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Abstract: Metallic particle contamination in a compressed Gas Insulated Busduct (GIB) system may substantially
lower the corona onset and breakdown voltages of the system. The random movement of metallic particles in a GIB
system plays a crucial role in determining the insulation performance of the system. In this study a statistical
approach has been used to evaluate the probability of SF6 insulation breakdown due to the presence of
contaminating metallic particles. Under 50-Hz AC voltage, the particle motion is complex, and under appropriate
conditions, the particle may cross the gaseous gap from the low-field region near the outer enclosure to the high-
field region near the central conductor. For the commonly encountered size of metallic particles in practical Gas
Insulated systems, such a crossing of the gaseous gap takes several cycles of the 50-Hz voltage. In order to
determine the particle trajectories in a three-phase common enclosure Gas Insulated Bus duct (GIB) an outer
enclosure of diameter 500 mm and inner conductors of diameters 64 mm spaced equilaterally are considered. Wire
like particles of aluminum and copper has been considered to be present on enclosure surface of a three-phase bus
duct. A method based on particle movement is proposed to determine the particle trajectory in Gas Insulated
Substation (GIS) or Gas Insulated Busduct (GIB) for a three phase common enclosure while the image charge
effects of the conductors are considered. The motion of the wire particle was simulated using the charge acquired by
the particles, the macroscopic field at the particle site, the drag coefficient, Reynold’s number and coefficient of
restitution. The computation of particle movement has been carried out on bare electrode system for different
voltages. The results have been presented and analyzed.

I.Introduction : It is well known that metallic particle contamination in a compressed Gas Insulated Busduct
(GIB) system may lower the corona onset and breakdown voltage of the system considerably Metallic particles
move randomly in a horizontally mounted GIB system due to the electric field, and this movement plays a crucial
role in determining the insulation behavior of GITL systems. Under 50 Hz AC voltage the particle motion is
complex, and under appropriate conditions the particle may cross the gaseous gap from the low-field region near the
outer enclosure to the high field region near the central conductor. For the commonly encountered size of metallic
particles in practical GIB systems, such a crossing of the gaseous gap takes several cycles of the 50 Hz voltage. The
movement of spherical and wire particles has been investigated by the authors using a computational algorithm
taking into account the effect of drag force on the particle motion in several horizontally mounted coaxial electrode
systems. Under an applied 50 Hz AC voltage a metallic particle's ability to cross the inter-electrode gap may be
characterized by the minimum peak AC voltage necessary for the crossing. An idealized wire particle is shown in
Fig. 1. The shape and physical dimensions of a particle affect the minimum crossing voltage, at a given pressure. As
the particle radius increases, the drag forces increase, thus raising the voltage necessary for the crossing. On the
other hand, as the net charge on the particle increases with the radius, the electrostatic driving force also increases,
thus reducing the voltage necessary for the crossing. It is known that wire particles, under a 50 Hz AC field, may
remain in the mid-gap region in a GIB system for several cycles. They may be charged by one electrode at the
maximum voltage during one half-cycle, and return to the electrode at the peak voltage of opposite polarity, thus
causing micro discharges.
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Figl. Basic wire like particle

This presentation is focused on the motion of elongated particles, since these particles are considered the
ones most frequently found in GIS [1]. The aim of the work has been to learn more about the motion and thereby to
suggest improvements to the models that traditionally have been used. With a good model, a more accurate
calculation of the motion of a particle and, in turn, a better estimation about its severity in a system can be made.

A metallic particle is lifted from a resting position on a grounded electrode and kept in motion by the electrostatic
force, which basically equals the product of the surrounding electric field and the charge carried by the particle. The
voltage required to lift the particle is often well below the operating voltage level of the system. Once the particle
lifts from the surface, it moves in the direction of the electric field. Unless the applied field changes its direction or
magnitude, the particle hits the inner electrode of the system, where it gets a new net charge. The magnitude of the
net charge depends, besides the dimension of the particle, on the value of the surrounding field at the time of impact
with the electrode [2]. For an ac field, one may expect the motion of a particle to be random-like, since the charge on
the particle interacts with the continuously changing electric field. Also, since the charge on it depends on when it
hits the electrodes, the charge varies after each consecutive impact. However, by statistical analysis of the time
between impacts of the particle with the enclosure, one can find that the motion of the particle is, in fact, influenced
by the power frequency [3,4]. For an applied ac field, the maximum height that the particle can elevate from the
electrode is limited compared with a dc field. If the applied voltage is sufficient, several voltage cycles might be
necessary for the particle to be able to cross the gap.

Experimental studies have shown that the probability of breakdown for elongated particles is highest when the
particle is located close to (< 2 mm) but not in contact with the inner electrode [5]. The voltage breakdown during
such an event is assumed to start when a small discharge first bridges the distance from the inner electrode to the
particle, which brings the particle to the same potential as the inner electrode. A discharge then bridges the rest of
the gap since the particle, at that position, acts as a protrusion on the inner electrode, pointing towards ground.
Discharges from the sharp ends of a particle, often referred to as in-flight corona, can also occur if conditions for
corona inception are fulfilled [6-8]. In this case, the particle can modify its carried charge between impacts with the
electrodes.

I1.Modelling Technique:
11.1 Without Image Charges

Fig 2 shows a typical horizontal three phase busduct comprising of inner conductors spaced equilaterally in a metal
enclosure. The enclosure is filled with SFg gas at a high pressure (0.3 Mpa).
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Figure.2 Schematic Diagram of a Three Phase Common Enclosure GIB

A particle is assumed to be at rest on the enclosure inner surface, just beneath the bus bar 2 until a voltage
sufficient enough to lift the particle and move it in the direction of the field is applied. After acquiring an appropriate
charge in the field, the particle lifts and begins to move in the direction as described earlier. During the return flight,
a new charge on the particle is assigned based on the instantaneous electric field.

The electric field intensity from the surface of the enclosure, due to three conductors at a given point acts
simultaneously.

The resultant electric field intensity at a poiny 'p'at theinner surface of the outer enclosure is

E = 48.64x10° ( . J{Cosezj Sinat KV/m
0.125-x R1

and the motion equation is given by

2
my(t):%l'f(to)xm.szlxlo?' KO 1215 ){C‘:F’:ezﬂanmt-mg
In( )—1 e X 1

r

- Y(t)mr (BuK g (¥) +2.656(ur, ly (1)°°)

The above equation is a second order non-linear equation which is solved using Ranga Kutta 4™ order method is
adopted.

11.2 With Image Charges

Typical horizontal three-phase bus duct shown in Figure 3 has been considered for the analysis.
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conductor

Enclosure

Fig 3. Horizontal Three Phase Bus Duct
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 System. If the motion pattern of a metallic
particle is known, the probability of particle crossing a coaxial gap and causing a flashover can be estimated. The
lift-off field for a particle on the surface of an electrode can be estimated by solving the motion equation.

500mm —

e

Figure 4. Three Phase Common Enclosure Bus Duct with Image Charges

A conducting particle in motion in an external electric field will be subjected to a collective influence of several
forces. The forces may be divided into Electrostatic force (FE), Gravitational force (mg) and Drag force (Fd). Figure
4 shows a horizontal three phase bus duct comprising of inner conductors spaced equilaterally in a metal enclosure
with images. The enclosure is filled with SF6 gas at a high pressure (0.3MPa). A particle is assumed to be at rest at
the enclosure surface, just beneath the bus bar 2, 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 and begins to move in the
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direction of field having overcome the forces due to its own weight and drag. The simulation considers several
parameters e.g. the macroscopic field at the surface of the particle, its weight, Reynold’s number, coefficient of
restitution on its impact to both enclosures and viscosity of the gas. During return flight, a new charge on the particle
is assigned based on the instantaneous electric field.

Total electrical field intensity at the point ‘P’ is

E=E +E,+E,
V1|: 1 . 1 } v {Cos@2 _Cos;/z} V{Cosé’2 - Cos;xz}
h—x h+x R, R, R, R,

O =
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Where V4, V,, Vs are the three phase voltages given by
V, =V, Sinat

V, =V, Sin(at +120)

V, =V, Sin(at + 240)
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The motion equation is

d’y
m a2 =F,-F, —-mg

Where

Fq = Drag force

mg = Force due to gravitation.

F .= Electrostatic force = q x E
Where

E is the Electrostatic field intensity in three phase GIS taking the image charge effect of the conductor into
consideration

q is the charge of the particle.
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The above equation is a second order non-linear equation which is solved using Ranga Kutta 4" order method is
adopted.

I11.Simulation Results and Analysis:

Table I gives the values of maximum radial movement of a aluminum and copper type of wire like particle of length
3mm with variable radius 0.1mm, 0.2mm and 0.3mm when applied with three different voltages 400KV, 450KV
and 500KV when charges are not taken into consideration and Table Il gives the values of maximum radial
movement of a aluminum and copper type of wire like particle of length 3mm with variable radius 0.1mm, 0.2mm
and 0.3mm when applied with three different voltages 400KV, 450KV and 500KV when charges are taken into
consideration. The corresponding particle movement for aluminum and copper type of particles is presented in Fig 5
to Fig 16 for varying radius of the particle and different applied voltages when image charges are not taken into
consideration and Fig 17 to Fig 31 presents the particle movement when image charges are taken into consideration.
From the results it can be observed that when image charges are not taken into consideration the electric field at the
location of the particle is less hence the particle attains less maximum radial movement but when the image charges
are taken into consideration the field stress at the particle increases and the maximum radial movement of the
particle will be more.

Table I. Radial Movement of a Wire like particle with fixed length of I=3mm and variable radius of 0.1mm, 0.2mm
and 0.3mm without image charges

Voltage(KV) Type Maximum Radial Movement in mm for I=3mm
r=0.1mm r=0.2mm r=0.3mm
Al 10.60946 2.000612 1.936411
400 Cu 1.685808 NM NM
Al 13.9275 2.639994 1.148108
450 Cu 2.223607 NM NM
Al 22.42901 3.451467 1.514974
500 Cu 2.819467 NM NM

3128 | Page



M.Siva Sathyanarayana, J.Amarnath / International Journal of Engineering Research and

Applications (IJERA)

ISSN: 2248-9622 www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.3123-3143

Movement(mm)

12

=
o

(09]
1

(9}
1

IN
1

N
1

o

0.2 0.4 0.6 0.8 1

Time(Sec)

Fig 5 Particle Movement in a 3-phase 500/64 GIB without images for 400KV/AL/3mm/0.1mm radius.
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Fig 6 Particle Movement in a 3-phase 500/64 GIB without images for 450KV/AL/3mm/0.1mm radius.
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Fig 7 Particle Movement in a 3-phase 500/64 GIB without images for 500KV/AL/3mm/0.1mm radius.
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Fig 8 Particle Movement in a 3-phase 500/64 GIB without images for 400KV/Cu/3mm/0.1mm radius.
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Fig 9 Particle Movement in a 3-phase 500/64 GIB without images for 450KV/Cu/3mm/0.1mm radius.
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Fig 10 Particle Movement in a 3-phase 500/64 GIB without images for 500KV/Cu/3mm/0.1mm radius.
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Fig 11 Particle Movement in a 3-phase 500/64 GIB without images for 400KV/AL/3mm/0.2mm radius.
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Fig 12 Particle Movement in a 3-phase 500/64 GIB without images for 450KV/AL/3mm/0.2mm radius.
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Fig 13 Particle Movement in a 3-phase 500/64 GIB without images for 500KV/AL/3mm/0.2mm radius.
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Fig 14 Particle Movement in a 3-phase 500/64 GIB without images for 400KV/AL/3mm/0.3mm radius.

3133 | Page




M.Siva Sathyanarayana, J.Amarnath / International Journal of Engineering Research and
Applications (IJERA)  ISSN: 2248-9622 www.ijera.com
Vol. 2, Issue 3, May-Jun 2012, pp.3123-3143

1.4 -
1.2 A
’g 1
= 0.8 -+
=
[}
e 0.6 o
o
3
< 0.4 -
0.2 +
o U] .
0 0.2 0.4 0.6 0.8 1

Time(Sec)

Fig 15 Particle Movement in a 3-phase 500/64 GIB without images for 450KV/AL/3mm/0.3mm radius.
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Fig 16 Particle Movement in a 3-phase 500/64 GIB without images for 500KV/AL/3mm/0.3mm radius.
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Table Il. Radial Movement of a Wire like particle with fixed length of I=3mm and variable radius of 0.1mm, 0.2mm

and 0.3mm
Voltage(KV) Type Maximum Radial Movement in mm for I=3mm
r=0.1mm r=0.2mm r=0.3mm
Al 26.25642 3.859268 1.71852
400 Cu 3.947927 NM NM
Al 30.21384 6.60082 2.389254
450 Cu 5.292176 1.196897 NM
Al 30.29547 9.44003 3.343363
500 Cu 7.798945 1.584635 0.507054
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Fig.17 Particle Movement in a 3-phase 500/64 GIB with images for 400KV/AL/3mm/0.1mm radius.
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Fig.18 Particle Movement in a 3-phase 500/64 GIB with images for 450KV/AL/3mm/0.1mm radius.

35 -~

= N N w
ul o [§) o
1 1 1 1

Movement(mm)

[y
o
1

O T T T T T
(0] 0.1 0.2 0.3 0.4 0.5

Time(Sec)

0.6

0.7

0.8

Fig.19 Particle Movement in a 3-phase 500/64 GIB with images for 500KV/AL/3mm/0.1mm radius.
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Fig.20 Particle Movement in a 3-phase 500/64 GIB with images for 400KV/Cu/3mm/0.1mm radius.
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Fig.21 Particle Movement in a 3-phase 500/64 GIB with images for 450KV/Cu/3mm/0.1mm radius.
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Fig.22 Particle Movement in a 3-phase 500/64 GIB with images for 500KV/Cu/3mm/0.1mm radius.
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Fig.23 Particle Movement in a 3-phase 500/64 GIB with images for 400KV/AL/3mm/0.2mm radius.
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Fig.24 Particle Movement in a 3-phase 500/64 GIB with images for 450KV/AL/3mm/0.2mm radius.
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Fig.25 Particle Movement in a 3-phase 500/64 GIB with images for 500KV/AL/3mm/0.2mm radius.
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Fig.26 Particle Movement in a 3-phase 500/64 GIB with images for 450KV/Cu/3mm/0.2mm radius.

1.8 7

1.6 1

1:“'n T

[y
] N
1 1

o
(o]
1

Movement(mm)

©
(2}
1

I
I
1

©
N
1

o

ey =
pem
ke
hrmezzs
e
re=—x.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time(Sec)

o

Fig.27 Particle Movement in a 3-phase 500/64 GIB with images for 500KV/Cu/3mm/0.2mm radius.
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Fig.28 Particle Movement in a 3-phase 500/64 GIB with images for 400KV/AL/3mm/0.2mm radius.
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Fig.29 Particle Movement in a 3-phase 500/64 GIB with images for 450KV/AL/3mm/0.2mm radius.
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Fig.30 Particle Movement in a 3-phase 500/64 GIB with images for 500KV/AL/3mm/0.2mm radius.
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Fig.31 Particle Movement in a 3-phase 500/64 GIB with images for 500KV/Cu/3mm/0.2mm radius.

IVV.Conclusions:

An uncharged metallic particle resting on bare electrode in a Gas Insulated System will gradually acquire
charge due to the application of electric field around it. The charge accumulated is a function of Electric field, shape,
size and orientation of the particle. When electrostatic force exceeds the gravitational and drag forces the particle
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lifts from its position. A further increase in the applied voltage makes the particle move into the inter electrode gap
in the direction of applied field. This increases the probability of a flashover. The motion pattern of different
metallic particles under different AC voltages been investigated in a three phase common enclosure for a pressure of
3 bar. The macroscopic electric field at the surface of the enclosure for the 3-phase system is calculated in Cartesian
coordinates. The electric field has been used to determine the charge as well as the force on the particle. The radial
movement is calculated using the standard equation of motion. It can be noted that aluminum particles are more
influenced by the voltage than copper particles due to their lighter mass. This results in the aluminum particle
acquiring greater charge-to-mass ratio. The present work deals the movement of a wire like particle without and
with the Image Charge Effect in a Three Phase GIS is taken into consideration.
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