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ABSTRACT

This study presents a detailed study of the etedigld in polymeric isolators of the 500kV voltagiass
through modifications in the dimensions of the @ationa ring. That is, by varying the three dimensiof
the anti-corona ring: height (h), distance of tmti-gorona ring conductor (r) and the diameter tod t
anti-corona ring conductor (d); it was possibleotiserve the electric field distribution in a polymiaee
isolator of the 500 kV voltage class. Such voltatgess in currently applied to prevent loss of egérg
long transmission lines. However it faces disadagas, like the problem of the increased corona
effect, which besides generating electromagnetiseydncreases the level of the electric field abu
the conductors and the isolator. The corona effecesponsible for an electric energy loss thanis
the order of hundreds of kW/km in TLs and generateses that reach up to 65dBm. This effect
occurs when the air’s critical value is exceedealysing the electrons to collide with air resulting
the formation of ozone which is a major cause afra@sion in isolators. In this study, this issue is
addressed and it is outlined sizing measures farufgtoring the anti-corona ring.

Keywords. Electric Field, Transmission Line, Polymeric IsolatCorona Effect, Anti-Corona Ring, Finite
Element Method

1. INTRODUCTION started to be developed, such as: The hydroeleofric
Belo Monte, with an installed capacity of 11.233 MW
In recent years, Brazil has experienced a growth inTeles Pires, with an installed capacity of 1,820 Mwd
its economy, this process has driven the expansfon hydroelectric plant of Sao Luiz do Tapajos, with an
various sectors, such as: commercial, residentidl a installed capacity of around 7,000 MW.
industrial. These three sectors have contributethén The Decennial Plan of ERC predicts a growth in the
growth of electricity consumption in Brazil, whidbr Nacional Electric Interconnected System (NEIS) from
the last 10 years had an average growth of 4.29%110 GW (data from December 2010) to 171 GW
closing the year 2011 with 430,106 GWh consumed (forecast for December 2020) with prioritization to
(ERC, 2012a). There is a study by the Energyrenewable energy sources (hydraulic, wind and bgsna
Research Company (ERC) providing, in Brazil, an (ERC, 2012c). The electricity generating powempsa
average growth of 4.5% in electricity consumption are usually distant from the consumer market being
over the next decade (ERC, 2012b). interconnected through Transmission Lines (TL). The
With the increased consumption of electricity came growth of TL'’s for the decade starting from 20122620
the need to build new electricity generating plarid as  is expected to be at 42%, making the TLs extension
a highlight of this action, in recent years seveiaints expand from the current 110,000 km (data from 2010)
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rise to about 171,000 km. Among this growth it is from lightning or closing sectionalizers switchegile
possible to mention several other projects underavaty  the flow distance has the objective of increasihg t
under study, e.g., the interconnection of the Blamthe ~ phase potential path to the ground potential, causie
Rio Madeira, Belo Monte, Teles Pires, Tapajés, Boa€lectrons in the electric current to have a longay to
Vista (Manaus) and the Interconnection Brazil-Peru travel between these two points. This flow distaize

(Jardiniet al., 2011). very important when climatic factors involved, sugh
In these’TL’s the voltage class which possesses gvet weather, rain and classification of the podotlevel.
higher growth trend is the 500 kV class, followegdtbe In the isolators the corona effect is also present,

600 KV class, with a predicted growth of 21,650 &l especially in their phase terminal, this effectsimped

14,024 km respectively. The use of extra high tanan like a Iighted crown mainly on points with ab_rupt
the TLs has it's principle in the fact that the doits are ~ "anges in the shape of its surface. The coromatel

not an ideal conductor, thus there is a voltagepdro responsible for an elect_ric energy loss that ithmo_rder
resulting from passage of electric current throtigrse  Of hundreds of KW/km in TLs and generates noisas th

conductors. This effect is known as power dissipati reach 65d Bm. This effect occurs when the air'ioaii
(Joule effect) and follows the equation: R.I12, tthe ~ Value is exceeded (3 kv/mm) (Mello, 2007), when it

lower the current that circulates through the catots, ~ "2PPens the electrons collide with air resultingthie
the lower is the power dissipated. formation of ozone which is a major cause of caoos

Decreasing the current flowing through the in isolators, in its ironmongery or in its fiberg&core

conductors it is also possible to save on wire gaug When these are used in polymeric isolators.
(diameter) which, at first, directly reduces thetcof the The polymeric isolators are being increasingly used
project, as well as requesting less effort frompsupng ~ due t0 its hydrophobicity characteristic beingdaperior
structures causing them to have a reduced costlhs w  t© 9lass and porcelain materials, which are alsul us
There is also the advantage of a lower voltage drop manufactur_lng isolators. Besides this, it also m_ad;uthe
which emerges from Ohm’s first law (V = R.I) anavier number of isolators damaged by vandalism. Withube
vibration, however the extra high voltage transioiss of polymeric isolators in the TLs it is possiblereduce

not only presents advantages, it also has disaggast € COSts of design, which can use more compactrow
such as the issue of isolation. by their weight reduction in comparison to glassg/an

In electrical circuits of alternating current, thigther por(;elain isola}tors. Furthermore, it'; also possillxb
the voltage, the greater the possibility of a shintuit ~ €@lize the project of a 800 KV TL, with the distes of

between the phases because the conductors artogeo ¢ & 900 KV TL used in isolators made of glass and/or
to the threshold of the dielectric rigidity of abesides ~ Porcelain. To minimize corona effect on isolatoss i
the isolation between the phases, it's also notthwor US€d & device called anti-corona ring, this acagsso

that the isolation to the ground for these voltigeels ~ Nas the purpose of equalizing the electromagnetic
require a more detailed attention field and can be constructed using any conductive

Another point that can be mentioned as g Material, such as iron or aluminum and it may have

disadvantage is the increased corona effect, which/arious shapes and dimensions. The most common
besides generating electromagnetic noise, incremes [ormat is that of a circular tube.

level of the electric field around the conductonsl dhe f Igrlje. pybrpqse .Of thisl study if‘:’ t? StUd]}/ Hzgael!\e/ctric
isolator. Studies show that the higher the elealtric leld distribution in a polymeric isolator of t

potential in a TL is, the larger is the corona effe voltage class, by modifications in the dimensiotis o

generated (Leao, 2008), the anti-corona ring.
The isolator is a widely used equipment in the TLs

and has in its design mechanical and electricdlfea. 2.MATERIALSAND METHODS

As an ex:_;lmple of a mechanical feature it is inp’ngsto 2.1. Maxwell Equations

cite the isolator's need to support mechanical reffo

between its terminals, due to the conductors wedgiat James Clerk Maxwell in 1865, presented four

the conduits effort with the action of the wind. equations  describing electromagnetic phenomena
As for the electrical characteristics of the isotatits ~ (electric and magnetic) which originated approxishat

imperative to mention their arc distance and ullagee 20 equations. These equations became known asuhe f

arc distance is essential in preventing the ineol&b Maxwell equations that describe the behavior oteile

present failure (flashover) through disruptive Heges  and magnetic fields and their interactions with terat
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(substance) (Hallidagt al., 2010). The four Maxwell's 2.2, Finite Element Method (FEM)
equations are also known as.

Gauss’ law of electricity (or electrostatic) exmes
the relationship between the charge density anctrile
field. Equation (1) and (2) represent respectively
differential and integral form of this law:

As established, the Maxwell's equations describe
electromagnetic phenomena, however when the asalysi
is conducted for complex geometries, its solution
becomes complex and impractical to be performed
manually (Cardoso, 1995).

One of the options found to solve these problems is

ne=f (1) the use of numerical calculations. With it, it ssgible to
S obtain an approximate solution for the problem ittd

and among the various existing methods of numerical
L Eda=23W) (2)  calculations, the one which stands out the mosttfer

solution of these problems is the FEM (Silva, 2Q12a
In the 80’s the development of processors coupled
Gauss’'s magnetism Law expresses the absence ofith a reduction of computer’s prices in Brazil ssulthe
monopole in the magnetic field. Equation (3) andl (4 FEM became popular. Since then, this method has bee

respectively represent its differential and inté¢wem: widely used in the academic, scientific and indabtr
sectors, especially for solving problems involvitige
0.B=0 3) distribution of electromagnetic fields in electfica
equipment and systems (Cardoso, 1995).
»BdA=0 4 The basic principle of the FEM is to divide the

surface under study into several parts. When usimy

In the Law of Induction, Faraday expressed the dimensions (two-dimensional) these surfaces noymall
varying magnetic field. Equation (5) and (6) resjvety have the geometry of a triangle. These small parts

represent its differential and integral form: (triangles) are called finite elements and theo$ehese
elements is called a mesh. The vertices of thémegles

B are called nodes of the mesh and it is in them tihat
DXEz_E (5) equations to solve problems are applied (Silva,2apl

as shown irFig. 1 and 2.

(6) 2.3. Electrostatics

The electrostatic is governed by the fourth Maxwell
Ampere’s Law expresses the magnetic field source.equation, known as Gauss’s Law. Equation (9) can be
Equation (7) and (8) respectively represent its rewritten as equation (Silva, 2012a; Cardoso, 1995)
differential and integral form, with their corremtis:

90B,S

Edl=-
as ot

$<Dds= Qi 9)
oE
OxB =p0J+ pg,— 7
MO+ ot — ) Where:
D = Displacement Vector [C/m3].
Qi = Total amount of electrical charges involvedthg

B.dl = puOls+p €
3s M Moo closed surface

AHE,S
8

o (8)
From this equation and performing the formulations

Based on these equations it is possible to vehify t d ; : . P
S ; escribed in (Cardoso, 1995; Silva, 2012a) it issilde
electric fields generated by electrical charges tha be to write the two electric field components accogdio

divergent or convergent and that magnetic fields ar Equation (10) and (11) in which the potential fuot

rotational. The magnetic fields when time varying . ide the finite el ” dcall tant
generates electric fields, whereas the electrid fiehen Inside the Tinite element IS practically a constan

time varying generates rotational magnetic field.sl
important to note that electric currents or charges ¢ :_al:_[ijx(blv +b,V, +b\.) (10)
motion also generate magnetic fields. o ax 20 oo mes
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Fig. 1. Domain of study
O Node
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€1
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Fig. 2. Discretized domain

In the pre-processing stage it is performed: the
geometry’s design of the object under study, meghin
(mesh generation) and imposition of physical proesr

For greater accuracy in the system’s resolutiois it of the means. As for the processing step, it iopered
necessary to use a large amount of finite elementsthe assembly of the equations system and its résolu
however the larger the number of finite elemertt® t and for the post-processing stage, it is presettied
more complex is the system’s resolution. _ magnitudes of the phenomena studied, these are

As an informative example, in a two dimensional \onresented by the field letters. This project
mesh Qf a distributed systgm using three trlapglees, implemented the programs Gmsh and Getdp. The
resolution of the system will generate ®55matrix, so program Gmsh was used in the preprocessing step,

the more components the greater the resolutionyarra erforming the desian of a 500 KV voltage claséai
hence the mathematics involved starts to become 'ng 9 . 9 -
generating the meshes and imposing the physical

complex and best resolution for the system becdimes . f th hile the Getd
use of computational resources with specific progr&o prope.rtles of the means, whiie the et. P prograra wa
used in the processing and post-processing steps.

address these problems.

E :—al:
Yy ay

_[ZJ-A)X(ClVl +C2V2+C3V3) (11)

2.4. Use of Computer Programs 2.5.Effects of the Electric Field in the Polymeric
I solator
Currently, there are several computer programs S _
applied in solving problems using the FEM, regassllef The electric field is a physical phenomenon and as
the program, it must have the same three stage®lpa  previously defined (Hallidagt al., 2010), it is a vector
pre-processing, processing and post-processing. field that consists in a distribution of vectors.
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Fig. 3. Electric field intensity in the 500 kV class polgrt isolator, without the anti-corona ring

According to (Silva, 2012a) the intensity of the
electric field in the 500 kV class polymeric isalat
and without the anti-corona ring as displayed ia th
following graph inFig. 3.

It is possible to observe that in the electric dfiel
intensity is shown a large peak near the phaseiriafm
and it tends to drop over the isolator due to igdedtric
properties. By inserting an anti-corona ring ip@ssible to
observe that the initial peak of the electric figitknsity
decays, however there is a formation of a peakevalu
electric field intensity. The graph of the electfield
intensity of a 500 kV class isolator can be sedfign4.

2.6. Methodology

This study will carry out a study of the electric
field variation in a polymeric isolator of a 500 kV
voltage class, manufactured by Balestro
Electromechanical Industry Ltd., the model of the
isolator used in this study is the IPB

500/CB/120/EAP/117, which contains an arc distance

of 3065 mm and flow (flight) distance of 13,700 mm.

This isolator possesses axial symmetric geometry,

making it possible to design it in two dimensiomxla
at the time for processing the system resolutiom th
Getdp program performs the field lines simulatiorai
radius 2z symmetry (Silva012b).

In this study it will not be considered the

transmission tower structure, the type of TLs cablee
arrangement, nor a possible Difference in Potential

(DDP) at the isolator's ground terminal due to its
impedance and height of transmission tower strectur
The system is solved using the “EleSta_v” library
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which at the simulation’s moment uses the maximum
voltage applied in the phase terminal and in thg-an
corona ring, thus obtaining the maximum electreddi
intensity. The electric field is measured in théline of

the interface silicone/air of the isolator accoglito
Fig. 5.

The physical properties used in this study wer@010
carbon steel, fiberglass, silicone, aluminum and ai
(Silva, 2012a) as presentedHig. 6.

The simulations performed variations of the anti-
corona ring physical dimensions. For a better
understanding throughout this study it will be ddesed
“d” as the diameter of the anti-corona ring conduct
“h” the height of the anti-corona ring and “r" alet
distance from the center of the anti-corona ring
conductor into the isolator’s center cdiig. 7.

For each simulation performed only one of the three
dimensions studied is varied. After studying one
dimension, the next dimension will be analyzed and
on, until all three are studied. Initially a vaiiat of the
dimension “r" will be the performed keeping congtan
“h” and “d”. Then the variation of “h” and then the
variation of “d”.

The dimensions range of this study is:

e For the dimension “d” variance begins at 1.0 cm and
reaches up to 41.0 cm with a 2.0 cm variation for
each simulation

The dimension “r’ varies 0.5 cm for each
simulation, starting at the point in which the aute
diameter stays closer to the isolator's vane uantil
distance of 75 cm from the conductor’s center ef th
anti-corona ring to the isolator’s core

AJAS
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Fig. 4. Electric field intensity in the 500 kV voltage stapolymeric isolator with an anti-corona ring
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Fig. 5. Electric field cutline (Silva, 2012a)
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Fig. 6. Isolator’s physical properties
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Fig. 7. Drawing showing the dimensions studied
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Fig. 8. Drawing showing the 1st and 2nd peaks of the itefitld intensity

« Dimension “h” variance starts at 3.0 cm and isolator's phase terminal and another referringthe

reaches up to 20.0 cm with a 1.0 cm variation for presence of the anti-corona ring, which will belex|
each simulation respectively, 1st and 2nd peak, as showridn 8.
In this study it will be accepted as the minimuniuea

It is possible to observe that the electric field for the electric field intensity a measure when flst
distribution presents two peaks, one peak for thepeak and 2nd peaks present the same value.
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3.RESULTS For each simulation performed it was noted the
value of the 1st and 2nd electric field peaks, mght
With the use Gmsh and Getdp programs it waspossible to obtain the graphic in which there is an
possible to obtain the field letter (chart) of #lectric  intersection of these values for a given simulagio
field and the electric field intensity graphic ihet  sequence. This intersection will be consideredhas t
cutline under analysiszigure 9 shows the field letter optimal electric field for this simulations sequenc
(chart) of the electric field whilé=ig. 10 shows the  The sequence of simulations used is the variatibn o
electric field intensity graphic for both. The “r", keeping fixed the values of “d” and “h”. The
simulation was performed with d = 9.0 cm, h =6m0 ¢ graphic in Fig. 11 shows the simulations sequence
andr=13.0 cm. with d =9.0 cm and h = 6.0 cm.

0 4.31e+006 8.62e+006
[ ]

Fig. 9. Field letter (chart) of the electric field

0.9 Electric field

0.6

0.3 -

Electric field (M/V/m)

14 51 89 126 163 200
Distance of the cut line (cm)

Fig. 10. Electric field graphic in the cutline
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Fig. 12. Graphic showing the electric field for d = 9.0 cm
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Fig. 13. Graphic showing the variation of the minimum eliecfield in the isolator
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The intersection’s value for each simulations sas w
noted and at the end of these sets of simulations$
possible to obtain the minimum value of the eledigld
intensity for each value of “d”. Thus for each \alaf
“d” in which it was kept fixed it was possible to
determine in which height (h) of the anti-coronagri
there was a lower electric field intensitizigure 12
displays the value of electric field intensity bgrying
“h” and keeping “d” constant at 9.0 cm.

After determining the minimum point for each value
of “d” it was possible to create the graphic of #lectric
field by varying “d” according té-ig. 13.

4. DISCUSSION

Through this study it was possible to investigdte t
behavior of the electric field in a 500kV voltagkagss
polymeric isolator. The electric field deriving tihe
isolator's phase terminal can be better equalizeidgu
the anti-corona ring, proof of this are in thig. 3 and 4
which shows the electric field in an isolator witie anti-
corona ring and without the anti-corona ring, iniathit
is possible to observe that the peak of the etediid
intensity decays when the anti-corona ring is iteskin
contrast to a second point of the electric fieltemsity
appears due to the presence of the anti-corona Asg
this electric field event appears several timessgeond
it was considered that the minimum electric fielduhd
be when the 1st and 2nd peaks presented the sdnee va

5. CONCLUSION

In conclusion, it was possible to perform simulaso
varying the three dimensions of the anti-coronay:rin
Height (h), distance of the anti-corona ring coridu¢r)
and the diameter of the anti-corona ring condu@tiyr
The simulations were performed varying only one
parameter at a time, after the analysis of the Isitions
results, it was observed the value of electriadfiel the
presence of the anti-corona ring and it was shdvat t
this is related to the height of the anti-coronagrand
that the electric field intensity decays by inciegsthe
electric field conductor's diameter, which end up
presenting a curve as observedFig. 13.

The electric field that a polymeric isolator casise
without failure is related to the materials used fo
manufacturing it. As an example, the silicone rubbe
resistance to tracking, so for the sizing of thé-eorona
ring these values must be taken into consideration.
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