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Abstract -Present paper analyses the effect of various electr

field calculation techniques on the determination aximum
movement of contaminated metallic particles insidesingle phase
Gas Insulated Busduct(GIB). The charge acquired the particle
and its liftoff field depends on geometrical confication, size,
shape, type of the particles and electric fieldtia¢ particle location.
The electric field at the particle location whictsiconsidered as
resting on the inner surface of GIB can be computéy using
analytical or simulation or numerical methods. Irthis paper
computer software simulation programs have been deped for
computing electric fields at the contaminated paté location using
different field calculation methods, thereby maximumovements
of free conducting particles are calculated and cpared. From
the results it is observed that the particle maximumovements with
FEM calculated electric fields are slightly more tharthe
movements obtained with analytical method and chasj@ulation
methods. The results have been analyzed and pitesein this

paper.
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I. INTRODUCTION
All live parts are enclosed in compressed SulphaxeH

Fluoride(Sk) gas chambers in a Gas Insulated Busduct(GIB).
Even though S§ exhibits very high dielectric strength,

practical Gas Insulated Systems operate well betbes

theoretical insulation strength of Sgas due to the deleterious

effects of metallic particle contaminants, conducsarface
roughness and the presence of support
Investigations revealed that 20% of failures in GI8 due to
the existence of various metallic particle contations in the
form of loose particles[1][2] and the electricalsufation

performance of GIB is adversely affected by thesee f
metallic particle contaminants. The electrostdticce can

cause the particle to move into the high field oegnear the
high voltage conductor[3][4]. Though great cares Hmeen
taken at the time of manufacturing of GIS equipnmeetallic

particle contaminants are inevitable in installgstems.

The specific work reported deals with the effecelfctric
field calculated with different methods on deteration of the

insulators.

maximum particle movement in a single phase Gasldted
Busduct. In this paper Analytical, Charge Simuwlatiand
Finite Element Methods are used for calculatingteie field
independently at the particle location and therelegtric field
calculation techniques effect on computing maximum
movements are analyzed.

II. MODELING TECHNIQUE OFGAS INSULATED BUSDUCT

For this study a typical single phase gas insulatestiuct
comprising of a conductor and outer enclosuredillgth Sk
gas as shown in figure.1 is considered. A wire [darticle is
assumed to be at resting on the inner surface sfl@ailated
Busduct enclosure. When a voltage is appliedriglsiphase
GIB inner conductor, the particle resting on inserface of
enclosure acquires charge in the presence of higttrie
fields due to particle charging mechanisms[5-7]. n A
appropriate particle charge and electric field eaughe
particle to lift and begins to move in the direatiof the
electric field after overcoming the forces duettoown weight
and drag[4],[5]. This simulation considers sev@alameters
affecting the charge acquired by the particle asdliftoff
field.
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Fig.1 Typical single phase Gas Insulated Busduct
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A. Charge acquired and Liftoff field of Metallic padi in

Gas Insulated Busduct

The charge acquired by a horizontal wire partigsting
on a bare electrode gets charggg in the presence of
external electric field ‘E’ and is given by[4-6]:

Qe Coulombs - (1)

Where 1" is the radius of the horizontal particld, ‘is the
length of the horizontal particleg, ' is permittivity of free
space or vacuum anét” is Electric Field Intensity.

21

The lift-off field of an ideal cylindrical horizoat wire
particles with the correction factor ‘K'[4],[6] &&715 is given

by,

0715[(2m e, vl Ep) Ew] = @ r2 Ilpg
2)
Where ‘E o ‘ is lift-off Electric Field Intensity, p’ is

particle material densityg'
From Equation (2), the patrticle lift off field(E) is,

®)

is acceleration due to gravity.

084 (257

a.\l

Erp = V/im

Ep

When horizontally lying particle rises to vertigabsition
then the charge acquired by vertically standingtiger
increases significantly and increased charge isallysu
sufficient to lift the particle from electrode sack. The charge
acquired and lift-off field E o) of vertical wire particle resting
on a bare electrode surface are [3-6]:

Coulombs

(4)

V/m (5)

Where 1’ is the radius of the vertical particld, is the
length of the vertical particleg, ‘ is permittivity of free space
or vacuum, E o ‘ is lift-off Electric Field Intensity, p’ is
particle material densityg' is acceleration due to gravity.

When horizontally lying particle rises to vertigabsition
then the charge acquired by vertically standingtigar
increases significantly and increased charge isallysu
sufficient to lift the particle from electrode sack.

Many methods are available for more accurate caticu
of charge of conducting particle such as chargeulsition
algorithms which consider the particle size, shagrad
orientation. For larger value of l/r ratios theoab equations
are sufficient to calculate charge and lift-offldievalues with
acceptable approximations.

The Correction Factor ‘K’ for vertical wire parted
depends on particle length to radius ratip@nd for values of
I/r larger than 20, K value is usually near to unity
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It can be observed that from equations (3) and (4),

(6)

So, it can be realized from equation (5) that phati
charge-to-mass ratio for Vertical particles incemaswith
length and it causes longer particles move higlistadce
from the electrode surface than a shorter partidkesearch
studies are revealing that critical length of wiaeticles is of

the order of few millimeters with ac voltage to ocflashover
in GIS.

B. electric field calculation Methods

The study of charge acquired, lift-off field and ximaum
movement of metallic particles in GIB requires miagte of
electrostatic field present at the metallic pagticication. The
electric field in GIB is calculated using analyticaethod[8],
charge simulation method[9] and Finite Element Méfti1]-
[13] separately.

Analytical Method:

In analytical method ambient electric field at aie in
single phase Gas Insulated Busduct can be caldutgteising
following equation [10],

E(2) vim (7)

Where V Sinot is the supply voltage on the inner
electrode, Ris the enclosure radius. & the inner conductor
radius, y(t) is the position of the particle which moving
upwards, the distance from the surface of the enck
towards the inner electrode.

Charge Simulation Method:

The following figure.2 shows the basic concept dfafye
Simulation Method with image charges for calculgtétectric
field intensity at the point ‘P’

Y-axis 1\
___,...o-r""ﬂ
Image ’é’J
Charges {—0 0
,\ 1]
. =

Gas Insulated
Busduct Enclozure

u % Metallic Particle

Figure.2 Basic Concept of Charge Simulation Methoth witage
charges

The Electrostatic field at point (Ry) without image charge
is calculated by using the following equations[7;10
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Where i is number of nodes and k=1,2,3,.........n. Ssetaof

z|'n’ simultaneous equations are obtained and soltliegabove

simultaneous equations using band matrix method for
unknown node voltagesfV

vl = lerl” (e

Where V is free node voltage matrix,,\prescribed or fixed

(12)

Where E,, E, are Electrostatic field components alongpqqe voltage matrix, {£free node global coefficient matrix

X(Horizontal) and Y(Vertical)-axes respectivelyx, y are
coordinates of point ‘P’ where Electric field i® tbe
calculatedx, y are coordinates gf" fictitious charge:n’ is
the total number of fictitious chargés,is line charge density
of i fictitious charge.x, y are coordinates of" fictitious
charge,x;, y, are coordinates of" image charge andd* is
distance from conductor center to fictitious charge

Finite Element Method:

Figure.3 depicts basic concept for discretisitioh ®as
Insulated Busduct space for calculation of ambieletctric
field at any time in single phase Gas InsulateddBas using
Finite Element Method[8-10].

| L |

1

Enclogure

— L —

Fig. 3: Finite element mesh for calculating potaitiat finite
element nodes.

The Total Energy(W) associated with the assembtzfgell
elements in Gas Insulated Busduct is,

W — E q] € [.[-T] T

==1

W, =

[

[€1

Where ‘N’ is number of elements, ‘V’ is node voleagatrix
of ‘n’ nodes and ‘C’ is overall or global coefficiematrix.

In Finite Element Method, the solution region hagimum
total energy satisfying the laplace’s or poissictsiation. So,
partial derivatives of ‘W’ with respect to each abdalue of
potential must be zero.

oW oW

. Aw T 3

(10)

In general, simplifying the finite element mesh,

o (1)

and G, is free to prescribed nodes global coefficientrirat

Electric Field intensity at any point in Gas Insath Busduct
is calculated by using following equation,

(13)

lll. SIMULATION OFPARTICLEMAXIMUM
MOVEMENTS

The maximum movements of aluminum and copper
metallic particles with different field calculatiamethods are
obtained by using computer simulations. Computer
simulations were carried out using advanced C Laggu
programs for GIB inner conductor diameter 55mm and
enclosure diameter of 152mm for 75kV, 100kV, 132kV,
145kV and 175kV applied voltages.

IV. RESULTSAND DISCUSSION

The results are obtained by using computer
simulations for different aluminum and copper paetisizes.
The Electric fields are determined by using AnalgtiMethod
as given by equation (7), Charge Simulation MetBa&gb)
and Finite Element Method by using equations(12) @3).

Table | and Table Il are showing the movement
patterns of aluminum and copper particles for power
frequency voltages. 512 simulated charges areidenas for
charge simulation method for electric field caltida. 289
finite element nodes are considered in Gas InsilBtgsduct
space for calculating node potentials using Firilement
Method. The radius of Aluminum and copper parsidle all
cases are considered as 0.25mm, lengths of thé&lpass
8mm and 12mm, restitution coefficient is 0.9 ands §Bs
pressure is 0.4MPa.

Table.l Particle Maximum Radial Movements at déife

Voltages(I=8mm, r=0.25mm)

Max. Movement
Max. with CSM M
Field(mm) ax.
Sl. | Voltage | Particle Moclv(i-:;rrr]]ent Movement
No. (kV) type . Without | With with FEM
Analytical ;
Field(mm) Image | Image | Field(mm)
Charge | Charge
Al 10.59 10.49 19.96 10.57
1 75
Cu 1.03 1.03 3.97 1.14
Al 19.60 17.42 27.54 19.90
2 100
Cu 3.80 3.77 8.90 3.89
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Al 28.80 29.54 | 43.33 29.07 Cu 15.94 14.98 |  26.70 15.67
3 132

Cu 8.87 8.47 5.74 9.08 Al 48.50 4850 | 48.50 48.50

5 175

Al 30.45 29.54 | 4850 31.22 Cu 22.84 22.02| 3176 23.14
4 145

Cu 9.54 1098 | 20.84 11.78

N 43,02 4205 2850 1211 S|m|l§trly Table Il shows th_e maximum radial movertsen
5 175 for aluminum and copper particles of length 12mrd eadius

Cu 17.51 16.91 25.81 17.81 0.25mm for different voltages with analytical, char

During the application of power frequency voltagtdse
moving metallic particle makes several impacts wilie
enclosure and the maximum radial movement increesits
increase of applied voltage. Table | shows the imam
radial movements for aluminum and copper partiofdength
8mm and radius 0.25mm for different voltages withlgtical,
charge simulation and FEM calculated electric 8eldFor
Aluminum metallic particles with analytically caleted
electric field, the maximum radial movement is Borin,
10.49mm with charge simulation method and with teini

Element Method is 10.57mm for 75kV and these radiab_77mm with analytical

movements increase with increase of applied voltage

simulation and FEM calculated electric fields. Bdaminum
particles the maximum axial movement with analytica
calculated electric field is 14.67mm, 14.53mm wiharge
simulation method and with FEM calculated elecfrédd is
15.03mm for 75kV. The maximum radial movements of
Aluminum particles are increasing with increasevalfage up
to 175kV. For 175kV maximum radial movements are
crossing the electrode gap for electric fields wialied with
Analytical, charge simulation and FEM calculateccéiic
fields for Aluminum particles. For Copper partglat 75kV,
the maximum axial movement is 2.67mm,2.68mm and
charge simulation and FEM
calculated electric fields respectively. The maximradial

maximum radial movement is reaching 43.02mm,42.05MM,,yements of Copper particles are increasing witheiase of

and 42.11mm with analytical, charge simulation &M
calculated electric fields respectively at 175k¥or Copper
particles, the radial movement is 1.07mm with atcdyly
and charge simulation calculated fields and 1.14mitim FEM
calculated electric field at 75kV and this radiabvement is
increasing with increase of applied voltage andchias

voltage for up to 175kV and reaching maximum rhdia
movements of 22.84, 22.02mm and 23.14mm respegtfoel
analytical, charge simulation and FEM calculatéecteic
fields respectively. From table Il the AluminumdaGopper
particles maximum movement is relatively higheririfage
charges are considered with charge simulation ndetd

maximum value of 17.51mm,16.91 and 17.81mm Witha;yminum particle is crossing the electrode gaplagkV

analytical, charge simulation and FEM calculatedctic
fields respectively for 175kV. From table | itatso observed
that Aluminum and
movement is relatively higher if image chargesaresidered
with charge simulation method and the aluminum igiart
crosses the electrode gap for 145kV whereas Caopgrticle
is reaching maximum radial movement of 25.81mmv7&tky.
Table.ll Particle Maximum Radial Movements at atiéht
Voltages(I=12mm, r=0.25mm)

Max. Movement
M with CSM
" ax. . Field(mm) Max.
Sl. | Voltage | Particle Oyvﬁﬂqen Movement
No. | (kv) type ; Without | With | Wwith FEM
Analytical Field
Field(mm) | Image | Image | Field(mm)
Charge | Charge
Al 14.67 14.53 24.38 15.03
1 75
Cu 2.67 2.68 6.24 2.77
Al 23.86 23.80 34.41 25.32
2 100
Cu 5.64 5.47 13.42 6.07
Al 32.52 31.33 48.50 33.61
3 132
Cu 12.93 12.59 21.94 13.03
4 145 Al 37.85 37.69 48.50 40.23

whereas Copper particle is radial

movement of 31.76mm at 175kV.

reaching maximum

Copper particles maximum radial

V. CONCLUSION

A reasonable second order differential equation basn
formulated to simulate the wire like particle mawim radial
movements under the influence of electric fieldicuated
using Analytical, Charge Simulation and Finite Eé&m
Methods in single phase Gas Insulated Busduct. n\dre
electrostatic force on the metallic particle due applied
voltage exceeds the gravitational and drags fotbesparticle
lifts from its position and moves into the inteeetrode gap.
From the results it is observed that particle mosets with
the electric fields calculated using Finite Elembtdthod are
slightly more than the particle movements obtainesing
analytical method and charge simulation methodslettric
field computions. Also, it is noted that aluminumricles are
more influenced by the voltage than copper pasgidee to
their lighter mass and this causes the aluminuntictarto
have greater charge-to-mass ratio. Also it is chateat the
particle maximum movements are slightly less wittarge
simulation method when compared other two anallytécel
Finite Element methods. It is had been also obsktivat the
maximum radial movement is very high if electrielfis are
calculated with image charges with charge simufatieethod.
All the above investigations have been carriedfoutvarious

191



International Journal of Emerging Technology in Conputer Science & Electronics (IJETCSE)
ISSN: 0976-1353Volume 23 Issue 6 —-OCTOBER 2016 (SPECIAL ISSUE)

voltages under power frequency. The results obthiare
analyzed and presented.
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