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The pos si bil ity of the clas si cal re sponse rate en gi neer ing and the long-term deconditioning of
the gas-filled surge ar rest ers is con sid ered in this pa per. The ob tained re sults are com pared
with the same re sults ob tained with the gas-filled surge ar rester with ap pli ca tion of an al pha
ra dio ac tive source. The work is of an ex per i men tal na ture. Ex per i ments were per formed on
the mul ti pur pose gas-filled surge ar rester model un der well-con trolled con di tions. The mea -
sure ment un cer tainty of the ex per i men tal pro ce dure was less than 8 %. The re sults were pro -
cessed by sta tis ti cal data pro cess ing soft ware. To draw im pulse char ac ter is tics, the law of con -
stancy of sur faces be low the im pulse volt age in the volt-sec ond area, was used.
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IN TRO DUC TION

The in creas ing con tam i na tion of the en vi ron -
ment with the high-fre quency ion iz ing ra di a tion and
the trend to wards min ia tur iza tion of elec tronic,
multilayer, densely packed, elec tronic com po nents ex -
tremely high lights the prob lem of overvoltage pro tec -
tion at a low volt age level. The overvoltage pro tec tion
at the low volt age level is per formed by the drain di -
odes (a type of Zener di ode), the varistors, and the
gas-filled surge ar rest ers (GFSA). These com po nents,
which are con nected in par al lel to the shielded elec -
tronic com po nent (or elec tronic struc ture), have the
task of ap ply ing an overvoltage (volt age that is higher
than the max i mum with stand volt age of the pro tected
com po nent or as sem bly) to the grounded level. For
this rea son, the overvoltage pro tec tion com po nents
are some times called par al lel (volt age) fuses [1-3].

The ba sic char ac ter is tics ex pected from the in su -
la tion co-or di na tion com po nents at the low volt age
level are: the re sponse speed and the sta bil ity of the
nom i nal val ues dur ing the ex ploi ta tion. Namely, the
re sponse speed is the most im por tant char ac ter is tic of
the overvoltage pro tec tion com po nent. It should be

cur rent, i. e. it should not al low the en try even of a per
mille of the overvoltage in the pro tected com po nent.

As en gi neer ing dis ci plines do not rec og nize
prompt ness in the re ac tion, this prob lem is, in prac tice, 
solved by more flex i ble ap proaches to the nom i nal val -
ues of the pro tected volt age and the op er at ing volt age
of the ar rester. It is oblig a tory to pro vide a cer tain
value of the volt age that the pro tected el e ment will
with stand, even if it is a lit tle higher than the nom i nal
(max i mum al lowed) value. Sta bil ity of nom i nal val ues 
dur ing op er a tion is nec es sary be cause the com po nents
for the overvoltage pro tec tion, es pe cially the semi con -
duc tors, are in te grated so that their fail ure means at the
same time the fail ure of the whole as sem bly [4, 5].

The overvoltage pro tec tion com po nents cannot
be clas si fied by qual ity. The drain di ode has the fast est
re sponse, close to the cur rent value, but it is, un for tu -
nately, the most sen si tive to the in ten sity of the drain
power. This means that the drain di ode is al most ex clu -
sively dis pos able. The varistor is a com po nent of sto -
chas tic char ac ter is tics. It con sists of a large num ber of
cha ot i cally ar ranged di odes. It works in such a way as
to dis charge volt age through the stochastically es tab -
lished Eu ler path. This, of course, has the dis ad van tage 
that af ter sev eral op er a tions, these paths in ter sect and
in ter rupt. In ad di tion to such de struc tion of the
varistor, the se lected surge protections are not com -
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posed of the same num ber of sto chas tic di odes with the 
same char ac ter is tics, so the varistor as a surge ar rester
is not very re li able at low volt age. Varistors for in su la -
tion co-or di na tion are, as an idea, taken from high volt -
age in su la tion co-or di na tion, where un der the name
zinc ox ide ar rester, the gas-filled surge ar rester is ex -
tremely of ten used, which are also taken from the low
volt age in su la tion co-or di na tion, have the op po site
lay out of the dis ad van tages and of what makes them
ad vis able. Their re sponse speed is their big gest dis ad -
van tage, and an al most un lim ited num ber of runs is
their ad van tage. Of course, there is a dis ad van tage in
this in fin ity of the num ber of op er a tions in terms of the
sta bil ity of the op er at ing point. How ever, with an en gi -
neer ing-ac cept able so lu tion, the op er at ing point can
be con di tion ally sta bi lized. The prob lem of the slow
re sponse is more dif fi cult to solve be cause the prin ci -
ple of op er a tion of gas-filled surge ar rest ers is based
on the mech a nism of the elec tri cal dis charge in gases
(elec tric break down) in which the mo bil ity of ions (or
at oms) of the gas plays an ac tive role. Since the mass of 
ions (or at oms) of a gas is at least 2000 times greater
than the mass of an elec tron, it is log i cal that the re -
sponse speed of the gas-filled surge ar rest ers is sig nif i -
cantly lon ger than the speed of the semi con duc tor
surge ar rest ers based only on free or bound elec trons.
In ad di tion to the slow-mo tion of the ions, as an
important element in the functioning of the gas-filled
surge arresters, there is the initiation of the electrical
breakdown that will end in a self-sustaining process
[6-8].

Namely, in each gas, there is a large num ber of
free elec trons, formed by a ther mal pro cess or by the
col li sion pro cesses of con sti tu tive gas par ti cles from
the high-en ergy tail of the Maxwell spec trum, or by the 
col li sions of the con sti tu tive gas par ti cles in the
interelectrode state. How ever, free elec trons alone are
not enough to start the self-sus tain ing pro cess of gas
dis charge. In or der for it to oc cur, the free elec tron
should be lo cated in an en er get i cally fa vor able place,
where it can ab sorb enough en ergy from the elec tric
field at one mean free path length, to per form ion iza -
tion in the next collision [9, 10].

A vol ume that meets this con di tion is called a
crit i cal vol ume. In or der for the pro cess of cre at ing
elec trons that will start (ini ti ate) the elec tri cal break -
down be tween the elec trodes of the gas-filled surge ar -
rester (the high-volt ages and the grounded), the num -
ber of free elec trons should be ac cel er ated and the
crit i cal vol ume should be as large as pos si ble. In or der
for the crit i cal vol ume in the gas surge ar rester to be as
large as pos si ble, it is nec es sary to choose such ar rester 
elec trodes that they form a ho mo ge neous elec tric field
(then the en tire vol ume of the ar rester is the crit i cal
vol ume). To make the num ber of free elec trons be as
high as pos si ble, ad di tional ion iza tion should be in -
duced in the ho mo ge neous field of the ar rester (in ad -
di tion to the pre vi ously men tioned mech a nisms). Ini -

tially, this prob lem was solved by in sert ing a 241Am al -
pha source in side the gas-filled surge ar rester. This
proved to be very ef fi cient since a source per forms a
high ion iza tion den sity, and in ad di tion, has a low en -
ergy deexcitation com po nent. In that sense, with not a
very wide spread ap pli ca tion, it would be a great so lu -
tion. Well-placed sources of a ra di a tion in side the
gas-filled surge ar rester, i. e. well-fo cused, they solved 
an other dis ad van tage of the gas-filled surge ar rest ers.
Namely, the gas-filled surge ar rest ers have so-called
long-term deconditioning as a sig nif i cant dis ad van -
tage. Long-term deconditioning boils down to the fact
that af ter a long stand still (of the or der of the day), the
first  few  val ues  of break down volt ages can be up to
40 % higher than the fol low ing ones. For tu nately, pro -
longed down time does not hap pen of ten, but if it does,
it cer tainly leads to the de struc tion of the pro tected
elec tronic cir cuit. By solv ing, so said, all the short -
com ings of the gas surge ar rester with a ra dio ac tive
source, it led to the al most ex clu sive pro duc tion of this
type of gas surge ar rester. How ever, the ex po nen tial
growth of us age of the gas-filled surge ar rest ers, with
a ra dio ac tive source with out reg u la tions for its mon i -
tor ing and dis posal, has called into ques tion the ac -
cept abil ity of this so lu tion for op ti miz ing the char ac -
ter is tics of the gas-filled surge ar rest ers [11-14].

The aim of this pa per is to ex am ine the other
tech no log i cal and phys i cal pos si bil i ties of ac cel er at -
ing the re sponse of the gas-filled surge ar rester and the
long-term deconditioning, while avoid ing the use of a
ra dio ac tive source and/or at least cre at ing a safe pro to -
col for their ap pli ca tion where it is necessary [15].

THE FUNC TION ING MECH A NISM
OF THE GAS-FILLED SURGE
AR REST ERS

The gas-filled surge ar rester is a two-elec trode
sys tem in su lated with a no ble gas lo cated in a sealed
cham ber, fig. 1. The elec trode sys tem is, most of ten,
such as to form a ho mo ge neous elec tric field. The
interelectrode dis tance is very small (of the or der of
mm, and less). In su lat ing gas is at a high vac uum (of
the or der of mag ni tude in the sub mbar1  area) [16, 17].

The gas-filled surge ar rester op er ates on the
prin ci ple of elec tri cal break down, i. e. one of its elec -
trodes is lo cated at a point that is pro tected against the
overvoltage, and the other is grounded. When the
value of the volt age at the pro tected point is raised
above the nom i nal value of the break down volt age of
the gas ar rester be tween the elec trodes, a gas break -
down oc curs, and the pro tected point is grounded (thus 
pro tect ing ev ery thing be hind it from overvoltage).
The gas break down mech a nism it self is a self-sus tain -
ing multi pli ca tive mech a nism. The gas break down is
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ini ti ated when one free elec tron at the mean free path
length gains enough en ergy to ion ize a neu tral mol e -
cule (or gas atom). In that case, that free elec tron be -
comes ini tial. The space vol ume in the elec tric field
where this pro cess takes place is called the crit i cal vol -
ume. In or der to make such ini ti a tions to lead to a
break down, the pro cess of the gas mul ti pli ca tion
should be self-sus tain ing. If the pro cesses on the elec -
trodes are re spon si ble for the self-main te nance of the
multi pli ca tive mech a nism, the break down oc curs by
the Tausend mech a nism. If the pro cesses in the gas are
re spon si ble for the self-main te nance of the multi pli ca -
tive mech a nism, the break down oc curs through the
streamer mech a nism. The gas-filled surge ar rest ers
works, most of ten in the area of the Tausend break -
down mech a nism [19, 20].

The elec tri cal break down can be DC, AC, and
im pulse. The DC break down is achieved by a volt age
whose rise time is sig nif i cantly lon ger than the time
char ac ter is tic of the el e men tary pro cesses of the elec -
tric gas dis charge [21, 22].

The same sit u a tion is in the case of the ac gas
break down. The im pulse break down volt age of the
gas is re al ized by an in creas ing volt age whose rise
time is of the or der of mag ni tude of time char ac ter is tic
of the el e men tary pro cesses of the gas-elec tric dis -
charge. The DC and AC break down volt age val ues
are, al most com pletely, the de ter min is tic quan ti ties (i.
e., when mea sur ing them, the mea sure ment un cer -
tainty of type A is zero or very close to zero). The im -
pulse break down volt age is a sto chas tic mag ni tude of
sig nif i cant dis si pa tion (i. e. when mea sur ing the im -
pulse break down volt age, the mea sure ment un cer -
tainty type A sig nif i cantly par tic i pates in com bined
mea sure ment un cer tainty) [23-25].

Based on the ki netic the ory of gases, the value of
the break down volt age un am big u ously de pends on the 
prod uct of pres sure and interelectrode dis tance
(so-called pd val ues). This is true, com pletely, for the
val ues of DC and AC break down volt ages since they
are de ter min is tic quan ti ties. The de pend ence of the
DC break down volt age on the prod uct pd is called the
Paschen curve. The Paschen curve is an asym met ric U
curve which is lim ited on the left side by the ap pear -
ance of the vac uum break down. The op er at ing point of 
the gas surge ar rest ers is usu ally placed near the min i -

mum of the Pashen curve on the right side. In case of
the gas surge ar rest ers, the value of the im pulse break -
down of the surge is char ac ter ized by the so-called im -
pulse char ac ter is tic. The im pulse char ac ter is tic rep re -
sents the de pend ence of a cer tain quintile prob a bil ity
of the im pulse break down on time. In prac tice, two
such de pend en cies were given (for ex am ple, for
quantiles of 0.1 % and 99 %) and they limit the area in
the volt age-time plane in which each value of the im -
pulse breakdown voltage is located (with a
predetermined probability) [26, 27].

The gas-filled surge ar rester has pri mar ily to
pro tect elec tronic com po nents from the overvoltages
that are a con se quence of at mo spheric dis charges,
com mu ta tion ac tions, and ir reg u lar i ties in the volt age
shape (de vi a tions from the si nu soid and the ap pear -
ance of higher har mon ics). All these forms of the volt -
age are most closely re duced to the im pulse volt age.
This means that in or der to in crease the ef fi ciency of
the GFSA, it should be en sured that its im pulse char ac -
ter is tics are as par al lel to the time axis as pos si ble and
that the dis tance be tween the im pulse char ac ter is tics
of the small and large quantiles of the break down
prob a bil ity is as small as pos si ble. In ad di tion, the oc -
cur rence of the long-term GFSA deconditioning and
the stability of its operating point should be minimized 
[28].

In or der to achieve such en gi neer ing, the pa ram e -
ters are avail able on which the elec tri cal break down of
the gas de pends: type of gas, pres sure, interelectrode dis -
tance, elec trode ma te rial (out put, melt ing tem per a ture,
and ther mal con duc tiv ity) and to pog ra phy of elec trode
sur faces [29, 30].

EX PER I MENT AND PRO CESS ING
OF THE MEA SURE MENT RE SULTS

The ex per i ments per formed in this pa per aimed
to de ter mine whether there is an al ter na tive to ra dio ac -
tive ra di a tion ap pli ca tion in the GFSA. For that pur -
pose, the ex per i ments were con ducted with the
two-elec trode and three-elec trode GFSA mod els. In
the two-elec trodes GFSA model, the in flu ence of the
hol low cath ode and the elec tron ma te rial on the im -
pulse char ac ter is tics of the GFSA was con sid ered. The 
in flu ence of the third, float ing elec trode on the
long-term GFSA deconditioning ef fect was con sid -
ered in the three-elec trode GFSA model. For the pur -
pose of com par i son, in par al lel and un der the same
con di tions, re searches of the in flu ence of a ra dio ac -
tive ra di a tion on the same char ac ter is tics were per -
formed.

Fig ure 2 shows the mod els of the used cham bers. 
The cham bers were de signed to be flex i ble in terms of
chang ing the pa ram e ters: the elec trode, the
interelectrode dis tance of the gas (or gas mix ture), and
the gas pres sure. The interelectrode dis tance was ad -
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Fig ure 1. The com mer cial gas-filled surge ar rester [18]



justed with an elec tronic mi crom e ter screw. The zero
dis tance  be tween  the  elec trodes  was ad justed by
mea sur ing  the  re sis tance. He lium gas  was  used  as 
the in su lat ing  gas  in  the  model,  and  a  gas  mix ture  of 
0.95 He + 0.05 SF6 was also used. A gas cir cuit was
used to fill the model with He gas and the gas mix ture,
fig. 3. The ra tio of gases in the mix ture was ad justed
based on the law of the par tial pres sure additivity. The
pres sures in the cham bers were de ter mined to cor re -
spond to the pres sure at 0 °C. Be fore ad just ing the
work ing gas pres sure in the cham bers, they were re -
peat edly washed with He. The seal ing of the cham bers
was ex tremely good (could not es tab lish a pres sure
change on a monthly ba sis).

To ob tain the im pulse char ac ter is tics, the DC
source (the volt age rise rate 8 V(s)–1 and the im pulse
source, fig. 4 were used. The im pulse source gave
pulses,  ap prox i mately  to   the   lin ear   rise,  at  speeds
of 1 kVs–1,  5 kVs–1,  10 kVs–1,  50 kVs–1,  100 kVs–1,
200 kVs–1, and 500 kVs–1. The im pulse volt age am pli -
tude was al ways sig nif i cantly higher than the ex pected 
value of the im pulse break down volt age. The break -
down volt age val ues were mea sured with a com pen -
sated ca pac i tive volt age di vider and a 500 MHz dig i tal
os cil lo scope. Dur ing the mea sure ment, the mea sur ing
in stru ments were placed in a pro tec tive cabin (pro tec -
tion greater than 100 dB) and gal van i cally sep a rated
from the ca pac i tive di vider.

For the elec trode sys tem for ma tion, the cy lin dri -
cal elec trodes with the up per sur face of the Rogowski
pro file were used, fig. 5. The elec trodes were made of
brass, and for test ing the in flu ence of the elec tron ma -
te rial to the break down, the same shape elec trodes s
were made of: alu mi num, elec tron al loy, and tung sten.
The elec trodes with a cav ity in the cath ode were also
used to ex am ine the hol low elec trode ef fect (the di am -
e ter of the cav ity was al ways sig nif i cantly larger than
the mean free path length of the elec tron un der ex per i -
men tal con di tions). In ad di tion to these elec trodes, the
brass elec trodes with a cav ity in the cath ode that was
coated with an elec tron al loy were also used. In ad di -
tion, the pos si bil ity of plac ing a 241Am ra dio ac tive
source so that a ra di a tion was di rected at the cath ode,
was ex am ined. Be fore each se ries of mea sure ments,
the elec trodes were pol ished to a high gloss.

The mea sure ment pro ce dure con sisted of the
fol low ing steps: 1 –  the elec trode con fig u ra tion for -
ma tion,  2 – fill ing  the cham ber with the work ing gas,
3 – mea sur ing 20 val ues of the dc break down volt age,
4 – mea sur ing 50 val ues of the im pulse break down
volt age, and 5 – set ting new pa ram e ters of the GFSA
model and re peat ing mea sure ments. The com bined
mea sure ment un cer tainty of the ex per i men tal pro ce -
dure was less than 8 % [31-34]. The pro cess ing of the
mea sure ment re sults was dif fer ent in the case of ex am -
in ing the in flu ence of the pa ram e ters of the GFSA
model in su la tion sys tem on the im pulse char ac ter is tic
and on the long-term deconditioning ef fect. In the case
of ex am in ing the im pulse char ac ter is tics, the pro cess -
ing of the ob tained ex per i men tal re sults was per -
formed in the fol low ing steps: 1 – ap pli ca tion of the
Chauvin cri te rion for re ject ing the sus pi cious mea -
sure ment re sults, 2 – de ter min ing the af fil i a tion of sto -
chas tic val ues of the im pulse break down volt ages
from the sta tis ti cal dis tri bu tions of min i mum val ues (i.
e. ex po nen tial, two- and three-pa ram e ter Weibull dis -
tri bu tion) and Nor mal dis tri bu tion, c2 test, 3 – de ter mi -
na tion of the ob tained pa ram e ters dis tri bu tion by the
mo ment method, and 4 – draw ing the im pulse char ac -
ter is tics for 99.9 % and 0.01 % of the prob a bil ity
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Fig ure 2. The gas surge ar rester gas cham ber model

Fig ure 3. The gas cir cuit scheme;
1 – cham ber, 2 – SF6 gas,
3 – no ble gas, 4 – vac uum gauge,
5 – two po si tion valve,
6  – air, 7 – ma nom e ter,
8 – ir ra di a tion,
9 – vac uum pump,
10 – pre ci sion vac uum gauge



quantile of the ob tained sta tis ti cal dis tri bu tion by ap -
ply ing the law of sur face con stancy un der im pulse in
volt age-time area. In the case of ex am in ing the in flu -
ence of the GFSA model pa ram e ters on long-term de -
con tam i na tion, the first three steps were the same.
How ever, the mea sure ment pro ce dure it self was per -
formed with a break of 1 hour, 12 hours, 24 hours, 5
days, 10 days, 20 days, 30 days, and 45 days. The sam -
ples of the ran dom vari able im pulse break down volt -
age thus ob tained, were ob tained on chro no log i cally
ar ranged subsamples of five ran dom vari able im pulse
break down volt ages, nor mal ized to the mean value of
the im pulse break down volt ages. By an a lyz ing the sta -
tis ti cal sam ple thus ob tained, data on the quan ti ta tive
in di ca tor of long-term deconditioning of the GFSA
model, can be ob tained.

RE SULTS AND DIS CUS SION

Fig ure 6 shows the im pulse char ac ter is tics ob -
tained for the ap pli ca tion of: the brass elec trodes, the
brass elec trodes with a hol low cath ode (the elec tron al -

loy coated cav ity), and the brass elec trodes with a
hol low cath ode (the elec tron al loy coated cav ity) and a 
ra dio ac tive source, 241Am.

The re sults shown in fig. 6 were cho sen from lots 
of re sults and rep re sent the stan dard im pulse char ac -
ter is tics (the brass elec trodes) and their ob tained im -
pulse char ac ter is tics with out the use of ra dio ac tiv ity
(the brass elec trodes with a hol low cath ode where the
cav ity is coated with an elec tron al loy) and the im pulse 
char ac ter is tics ob tained us ing a ra dio ac tive source
241Am. Based on the im pulse char ac ter is tics shown in
fig. 6, it can be con cluded that the re sponse ac cel er a -
tion ob tained by elec trode ef fects en gi neer ing gives
good re sults which, how ever, lag be hind the re sults
given by the ap pli ca tion of the same en gi neer ing in
com bi na tion with the ra dio ac tive a source.

It turns out that it is dif fi cult to op ti mize the
shape of the im pulse char ac ter is tic by ap ply ing dif fer -
ent ma te ri als. This is due to the fact that the ma te rial
for the GFSA elec trodes should meet three con di tions:
the low work out put, the high ther mal con duc tiv ity,
and the high melt ing point value. Such a ma te rial does
not ex ist among el e men tal met als, nor among known
al loys. How ever, the ap pli ca tion of the elec tron al loy
coated cav ity has been shown to give very good re -
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Fig ure 4. Cir cuit for gen er at ing and mea sur ing im pulse volt age

Fig ure  5. The ba sic elec trodes Rogowski type used in the
ex per i ment

Fig ure 6. The im pulse char ac ter is tics ob tained by the
growth law and the ex per i men tal re sults with an im pulse
of speed 100 kV(µs)–1, Pd = 10 mbar mm,  –  brass
elec trodes, ¡ brass elec trodes with cav ity coated elec tron
and l a ra dio ac tiv ity in the cham ber



sults. These re sults are a con se quence of the hol low
cath ode ef fect which mul ti plies the num ber of free
elec trons and the cold emis sion ef fect from the elec -
tron al loy which fa vors this emis sion with an ex -
tremely small value of the out put work. In that way,
only the good ef fect of the elec tron al loy is used, and
the bad ef fects in terms of the value of ther mal con duc -
tiv ity and melt ing point do not come to the fore. Quan -
ti ta tive in di ca tors of the in flu ence of in di vid ual pa ram -
e ters of the GFSA in su la tion sys tem on its re sponse
speed, are given in tab. 1. Ta ble 1 shows the mean val -
ues of the ran dom vari able, ob tained for the var i ous
im pulse volt age ve loc i ties, nor mal ized to the mean
value of the ran dom vari able im pulse break down volt -
age, ob tained by the im pulse rate, in creases of 1 kVs–1.

Ac cord ing to the data from tab. 1, it can be seen,
that by the en gi neer ing of the GFSA in su la tion char ac -
ter is tics, a sat is fac tory re sult is achieved at im pulse
speeds up to 100 kVs–1. For higher speeds, the so lu -
tions ob tained by this en gi neer ing do not meet the
strict con di tions of the overvoltage pro tec tion, so, the
only pos si ble so lu tion (at to day's level of tech no log i -
cal pos si bil i ties) is to in sert an a ra dio ac tive source
into the cham ber. The ra di a tion from this source
should be collimated to the cath ode sur face. With such
a so lu tion, re sults are ob tained for the re sponse speed
that meets the strict est overvoltage pro tec tion con di -
tions.

Fig ure 7 shows the de pend ence of the mean
value of the first five val ues of the im pulse break down
volt age, nor mal ized to the mean value of the im pulse
break down volt age (with the con stancy of the other
pa ram e ters of the ex per i ment). Fig ure 8 shows the
mean value of five chro no log i cal val ues of the im pulse 
break down volt age, of the nor mal ized mean value, of
the im pulse break down volt age, of their se quence with 
the time, of deconditioning as a pa ram e ter. Ta ble 2
gives an over view of the de pend ence of the ra tio of the
first five break downs of the im pulse volt age, nor mal -
ized to the mean value on the ex per i men tal pa ram e ters.

Based on the re sults ob tained ex per i men tally, it
can be con cluded that deconditioning en ters sat u ra tion 
af ter 10 days and can not be com pletely elim i nated by
the en gi neer ing of the elec trode sys tem. By far the best 
re sults are achieved as a syn er gis tic ef fect of the best
en gi neer ing re sult with the use of a ra di a tion sources
collimated to the cath ode sur face. This is the re sult of
the abil ity to pre vent cath ode con di tion ing (i. e., re -

duc tion of the elec tron emis sion due to gas ad sorp tion,
im pu rity de po si tion, and cath ode cor ro sion) by main -
tain ing the cath ode sur face in a dy namic state. This is
achieved by the com bined ef fect of a slight os cil la tion
of the elec tric field on the cath ode sur face and the ion -
iz ing ef fect of a ra di a tion.
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Ta ble 1. The mean val ues of the ran dom vari able ob tained for the var i ous im pulse volt age ve loc i ties, nor mal ized to the mean
value of the ran dom vari able im pulse break down volt age, im pulse rate 1 kV(µs)–1

Elec trode type 10 kV(µs)–1 50 kV(µs)–1 100 kV(µs)–1 200 kV(µs)–1 500 kV(µs)–1

Brass elec trode 1, 8 2, 01 2, 85 3, 98 5, 14

Brass + cav ity 1, 01 1, 08 1, 1 2, 94 4, 1

Brass hol low elec tron coated 1 1, 01 1, 03 1, 95 2, 84

Brass + a source 1 1 1, 01 1, 54 2, 14

Brass hol low with elec tron + a source 1 1 1 1, 1 1, 12

Fig ure 7. The mean value of the first five break downs
de pend ing on the im pulse rate nor mal ized to the mean
value of 50 chro no log i cal break downs af ter 10 days of
deconditioning, l brass elec trodes, ¡ brass elec trodes
with the elec tron al loy coated cav ity, and * a
ra dio ac tiv ity in the cham ber

Fig ure 8. The mean value of the first five val ues of the
im pulse break down volt ages de pend ing on the time of
deconditioning, nor mal ized to the mean value of 50
chro no log i cal break down val ues, pulse rate 50 kB(µs)–1,
l brass elec trodes, ¡ brass elec trodes with the elec tron
al loy coated cav ity, and * a ra dio ac tiv ity in the cham ber



CON CLU SION

The pa per pres ents the re sults ob tained by a par -
al lel study of the ef fects of the en gi neer ing on the
GFSA in su la tion char ac ter is tics with and with out a ra -
dio ac tive source. Un for tu nately, it is shown that ra dio -
ac tive ra di a tion sub sti tu tion in the GFSA is pos si ble,
but only up to some overvoltage im pulse rates. For
very fast im pulses, the char ac ter is tics of mil i tary ap -
pli ca tions, and nu clear en ergy, it is im pos si ble to
achieve a sat is fac tory GFSA re sponse rate and com -
pen sa tion for the long-term GFSA deconditioning. In
these cases, the use of the GFSA with a ra dio ac tive
source is ir re place able. This means that the GFSA
sources with a ra dio ac tive source of mo men tum con -
tinue to be pro duced but only for spe cific ap pli ca tions.
In do ing so, they should be spe cially marked and their
user should han dle them in ac cor dance with the reg u -
la tions for han dling and dis posal of ra dio ac tive ma te -
rial. This is nec es sary be cause these are rel a tively
small com po nents that con tain an a ra dio ac tive source
and whose en try into the nat u ral en vi ron ment could
lead to its, un con trolled, con tam i na tion.

AC KNOWL EDGE MENT

The Min is try of Ed u ca tion, Sci ence and Tech no -
log i cal De vel op ment of the Re pub lic of Ser bia sup -
ported this work un der con tract 171007.

AU THORS' CONTRIBUTIONS

The idea of the pa per was car ried out by T. M.
Nedi} and A. J. Jani}ijevi} and other au thors par tic i -
pated in the con cept of the in stru men tal and the mea -
sure ment un cer tainty mea sure ments.

REFRENCES

[1] Standler, R. B., Pro tec tion of Elec tronic Cir cuits from
Overvoltages, Do ver Pub li ca tions, New York, 2002

[2] Beyer, M., Boeck, W., Hochspannungtechnik,
Theoretische und Praktische Grundlagen,
Springer-Verlag, Berlin, 1986

[3] Osmokrovi}, P., et al., In ves ti ga tion of the Op ti mal
Method for Im prove ment of the Pro tec tive Char ac ter -

is tics of Gas-Filled Surge Ar rest ers – With/With out
the Built-In Ra dio ac tive Sources, IEEE Trans ac tions
on Plasma Sci ence, 30 (2020), 5, pp. 1876-1880

[4] Howard, C., New Av a lanche Di ode for Tran sient Pro -
tec tion, Elec tronic Prod uct De sign, New York, USA,
1983

[5] Vujiši}, M., et al., In flu ence of Work ing Con di tions
on Over-Volt age Di ode Op er a tion, Jour nal of
Optoelectronics and Ad vanced Ma te ri als, 9 (2007),
12, pp. 3881-3884

[6] Saranya, A., et al., Role of Hexamine in ZnO
Morphologies at Dif fer ent Growth Tem per a ture with
Po ten tial Ap pli ca tion in Dye Sen si tized So lar Cell,
Ma te ri als Sci ence in Semi con duc tor Pro cess ing, 92
(2019), Mar., pp. 108-115

[7] Frigura-Iliasa, F. M., et al., Case Study About the En -
ergy Ab sorp tion Ca pac ity of Metal Ox ide Varistors
with Ther mal Cou pling, En er gies, 12 (2019), 3,  536

[8] Stankovi}, K. D., Perazi}, L., De ter mi na tion of
Gas-Filled Surge Ar rest ers Life time, IEEE Trans ac -
tions on Plasma Sci ence, 47 (2019), 1, pp. 935-943

[9] Osmokrovi}, P., et al., In flu ence of the Elec trode Pa -
ram e ters on Pulse Shape Char ac ter is tic of Gas-Filled
Surge Ar rest ers at Small Pres sure and Inter-Elec trode
Gap Val ues, IEEE Trans ac tions on Plasma Sci ence,
33 (2005), 5, pp. 1729-1735 

[10] Metwally, I. A., Heidler, F. H., Re duc tion of Light -
ning-In duced Mag netic Fields and Volt ages In side
Struck Dou ble-Layer Grid-Like Shields, IEEE Trans -
ac tions on Elec tro mag netic Com pat i bil ity, 50 (2008),
4, pp. 905-912

[11] Lon~ar, B., et al., Ra dio ac tive Re li abil ity of Gas
Filled Surge Ar rest ers, IEEE Trans ac tions on Nu clear 
Sci ence, 50 (2003), 5, pp. 1725-1731

[12] Geibig, K. F., et al., Use of  Fi ber-Re in forced Com -
pos ite Ma te ri als in Spark ing Gaps, Zeitschrift fuer
Werkstofftechnik/Ma te ri als Tech nol ogy and Test ing,
14 (1983), 6, pp. 197-201

[13] Jusi}, A., et al., Syn ergy of Ra dio ac tive 241Am and the
Ef fect of Hol low Cath ode in Op ti miz ing Gas-In su -
lated Surge Ar rest ers Char ac ter is tics, Nucl Technol
Radiat, 33 (2018), 3, pp. 260-267

[14] Osmokrovi}, P., et al., The In flu ence of the Elec tric
Field Shape on the Gas Break down Un der Low Pres -
sure and Small Inter-Elec trode Gap Con di tions, IEEE
Trans ac tions on Plasma Sci ence, 33 (2005), 5, pp.
1677-1681 

[15] Osmokrovi}, P., et al., Mech a nism of Elec tri cal
Break down of Gases for Pres sures from 10-9 to 1 bar
and Inter-Elec trode Gaps from 0.1 to 0.5 mm, Plasma
Sources Sci ence and Tech nol ogy, 16 (2007), 3, pp.
643-655

[16] Osmokrovi}, P., Elec tri cal Break down of SF6 at
Small Val ues of the Prod uct pd, IEEE Trans ac tions on 
Power De liv ery, 4 (1989), 4, pp. 2095-2099

[17] Osmokrovi}, P., et al., De ter mi na tion of Pulse Tol er a -
ble Volt age in Gas-In su lated Sys tems, Jap a nese Jour -
nal of Ap plied Phys ics, 47 (2008), 12, pp. 8928-8934

T. M. Nedi}, et al.: Ef fi cient Re place ment of the Ra dio ac tive Sources in the ...
136 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2020, Vol. 35, No. 2, pp. 130-137

Ta ble 2. The de pend ence of the ra tio of the first five break downs of the im pulse volt age nor mal ized to the mean value on
the ex per i men tal pa ram e ters

Elec trode type 1 h 12 h 24 h 5 d 20 d 45 d

Brass elec trode 20 % 28 % 35 % 45 % 45 % 45 %

Brass + cav ity 20 % 26 % 34 % 45 % 45 % 45 %

Brass hol low coated elec tron 18 % 24 % 32 % 40 % 40 % 40 %

Brass + a source 0 % 5 % 7 % 10 % 10 % 10 %

Brass hol low with elec tron + a source 0 % 1 % 3 % 3 % 3 % 3 %



[18] The Com mer cial Gas-Filled Surge Ar rest ers,
https://www.streamer-elec tric.com/lo cal/tem -
plates/streamer/img/main-pro tect/9.png

[19] Vereb, L., et al., Ef fect of In su la tion Con struc tion
Bend ing on Stator Wind ing Fail ure, IEEE Trans ac -
tions on Di elec trics and Elec tri cal In su la tion, 14
(2007), 5, pp. 1302-1307 

[20] ^aršimamovi}, A. S., et al., Low Fre quency Elec tric
Fieled Ra di a tion Level Around High-Volt age Trans -
mis sion Lines and Im pact of In creased Volt age Val ues 
on the Co rona On set Volt age Gra di ent, Nucl Technol
Radiat, 33 (2018), 2, pp. 201-207

[21] Doli}anin, E, ]., et al., Monte Carlo Op ti mi za tion of
Re dun dancy of Nanotechnology Com puter Mem o -
ries in the Con di tions of Back ground Ra di a tion, Nucl
Technol Radiat, 33 (2018), 2, pp. 208-216

[22] Obrenovi}, M. D., et al., Sta tis ti cal Re view of the In -
su la tion Ca pac ity of the Gei ger-Mueller Coun ter,
Nucl Technol Radiat, 33 (2018), 4, pp. 369-374

[23] Pejovi}, M. M., Stankovi}, K., Ex per i men tal In ves ti -
ga tion of Break down Volt age and Elec tri cal Break -
down Time De lay of Com mer cial Gas Dis charge
Tubes, Jap a nese Jour nal of Ap plied Phys ics, 50
(2011), 8R, 086001

[24] Osmokrovi}, P., et al., The New Method of De ter min -
ing Char ac ter is tics of El e ments for Overvoltage Pro -
tec tion of Low-Volt age Sys tem, IEEE Trans ac tions
on In stru men ta tion and Mea sure ment, 55 (2006), 1,
pp. 257-265

[25] Osmokrovi}, P., et al., The Va lid ity of the Gen eral
Sim i lar ity Law for Elec tri cal Break down of Gases,
Plasma Sources Sci ence and Tech nol ogy, 15 (2006),
4, pp. 703-713

[26] Rajovi}, Z., et al., In flu ence of SF6-N2 Gas Mix ture
Pa ram e ters on the Ef fec tive Break down Tem per a ture

of the Free Elec tron Gas, IEEE Trans ac tions on
Plasma Sci ence, 41 (2013), 12, pp. 3659-3665

[27] Pejovi}, M. M., et al., In ves ti ga tion of Post-Dis charge 
Pro cesses in Ni tro gen at Low Pres sure, Phys ics of
Plas mas, 19 (2012), 12

[28] Osmokrovi}, P., et al., Re li abil ity of Three-Elec trode
Spark Gaps, Plasma De vices and Op er a tions, 16
(2008), 4, pp. 235-245

[29] Stankovi}, K., et al., Re li abil ity of Semi con duc tor
and Gas-Filled Di odes for Over Volt age Pro tec tion
Ex posed to Ion iz ing Ra di a tion, Nucl Technol Radiat,
24 (2009), 2, pp. 132-137

[30] ***, BIPM, IEC, IFCC, ISO, IUPAC, IUPAP and
OIML: Guide to the Ex pres sion of Un cer tainty in
Mea sure ment, Geneva, Swit zer land: In ter na tional
Or ga ni za tion for Stan dard iza tion, 1995

[31] Stankovi}, K., et al., Free-Elec tron Gas Spec trum
Unique ness in the Mix ture of No ble Gases, Con tri bu -
tions to Plasma Phys ics, 56 (2016), 2, pp. 126-133

[32] Deki}, S., et al., Con di tions for the Ap pli ca bil ity of
the Geo met ri cal Sim i lar ity Law to Im pulse Break -
down in Gases, IEEE Trans ac tions on Di elec trics and
Elec tri cal In su la tion, 17 (2010), 4, pp. 1185-1195

[33] Jefteni}, I., et al., Ag ing of Stator Coil Interconductor
In su la tion of High Volt age Asyn chron ous Mo tor,
IEEE Trans ac tions on Di elec trics and Elec tri cal In -
su la tion, 25 (2018), 1, pp. 352-359

[34] Vereb, L., et al., Ef fect of In su la tion Con struc tion
Bend ing on Stator Wind ing Fail ure, IEEE Trans ac -
tions on Di elec trics and Elec tri cal In su la tion, 14
(2007), 5, pp. 1302-130 

Re ceived on June 22, 2020
Ac cepted on July 30, 2020

T. M. Nedi}, et al.: Ef fi cient Re place ment of the Ra dio ac tive Sources in the ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2020, Vol. 35, No. 2, pp. 130-137 137

Teodora M. NEDI], Aco J. JANI]IJEVI],
Koviqka \. STANKOVI], Nenad M. KARTALOVI]

EFIKASNA  ZAMENA  RADIOAKTIVNIH  IZVORA  PRI  IZRADI
GASNIH  ODVODNIKA  PRENAPONA  ZA  KOORDINACIJU

IZOLACIJE  NA  NISKONAPONSKOM  NIVOU

U radu se razmatra mogu}nost klasi~nog in`eweringa brzine odziva i dugovremenskog
dekondicionirawa gasnih odovodnika prenapona. Dobijeni rezultati porede se sa istim
rezultatima dobijenim sa gasnim odvodnikom prenapona uz primenu radioaktivnog a izvora. Rad je
eksperimentalnog karaktera. Eksperimenti su vr{eni na multinamenskom modelu gasnog
odvodnika prenapona pod dobro kontrolisanim uslovima. Merna nesigurnost eksperimentalnog
postupka je bila mawa od 8 %. Rezultati su obra|eni softverom za obradu statisti~kih podataka.
Za crtawe impulsnih karakteristika kori{}en je zakon o konstantnosti povr{ina ispod
impulsnog napona u volt-sekundnoj ravni.

Kqu~ne re~i: gasni odvodnik prenapona, niskonaponski nivo, izolaciona karakterisika


