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Experimental investigation of the current-voltage characteristics in corona dischargesin
SFe-N> gas mixtures have been carried out in a point to plane configuration. Empirical
formulae have been used to determine the corona onset voltages (Vo) in both polarities
at higher pressure. The results show that for low concentrations of SFg the increase of
the onset voltage is relatively substantial, whereas, for amounts over 10 % of SFg the
increase is slowed down. This can be an advantage for the substitution of SFg The
results obtained with the empirical models are compared with the measures values.
Calculated values overestimate V, for low SFg ratio (€ 5% SFe) and underestimate V,
for high pressures (> 50 % SF).

1. INTRODUCTION

Sulphur-hexafluoride (SFe) is an electronegative gas, which found a wide
range of applications due to its superior insulating properties and chemical
stability. As the size of the high voltage equipment increases, the quantity of Sk
released in atmosphere is therefore rising. Due to its ability to absorb and reemit
infrared radiation, SFg is classified as a greenhouse gas and therefore, contributes
to the global warming of the atmosphere [1, 2]. The by-products issued from
decomposition of SFg exposed to electric discharges may be dangerous to the
equipment (corrosion) and to the personnel (poisoning) [3]. These factors have
stimulated research for the use of gas mixtures of SF¢ with inexpensive common
gases such as nitrogen (N,). SFe-N, gas mixtures have good dielectric strength, are
non-toxic, non-flammable and they have a high arc quenching capacity with a good
self healing ability.

Several investigations have been reported in the literature on the breakdown
and corona inception behavior of SFg - N, gas mixtures [4, 5]. However, there is
still insufficient information regarding the direct current corona onset voltages of
such mixtures. In the present paper the corona discharge voltages have been
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determined using the current-voltage characteristics in both negative and positive
polarities. The experimental measurements were carried out at higher pressure and
with highly nonuniform field. The results obtained for different amounts of SFs in
the (SFs-N,) gas mixture are compared with empirical models and will be the basis
for the elaboration of a useful numerical model.

2. EXPERIMENTAL PROCEDURE

M easurements were made in a stainless-steel cell of 50 cc equipped with two
quartz windows as mentioned in [6]. Tip to plane electrodes were mounted inside
the cell. The tip electrode of few micrometers is made of tungsten and is connected
to the high dc voltage up to 60 kV. The gap between the electrodes varies from 5 to
10 mm. The stainless steel plane electrode with a radius of 12 mm is connected to
an electrometer which, measures currents down to some microamperes. The
measurements were made for pressures ranging from 3 bars to 15 bars. The current
was measured when the voltage varies upwards and downwards. The tip electrode
is regularly changed in order to limit the radius variation due to the deposit of
fluorine and sulphur. Anaysis of used tips by electronic microscopy has been
carried out.

3. THEORETICAL ANALYSIS

Studies of corona discharges with point-to-plane electrode geometry started
early at the end of the 9™ century. Townsend derived an empirical formula for
describing the current-voltage characteristics in point-to-plane corona discharges as
disclosed by [7, 8]

| = AV(V V), €

where | isthe corona discharge current, V the supplied voltage, Vo the corona onset
voltage and A a dimensional constant depending on the inter-electrode distance, the
needle electrode radius and charge carrier mobility in the drift region and other
geometrical factors. For SFs theoretical models to determine corona inception
voltages in strongly inhomogeneous fields (tip-plane configuration) have been
proposed by several authors. Nitta's [9] model is based on the streamer criterion
and it is expressed in the following manner:

Vo = (E/P)muPdi+ (C/\/P_rp))' &

where u isthe field utilisation factor; u= Eqerage/Emax -
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E isthe electric field, P is the gas pressure and d is the distance between the
electrodes. In the case of tip-plane configuration u can be calculated using the
formula given by [10]:

In{L+(2d/rp))

=r,— ~ 7 B7 3
u=rp ~d 3

In our condition, with r,= 50 umand d = 7.25 mm, uis of the order of 2.107.
The constant C in equation (2) can be determined by the following equation:

4K
= \ Bn(E/P)iimm @

K is the streamer criterion constant and f3,, comes from the approximation of
the effective ionisation coefficient o of the mixture [10]:

&/P = frml(E/P)~(E/P)im ) 5)

The prediction of the limiting reduced field (E/P)m at which the effective
ionization coefficient over the pressure of the mixture (ot/P), . =0is given by

Malik and Qureshi [11] for SFe-N, mixtures by making the following assumption:
(@/P)iim = Z(CT/P)SFG +(1- Z)(CT/P)NZ , (6)

with z = the partial pressure ratio of SF.

However, since nitrogen and SFg do not interact with electrons of the same
range of energy, this assumption is not rigorously exact. Kline et al. [12] have
shown that there's good agreement between experimental results and those
calculated using the empirical expression eq. (7):

(E/P)jim = (E/ P)SFG (65762, )

4. RESULTSAND DISCUSSION

The experimental values of corona onset voltages (Vg) shown in Fig. 1 and
Fig. 2, increase linearly with pressure and then tend towards saturation. The latter
may be attributed to the change of the surface of the tip electrodes. The saturation
may be the result of the concentration of space charges, which are more active at
the vicinity of the tip electrode at higher pressure [13].
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Fig. 1 — Measured onset voltages as a function of the gas pressure
for different amounts of Sk for positive polarity.

The positive onset voltages are relatively higher compared with those
measured in negative polarity [14]. This can be attributed to the mechanism of
generation of initiatory electrons. Under positive polarity the main source for
production of electrons is the detachment from negative ions and the difficulty for
negative ions to reach the tip electrode. For negative polarity the field effect
emission increases the probability of free electronsin the critical volume [15].
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Fig. 2 — Measured onset voltages as a function of the gas pressure
for different amounts of Sk for negative polarity.

Using eg. (6), the values of (E/P);, for mixtures calculated by Malik and
Qureshi [11] and those obtained by Kline et al. [12] are recorded in Table 1.
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Table1
The values of (E/P);im, for SFs-N, gas mixtures

SE. ratio (E/P)jim in kV.cm *.bar™* (E/P)jim in kV.cm ~.bar ™

6 (Malik and Qureshi [11]) (Kline' s formula[12])

100% 87.75 89

50% 74.2 78.6

25% 63.2 69.3

15% 56.6 63.2

10% 52.1 58.8

5% 43.9 51.9

The constant C is also determined by calculations using equation (4). In the
Table 2, are presented the values of C found by Malik and Qureshi and our values
calculated with (E/P)in, given by Kling' s formula.

Table 2
Determination of the constant C

SFe ratio C (Mdlik, Qureshi [11]) C (Kline[12])
100% 1.33 132
50% 164 161
25% 1.96 2
15% 2.29 23
10% 2.56 2.6

5% 31 32

It is shown in Table 2, that our values are very close to those of Malik and
Qureshi, and that C is not very sensitive to the way (E/P);in, is calculated. We are
now able to calculate V, for mixturesin our experimental conditions. Corona onset
voltages calculated using Malik and Quershi’s and Kline's models are compared
with the measured values deduced from the current-voltage characteristics as a
function of gas pressure for different amounts of SF, in the SF-N, gas mixture
(Figs. 3-7). For amixture of 5 % SF-95 % N, (Fig. 3) the onset voltage increases
linearly with pressure up to 9 bar, then shows deviations from the theoretical
behavior and tends towards saturation. Such behavior is often attributed to surface
effects, which are more sensitive at high pressure [2, 16]. There is a small
discrepancy between the empirical models, but both overestimate V,. In Fig. 4, for
a mixture of 10 % SFs-90 % N, the empirical calculation does somehow coincide
with the experimental results up to 10 bar. Beyond this limit the experimental
values deviate and tend towards saturation.
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Fig. 3 — Coronaonset voltages cal culated using empirical models compared with the measured values
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Fig. 4 — Corona onset voltages calculated using Malik and Quershi’s model and Kline's model

compared with the measured values as a function of gas pressure with 10 % SFB-

For 25 % SFe-75 % N the calculated values are underestimated up to 10 bars
and the gap between the modelsis reduced.
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Fig. 5 — Corona onset voltages cal culated using Malik and Quershi’s model and Kline's model
compared with the measured values as a function of gas pressure with 25 % SFG.

In higher percentage of SF¢ in the gas mixture beyond 50 % the experimental

results are higher than those calculated using empirical models. The difference
between the two models is becoming smaller.
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Fig.6 — Corona onset voltages calculated using Malik and Quershi’s model and Kline's model
compared with the measured values as a function of gas pressure with 50% SF.

The discrepancy between the empirical models decreases with the increase of
the percentage of SFs in the gas mixture. With a 10 % of SFs in SFs-N, gas
mixture, there is somehow an agreement between the experimental and the
caculated values. Obviously, in the application of the mentioned empirical
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formulae to the experimental data, they all met with some difficulties. Based on the
experimental data extracted from the current-voltage characteristics and the
knowledge of corona discharge, a new general formula is therefore, necessary to
predict with accuracy the onset voltages for SFs-N, gas mixtures.

5. CONCLUSION

The corona onset voltages measured increase linearly with pressure and then
tend to saturate. The saturation may be attributed to the change of the surface of the
tip electrode. Globaly, when comparing the experimental results with the
calculated values we can notice that the models overestimate V, for low SF; ratio
(< 5% SFg) and underestimate it for high pressures (> 50 % SFg).
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