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Abstract 
 
  Sulphur hexafluoride (SF6) is extensively used as an insulating and arc -quenching medium in 
gas insulated switchgear (GIS). The gas has a high electric strength, low toxicity, is chemically inert and has 
good heat transfer properties. These properties allow a reduction in size and enhance the reliability of high 
voltage (HV) equipment. On the other hand, the dielectric withstand of SF6 insulated system is extremely 
sensitive to local in-homogeneity of the electric field, which may result from the presence of defects such as 
protrusions on electrodes, metallic particles, contaminations, triple junction , etc. These defects cause  partial 
discharges (PD) in SF6 gas insulated switchgear which in turn are indicative of a possible future breakdown in 
the system. Therefore, investigations of ways to reduce the effect of such defects are important. The partial 
discharges and breakdown voltages in compressed SF6 gas depend on several aspects such as electrode 
configuration, roughness of electrodes, distribution of electric field, vicinity of insulating supports, moisture, 
waveshape etc. This paper reviews the mechanisms which lead to breakdown in SF6 and  the phenomenon of 
partial discharges which occur in compressed SF6 gas, its causes and the effect of different factors . 

 

1. Introduction 
     In recent years, sulphur hexafluoride (SF6) has 
been of considerable technological interest as an 
insulating medium in high voltage apparatus because 
of its superior insulating properties, high dielectric 
strength at relatively low pressure and its thermal and 
chemical stability. The high dielectric strength of SF6 
is the result of its being an electronegative gas [1,2], 
i.e., it tends to trap free electrons and convert them to 
negative ions.  
     The excellent insulating properties of SF6 were 
utilized in switchgear, and thus gas - insulated 
switchgear were developed. Compared with 
conventional air - insulated switchgear, the volume 
occupied by GIS can be reduced until 2 - 3% [3]. 
Thus, they are very advantageous and are in wide use 
in urban areas where land is hard to acquire [4]. 
     In uniform field, the dielectric strength of pure SF6 
is approximately three times that of nitrogen under the 
same conditions. However, in non-uniform fields it 
depends on many factors such as electrode geometry, 
voltage wave shape, polarity, gas pres sure, etc. 
Although in gas insulated systems a highly non-
uniform field would be generally avoided, such 
divergent fields can occasionally exist due to electrode 
surface roughness or dust and conducting particles 
between electrodes [5,6]. As a result of this, 
breakdown could occur due to local field enhancement 
which causes  partial discharges. Partial discharges are 
local breakdown phenomena which produce transient 
current of nanoseconds [7,8]. PD may take place in a 

gas , a gas with insulators, and through triple junction 
[9]. 
     Over the past decade the emphasis in research in 
the area of PD has been on using it for diagnostic 
purposes. Significant improvements have been made 
in the PD detection techniques. 
     The breakdown voltage of SF 6 gas insulation may 
be influence by a large number of parameters such as 
electrode size and geometry, the material and surface 
conditions of the electrodes, the properties of the gas, 
the magnitude and shape and duration of the applied 
voltage. The effect of this parameters on the 
breakdown voltages for compressed SF6 will be 
reviewed in this paper. 
 

2. Partial Discharges in SF6 Sources and 
Detection 

 
     Partial discharges (PD) are local breakdown 
phenomena which produce transient currents of 
nanosecond (10-9 sec.) duration [7,8]. PD normally 
involves one of the following combinations of 
dielectrics [9] :  
- Discharges in the gas  
- Discharges involving both gas and solid insulation. 
- Discharges in a solid component    (“electrical  

treeing ” or “     cavity discharges”). 
- Discharges between a system electrode and an 

electrically floating part. 
Typical locations of such defects are shown in Fig. 1. 
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Fig. 1  Possible locations of PD in GIS 

 
PD characteristics may depend on various conditions 
such as polarity and magnitude of applied voltages, 
the kind of defects and gas pressure [10,11]. Thus, it is 
expected that not only the magnitude of PD but PD 
pulse waveform and hence its frequency component 
change with these conditions. In other words, the 
frequency component of PD pulses becomes a key 
issue to understand the discharge mechanism which 
should be clarified primarily for highly reliable and 
accurate diagnosis of insulation performance of power 
apparatus 
 
2.1 Sources of Partial Discharges in SF6 
    In view of the increasing importance of compressed 
SF6 as an insulating medium for gas insulated 
switchgear, it is important to understand the 
mechanism causing the partial discharges [12]. An 
understanding of such corona phenomena is also 
important in the new field of positive-corona 
electrostatic precipitators . When a high positive 
voltage is applied to a non-uniform field gap in SF6 
the first corona phenomena to be observed is a sub-
nanosecond pulse of current [7,8,12]. 
 
     Partial discharge in compressed SF6 gas insulated 
system can arise from three sources, viz., floating 
components, free conducting particles, and “treeing” 
in solid dielectric components [9]. Discharge resulting 
from the first and last of these sources will, in tern, 
lead to failure of the switchgear. In the case of a 
floating component (one not bonded to the conductor 
or sheath), the discharge magnitude is normally 
sufficient to decompose SF6 in quantities, which 
eventually lead to failure as a result of corrosion. 
Treeing is a failure process in solid dielectrics which, 
once initiated will normally proceed to a failure 
through the bulk of the dielectric.  

     Aging and failure of insulating systems are 
initiated by electrical, mechanical, thermal and 
chemical processes during manufacturing or 
operation. These create defects reducing locally the 
dielectric strength of the insulation  At such defects 
partial discharges can occur, which cause further 
degradation of the insulation and limit the life time of 
the equipment. Hence the quality of an electrical 
insulation system can be characterized by partial 
discharge measurements which serve to identify type 
and status of a defect. Typical defects which result 
from errors in manufacturing, shipping and assembly 
include losses or electrically floating corona shields, 
forgotten tools, scratches, and poor electrical contacts 
are shown in Table (1) [13]. 

 
2.1.1 Discharges in SF6 due to    

contamination and roughness 
 
     Conducting particles and surface roughness caused 
by machining or scratches are known to enhance the 
local field stress. As a result, the intrinsic breakdown 
field strength of SF6 cannot be fully exploited in 
practical applications. For SF6 pressures of 
engineering interest and normal levels of surface 
roughness, PD inception and breakdown voltages are 
the same. However PD without breakdown can occur 
for protrusions above the normal surface roughness. 
Conducting particles are the most frequent type of 
imperfection in GIS. Long, thin (wire-like) particles 
can be lifted in the electric field and occasionally 
touch an electrode surface [9,14]. The worst-case 
situation (PD without breakdown) has been 
investigated experimentally. Two basic types of 
discharge are observed [13,14], Which  a quasi-
continuous corona like discharge and pulsive 
discharge which is more common.   

     Many studies have been devoted to defining a 
parameter which expresses the harmfulness of 
partial discharges, and certain international 
organizations such as the International Electro-
technical Committee (IEC) have recommended 
certain parameters as being representative of 
discharge damage. Using the standard IEC 270 PD 
detection techniques partial discharges can be 
represented by two quantities; 

 
1. PD magnitude Q in pi-coulombs and  
2. the time of occurrence t i in seconds. 
 
     The discharge can be represented by the  
magnitude- phase histogram for AC, and also a three -
dimensional histogram should be used for DC. In this 
representation the phase angle can be substituted by 
the time between two discharges ∆t [17]. 
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Table I 

 
SUMMARY OF POSSIBLE PD-INDUCING DEFECTS IN GIS  

 
 

Kind of imperfection 
 

 
Detectability 

 
 

Moving particles  
 
 
 
 

 
The impact of a free conducting particle on the enclosure or on an insulating 
surface causes an easily detectable acoustic signal. Essentially all types of 
dangerous particles can be detected. Electrical signals are typically in the 
range of 20 to 10 pC. 
 

 
Electrode Protrusions 

 
 
 
 
 

 
A corona from a protrusion on an electrode generates a pressure wave in the 
SF6 which propagates to the enclosure in which it generates an acoustic 
signal which can be detected by an acoustc sensor. If the sensor is near the 
defect, sensitivity is generally better than 2 pC. Electrical detection is also 
effective. 
 

 
Fixed Particles on Insula ting 

Surface 
 

 
Such defects can be detected if they produce corona. Sensitivity is generally 
in the range of 2 pC. 
 

 
“Floating Electrodes” 

 
 
 
 

 
The large partial discharge between a floating electrode and an adjacent 
electrode produces acoustic pressure waves of much greater energy than 
corona discharges and is thus easily detected using acoustic sensors. 
Electrical detection is also very simple as a result of a PD magnitude which 
ranges up to 1,000,000 pC. 
 

 
Loose, Non-floating 

Electrodes 
 
 

 
Such a defect, for example a loose corona shield, usually generates PD 
pulses which are correlated to twice the frequency of the test voltage. 
Acoustic signals propgate from the defect to the enclosure where they can be 
detected. 
 

 
Voids in Solid Insulation, 

Delaminations 
 

 
 
 

 
Filled epoxy absorbs high frequency acoustic energy strongly, so that 
acoustic partial discharge detection is not very effective for detecting voids 
or delaminations in solid dielectric components. The PD magnitude can 
range from fC to pC, depending on the size and position of the void. 
Electrical detection is generaly effective for significant defects. 

2.1.2 Discharges from floating components 
  
     A floating component is a conducting element, 
which is not bonded to the conductor or sheath. 
Generally, floating components should not be present 
in GIS unless specifically designed for grading. The 
most common types of floating components are spacer 
inserts or corona shields at either the conductor or 
sheath. A brief analysis of the origin of the 
phenomenon and the manner in which it can lead to 
discharge will put the problem in perspective. Floating 
components normally cause partial discharge with 
magnitudes in the range of 104 to 106 pC/pulse with 
repetition rates of 120 to several thousand discharges 

per second, in multiples of 120 Hz [16]. The discharge 
magnitude resulting from this source is sufficient to 
decompose SF6 gas, so that it eventually lead to failure 
as a result of corrosion. 
     An electrically floating component (e.g., corona 
shield) takes a potential, which is determined by the 
relationship between its capacitance to the conductor 
vs. that to ground. If as a result of these capacitances 
and the applied voltage, the component adopts a 
potential that exceeds its insulation level to the 
conductor or to ground, the capacitance will discharge. 
Such discharge tends to be repetitive with a charge 
transfer in the range of nC to µC (1000 pC to 
1,000,000 pC). The discharge pattern is usually 
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regular, very much like the regular discharge pattern 
from a cavity as discussed above. However, the PD 
magnitude is usually larger than for a cavity. 
 

2.2 Discharges in SF6 Under Different 
Voltages Waveforms . 

     AC Voltages 

     PD characteristics in SF6 gas depend on 
various conditions such as polarity, phase 
angle, magnitude of applied AC voltage. The 
time -resolved partial discharge measurements 
in SF6 gas for a needle-plane electrode 
arrangement to investigate the frequency 
component of PD current pulses carried out by 
M. Hikita and et al [17,18]. The experimental 
results revealed that PD pulse waveform 
differed depending on the phase angle when 
the magnitude of applied voltage and gas 
pressure were constant. This means that the 
frequency component of PD pulses differed 
depending on the polarity and the phase of 
applied AC voltage.  

DC voltages 

     It is well known that dielectric spacers supporting 
conductors in GIS are generally the weakest part of 
the system. The spacers are directly subjected to 
various kinds of over-voltages. Furthermore, the 
dielectric strength of the spacer is affected by local 
field distortions in the presence of metallic particles or 
surface charge accumulation. M. Yashima and E. 
Kuffel [19] measured the flashover voltages and 
corona discharge current after application of DC 
voltage for modeled electrode system in SF 6 
consisting of a cylindrical spacer with the presence a 
metallic particle. Surface charge accumulation in the 
vicinity of the particle under DC stress caused 
reduction in the flashover voltages of up to 30%.   

Transient Over-voltages 

     The discharge development in SF6 gas in case of 
strong inhomogeneous field conditions is strongly 
influenced by the applied over-voltage. Important 
types are Lightning Impulse voltages (LI), Very Fast 
Transient Over-voltages (VFTO) and composite 
transient over-voltages (FTO+VFTO), which consists 
of at least two components with different oscillation 
frequencies. The discharge developments in case of 
strong inhomogeneous fields investigate for different 
transient over-voltages of positive polarity for SF6 gas 
pressures up to 0.7 Mpa [20].  

     The investigation on discharge development was 
performed in a coaxial electrode configuration with a 
needle protrusion (length: 7.5mm, tip radius: 0.5mm, 

gap distance: 55.5mm), fixed on the surface of the 
inner grounded conductor under different fast 
oscillating impulse voltages (2.45 - 12 MHz), the SF6 
gas pressure was in the range from 0.1 Mpa to 0.3 
Mpa [21].   

     A comparison between discharge formation in SF6 
for negative non oscillation lightning impulse and 
oscillating impulse voltage with an oscillation 
frequency up to 1 MHz is investigated for a sphere to- 
sphere configuration with a definite needle protrusion 
[22], four different voltage shapes (for oscillation) 
were applied to the test arrangement with impulse 
amplitudes between 250 and 950 kV depending on gas 
pressures and impulse shape. 

2.3 Diagnostic Techniques For Detecting 
The PD in SF6 GIS 

     In order to detect the presence of 
imperfections/defects, different parameters are 
measured; namely, electric, magnetic and 
electromagnetic fields (both inside and outside the 
GIS), current, voltage, etc. All these parameters are 
generated by the partial discharge that locally 
generates small currents with large frequency 
spectrum that propagate throughout the GIS. They can 
be classified in three groups according to the 
frequency range of detection that are conventional 
partial discharge measurement [23], high Frequency 
(HF) method, and ultra-high frequency (UHF) method 
[24]. Depending on the different parameters to be 
recorded, various kinds of electrical sensors can be 
used (coupling devices, field sensors, antennas, coils, 
current probes, etc.) [25]. 

     Recently, different efforts were made to develop 
methods for using PD as diagnostic  tools in SF6 gas 
[26,27]. During the latter decade, digital methods in 
the measurement of PD related electrical quantities 
have brought new possibilities of PD measurements 
exploitation both to the evaluation of insulation 
systems (e.g. to the diagnostic of components) and to 
the investigation on materials  
 

3. Breakdown Mechanisms in SF6 Gas 

     Due to the increasing interest in SF 6 as HV 
insulation, many experimental and theoretical 
investigations were carried out and reported in the 
literature to describe the breakdown behavior of SF6 
under various types of experimental conditions and 
wave shapes of the supply voltage [28-35]. An exact 
knowledge of the dielectric strength of SF6 under 
these conditions is necessary for practical insulation 
design. Even though various theories proposed to 
explain the breakdown mechanism in SF6 have little 
applications in practical systems, an understanding of 
these is still essential for the preliminary design of gas 
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insulated systems. In view of this, the breakdown 
mechanism is explained on the basis of the various 
theories proposed along with their limitations. 

     The situation of BD process for a non-uniform field 
is much more complex but at least as important. As 
noted above, SF6 -insulated apparatus for power 
engineering use is designed to have little, if any, 
critical volume (gas stressed above 89 kV/mm. Mpa) 
at its lightning impulse rating. Therefore if such 
apparatus fails, almost by definition some defect must 
have caused an increase of the field over the design 
value, which almost by definition means an 
inhomogeneous field condition. 

     The process by which a small stress enhancement 
can cause BD of the total gap in SF6 is as follows. If a 
free electron occurs in the volume stressed above the 
critical inception field, that volume would be filled 
with multiple streamers in a matter of ns. As the field 
within a streamer is the critical inception field, the 
streamer can extend only out to a radius from the 
stress enhancement at which the field falls below 
critical. At this point, all visible activity stops for a 
time, during which the (equal numbers of) positive 

and negative charges created in the streamers start to 
separate. 

     By definition, the field at the boundary of the 
streamers was at the critical field when visible activity 
stopped. Thus any charge separation at this boundary 
will cause the field to go above critical. The increased 
field caused by the charge separation results in 
breakdown activity at the streamers bound that 
culminates in a breakdown from this boundary back to 
the stress enhancement, but this BD causes a more 
highly ionized leader, in which the field is only a few 
kV/cm, i.e, a leader is almost a short circuit and 
therefore represents an extension of the original stress 
enhancement into the gas volume. This leader acts as 
the stress enhancement for the next stage of streamer 
generation, charge separation, and leader formation. 
By this process, a small volume stressed over the 
inception field can cause the entire gap to breakdown 
through a series of leader steps. The time scale for a 
leader step is in the range of 100 ns, which means the 
entire BD process can take over 1µsec, under some 
conditions. A schematic representation of the BD 
process with a typical time scale is shown in Fig. 2[2].  

Fig. 2 Streamer -to-leader transition for non-uniform field of SF6 gas  

 

3.1 Streamer Mechanism of BD in SF6 Gas 

 The computation of the breakdown voltage for GIS 
was based on the streamer formation criterion, which 
assumes a streamer to form when an electron 
avalanche reaches a critical size. That is, 

             ( )α η− =∫ . dx Ks

x

0

                                   (1) 

Where x is the avalanche length, á and ç are the 
coefficient of ionization and attachment; respectively, 
both being functions of local field E and gas pressure 
P. There is some controversy over the value of Ks, the 
discharge constant. This may vary from one gas to the 
other; a value of 10.5 is most frequently used in SF6, 
but values up to 18.6 are also used in some analysis 

[38]. Considering the available experimental uniform 
breakdown data, a suitable value for Ks appears to be 
10.5. Equation (1) can be interpreted to mean that 
breakdown in moderately non-uniform fields or 
corona in highly non-uniform fields occurs when the 
total number of electrons in an avalanche attains a 
certain value. 

     The performance of SF6 -insulated equipment is 
strongly influenced by the presence of high-field sites 
associated with particulate contamination or surface 
protrusions, and there is, therefore, considerable 
interest in the mechanism of non-uniform field 
breakdown in SF6. Studies of the DC and AC 
breakdown characteristics of such gaps have shown 
that over a certain pressure range the field at the high-
stress electrode is “stabilized” near its corona onset 
value by the shielding effect of the corona discharge, 
resulting in a relatively high breakdown voltage. With 
increasing pressure, the corona stabilization weakens 
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until, at a critical pressure Pc, breakdown occurs 
directly at onset. The effects of factors such as 
electrode configuration and polarity on corona 
stabilization and the critical pressure have been 
reported by a number of authors [28,38,39]. 

     For impulse conditions, the shape of the 
voltage/pressure characteristic depends on the impulse 
rise time, with the stabilization peak being more 
pronounced for the longer rise times when there is 
sufficient time for space charge shielding to be 
established. With short rise times, the minimum 
impulse breakdown level is close to the DC value only 
up to a certain pressure P1 less than critical pressure 
Pc, and is almost flat in the pressure range P1 -Pc  [28]. 

     In the above analysis, it was seen that in a non-
uniform electric field, the problem of corona 
formation before the breakdown voltage is reached 
does assume major significance. Further, Fig.3 shows 
the relationship of the dielectric strength to the initial 
corona formation voltage in SF6 when measured under 
different pressures with an electrode pair consisting of 
a sphere of 25mm diameter and a point of tungsten 
wire having a radius of 0.25mm [34]. The point 
electrode is, in one instance, of positive polarity and in 
the other it is of negative polarity. From these figures 
it can be seen that, in the case of SF6, the spread in the 
voltage between the corona formation and breakdown, 
under certain pressure condition, is much greater than 
that which exists for air or nitrogen. Therefore, the 
ratios co-relating the breakdown relation of SF6 and 
air are frequently unsuited for design calculations. 
Depending on the engineering requirements and the 
uniformity of the electrical field, the corresponding 
ratios relating the corona formation voltages may have 
greater engineering significance. Also, the spark-over 
voltage in SF6 for 2.54cm gap between 1.56mm 
diameter spherical point and a 15.2cm diameter plane 
under positive DC voltage and AC for SF6 carried out 
as shown in Fig. 4. Although different studies for 
corona stabilization and breakdown voltage for SF6 
under different gap configuration and applied DC and 
AC voltages was mentioned [34, chapter 2]. 

 

Fig.3 Breakdown and corona inception 
voltages in SF6 for positive polarity. 

Fig. 4 Spark-over voltage in SF6 for spherical point-to-
plate under DC and AC 

3.2 Streamer to Leader Transition 
Criterion in SF6 

     The phenomena of leader inception and 
propagation in strongly attaching gases for non-
uniform field gaps have been thoroughly studies in the 
last decade because of their relevance to the design of 
high voltage gas insulation systems. The streamer-
leader transition phenomena are mentioned. There 
have many publications covering the breakdown in 
non-uniform fields gaps [28-33]. 

     A lot of experimental and theoretical work was 
done to understand the physical process during the 
discharge under such voltage stress [28-33,40-42]. As 
a result different breakdown models were developed. 
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In case of positive LI stress the precursor mechanism 
describes the streamer-leader transition. Under VFTO 
stress with a high oscillation frequency and a small 
damping the high frequency mechanism has to be 
considered. The corresponding simulation models 
permit a satisfactory computation of the discharge 
development, but in each case only for one type of 
transients [33].  

     A Similar tool is necessary for the estimation of 
breakdown levels under composite voltages stress. 
Streak records demonstrated that in this case the 
streamer-leader transition is influenced by the 
precursor and the high frequency mechanism. Based 
on the physical background of both mechanisms a new 
universal streamer-leader transition mechanism was 
found, called energy mechanism [43,44]. The 
simulation model discussed in the following section 
allows an accurate calculation of the leader 
propagation under all steep transients, like LI, VFTO 
and FTO + VFTO, where no corona stabilization is 
involved [14]. Buchner [33] describes the leader 
development in case of strong inhomogeneous fields 
under LI and FTO stress by the modified precursor 
model.  

3.2.1 Modified precursor model for leader BD 

     The modified precursor model for the calculation 
of leader propagation under LI and FTO stress of 
positive polarity has two major characteristics [33]; 

-A precursor is activated leading to a leader step, if the 
critical charge Qcrit  of the corona is reached. 

   Q
P
MPacrit = 





−

45
01

1 8

.
.

.

         nc                     (2) 

-After expiration of the delay time τp between corona 
formation and the establishment of the leader channel 
a new leader step can be formed 

    τ p

V Pa

P U
=

3 75 10 3. * . sec .

.
                            (3) 

With these equations the leader development can be 
modeled as follows. The discharge development starts, 
when the critical field strength (E/P)0 = 89 
kV/mm.Mpa is exceeded. The diameter of the corona 
Ds (t) is defined by the different field distribution 
inside and outside of the streamer corona. Within the 
corona the field is balanced to (E/P)0  outside which 
the geometry of the electrodes determines the field 
distribution. Ds (t) can be estimated by calculating the 
intersection of the internal and external potential curve 
for each time step. The corresponding capacitance C(t) 
is given by accurate field calculations using the 
Charge Simulation Method . The field distribution 

must be calculated for each leader step. The 
capacitance C(t) affects a charge Q(t) of the corona 

      Q(t) = C(t).[ U(t) - (E/P)0 .P. Ds (t)]                    (4) 

with the voltage U(t) at the tip of the needle reduced 
by the voltage drop along the corona. In case of 
subsequent leader steps the voltage drop along the 
leader is EL (t). lL with the leader length lL considered. 
In this simulation a time dependent average leader 
field strength EL(t) is used, which describes the effect 
of leader channel expansion . 

     After exceeding Qcrit (Eq. 2) the first leader step is 
triggered. The extension of the streamer corona 
determines the step length. At the tip of the leader a 
new discharge is started. In case of a high voltage 
amplitude the critical charge is reached immediately. 
After the end of the delay time (Eq. 3) a new streamer 
region is ionized and the next leader step is created. 
This development continues until the total gap is 
bridged[33]. 

     The results for a pressure of 0.3 Mpa are 
demonstrated for LI [33]. It was noted that the higher 
pressure effects evidently shorter delay times between 
the leader steps. This results in an increasing number 
of steps with a smaller additional length per step. 
Furthermore only few re-illuminations can be seen 
compared to 0.1MPa. Fig. 5 shows the calculated 
leader steps under LI stress for 0.1 Mpa and 0.3 Mpa. 

 

Fig. 5 Calculation of leader propagation a) P = 
0.1MPa  , b) P = 0.3 Mpa  

3.2.2 Energy Mechanism for Leader 
Propagation in SF6  gas  
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     The model of the energy mechanism allows the 
calculation of the leader propagation in SF6 under 
steep transient voltage stress. In the following the 
important steps of the calculation are described. 
Further details are  given in reference [44]. 

     The discharge development starts with the 
formation of a streamer, when the critical value (E/P)0 
= 89 kV/mm.Mpa is exceeded. Considering the 
different field distribution inside and outside the 
streamer its time-varying diameter Ds(t) (Fig. 6 a) can 
be computed for each time step. Subsequently the 
capacitance C(t) of this streamer region towards the 
grounded plane is determined by accurate field 
calculations using the Charge Simulation Method. The 
transient over-voltage u*(t) = u(t) -u s(t) and the 
capacitance C(t) cause the displacement current i(t); 

    i(t) = C(t) [du*(t)/dt]+u*(t).[dC(t)/dt]                   (5) 

 

Fig. 6 Modeling of the discharge development in SF6 

     Simplified the essential physical effects in the 
streamer can be simulated by the network of Fig 6 b. 
Due to the capacitance cs(t) of the streamer itself only 
the part iR (t) of the displacement current I (t) causes 
thermal losses resulting in thermal ionization. 
Considering this network the ionization current iR (t) 
can be computed numerically by solving the 
differential equation : 

    iR (t) + ρ0 . ε0 . {d/dt[iR (t)]} = i(t)                         (6) 

with   ε0  as the dielectric constant. The influence of 
the pressure-dependent ionization process in the 
streamer region can be described by the relative ohmic 
resistance  ρ0 of the streamer. Buchner [43] draw the 
pressure dependence of the relative ohmic resistance  
ρ0 of the streamer. He noticed that, for gas pressures 
as above 0.3 Mpa they are applied in practice, ρ0 
proves to be constant. 

     The ionization current iR(t) and the voltage drop 
u s(t) along the streamer length pours a significant 
energy input into the streamer region : 

     W(t) = ∫ p(t) dt =  ∫ u s (t) . iR (t). dt                        (7) 

with p(t) > 0. The negative parts of p(t) occur during 
the re-illumination of the leader. They have no 
influence on the streamer-leader transition. If W(t) 
exceeds the critical energy 

       W all (t) = chit . ρSF6 . r2
SL .π . Ds (t)                      (8) 

(with the critical enthalpy chit , the gas density ρSF6 of 
SF6 , the initial leader radius rill and the diameter Ds (t) 
of the streamer) the gas is sufficiently dissociated and 
ionized for the leader formation. As a consequence the 
former streamer region is bridged by a leader channel 
with a high conductivity. The parameter hcrit is in the 
range of 6-10x106 J/kg , rSL depends on the gas 
pressure and has values smaller than 40 µm [43]. 

     At the tip of the leader a new streamer is initiated. 
Thus the next leader steps can be calculated in the 
same way as described before. The dynamic processes 
inside the leader channel are considered by using a 
time-dependent average leader field strength EL (t)  
[42] : 

             EL (t) = a .[ ln (1+ b P t) /  t ]                        (9) 

     The parameter a and b describe the dielectric and 
thermodynamic gas properties of SF6 with  

a = 0.3V.sec/m, b =70 (Pa.sec)-1 for LI stress and  

a = 0.022 V.sec/m, b = 220 (Pa.sec)-1 for VFTO and 
composite voltage  stress. [43]. 
     Breakdown and volt -time characteristics of non-
uniform field gaps in compressed SF6 gas were 
studied using a point-to-plane electrode arrangement 
[45]. Combined voltages, consisting of VFTO and 
standard LI (STL) voltage superimposed upon DC 
voltage were applied. The experimental gas pressure 
ranged from 100 to 500 kPa. The results presented 
show that the magnitude and the polarity of the direct 
voltage, as well as the gas pressure influence the 
corona discharge and the breakdown characteristics. It 
was found that the breakdown voltages under the 
VFTO are higher than the corresponding values 
obtained under standard LI voltages. At the higher gas 
pressures the volt -time characteristics of VFTO fall 
below these for SLI. 

4. Conclusion 

Over the past decade the emphasis in research in the 
area of PD has been on using it for diagnostic 
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purposes. Significant improvements have been made 
in the PD detection techniques. 
     Partial discharge in compressed SF6 gas insulated 
system can arise from thre e sources, viz., floating 
components, free conducting particles, and “treeing” 
in solid dielectric components . Discharge resulting 
from the first and last of these sources will, in tern, 
lead to failure of the switchgear. In the case of a 
floating component (one not bonded to the conductor 
or sheath), the discharge magnitude is normally 
sufficient to decompose SF6 in quantities, which 
eventually lead to failure as a result of corrosion. 
Treeing is a failure process in solid dielectrics that, 
once initiated will normally proceed to a failure 
through the bulk of the dielectric. 

     A lot of experimental and theoretical work was 
done to understand the physical process during the 
discharge under different voltage stress. As a result 
different breakdown models were developed. In case 
of positive LI stress the precursor mechanism  
describes the streamer-leader transition. Under VFTO 
stress with a high oscillation frequency and a small 
damping the high frequency mechanism has to be 
considered. The corresponding simulation models 
permit a satisfactory computation of the discharge 
development, but in each case only for one type of 
transients . 

     A Similar tool is necessary for the estimation of 
breakdown levels under composite voltages stress. 
Streak records demonstrated that in this case the 
streamer-leader transition is influenced by the 
precursor and the high frequency mechanism . Based 
on the physical background of both mechanisms a new 
universal streamer-leader transition mechanism was 
found, called energy mechanism .  
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