
  

  
Abstract—Electrical insulation performance of compressed 

gas insulated Substation is adversely affected by metallic 
particle contaminants. Free conducting particles, depending 
upon their shape, size and location, may lead to serious 
deterioration of the dielectric strength of the system. The work 
Presented in this paper analyses the movement pattern of 
metallic particles in Gas Insulated Busduct (GIB) in the 
presence of Electromagnetic field. In order to determine the 
particle trajectories in a GIB, an inner diameter of 55 mm and 
outer enclosure diameter of 152 mm were considered. The 
movement pattern of metallic particles at different voltages of 
Aluminum, Copper and Silver in a GIB has been simulated with 
and without enclosure coating.  Typical results shown that there 
is a considerable increase in movement of the particle when 
electromagnetic field effect on the particle is considered.  This 
particle movement is greatly reduced while considering 
dielectric coating inside the surface of the enclosure. 
 

Index Terms—Metallic particles, electromagnetic field effect, 
gas insulated busduct, gas insulated substation.  
 

I. INTRODUCTION 
During the last three decades, the development of Gas 

Insulated Switchgear equipment has progressed rapidly 
worldwide because of the excellent insulation properties of 
Sulphur hexafluoride (SF6) gas [1]. Sulphur-hexafluoride 
(SF6), at a pressure of a few atmospheres, is the preferred as 
insulating gas. The following are the major advantages of SF6 
gas: 

1)  High dielectric strength 
2)  Unique arc quenching ability 
3)  Good thermal stability and conductivity. 

 

It is known, however, that electrical insulation 
performance of GIS system is adversely affected by metallic 
particle contaminants [2] The conducting particles can either 
be free to move in the GIB or they may stick to an energized 
electrode or to an enclosure surface  

A study of CIGRE group suggests that 20% of failure in 
GIS is due to the existence of various metallic contaminations 
in the form of loose particles. Under the influence of high 
voltage, they can acquire sufficient charge and randomly 
move in the gap due to the variable electric field. Several 
authors have reported the movement of particles with 
reference to a few parameters [3].  
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It is well known that free conducting particles drastically 
reduce the dielectric strength of GIS systems. In practical 
systems it is very difficult to avoid metallic particle 
contamination. The most likely causes for such 
contamination are mechanical abrasion, movement of 
conductors under load cycling and vibrations during 
shipment. Such particles are  

drastically reducing the breakdown voltages as a result of 
their movement in the electric field. 

The presence of contamination can therefore be a problem 
with gas insulated substations operating at high fields. If the 
effects of these particles could be eliminated, then this would 
improve the reliability of compressed gas operating at higher 
fields to affect a potential reduction in the GIS size with 
subsequent savings in the cost of manufacture and 
installation. 

Conductors in a GIS/GITL system may be coated with a 
dielectric material to restore some of the dielectric strength of 
the compressed gas, which is lost due to surface roughness 
and contamination by conducting particles. The improvement 
in the dielectric strength of the system due to coating can be 
attributed to several effects. Coating reduces the degree of 
surface roughness on conductors. Also, the high resistance of 
the coating impedes the development of pre discharges in the 
gas, thus increasing the breakdown voltage [4]. With coated 
conductors the particle will acquire a drastically reduced 
charge, thus the risk of breakdown initiated by a discharge is 
reduced significantly. Coating thickness has been varied 
from a few microns to several millimeters and the influence 
of coated electrodes on the insulation performance has been 
studied under ac voltages [5]. 

When the electric field surrounding a particle is increased, 
an uncharged insulated substations. It would also offer the 
possibility of metallic particle resting on the surface of 
support insulator, enclosure or a bare electrode will gradually 
acquire charge in proportion to the transient voltage. The 
charge Q accumulated on the particle is a function of the local 
electric field E, the shape, orientation, and size of the particle 
[6]. When the electrostatic force QE on the particle exceeds 
the gravitational force, the particle lifts up. A further increase 
in the applied voltage will make the charged particle move 
into the inter-electrode gap. This increases the problem of 
flashover. A conducting particle can short-circuit a part of the 
insulation distance, and thereby initiate a breakdown [7],[ 8].    

The work reported in this paper analyses the movement of 
metallic particle inside a single phase GIB. The simulation 
considers the particle movement in single-phase GIB with 
electromagnetic field effect under uncoated and coated 
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enclosure. It is observed that the movement of particles for a 
given voltage level is greatly reduced while considering 
dielectric coating inside the surface of the enclosure. 
 

II. MODELING OF GAS INSULATED BUSDUCT 
A typical horizontal busduct comprising of inner 

conductor and outer enclosure, filled with SF6 gas is 
considered for the study as shown in Fig.1. A particle is 
assumed to be at rest at the enclosure surface, until a voltage 
sufficient enough to lift the particle and move in the field is 
applied, After acquiring an appropriate charge in the field, 
the particle lifts from the enclosure surface and move in the 
direction of field. If the electrostatic force on the particle over 
comes the gravitational and frictional force on it, the particle 
lift-off from the rest position .During return flight, a new 
charge on the particle is assigned based on the instantaneous 
electric field. 

 
Fig. 1.  A typical single phase Gas insulated busduct. 

 
While arriving at a mathematical model of the movement 

of particles inside a busduct, various properties of gas 
particle as well as electrical properties of the system has been 
taken into account. Understanding the dynamics of a metallic 
particle in a coaxial electrode system is of vital importance 
for determining the effect of metallic contamination in a gas 
insulated substations (GIS). The dynamic equation comprises 
the gravitational force on the particle, charge acquired by the 
particle, field intensity at the particle location, drag force, gas 
pressure, restitution co-efficient and the Reynold’s number. 

The lift-off field for a particle on the surface of an 
electrode can be estimated by solving the following equations. 
The gravitational force acting on a particle of mass ‘m’ is 
given by  

                     Fg = mg                                (1) 

The expression of the electrostatic force is given as 

                           Fe = KQE                             (2) 

where, K is the correction factor less than unity 
Q is the particle charge 
E is the ambient electric field. 
E (t) in a co-axial electrode system can be expressed as  
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where, tSin V
^

ω is the supply voltage on the inner   
electrode,  

ro is the enclosure radius, 

ri is the inner conductor radius 
y (t) is the position of the particle which is moving  

upwards, the distance from the surface of the enclosure 
towards the inner electrode.  

The equation of motion for a particle can be expressed   as 
[5]. 
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dt
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                         (4) 

where    m =   mass of the particle. 
            y =   displacement in vertical direction 
            Fe = electrostatic force 
            Fd = drag force 
The motion equation using all forces can therefore be            

expressed as [5-6] becomes 
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III. MODELING OF SINGLE PHASE ISOLATED GIB WITH 
ELECTROMAGNETIC FIELD EFFECT 

Consider an electric field at a point where electric field     
intensity is E , the force acting on unit positive charge is F  
N/C (or) V/m. If a charge ‘Q’ coulombs experiences a force 
is 

                     NewtonEQF =                  (6) 

Force on a moving charge Q with a velocity V in a 
magnetic field B is 

                            NewtonBVQF )( ×=                (7)  

If charge moves in a region, where the electric field and 
magnetic fields are simultaneously present, therefore    
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Substitute the above Lorentz Force in the equation (4). 
Therefore, 
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IV. CONDUCTION THROUGH A DIELECTRIC COATING 
In the case of GIS, by using a coating with a light shade on 

the inside of the enclosure, it is easier to detect impurities 
such as metallic particles or pieces of dielectric material in 
the system. Charging of metallic particles in contact with a 
coated electrode is mainly based on two deferent charge 
mechanisms. 

1)   Conduction through a dielectric coating. 
2)   Micro discharges between the particle and the        

Coating 
Circuit model of charge mechanism of a metallic particle 

on dielectric coating as shown in Fig. 2.  
 

 
\ 

Fig. 2.  Circuit model of particle charging through the dielectric coating. 
        

Cg represents capacitance between the conductor and the 
particle whereas Cc represents capacitance between the 
particle and the enclosure. The conductance G represents the 
part of the dielectric coating where the Charging current is 
flowing.  

The capacitance Cc, and conductance G in Fig. 3 are both 
dependent on the dielectric material and thickness, while the 
capacitance in the gas gap, Cg only depends on the gap dimensions. 

The solution of the above equation for the electric field 
near the surface of the enclosure yields electric lift-off field 
(ELo)  
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where, K is a constant. It can be noted that ELO is 
approximately proportional to square root of the thickness 

and resistivity of the dielectric. 
The Lorentz Force equation is given by  
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Substitute the above Lorentz Force in the   equation(4) and 
is given by 
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Hence the above equations (10) & (13) are 2nd order 
nonlinear differential equation, it can be solved by using 
Runge-Kutta 4th order method. The simulation results have 
been presented and analyzed 
. 

V. RESULTS AND DISCUSSIONS 
Table I shows the radial movement of the particle in a 

1-phase isolated Gas Insulated Bus duct of Aluminum, 
Copper, and silver particles by considering with and without 
dielectric coating in the presence of Electromagnetic field on 
the particles are shown in Fig. 3 to Fig. 14  for applied 
voltages of 75kV, 145kV and 200kV respectively. The 
particle is taken as 12mm in length with 0.2mm radius. 
Initially the particle is supposed to be resting at the bottom of 
the enclosure and positioned vertically. 

It is observed in the Fig. 3 that the maximum movement of 
the Aluminum particle is 24.2654mm under uncoated 
enclosure in the presence of electromagnetic field effect on 
the particle. It is drastically reduced to 0.404mm while 
considering dielectric coating at a given voltage of 75kV as 
shown in Fig. 4. The simulated results of maximum 
movement of particles are shown in Table I. 

The movement of copper particle is also given in Table I. It 
has been observed that the maximum movement of Copper 
and silver particles are far less than the Aluminum particle 
even of same size and applied voltage. This is due to the 
higher density of Copper and silver particles. It is also 
noticed that as the voltage increases, the maximum 
movement of Aluminum, copper and silver particles 
increases significantly.  

Fig. 5 and Fig.  6 shows that the maximum movement of 
the Copper particle is greatly reduced in case of considering 
dielectric coating in the presence of Electromagnetic field 
effect on the particle at a given voltage of 75kV. 

Similarly Fig. 7 and Fig. 8 also shows that the maximum 
movement of the Silver particle is greatly reduced in case of 
considering dielectric coating on the enclosure in the 
presence of Electromagnetic field effect on the particle at a 
given voltage of 75kV.        

The movement of Aluminum, Copper and Silver particles 
by considering with and without dielectric coating on the 
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enclosure in the presence of Electromagnetic field effect on 
the particles for the voltages of 145kV and 200kV 
respectively are shown in Fig.9 to Fig. 14. It has been 
observed that the radial movement of the particle is 
drastically reduced while considering dielectric coating 
inside surface of the enclosure. 

 
TABLE I: RADIAL MOVEMENT OF ALUMINUM, COPPER, AND SILVER 
PARTICLES WITH AND WITHOUT ELECTROMAGNETIC FIELD EFFECT. 

Voltage 
(kV) Type 

Maximum Radial Movement (mm)

Electromagnetic field effect 

Uncoated Coated 

75kV 
Al 
Cu 
Ag 

24.2654 
6.0912 
3.9657 

0.401 
0.016 
0.011 

145kV 
Al 
Cu 
Ag 

NA 
19.9737 
17.7878 

1.758 
0.484 
0.373 

200kV 
Al 
Cu 
Ag 

NA 
28.7404 
26.5696 

2.950 
1.050 
0.876 
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Fig. 3.  Movement pattern for Power frequency for 75kV/Al/12mm/0.2mm 

radius uncoated enclosure. 
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Fig. 4. Movement pattern for Power frequency for 75kV/ Al/0.2 

mm/12mm/100μ m thickness coated enclosure. 
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Fig. 5. Movement pattern for Power frequency for 75kV/Cu/12mm/0.2mm 

radius uncoated enclosure. 
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Fig. 6. Movement pattern for Power frequency for 75kV /Cu 

0.2mm/12mm/100μ m thickness coated enclosure 
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Fig. 7. Movement pattern for Power frequency for 75kV/Ag/12mm/0.2mm 

radius uncoated enclosure. 
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Fig. 8. Movement pattern for Power frequency for 75kV/ Ag/0.2 

mm/12mm/100μ m thickness coated enclosure. 
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Fig. 9. Movement pattern for Power frequency for 145kV/Cu/12mm/0.2mm 

radius uncoated enclosure. 
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Fig. 10. Movement pattern for Power frequency for 145kV/ Cu/0.2 

mm/12mm/100μ m thickness coated enclosure. 
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Fig. 11. Movement pattern for Power frequency for 145kV/Ag/ 

12mm/0.2mm radius uncoated enclosure 
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Fig. 12. Movement pattern for Power frequency for 145kV/ Ag/0.2 

mm/12mm/100μ m thickness coated enclosure. 
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Fig. 13. Movement pattern for Power frequency for 200kV/Ag/ 

12mm/0.2mm radius uncoated enclosure 
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Fig. 14. Movement pattern for Power frequency for 200kV/ Ag/ 

0.2 mm/12mm/100μ m thickness coated enclosure. 
 

VI. CONCLUSION 
A mathematical model has been formulated to simulate the 

particle trajectories in a Gas insulated Busduct. The 
movement patterns of Aluminum, Copper and Silver 
particles under different voltage conditions with and without 
dielectric coating in the presence of Electromagnetic field 
effect on the particle have been observed for a single phase 
isolated conductor GIS on bare electrode system. The results 
obtained are presented and analyzed. It has been observed 
that there is a considerably increase in movement of the 
particle when electromagnetic field effect on the particle is 
considered  It has also been observed that the particle 
movement is greatly reduced while considering dielectric 
coating inside the surface of the enclosure. All the above 
investigations are carried out for various voltages under 
power frequency.  
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