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In this paper we analyze application of contemporary methods of insulation co-ordination
and the enlargement law in designing a GM counting tube. It has been shown that by applying
insulation co-ordination methods the counting tube can be optimally dimensioned. The ap-
plication of the enlargement law was demonstrated in generalizing the results of test obtained
by the GM tube to those obtained by the counting tube with m-times greater dimensions. The
investigations were conducted both theoretically and by experiment. Using theoretical analy-
sis, we derived the expressions that may be applied if a performance function of a random vari-
able breakdown voltage is known. The experiments were conducted on a GM counter model

under well controlled laboratory conditions.
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INTRODUCTION

The Geiger-Muller counter is a gas detector
based on the gasmultiplication principlelikeany other
proportional counter. However, in the GM counter, a
stronger electrical field is applied making the ava
lanche process more intensive. If the electrical field
valueis above critical each avalanche triggers at least
more than one additional avalanche, thereby produc-
ing self-sustaining chain reaction known as Geiger
discharge. By further increasing value of the electrical
field the number of avalanches during the discharge
increases.When a certain fixed number of avalanches
during one discharge is produced the collective effect
of al avalanches stops the chain reaction and termi-
nates the discharge. Since approximately the same
number of avalanches terminates every discharge, al
impul sesof the GM counter arewithinthe sameampli-
tude regardless of the number of primarily created
ionic pairs which start the process. The GM can func-
tion as a detector of events caused by ionizing radia-
tion, but not asaspectrometer becausetheinformation
about the energy transmitted from the incident quant
of radiation to the gas is lost. By analyzing the de-
scribed mechanism of the GM counter itisclear that its
functioning is based on the electrical breakdown of a
gas[1-3]. The aim of this paper isto demonstrate the
possibility of applying contemporary insulation coor-
dination approach and the enlargement law in design-
ing the GM counting tube.
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When insulation structureslike the GM counter
tubearedesigned or dimensioned an entirely empirical
approachisoften adopted. First, effortsaremadeto es-
timatethe desired dimensionsof the GM tube[4-6] us-
ing empirical values, and sometimesusing half empiri-
cal methods of calculation. Next step involvesmaking
a prototype unit which is laboratory- tested and re-
fined. [7, 8]. One should be aware of the fact that this
approach can hardly produce an optimal solution.
Consequently (to be closeto the optimal solution) itis
required to at least estimate the performance function,
test it experimentally and finally grade an insulating
capability using some method. Various insulation
clearances must be coordinated according to their sig-
nificance and regeneration capability [9]. It is aso of
interest for practical application to know to what ex-
tent a change of counting tube dimensions affects the
GM counter functionality. Thiskind of insulation co-
ordination of the GM counter tube must satisfy the set
out rules of insulation coordination and make addi-
tional optimization of equivalent (in terms of insula-
tion coordination) insulation clearances.

INSULATION CO-ORDINATION
OF THE GM COUNTING TUBE

By observing the described function of the GM
counter itisclear that during itsdesign the principle of
insulation coordination must be applied [10]. Surely,
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Figure 1. Segment of a GM counter chamber

thereisaclose connection between knowing physical
picture of abreakdown processand specification of in-
sulation coordination, e. g. problemsof insulationload
are analysed with impul se voltages whose waveforms
aredifferent fromstandard atmospheric and commuta-
tion voltages[11, 12].

Wewill here discuss GM counting tube, i. e, in-
sulation coordination in acylindrical model, fig. 1.

Part of the GM tubeisshowninfig. 1. It consists
of ametalized glass cylinder,a central (coaxial) elec-
trode, and aninsul ator for holding thecentral electrode
in the axial position.Therefore, the segment of GM
counting tube can be divided into: G —gas breakdown
distance, U — flashover distance over spacer, and F —
solid breakdown-distance in spacer.The GM counter
which consists of five segments identical to the
abovementioned GM counter is shown in fig. 2.

Insulation in GM counter has very different in-
sulation characteristics: in gas (G) insulating capacity
iscompletely regenerated after abreakdown (e. g.ina
test); at theinterface (U) itispartly restored; andin the
solid material (F) it does not recover et al. Besides,
solid breakdown voltageisgreatly dependant on aunit
and working conditions. Partial dischargesmust not be
permitted in none of the distances/clearances, since
the inception voltages and breakdown voltages coin-
cide. For the proper functioning of the GM counter itis
necessary that all breakdowns occur in the gas. In or-
der to relieve points in the insulation from the start,
that are electrically critical and at the sametimerepre-
sent technical problem, keep discharge occurring in
the test away from these points and minimize mainte-

Figure 2. Five segment GM counting chamber

nance, it is advisable to grade the insulating capacity
of these insulating structure elements for the 2 %
breakdown voltages, for example

G U F
Ugoe < Ugee < Uge

@

Using the method to precalculate the perfor-
mancefunction of thebreakdown voltageinagas[11],
it is possible to design geometry of the insulation
clearancesin such away that the coordinationrequired
by eqg. 1isachieved.To do this, one must start fromthe
rated withstand voltage U, of atest section consisting
of munits, fig. 2. If atype of distributionisknown, the
rated withstand voltage of the unit Ugy can be calcu-
|ated from the rated withstand voltage of the test sec-
tion U, 4 using theenlargement law [12-14]. Assuming
a double-exponential distribution, which is suitable
for agasinsulation [15], for example

Ugg =Upg +7 INM 2

where y* is estimated value for dispersion of dou-
ble-exponential distribution.

Intheprocedure, onemust takeinto account pos-
sible impreciseness of the preliminary calculation
(precalculation). It can be obtained by proceeding in
accordance with classical methods[16], with a condi-
tiongivenbyU g <U &, U S, isthe2 % breakdown
voltage of the unit). In addition, a precision level § =
=(0.02-0.05) Ugg4 can be adopted for the cal culated
2 % breakdown voltages of the GM counting tube ba
sicmodel. The desired values of 2 % breakdown volt-
ages can be calculated using eq. 1, the characteristics
for Ugg can be obtained using eg. 2, aswell asé and e
(statistical reliability). For the gas clearance we ob-
tained

Ugg +6 <USp <Upgq +26 €)
For the flashover distance
Ugpg +25 +£<UJy, <Upq +35 +¢ (4)

For the solid distance
Ugg +36+26<Ufp, <Upq +45+2c  (5)

EXPERIMENT

The insulation co-ordination of GM counting
tube has been experimentally tested using a designed
model (segment) of the part of GM tube, showninfig.
1 and fig. 3. Also, five more chambers have been de-
signed in the same way, which consisted of segments
2-5and 6 of the GM counter (five- segment chamber is
shown in fig. 2). In addition, two holders/spacers for
the central electrode have been designed. Thefirst one
with straight edges and the other one with processed
edges, in order to extend the path of the surface
flashover, fig. 4. Furthermore, an extra chamber has
been designed to facilitate measurement of the
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Figure 3. Model of a one segment GM counter

Figure 4. Spacer /holdersfor the central electrode
(typel and I1)

flashover spacer (surface breakdown). In this chamber,
the composition and pressure of the insulating gas were
thesameasthey wereinthemodel of GM tube. Thevaue
of a breakdown voltage in a spacer has been measured
only once. It has been shown that this value was much
greater than the values of breakdown voltagesin the gas
and over spacer, and it should not be taken into consider-
ation. During the measurement, the applied models have
beenfilled with the He gas and al cohol vapour. The pres-
sureinthechambershasalwayshbeen at 40 mbar. Accord-
ing to the measurements, the pressure in the GM counter
model has not changed more than 1 mbar during 24
hours.

The experiment involved the following steps. 1—
measuring 100 values of the coaxial geometry break-
down voltage, 2 — measuring 100 values of flashover
across spacer type | and type |1 in the chamber (for this
part of the experiment 100 identical spacers have been
designed for both spacer types—1 and I1), and 3—the unit
designed (the GM counter model) consisted of 1-4 and 5
identical segments, fig. 5. One hundred values of break-
down voltage have been measured in these multi-seg-
ment units. Combined measurement uncertainty has
been less than 5% [17].

The obtained statistical samples of the random
variables: breakdown voltage in the gas, flashover volt-
age on spacer, and breakdown voltage in the
multisegment units, were treated in the following man-
ner: 1 — using Chauvenet's criterion each sample was
cleared of suspiciousresults, 2 —remaining sampleswere
divided in 10 chronological samples and tested using

U-test to check whether the samples belong to
unique random variable, and 3 —obtained statistical
samplesweretested graphically, using y2 —test and
Kolmogorov test to check if they belonged to
Gauss, double-exponential and Weibull distribu-
tion.

Double-exponential voltage 250/2500 puswas
used. The pause between two breakdowns was 1
min. The breakdown voltage was measured using a
capacitive divider. During the measurement the
100 MHz oscilloscope was placed in a protective
chamber with the protection greater than 100 dB.

If afinal geometry is optimized in such away
that the calculated 2 % breakdown voltages are
within desired range, than the test samples should
be collected and its breakdown voltage perfor-
mance function should be changed. It should be
more or less equal to that of the gas clearance. For a
gasinsulationwhich can beapproximated with dou-
ble-exponential distribution (parameters U §s;and
7®) the value of the rated withstand voltage can be
tested in accordance with the standard procedure

Ung <Ugio =Uges —7° (225+Inm)  (6)

RESULTS AND DISCUSSION

Figures 5 and 6 represent experimentally ob-
tained statistical samples of the following random
variables. 1 — breakdown voltage in GM counter
model infig.1, withtypel andtypell spacer; 2—sur-
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Figure 5(a). Breakdown voltage of the GM counter
model (fig. 1) with type| spacer, displayed on proba-
bility paper of the double-exponential distribution
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Figure 5(b). Breakdown voltage of the GM counter
model (fig. 1) with type |l spacer, displayed on
probability paper of thedouble-exponential distribution
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Figure 6. Surface breakdown voltage over spacer,
displayed on probability paper of thedouble-exponential
distribution; 1 —type |l spacer; 2 —typell spacer

counter model with type |l spacer, the participation of
the breakdown voltages|lower values (i. e. first part of
additive distribution) equals zero.

Figure 7 shows breakdown voltage of the
five-segment GM counter asafunction of enlargement
factor m.Variation coefficient of the random variable
GM counter breakdown voltage as a function of en-
largement factor, aswell as corresponding theoretical
dependencies in the case of double-exponential, nor-

Enlargement factor m 543 2 1
0.995

0.99 1 /[ [/ ,{
0.98 //// / /

~] <

S 10V

g 0.90 //};/f

go.ao )7// / .

1177
- /
/Y /

4 4.5 5 55 6
Breakdown voltage [kV]

Figure 7. Validity of the enlargement law for the m seg-
ment GM model
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80 optimize GM counting tube in the design phase and

o oo predict potential defects such as the appearance of
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Figure 8. Random variable variation coefficient as a
function of enlargement factor m (number of segments)
and the appropriate theoretical dependencies for: 1 —
double-exponential distribution, 2 — two parameter
Weibull distribution, 3 —normal distribution, 4 —three
parameter Weibull distribution

mal, two parameter Weibull and three parameter
Weibull distributions, areshowninfig. 8. Based onthe
resultsshowninfigs. 7 and 8 it can be seen that the as-
sumption claiming the random variable GM tube
breakdown voltage belongs to double-exponential
distribution is satisfactory. In addition, it is observed
that the enlargement law for breakdown in m-multiple
configuration isapplicable under the abovementioned
assumption. It facilitates estimation of double-expo-
nential g dispersion value based on the random vari-
able performance function shown in figs. 5 and 6.
Based onacal culation of the GM tube nominal voltage
(DC breakdown voltage), the value 1800 V is ob-
tained. Substituting this value in the eq. 2, Ugg is ob-
tained. U, value can be calcul ated based on the spe-
cific vaelue of Ugg. The calculation of Uy, for the
breakdown in the GM counter gas and for the
flashover over spacer shows that the condition (1) is
satisfied, inthe case of GM counter model with typell
spacer. The condition (1) is not satisfied for the type |
spacer.

CONCLUSION

In the paper we analyzed the application of con-
temporary methods for insulation co-ordination and
the enlargement law in constructing and testing the
GM counting tube. Mathematical procedure has been
shown for the optimal choice of the GM counter insu-
lation structure. Also, we demonstrated the method
which facilitates estimation of effectsin counting tube
insulation structure caused by changing counting tube
dimensions. Obtained results give us a possibility to

figures were prepared by 1. S. Fetahovic.
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Epnun h. Jonuhanun, Updan C. Peraxosuh, Hophe JI. Jlazapesnh, Henag M. Kapranosuh

KOOPIVMHAILINJA U30JAIMIE U 3AKOH IIOPACTA 3A
BPOJAYKE IHEBU I'M BPOJAYA

Y papy ce pa3MaTpa IpIMeHa CaBPEMEHNX METOAa KOOPAMHAIM]e N30JIalije ! 3aKOHA ITopacTa
Ha koHcTpykuujy I'M 6pojauke nesu. [Toka3aHo je Kako je MpUMEHOM METO/a KOOpAMHALUje N30Januje
Moryhe ontumanHO AMMEH3MOHMCATH Opojauky leB. JleMOHCTpupaHa je MOrYhHOCT ImpuMeHe 3aKOHa
[opacTa Ha yoIlllITaBak¢e pe3yJiiTaTa ucnuTuBamba fooujenux I'M 6pojaukoMm LieBH Ha pe3yiaTare Koju Ou ce
nobwnm OpojaukoM 1eBH M-myta Behmx pgumensumja. Pa3matpama cy o0OaBijbeHa TEOPHWjCKU U
eKCIepUMEeHTATHO. TeopnjcKoM aHaIM30M M3BEeJIeHN Ccy oOpaciy Koje je Moryhe IpIMeHUTH aKo ce 3Ha
(pyHK1IMja U3BOHUIIA CIIyYajHE IPOMEHIbHBE, TPOOOjHU HAOH. EXcniepuMeHTH cy BpiieH Ha Mofery I'M
Opojaya oy JOOpO KOHTPOIMCAHUM J1aOOPaTOPUjCKUM YCIIOBUMA.

Kwyune peuu: I'M-6pojay, koopounayuja uzoaayuje, 3axKoH iopaciia



