asym met ric sys tems
the field be comes too com plex. 

The pro gram for cal cu la tion of elec tric fields
con sists of in sert ing a num ber of fic ti tious (sim u lated)
charges and the same num ber of con trol points based
on an a lyt i cal, geo met ri cally de fined, arc, long, spi ral,
par a bolic and hy per bolic el e ments of the elec trode
con tours, fig. 8.

De ter min ing the course of the field lines is ac -
com plished by con nect ing points known to lie on it
with straight lines, fig. 8. Con trol points al low field
lines to be checked with pre de ter mined ac cu racy.
Once the field lines in the interelectrode space are de -
ter mined, then, based on the ex pected break down
mech a nism, min i mum volt age value, DC volt age
value, that lead to break down is cal cu lated. This pro -
cess is done in an it er a tive pro ce dure. Fig ure 9 shows a
block di a gram of the DC break down volt age cal cu la -
tion us ing the men tioned pro ce dure.

As for check ing the cor rect ness of ful fill ment of
break down con di tions, it takes place in the fol low ing steps:
– Se lect ing the start ing point of the field line along

which the ful fill ment of the break down con di tions 
will be checked (it is done in such a way that for
break downs to the right of the P min i mum, the
max i mum field point is au to mat i cally adopted,
and for break downs to the left of the P min i mum it
is set sep a rately).
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Fig ure 8. Cy lin dri cal elec trodes with fic ti tious charges con tour and con trol points

Fig ure 9. Di a gram of the DC break down volt age
cal cu la tion us ing the men tioned pro ce dure



– Cal cu la tion of the field line cor re spond ing to the
start ing point.

– Cal cu la tion of in te gral a( )x xi i
d

d
0ò , where d is the

interelectrode dis tance and a( )xi  the first
Townsend co ef fi cient, along the iso lated field
line. This in te gra tion af ter re plac ing the in te gral

with the sum a( )x xi ii
u D
=å 1

 where u is the num ber

of points of the ob served line of the field, and Dxi 

is their dis tance. The value of a(xi) would be ob -
tained based on the Townsend mech a nism.

– Ver i fi ca tion of ful fill ment of break down con di tions
based on the ex pected break down mech a nism.

RE SULTS AND DIS CUS SION

Fig ure 10 shows the char ac ter is tics ob tained by
the cham ber-model gas surge ar rester for the low-volt -
age level (for the co-or di na tion of in su la tion at the
low-volt age level). The pic ture clearly shows that the
0.1 % and 99.9 % pulse char ac ter is tics ob tained for the 
same con di tions are wider than the cor re spond ing
pulse char ac ter is tics in which the cath ode con tained a
source of ra dio ac tive ra di a tion. This ef fect is im por -
tant for en gi neer ing prac tice as it pro vides a de ter -
mined op er at ing volt age. Such a re sult cor re sponds
well with the re sults shown by the Paschen curves.

Fig ure 11 shows the im pulse char ac ter is tics ob -
tained by the cham ber-model gas surge ar rester at the
me dium volt age level (co-or di na tion of in su la tion at
the me dium volt age level). The ef fect of ion iz ing ra di -
a tion is much more vis i ble in the pic ture. It can be con -
cluded, from fig. 9,  that the ef fect of ion iz ing ra di a tion 
in the gas surge ar rester model largely ex cludes the
pos si bil ity that the surge passes the pro tec tion and
pen e trates, with de struc tion, to the pro tected el e ment.

Fig ure 12 shows the im pulse char ac ter is tics ob -
tained by the cham ber-model of the gas surge ar rester for
the high-volt age level (for the co-or di na tion of in su la tion 
at the high-volt age level). In fig. 12, the ef fect of ion iz ing
ra di a tion is so no tice able that it al most com pletely  pro -
vides  pro tec tion  to  the   pro tected el e ment, i. e., a
high-volt age gas ar rester with a ra dio ac tive source pro -
vides al most com plete pro tec tion for the pro tected el e -
ment (ex cept for some very fast overvoltages that oc cur
dur ing nu clear ex plo sions in the at mo sphere).

The main pur pose of the surge ar rester to co-or -
di nate all volt age lev els must be re li abil ity and must
not al low the surge to pass to the pro tected el e ment.
How ever, since the volt age re sponse of a gas surge ar -
rester is a sto chas tic quan tity, the prob lem of pro tec -
tion with it is the oc cur rence of sto chas tic peaks. For
this rea son, the ques tion of whether ion iz ing ra di a tion
af fects the re duc tion of sto chas tic peaks of the gas ar -
rester and thereby in creases its re li abil ity is of in ter est.
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Fig ure 10. Im pulse char ac ter is -
tics of 0.1 % and 99 % quantiles
ob tained by the method of sur -
face con stancy for gas surge ar -
rester mod els on a low-volt age
level: with out the ap pli ca tion of
the ion iz ing ra di a tion source
(lines 1 and 2, re spec tively), with
the ap pli ca tion of the ion iz ing ra -
di a tion source (3 and 4,
re spec tively), and im pulse
volt age (5)

Fig ure 11. Im pulse char ac ter is -
tics of 0.1 % and 99 % quantiles
ob tained by the method of sur -
face con stancy for gas surge
ar rester mod els on the me -
dium-volt age level: with out the
ap pli ca tion of the ion iz ing ra di a -
tion source (1 and 2, re spec -
tively), with the ap pli ca tion of the 
ion iz ing ra di a tion source (3 and
4, re spec tively), and im pulse volt -
age (5)



Fig ure 13 shows the stochasticity of the re sponse 
of the gas surge ar rester with out the ap pli ca tion of the
ion iz ing ra di a tion source and with the ap pli ca tion of
ion iz ing ra di a tion. From fig. 13 it is ob vi ous that the
ef fect of ion iz ing ra di a tion sig nif i cantly re duces the
oc cur rence of stochasticity in the re sponse of the gas
surge ar rester and thus sig nif i cantly in creases its ef fi -
ciency in pro tec tion against overvoltages at the low
volt age level.

Fig ure 14 shows the stochasticity of the re sponse 
of the gas surge ar rester for the me dium volt age level
with out the ap pli ca tion of the ion iz ing ra di a tion
source and with the ap pli ca tion of ion iz ing ra di a tion.
In the case of a gas surge ar rester, the ef fect of ion iz ing
ra di a tion on the sto chas tic re sponse of the gas surge ar -
rester for in su la tion co-or di na tion de creases sig nif i -
cantly. It is, in rel a tive terms, much smaller than the re -

pet i tive stochasticity that oc curs in a low-volt age
surge ar rester.

Fig ure 15 shows the stochasticity of the re sponse 
of the gas surge ar rester for high volt age level with out
the ap pli ca tion of the source of ion iz ing ra di a tion and
with the ap pli ca tion of ion iz ing ra di a tion. The ef fect of 
ion iz ing ra di a tion al most com pletely can cels the sto -
chas tic peaks. This makes the gas surge ar rester very
re li able for in su la tion co or di na tion at the high volt age
level.

CON CLU SION

The pa per ex am ines the pos si bil ity of sta bi liz ing
the op er a tion of gas surge ar rest ers for in su la tion co-or di -
na tion at low, me dium, and high volt age lev els. This
work is the o ret i cal and ex per i men tal. In the the o ret i cal
part, the al go rithm for de ter min ing the im pulse char ac -
ter is tics and for the cal cu la tion of the DC break down
volt age is de rived. When cal cu lat ing the break down
volt age, the Townsend and streamer break down volt ages 
were taken into ac count. Ex per i ments con ducted un der
well-con trolled con di tions showed that the source of ion -
iz ing ra di a tion 241Am (source of a + b ra di a tion) com -
pletely sta bi lizes the gas surge ar rester at the low volt age
level, and some what less sta bi lizes the gas surge ar rester
at the me dium volt age level. The source of ion iz ing ra di -
a tion 241Am least sta bi lizes the surge ar rester at the high
volt age level. For that rea son, and for pos si ble con tam i -
na tion of the en vi ron ment with low volt age de tec tors
with built-in ra dio ac tive sources, the use of these should

A. R. Jusi}, et al., In flu ence of Ion iz ing Ra di a tion on the Stochasticity of ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2023, Vol. 38, No. 1, pp. 18-29 27

Fig ure 13. Stochasticity of the re sponse of the gas surge
ar rester for the low-volt age level; 1 – with out the ap pli ca -
tion of the ion iz ing ra di a tion source and 2 – with the ap -
pli ca tion of ion iz ing ra di a tion

Fig ure 14. Stochasticity of the re sponse of the gas surge
ar rester for me dium-volt age level; 1 – with out the ap pli -
ca tion of ion iz ing ra di a tion source and 2 – with the ap pli -
ca tion of ion iz ing ra di a tion

Fig ure 15. Stochasticity of the re sponse of the gas surge
ar rester for high-volt age level; 1 – with out the ap pli ca -
tion of the source of ion iz ing ra di a tion and 2 – with the
ap pli ca tion of ion iz ing ra di a tion

Fig ure 12. Im pulse char ac ter is tics
of 0.1 % and 99 % quantiles
ob tained by the method of sur face
con stancy for gas surge ar rester
mod els on the high-volt age level:
with out the ap pli ca tion of the
ion iz ing ra di a tion source (1 and 2,
re spec tively), with the ap pli ca tion
of the ion iz ing ra di a tion source (3
and 4, re spec tively), and im pulse
volt age (5)



be avoided. For gas ar rest ers, which per form in su la tion
co or di na tion at the me dium and high volt age level, there
is no dan ger of en vi ron men tal con tam i na tion and their
pro duc tion with an ad di tional source of ion iz ing ra di a -
tion can be rec om mended.
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UTICAJ  JONIZUJU]EG  ZRA^EWA  NA  STOHASTI^NOST
PRENAPONSKE ZA[TITE  NA  NISKOM,  SREDWEM  I  VISOKOM

NAPONU  U  GASNIM  ODVODNICIMA

U radu se razmatra mogu}nost poboq{awa tehni~kih karakteristika gasnih odvodnika
prenapona za koordinaciju izolacije na niskonaponskom, sredwonaponskom i visokonaponskom
nivou. Ideja za poboq{awe karakteristika gasnog odvodnika prenapona zasniva se na primeni
radioaktivnog izvora 241Am u oblasti katode odvodnika prenapona. Intezivna jonizacija alfa
~esticama pove}ava znatno broj slobodnih elektrona u me|uelektrodnom prostoru ~ime se skra}uje
vreme wihovog prelaska u inicijalne elektrone. Time se mewa Pa{enova kriva gasnog odvodnika
prenapona, su`ava i poravnava wegova impulsna karakteristika i smawuje stohasti~nost odziva
gasnog odvodnika prenapona. Sve ovo rezultuje znatnim poboq{awem karakteristika gasnog
odvodnika prenapona na svim naponskim nivoima. Ovo poboq{awe posebno je izra`eno u
slu~ajevima niskonaponskih odvodnika prenapona. Rad je teoretsko-eksperimentalnog karaktera.
Eksperimenti su vr{eni pod dobro kontrolisanim laboratorijskim uslovima. Kombinovana merna
nesigurnost svih merewa bila je prihvatqiva.
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