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Abstract: The presence of metallic contaminating particles lowered the dielectric
strength of the gas sharply. The determination of the insulation breakdown inside gas
insulated bus duct requires the knowledge of the field distribution inside it. Finite
Element Method (FEM) has been used throughout this work, for its favorable accuracy,
to calculate the electric field distribution inside the bus duct. In this paper, the
electrostatic modeling of gas insulated bus duct (GIBD) with particle contamination is
studied. The effect of particle length, hemi-spherical radius and ratio (L/r) on the
electric field values is presented. The effect of the dielectric coating of the inner surface
of enclosure, is presented and discussed. Multi-contaminating fixed particles are
considered in this work and the electric field distribution in this case is presented. The
effect of particle length and radius of middle fixed particle of multi contaminating
particles on the electric field values are also studied. Electric field distribution around
disc-spacer with and without an earthed particle contamination is presented and
discussed. Finally, the effect of distance between particle and spacer on the electric field
values is also studied.
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1. Electric Field Calculations

The computation of electric field is complex and it is usually difficult to find an exact
solution. Several numerical techniques have been increasingly employed to solve such practical
problems since the availability of high performance computers [1,2]. The advantage of the
application of numerical methods has many advantages compared to analytical methods such
as computable accuracy, simplicity and low cost.

The finite element method (FEM) is used in this paper for its favorable accuracy, when
applied to high voltage problems. FEM one of the efficient technique for solving field
problems is used to determine the electric field distribution on the spacer's surface. FEM
concerns itself with minimization of the energy within the whole field region of interest,
whether the field is electric or magnetic, of Laplacian or Poisson type, by dividing the region
into triangular elements for two dimensional problems or tetrahedrons for three dimensional
problems. Under steady state the electrostatic field within anisotropic dielectric material,
assuming a Cartesian coordinate system, and Laplacian field, the electrical energy W stored
within the whole volume U of the region considered is:
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Furthermore, for GIS arrangement, when we consider the field behaviour at minute level
the problem can be treated as two dimensional (2D). The total stored energy within this area-
limited system is now given according to:
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where (W/@) is thus an energy density perelementary area dA. Before applying any
minimization criteria based upon the above equation, appropriate assumptions about the
potential distribution V(X, y, z) must be made. It should be emphasized that this function is
continuous and a finite number of derivatives may exist. As it will be impossible to find a
continuous function for the whole area A, an adequate discretization must be made. So all the
area under consideration is subdivided into triangular elements hence:
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where n is the total number of elements and Ai is the area of the ith triangle element. So the
formulation regarding the minimization of the energy within the complete system may be
written as:
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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
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The electric field is calculated with using the Finite Element Method (FEM) throughout
this work. The Finite Element Method Magnetics (FEMM) Package is used to simulate the
problems and to calculate the electric field inside gas insulated switchgear as discussed before
in papers[3,4,5,6] and gas insulated bus ducts as disscussed in this paper with various spacers.
FEMM is a finite element package for solving 2D planar and axi-symmetric problems in
electrostatics and in low frequency magnetic [7].
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2. Modeling of Gas Insulated Bus Duct

Enclosure

Figure 1. Gas insulated bus duct of aluminum enclosure and conductor with diameters 152,
55mm respectively
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Gas insulated bus duct with aluminum enclosure and aluminum conductor is modeled as
shown in Figure 1 in a two dimensional axis. Diameters of the enclosure and conductor are
152mm, 55mm respectively. The void is been filled with SF4 gas. The analysis is done by
using two concentric cylinder of infinite length as shown in Figure 1. The voltage on the inner
conductor of GIBD considered is taken as 1V, For any applied voltage the values of the electric
fields can be proportioned.

A. Electrostatic modeling of GIBD with particle contamination

Figure 2 shows Gas insulated bus duct with filamentary wire contaminating particle resting
on earthed enclosure. The gap between conductor and enclosure is filled with SF¢ gas. In this
figure, L is defined as particle length, r is defined as hemispherical radius of particle and Gu is
the upper gap space from upper tip of earthed wire particle up to inner conductor.

Erclosure

Conductor

(a) For wire particle of 10mm length and of 0.5mm radius

Figure 2. Gas insulated bus duct with filamentary wire contaminating particle
resting on earthed enclosure
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Density Plot: |E], V/m

Half section

Figure 3. Electric field distribution along gap inside gas insulated bus duct with wire
contaminating particle resting on earthed enclosure
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Figure 3 shows the electric field distribution along gap inside gas insulated bus duct with
wire contaminating particle resting on earthed enclosure. It can be observed that the electric
field is minimum value at lower tip of particle and maximum value at upper tip of it and also
the electric field decreases from upper tip of wire particle till reaches a certain value but after
this value, it returns to increase till reaches to a certain value 36V/m at inner conductor of gas
insulated bus duct.

Figure 4 shows magnitude, normal and tangential components of electric field distribution
along surface of wire particle. It can be observed that the tangential component of electric field
is zero and the normal component of it increases gradually from zero until it reaches maximum
value at upper tip through negative side, so mathematically ,the magnitude of electric field
increases also from zero to 97.5V/m at upper tip of wire particle though positive side .

Figure 5 shows magnitude, normal and tangential components of electric field distribution
along gap from upper tip of wire particle up to inner conductor of GIBD. It can be observed
that normal component of electric field is zero. The tangential component of electric field is
maximum value (=97.5V/m) at upper tip of wire particle and decreases gradually along gap
until it reaches 13mm from tip but after 13mm from tip up to inner conductor, the electric field
increases gradually until it reaches a certain value is about 36V/m.
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Figure 4. Electric field distribution along surface of wire particle
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Figure 5. Electric field distribution along gap from upper tip of wire particle up to inner
conductor of GIBD
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(b) Effect of particle length on the electric field values

The variation of the electric field values at the upper tip of the wire particle with respect to
the particle length at (r=0.5mm) is shown in Figure6. It can be observed that as the particle
length increases, the maximum electric field at upper tip of wire particle increases also.
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Figure 6. Electric Field at upper tip of wire particle versus Particle length at r=0.5mm

(c) Effect of particle radius on the electric field

The effect of changing the wire particle radius on the electric field values at the upper tip of
the wire particle is shown in Figure7. The wire particle length is taken as 10mm. As the wire
particle radius increases from 0.5mm to Imm, the maximum electric field at upper tip of the
wire particle decreases gradually from about 97.5V/m to about 76.3V/m, i.e as the wire particle
radius increases, the electric field decreases.
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Figure 7. Electric Field at upper tip of wire particle versus particle radius at L=10mm

(d) Effect of Ratio (L/r) on the electric field
Figure 8 shows the variation of the electric field values at the upper tip of the wire particle
with respect to the ratio (L/r) at (r=0.5mm). It can be observed that as the ratio of (L/r)

increases from 6 to 24, the electric field at upper tip of the wire particle will increase from
about 56.8V/m to about 108.8V/m.
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Figure 8. Electric Field at upper tip of wire particle as a function of the ratio (L/r) at =0.5mm

B. Electrostatic modeling of GIBD with particle contamination and dielectric coating of
enclosure
The purpose of coating the inside surface of gas insulated bus duct (GIBD) enclosure with a
dielectric material reduces the deleterious effect of electrode surface roughness, increases the
field required to lift particles, and reduces the charge acquired by particles. The electric field
necessary to lift a particle resting on the inside surface of a GIBD enclosure is increased due to
the coating. Once a particle begins to move in the gas gap under the applied voltage, it may
collide with either conductor. With coated conductors the particle will acquire a drastically
reduced charge, thus the risk of breakdown initiated by a discharge is reduced significantly [8].
Figure 9 shows Gas insulated bus duct with filamentary wire contaminating particle in
contact with dielectric coating of earthed enclosure. In this figure, (t) is defined as dielectric
coating thickness and it varies from 200micro-meter to 2000micro-meter. The dielectric
material of coating can be epoxy, varnish or polymeric films.

Cooting

Ernclosure

Porticle

Figure 9. Gas insulated bus duct with filamentary wire contaminating particle in
contact with dielectric coating of earthed enclosure
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(a) When dielectric coating of earthed enclosure of 2000micro-meter thickness

The particle dimensions are taken as 10mm length and 0.5mm radius. The thickness of
dielectric coating for earthed enclosure is taken as 2000 micro-meter and epoxy material of
relative permittivity (er=4.5) is used for coating. The voltage decreases gradually from 1volt at
inner conductor through the gap until it reaches zero at the grounded enclosure.

Figure 10 shows the electric field distribution along gap inside gas insulated bus duct with
wire contaminating particle in contact with dielectric coating of earthed enclosure. It can be
observed that the electric field is minimum value at lower tip of particle and maximum value at
upper tip of it and also the electric field decreases from upper tip of wire particle till reaches a
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Figure 10. Electric field distribution along gap inside gas insulated bus duct with wire
contaminating particle in contact with dielectric coating of earthed enclosure

Figure 11 shows magnitude, normal and tangential components of electric field distribution
along surface of wire particle. It can be observed that the tangential component of electric field
is zero and the normal component of it increases gradually from zero until reach to maximum
value at upper tip through negative side, so mathematically ,the magnitude of electric field
increases also from zero to 99.6V/m at upper tip of wire particle though positive side.

Figure 12 shows magnitude, normal and tangential components of electric field
distribution along gap from upper tip of wire particle up to inner conductor of GIBD. It can be
observed that normal component of electric field is zero. The tangential component of electric
field is maximum value (=99.6V/m) at upper tip of wire particle and decreases gradually along
gap until it reaches 7.8mm from tip but after 7.8mm from tip up to inner conductor, the electric
field increases gradually until it reaches a certain value is about 36V/m.
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Figure 11. Electric field distribution along surface of wire particle
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Figure 12. Electric field distribution along gap from upper tip of wireparticle
up to inner conductor of GIBD

(b) Effect of coating thickness on maximum electric field

Table 1 and table 2 show maximum values of electric field at upper tip of wire particle
versus various values of coating thickness of earthed enclosure of gas insulated bus duct with
different dielectric materials of coating such as epoxy and varnish as shown on the tables. From
these tables, it can be observed that there is a very small effect on the electric field values at
upper tip of earthed wire particle whether without coating or with coating and also the variation
of coating thickness from 0 to 2000 micro-meter has a small effect on the electric field values
at upper tip of earthed wire particle.

Table 1. Maximum values of electric field versus coating thickness of epoxy material

Coating thickness, pm Emax, V/m Coating material
0 97.8474055 Without coating
200 97.8585261
500 98.2674681
1000 98.6685527 Epoxy coating
1500 99.0728955
2000 99.6358183

Table 2. Maximum values of electric field versus coating thickness of varnish material

Coating thickness, pm Emax, V/m Coating material
0 97.8474055 Without coating
200 97.8585261
500 98.2674681
1000 98.6685526 Varnish coating
1500 99.0729002
2000 99.6358153

C. Electrostatic modeling of GIBD with Multi-contaminating fixed particles rested on the
ground enclosure
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. So, in this paper, we study the
effect of multi-wire particles on the electric field.
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Figure 13 shows Gas insulated bus duct with multi-wire contaminating fixed particles in
contact with dielectric coating of earthed enclosure. The three wire contaminating particles are
identical in length and radius. Consider that the middle particle length (L1) is taken as Smm,
outermost particles (L2) as Smm and hemi-spherical radius of particles (r) are taken as 0.5mm.
The spacing between middle particle and outermost particles is taken as 15mm. Gul is defined
as upper gap space from upper tip of middle particle up to high voltage conductor and Gu2 is
defined as upper gap space from upper tip of outermost particles up to high voltage conductor.

1529

conductor

Cootlng

enclosure

Figure 13. Gas insulated bus duct with multi-wire contaminating fixed particles in contact with
dielectric coating of earthed enclosure

(a) For wire particle of 5mm length and of 0.5mm radius

The potential distribution along gap between inner conductor and earthed enclosure of gas
insulated bus duct with multi-wire contaminating particles, resting on earthed enclosure is
shown in Figure 14.

It can be observed that the voltage decreases gradually from lvolt at inner conductor
through the gap until it reaches zero at the grounded enclosure.
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Figure 14. Potential distribution along gap inside gas insulated bus duct with multi-wire
contaminating particles resting on earthed enclosure
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Figure 15. Electric field distribution along gap inside gas insulated bus duct with multi-wire
contaminating particles resting on earthed enclosure

Figure 15 shows the electric field distribution along gap inside gas insulated bus duct with
multi-wire contaminating particles resting on earthed enclosure. It can be observed that the
electric field is minimum value at lower tip of middle and outermost particles and maximum
value at upper tip of it but the maximum value of electric field at upper tip of outermost
particles are slight increased from that at upper tip of middle particle. The electric field
decreases from upper tip of wire particle till reaches a certain value but after this value, it
returns to increase till reaches to the maximum value of electric field at inner conductor of
GIBD in case of clean gap without any particle contamination.

Figure 16 & Figure 17 show magnitude, normal and tangential components of electric field
distribution along surface of middle and outermost particles respectively. It can be observed
that the tangential component of electric field is zero and the normal component of it increases
gradually from zero until it reaches maximum value at upper tip through negative side, so
mathematically, the magnitude of electric field increases also from zero to 60.14V/m and to
62.6V/m at upper tip of middle and outermost particles respectively through positive side.

Figure 18 shows electric field distribution along surface of middle and outermost particles.
It can be observed that the electric field at upper tip of outermost particles is slightly greater
than it at upper tip of middle particle and this is because the outermost particles which rested at
ground enclosure is nearer to high voltage conductor than middle particle.

Figure 19 & Figure 20 show magnitude, normal and tangential components of electric field
distribution along gap from upper tip of middle and outermost particles up to high voltage
conductor. It can be observed that normal component of electric field is about zero and the
tangential component of it decreases gradually from maximum value at upper tip of particle
until it reaches a certain value but after that value, it returns to increase through negative side,
so mathematically, the magnitude of electric field decreases gradually from 60.14V/m and
62.6V/m at upper tip of middle and outermost particles respectively until it reaches a certain
value but after that value, it returns to increase as it approaches from high voltage conductor
through positive side.
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Figure 16. Electric field distribution along surface of middle particle
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Figure 17. Electric field distribution along surface of outermost particles
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Figure 18. Electric field distribution along surface of middle and outermost particles

80 -

60 -
40 —\
20 IEI, V/m

[o] T T T T 1 - --:En,V/m
-20 4 30 40 50 Et, V/im
_40 -
-60 -
-80 -

Electric Held (Vm)

Gul (mm)

Figure 19. Electric field distribution along gap from upper tip of middle particle up to high
voltage conductor
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Figure 20. Electric field distribution along gap from upper tip of outermost particles up to high

voltage conductor

(b) Effect of changing the particle length of middle particle on the electric field values

The variation of the electric field values at the upper tip of middle and outermost fixed
particles with respect to the particles lengths at (r1,r2=0.5mm) is shown in Figure 21. When the
dimensions of outermost particles are constant at Smm length and 0.5mm hemispherical radius
and change the length of middle fixed particle from 3mm to 12mm at constant 0.5mm radius, it
can be observed that as length of middle fixed particle increases at constant length of outermost
particles, the maximum electric field at upper tip of middle particle increases also but it slightly

decreased at upper tip of outermost particles.
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Figure 21. Electric Field at upper tip of wire particles versus Particles lengths at r=0.5mm

(c). Effect of changing the particle radius of middle particle on the electric field values
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Figure 22. Electric Field at upper tip of wire particles versus Particles radius at L=5mm
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The variation of the electric field values at the upper tip of middle and outermost fixed
particles with respect to the particles radius at (L1,L2=5mm) is shown in Figure 22. When the
dimensions of outermost particles are constant at Smm length and 0.5mm hemispherical radius
and change the radius of middle fixed particle from 0.2mm to 0.7mm at constant Smm length,
it can be observed that as radius of middle fixed particle increases at constant radius of
outermost particles, the maximum electric field at upper tip of middle particle decreases and
this means that the electric field is maximum at thin particles but it still approximately constant
at upper tip of outermost particles.

D. Electric field distribution around Disc-spacer

Gas insulated bus duct consists of aluminum conductor is supported by disc-spacer with the
aluminum enclosure as shown in the Figure 23. All dimensions of gas insulated bus duct with
coating and disc-spacer are given in millimeter as shown in the figure. Disc-spacer is made of
epoxy material with width 30mm and relative permativity (er=4.5).
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Figure 24. Electric tield distribution along surface of disc-spacer inside gas insulated bus duct
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Figure 24 shows the electric field distribution along surface of disc-spacer inside gas
insulated bus duct. From the side of SF4 gas, it can be observed that the electric field along
disc-spacer increases from point A to point B and after this point, it becomes approximately
constant from point B to point C but it decreases from point C until it reaches triple junction
point F. From the side of Epoxy material of spacer, it can be observed that the electric field
along surface of disc-spacer is slightly increased from point A to point B and after that point,
the electric field decreases gradually until it reaches constant value along BC path but it
slightly increased from point C until it reaches triple junction point F.

Figure 25 shows magnitude, normal and tangential components of electric field distribution
along surface of disc-spacer from SF¢ gas side inside gas insulated bus duct. It can be observed
that normal component of electric field increases gradually from 5V/m at point A until it
reaches about 33V/m at point B and it's approximately constant along spacer surface from
point B to point C but it decreases gradually from about 33V/m at point C until it reaches 4V/m
at triple junction point F. The tangential component of electric field increases gradually from
point A to point B but after this point, it decreases gradually until it reaches point C and then it
increased from point C until it reaches 14V/m at triple junction point F. Finally, total
component of electric field increases gradually from about 20V/m at point A until it reaches
33V/m at point B and it's approximately constant along spacer surface from point B to point C
but it decreases gradually from about 33V/m at point C until it reaches 14V/m at point F.

Figure 26 shows magnitude, normal and tangential components of electric field distribution
along surface of disc-spacer from Epoxy side inside gas insulated bus duct. It can be observed
that normal component of electric field is slightly increased from point A until it reaches point
B and after this point, it decreases and then it becomes constant along BC path but it returns to
increase from point C until it reaches triple junction point F. The tangential component of
electric field increases from point A to point B at the negative side until it reaches zero and
after this point, it varies around zero until it reaches point C but it decreases when it
approached from triple junction point F. Finally, total component of electric field is slightly
increased from point A until it reaches point B and after this point, it decreases and becomes
approximately constant along arc surface of spacer until it reaches point C and it becomes
approximately constant from point C to point F of triple junction.

Figure 27 shows magnitude, normal and tangential components of electric field distribution
along gap (DEF path ) inside gas insulated bus duct. It can be observed that normal component
of electric field is around zero from point D to point E and after this point, it increases and then
it decreases gradually until it reaches triple junction point F. The tangential component of
electric field decreases gradually from point D to point E at the negative side and after this
point, it increases until it reaches zero and it still constant (Zero) along conductor surface from
point E to point F. Finally, total component of electric field increases gradually from 13V/m at
point D until it reaches 36V/m at point E but it decreases from 36V/m at point E until it reaches
14V/m at triple junction point F along conductor surface.
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Figure 25. Electric field distribution along surface of disc-spacer from SFg gas side
inside gas insulated bus duct
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Figure 26. Electric field distribution along surface of disc-spacer from Epoxy side inside gas
insulated bus duct
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Figure 27. Electric field distribution along DEF path inside gas insulated bus duct

E. Electric field distribution around earthed particle contamination which adhered to disc-
spacer
Figure 28 shows gas insulated bus duct with earthed particle contamination which adhered
to disc spacer. The particle length (L) is taken as Smm and hemi-spherical radius (r) as 0.5mm.
The distance between spacer and particle contamination (dsp) is taken as 0.26mm.

Coating

Eposxy
Spocer

Ground
Enclosure

Figure 28. Gas insulated bus duct with earthed particle contamination which
adhered to disc spacer

712



Mousa A. Abd-Allah, et al.

Figure 29 shows the electric field distribution around earthed contaminating particle
which adhered to disc spacer inside gas insulated bus duct. From this figure, it can be observed
that the electric field is maximum value at triple junction point (c) of particle and this value
decreases gradually as far from particle until it reaches to a certain point but it returns to
increase slightly as near to high voltage conductor.

Triple Junction point (c) is conjunction between three materials (epoxy spacer, SF¢ gas and Al.
particle).

1.807e+002 : >1.902e+002
1.712e+002 : 1.807e+002
1.617e+002 : 1.712e+002
1.522e+002 : 1.617e+002
1.427e+002 : 1.522e+002
1.331e+002 @ 1.427e+002
1.236e+002 : 1.331e+002
1.141e+002 : 1.236e+002
1.046e+002 @ 1.141e+002
9.511e+001 : 1.04G6e+002
8.560e+001 : 9.511e+001
7.608e+001 : 8.560e+001
6.657e+001 : 7.608e+001
5.706e+001 : 6.657e+001
4.755e+001 : 5.706e+001
3.804e+001 : 4.755e+001
2.853e+001 : 3.804e+001
1.0902e+001 : 2.853e+001
9.511e+000 : 1.902e+001
<3.011e-008 : 9.511e+000

ensity Plot: |E|, V/m

SF6 gas

Particlg

by of

%a
N M
/7

~ -

gz
T T T

[=]

wticle Length is represented
(abcdef) path

Figure 29 Electric field distribution around earthed contaminating particle which
adhered to disc spacer inside gas insulated bus duct

Figure 30 shows magnitude, normal and tangential components of electric field
distribution along particle length which adhered to disc spacer inside gas insulated bus duct. It
can be observed that the tangential component of electric field is equal to zero along particle
length. The normal component of electric field increases gradually from minimum value at
lower tip of particle through negative side until it reaches maximum value at triple junction
point(c) of particle and after that point, it returns to decrease along particle length from point ¢
until it reaches the lower value at point (a). Finally, total component of electric field increases
gradually from minimum value at point (a) of particle through point (b) until it reaches
maximum value (289V/m) at triple junction point (c) of particle and after that point, it
decreases along particle length from point (d) to point (f) until it reaches the minimum value at
point (a) of particle.

Figure 31 shows magnitude, normal and tangential components of electric field distribution
along upper gap space (Gu) from triple junction point (c) of particle up to high voltage
conductor inside gas insulated bus duct. It can be observed that the tangential component of
electric field is about zero. The normal component of electric field decreases gradually through
negative side from maximum value until it reaches a certain value through gap and then it
slightly increased. Finally, total component of electric field decreases gradually through
positive side from maximum maximum value at triple junction point (c) of particle until it
reaches a certain value through gap and then it slightly increased as near to high voltage
conductor.
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Figure 30. Electric field distribution along length of adhered particle to disc
spacer inside gas insulated bus duct
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Figure 31. Electric field distribution along upper gap space (Gu) from triple
Junction point of particle up to high voltage conductor

(a) Effect of distance between particle and spacer on the electric field values

Figure 32 shows electric field distribution along particle length at different values of
spacing between particle and spacer. From this figure, it can be observed that the electric field
along particle length decreases as the distance between particle and spacer increases. The
electric field is maximum value at triple junction point of particle when it adhered to spacer
and then it decreases after triple junction point (c) of particle until it reaches the minimum
value at lower tip of particle along (c-f-a) path as shown in Figure29. As the distance between
particle and spacer increases, the maximum electric field is observed at hemi-spherical radius
of particle from spacer side.
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Figure 32 FElectric field distribution along particle length at different values of
spacing between particle and spacer
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3. Conclusions

In this study, electrostatic modeling of gas insulated bus duct which represented by two
concentric cylinder of infinite length with gap with particle contamination and with dielectric
coating of earthed enclosure are presented. From this work, when the particle is earthed on the
enclosure of gas insulated bus duct, it can be observed that the electric field is minimum value
at lower tip of particle and maximum value at upper tip of it and also the electric field
decreases from upper tip of wire particle till reaches a certain value but after this value, it
returns to increase till reaches to a certain value at inner conductor of gas insulated bus duct.
When it studied the effect of particle dimensions on the maximum electric field, it has been
observed that the maximum electric field at upper tip of wire particle increases as the particle
length increases. Also as the wire particle radius increases, the electric field decreases. When
the ratio of particle length to radius (L/r) increased, the electric field at upper tip of the wire
particle increased also. The deleterious effect of electrode surface roughness has been reduced
by coating the inner surface of enclosure of gas insulated bus duct (GIBD) with a dielectric
material. There is a very small effect on the electric field values at upper tip of earthed wire
particle whether without coating or with coating and also the variation of coating thickness
from 0 to 2000 micro-meter has a small effect on the electric field values at upper tip of earthed
wire particle. When Three fixed particles rested at ground enclosure, the electric field at upper
tip of outermost particles is slightly greater than it at upper tip of middle particle and this is
because the outermost particles which rested at ground enclosure is nearer to high voltage
conductor than middle particle. When length of middle fixed particle increases at constant
length of outermost particles, the maximum electric field at upper tip of middle particle
increases also but it slightly decreased at upper tip of outermost particles. When radius of
middle fixed particle increases at constant radius of outermost particles, the maximum electric
field at upper tip of middle particle decreases and this means that the electric field is maximum
at thin particles but it still approximately constant at upper tip of outermost particles. When the
earthed particle is adhered to disc spacer inside gas insulated bus duct, the electric field is
maximum value at triple junction point of particle and then it decreases after triple junction
point of particle until it reaches the minimum value at lower tip of it. As the distance between
particle and spacer increases, the maximum electric field is observed at hemi-spherical radius
of particle from spacer side. The electric field decreases as the distance between particle and
spacer increases. Finally, all these distributions of electric field inside gas insulated bus duct is
very important to help us to predict the probability of occuring breakdown voltage for gas.
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