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SF6 Gas -Breakdown Characteristics & 

Curvature Factor for Coaxial Gas Cables 

with Roughness & Particle Assisted 

Breakdown



SF6 Breakdown Characteristics

Intrinsic Electric Strength



SF6 Breakdown Characteristics

At atmospheric pressure, that
is, at 0.1 MPa and 20°C it 
works out to be 89 kV/cm for 
SF 6 gas in uniform fields



SF6 Breakdown Current Characteristics

Excluding ɣ or Secondary Process

Including ɣ or Secondary Process



SF6 Breakdown Criteria

Or

As long as α ≥ ηa,, that is, on the right side of the line, Breakdown is possible

For no = 1 electron and ᾱ is 
a variable during all gap 

length then



SF6 Streamer Breakdown Criteria

For Critical Amplification or 
Streamer Breakdown



SF6 based Co-axial Cable



SF6 based Co-axial Cable

Relative Maximum Breakdown 
Field Intensity

Or
Curvature Factor



SF6 based Co-axial Cable



SF6 based Co-axial Cable

Effect of 
curvature / radius

of electrode on 
the streamer 

criterion



SF6 based Co-axial Cable

Relative 
maximum 

breakdown field 
intensity or 

curvature factor 
emax as a

function of inner 
radius



SF6 based Co-axial Cable

Effect on Critical 
Number of 

Charge Carriers 
ncr



SF6 based Co-axial Cable

Effect on 
Effective 
Ionization 
Coefficient





Effect of Electrode Material & 
Roughness on SF6 Breakdown

Electrode surface with 
Elevations and Depressions

Mean Roughness



Effect of Electrode Material & 
Roughness on SF6 Breakdown

Pressure Dependent Roughness 

Factor eR

eR vs Mean 
Roughness



Effect of Electrode Material & 
Roughness on SF6 Breakdown

Extra effort and care must be taken while preparing electrodes for use in
high voltage gas insulated systems where SF 6 gas pressure of the
order of 0.4 MPa is practiced

No effect of the type of voltage was measured on eR

According to Mosch and Hauschild, the value of Rd = 300 µm corresponds 
to give the “ practical electric strength ” , Ebt

Different electrode materials processed in the same way, different 
roughness profiles of their surface finish are obtained

The mean roughness of a surface can, however, be changed
by different mechanical processes like buffing, polishing

No significant effect of electrode materials on the breakdown strength of 
the gas is known from the SF 6 gas insulated systems in service at around 
0.4 MPa and temperatures below 200 °C



Effect of Particle Contaminants on GIS 
(SF6 Breakdown)
Compressed gas filled systems are highly sensitive to free or fixed
particle contaminants, which may be conducting or non - conducting

The particles may either be free to move under the influence of the 
applied field or may get fixed on electrodes in the form of protrusions.

The extent of their effect on the electric strength of the gas largely 
depends upon the location, shape, weight and the type of the particles

The damage caused by these particles depends upon the type of gas, its 
pressure and the designed electric field intensity in the system

The extent of damage by particle also depends upon the type of voltage 
applied and its polarity

Depending upon the type, size and location, a free particle could initiate a
local breakdown or PB.

It could also lead to a complete breakdown by its movement in the gap or 
cause surface discharge (tracking) on the solid dielectric spacers.



Effect of Particle Contaminants on GIS 
(SF6 Breakdown)
Movement of Particle

A  free conducting particle lying at the cathode in a coaxial cylinder 
system. On applying a voltage to the conductor (anode) the free particle 
gets charged to the same polarity as that of the coaxial electrode.

The induced charge acquired by the particle increases with the increasing 
voltage and a lifting force is applied to the particle

When the electrostatic force exceeds the gravitational force, the particle
begins to get lifted towards the opposite electrode

On raising the voltage/field intensity further, the particle oscillates between 
the electrodes under the influence of the applied voltage and the 
gravitational force

The motion of the particle depends upon the type of applied voltage



Effect of Particle Contaminants on GIS 
(SF6 Breakdown)
Movement of Particle

After getting lifted up, as the 
charged particle approaches the 
opposite electrode,
it may lose its charge due to a gas 
discharge, a local breakdown or 
PB

As the particle is lifted to may be 
anywhere in the gap, may be a 
discharge occurs and such 
discharge short - circuits the gap 
almost instantaneously, bringing 
down the particle to the electrode 
potential



Effect of Particle Contaminants on GIS 
(SF6 Breakdown)
Movement of Particle

Depending upon the size and the 
shape of a particle, as well as gap 
dimensions and gas pressure, 
electric stress at the tip of this
particle may be sufficient for a 
critical avalanche (streamer) 
formation leading to complete 
breakdown

The effect on breakdown voltage 
is observed more in uniform fields 
than in non-uniform fields.



Particle Assisted / Initiated Breakdown 
in GIS (SF6 Breakdown)

Conducting particles can drastically influence the dielectric strength of 
SF 6 , reducing it to as low as 10% of the uncontaminated value

Effect of different types of voltages on “ particle initiated breakdown ”, Ubp 

with increasing SF6 gas pressure measured in a coaxial cylinder electrode 
system



Particle Assisted / Initiated Breakdown 
in GIS (SF6 Breakdown)

Conducting particles can drastically influence the dielectric strength of 
SF 6 , reducing it to as low as 10% of the uncontaminated value

Effect of different types of voltages on “ particle initiated breakdown ”, Ubp 

with increasing SF6 gas pressure measured in a coaxial cylinder electrode 
system

Particle is unable 
to lift from its 

position due to 
short duration of LI 

impulse



Particle Assisted / Initiated Breakdown 
in GIS (SF6 Breakdown)

Position & Movement of Particle also plays a vital role in deciding the 
Breakdown Voltage

Either the particle is fixed, moving or its reach also decides or changes 
the Breakdown voltage

The insulating material 
particles are found to 

have less effect on the 
electrical performance 
of the gases compared 

to the conducting 
particles



Particle Assisted / Initiated Breakdown 
in GIS (SF6 Breakdown)

An ellipsoidal shaped particle considered to be placed at the opposite 
polarity electrode

The undisturbed 
system is affected only 

when the product 
(lp · p) exceeds a value 

of 7 µ m.MPa



Today’s Text Covered up till Chapter 3 (Article 

3.5.3.3) excluding Article 3.5.3.2.2 of IEEE Press 

Book  

(Ravindra Book)


