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Abstract: SF6 gas filled in the bus ducts of Gas Insulated substations (GIS) are very sensitive to field disturbance. These
disturbances are caused by conductor surface imperfections and by particle contaminations (spherical, cylindrical) due to
improper manufacturing. Due to these contaminations, operation of GIS under high fields is also affected. Hence, if the
effects of these contaminations can be reduced then the reliability of GIS can be improved to a great extent and operation
of GIS at high fields can be possible. In this paper, analysis on movement of particle inside gas insulated bus duct (GIB)
with different dimensions and positions has been done so as to examine the reduction in insulation strength due to particle
contamination. Metal inserts (MI) have been used to reduce electric field stress and to increase insulation strength. The

results obtained have been presented for future reference.
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1. Introduction:

Population increase demands high energy. Non -
renewable energy resources are been replaced by renewable
energy sources to maximum meet the energy demands. In
this context, it is often required to improve the reliability of
transmission and distribution system by ensuring that the
innovations do not affect the environment. GIS has found
great importance in meeting the growing electricity
demands. SFg gas manufactured is mostly used in GIS and
circuit breakers. Due to few improper manufacturing
reasons, some disturbances such as voids, delamination,
protrusion, spherical and cylindrical type particle
contaminations which are conductive are found which
greatly affect the insulation strength of SF¢ gas and electric
field stress in GIS. These particles can also reduce power
frequency lighting and switching voltage strength of the
insulation of the GIS.

Many investigations were carried in order to reduce the
effects of particle contamination. To reduce the particle
effect, particle movement and trapping of electro static
particle was introduced but were not so effective in reducing
the electric field stress. Hence, Functionally graded materials
were used to improve the breakdown strength of the voltage
of solid insulator by keeping simple structure.  Solid
insulator called as spacers plays an important role in GIS. In
case of any defects on these spacers, there will be an increase
in electric field stress along the surface of the spacers and at
the triple junction. This may not allow the use of GIS in high
voltage applications.

Particle Contamination of solid insulator surfaces can
result in surface flash over well below the clean breakdown
voltage for insulators. Spacers design and shape plays a vital
role in improving the insulation strength and reducing the
electric field stress. Among a number of spacer designs, post
type, disc type and cone type are few designs commonly
used. In this paper we are analyzing using cone type spacer.
Metal inserts also play an important role in controlling the
electric field stress.

In this paper we are trying to reduce the electrical field
stress and improve the insulation strength of the SF6 gas by
using FGM. In FGM few types like ascending, descending

and u shape etc., material distribution can be done by using
centrifugal force method. By the presence of metal inserts
inside the SF6 gas, the insulation strength of the gas has
been reduced at the triple junction (formed by gas, spacer
and conductor) formed by the presence of particle
contaminations which are conductive (Al, Cu and Ag. Small
particles do not cause large reduction in the break down
strength of the voltage. Longer particles may cause reduction
in the insulation performance. The position of particle will
also affect insulation by increasing the electrical field stress.
So, we are computing stress values by keeping particle
contaminations at various positions and dimensions (by
increasing the length) and the obtained results are presented
for reference.

Inner Conductor (V= V volts)

av SF, ln:ﬁ:r“ SFg av
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Outer Enclosure (V=0 Volts)
Fig.1 Functionally graded materials for spacers
2. Computation of Electric Field:

SF6 gas has found high importance in GIS due to
higher dielectric strength than air and sub-station clearances
required are smaller in GIS than in air substations because of
high dielectric strength of SFe. In GIS main employed
insulating media are SFg gas and spacers. Hence any defects
in them will overall affect the operating condition of GIS. It
is mandatory to check the electric field stress to improve the
reliability of GIS.

Computation of electric field stress is necessary for
improving the reliability of GIS and so many researchers
have proposed methods for its computation. Methods like
Charge Simulation method, FEM, etc was introduced and
among them FEM was considered to be most efficient
method especially when it involved in complex modeling
problems. The electrostatic field in anisotropic dielectric
material under steady state conditions by assuming Cartesian
coordinate system and Laplacian field, the electrical energy
W stored within the whole volume U of the region is
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considered as:

W= %J £| gradv?|du (1)

2
av, av
dy iz

L] (@)’
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Moreover, when minute level field behaviour is considered,
the problem can be treated as two dimensional. The total
stored energy within this area-limited system is given as

w1 J‘ﬂ Iav,,}z+ avy)’ ixd 3
— _* — — T
p 2 £ dx dy ¥ (3)
Where (W/9) is energy density per elementary area dA.
Assumptions considered for applying minimisation
criteria on the above equations are
e Potential distribution V(x,y,z) is continuous over the
region and
o Its derivative may exist.

)

dxdydz (2)

Since it is impossible to find a continuous function for the
entire area A, an ample discretization must be made. Hence,
the area under consideration is further subdivided into
triangular elements thus:

w1 ofvy? o (av)’
N 2t
p 2 — dx dy
where n is the total number of elements and A is the area of
the i" triangle element. Hence, the formulation regarding the

minimisation of the energy within the complete system may
be written as

W
=0; whereX = E (5)

+ A; )

a[V(a.y)]

The result is an approximation for the electrostatic
potential for the nodes at which the unknown potentials are
to be computed. Within each element the electric field
strength is considered to be constant and the electric field
strength is calculated as

AVixy)  aVixy)
i (7)
x dy
Fig.(1) represents the numerical model of the problem under
study.
3. Particle infusion in GIS:

Dust and contamination particles in SFg gas greatly
reduce the insulation strength of compressed SF¢ gas. Hence
the contamination in the form of conducting particles should
be observed and controlled by some means to retain the
insulation  strength. Even the electrical insulation
performance of GIS systems is seriously affected by these
contamination particles.

Main causes for the contamination particles were found
to be due to conductors mechanical load changes and
movement of various modules during transportation and
commissioning. Also, it can be noticed that under an applied
electric field in a horizontal coaxial GIS system, a
conducting particle resting on the enclosure base acquires a
charge and will rise against the gravitational force due to the
central conductor at sufficiently high. If any particles
attaches to the epoxy insulator surface, insulation will be
severely weekend.
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While machining, the sharp edges and burrs on the
conductor surface may gradually reduce the life of GIS
modules. Though a complete elimination of particles in GIS
cannot be done, an investigation for detecting and localizing
their effect is going on. Using Partial discharge detection
method, particles can be easily detected but those on spacers
are difficult to detect. In this analysis, to improve the
insulation strength and to reduce the electric field stress,
metal inserts have been utilized.

4. Results and Discussions:

A normal cone type spacer with clearance between outer
and inner electrodes of 100mm has been designed in
COSMOL software. Inner electrodes were applied with
voltages of 72.5, 145 and 220 KV with outer electrode
grounded. The bus duct is filled with SFg gas and relative
permittivity of 1.015 is considered. FGM spacer and three
cases of permittivity distribution i.e. GH, GL, and U are
considered for analysis. Considering different dimensions
and positions of particle contamination, electric field stress is
increased and insulation strength is greatly reduced with
surface flashovers at the triple junctions. With the use of Ml,
results in the reduction of electric field stress are shown in
the table and graphs.

Figures 1(a) and 1(b) represents electric potential in cone
type spacer when without metal insert and with metal insert.
Figures 2(a) t0 2(x) represents electric field stress without
and with metal inserts when considered different positions
and dimensions for a GH FGM cone type spacer. From these
figures it is clear that without metal inserts electric field
stress increases and with the use of metal inserts there is a
drastic reduction of electric field stress. The corresponding
values for electric field stress at inner and outer electrodes
without and with MI for different positions and dimensions
for GH FGM spacer have been recorded and tabulated in
table 1. From table 1 it is clear that without MI, as the
applied voltage increases, electric field stress at the inner and
outer electrode ends increases. When MI has been included
then the electric field stress at the inner and outer electrode
reduces drastically.

Analysis on a GL FGM cone type spacer for different
dimensions and positions resulted in figures 3(a) to 3(x). The
analysis has been carried for four positions and three
dimensions without and with MI. These figures clearly
indicate that the use of MI when compared to without Ml in
the spacer decreases electric field stress at inner and outer
electrode ends. This implies that MI offers the advantage of
reduction of electric field stress. Correspondingly the
tabulated results of table 2 clearly shows that without and
with MI, as the voltage increases the electric field stress at
inner and outer electrode end increases. Again it is obvious
that when metal inserts are introduced the reduction of
electric field stress can be clearly seen in the table. The table
also gives idea of electric field stress at inner and outer
electrodes for different positions and dimensions.

Next a U FGM cone type spacer was designed with and
without MI and analysis of electric field stress at inner and
outer electrode ends for 3 dimensions and 4 positions were
carried and resulted in figures from 4(a) to 4(x). These
figures give an idea that the use of MI when compared
without MI greatly reduces electric field stress at inner and
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outer electrode ends. Also the corresponding tabulated
results of table 3 clearly explains that with MI when
compared without MI, we can drastically reduce electric
field stress at inner and outer electrode ends for different
applied voltage. It is also clear that electric field stress at
inner and outer electrode end is lowest at the applied voltage
of 72.5KV when compared with the voltages of 145 and
220KV. Table also includes values at four different positions
corresponding to three dimensions.

5. Conclusions:

In the present work, simulation of particle trajectory
of a single phase GIB has been proposed. The movement
patterns of Copper metallic particles at 72.5KV, 145KV,
220KV under power frequency on the particle have been
studied by developing a COMSOL software program.
From the resultant figures and corresponding tabulated
results at three different dimensions and four different
positions, the following points can be concluded:

o The lowest value of electric field stress at inner and outer
electrode end with and without MI can be noted at the

(a) Without MI

lowest applied voltage of 72.5KV. At applied voltages of
145 and 220 KV, electric field stress increases at inner
and outer electrode ends.

The particle contamination resulted in the breakdown of
insulation strength due to increase of electric field stress.
Hence analysis was carried on movement of particle
inside GIS at different dimensions and positions to check
the reduction of electric field stress so as to maintain the
reliability of GIS.

Analysis has carried at three grading that is GH, GL and
U with and without MI and the results were presented.
Including metal inserts in our design also shows that
there can be a drastic reduction of electric field stress at
both inner and outer electrode ends when compared
without metal inserts. This enables to retain the
insulation strength thereby improving the operating
condition of GIS.

(b) with MiI

Fig. (1) Electrical Potential
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Fig. 2 Electric field stress for a GH FGM spacer for different dimensions and positions
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Table 1: At different applied voltages, Electric field stress in GH- FGM spacer for different dimensions and positions.
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Fig. 3 Electric field stress for a GL FGM spacer for different dimensions and positions
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Fig. 4 Electric field stress for a U FGM spacer for different dimensions and positions
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Table 3: At different applied voltages, Electric field stress in U — FGM spacer for different dimensions and positions.
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