P. Unahalekhaka and S. Phonkaphon / GMSARN International Journal 8 (2014) 7 - 12

g e, Simulation of Potential and Electric Field Due to [2fective
V" - . - -
$ 5 % Insulator in 115 kV Transmission Line
}"’r% Pramuk Unahalekhaka and Siamrat Phonkaphon
349

Abstract— This paper described to study the potential and electric field of suspension insulator in 115 KV transmission
line associated with ANS type 52-3. The suspension insulator type 52-3 was used by Provincial Electricity Authority
(PEA) in Thailand. The suspension insulator was the disc insulators; it is an assembly of one or more shells with
metallic fittings. This structure can enabled them form the insulator string by fitting into themselves one another as per
voltage requirement. A suspension insulator set complete with the fittings was used to carry a line conductor or
conductors at its lower end. The top of insulator string was fixed to the cross arm of the tower. The potential and
electric fields were simulated by using the Finite Element Analysis (FEA) program. This simulation was compared the
characteristic of suspension insulator due to defective insulator between normal and abnormal condition. The defective
insulator was based on percentage of damage and surface pollution levels. However, the percentage of damage and
surface pollution influence on the dielectric behavior of the insulators has been examined in order to reduce the effect
of system.
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for several surface pollution levels. The surface
1. INTRODUCTION pollution levels can divided into three levels whic

) L consist of light, moderate, and heavy pollutionelev
Nowadays, PE/ad a problem in the transmission line due 5110w to IEC standard [4]. This model was used.it6

to defective insulator, which was based on the denod |\, system of PEA in Thailand as shown in Fig. 1
insulators and consideration of surface polluti@vel '

located nearby the sea and in industrial areas. The
transmission line insulators are used to supperthiigh

voltage carrying conductors. The dimensioning of Cor =2 Cot Tower
insulators must be such as to prevent flashovenvite N |

highest overvoltage occurs on the power line. uthé Cep —— /|
geometry of the line and insulator the voltage ™ Co2
distribution along the length of the insulator isna N

uniform. This has been analysed theoretically wset Css —— Cas

form for clean glass or porcelain disc insulataings T \g‘

[1].

The insulators, which are used for the suspensfon o Cos —— 5‘4
overhead transmission lines, constitute one ofntiost \g‘
important parts of the transmission lines as flasho J |
effects in polluted insulators can cause the breakdof Css o~ Cos
a transmission network. The electric field disttibo N
within and around high voltage insulators is a very Ces /|
important aspect of the design of the insulatotsoAhe €~ Cg6
knowledge of the electric field could be useful foe Ay
detection of defects in insulators [2]. The lumped Csr —— /]
parameter representation of an insulator stringiste of
Csnand G, G is the self-capacitance of an insulation unit A
and G, is the ground stray capacitance between the tower Line

and an insulator cap [3].
In the present paper, the insulator model was ierif

Fig.1. The lumped parameter of an insulator string.
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meet the most modern demands of high voltagesuspension insulator is defined by:
transmission line usage today. The insulators makes _

of the widest ranges of ANSI approved Ball-Socket a m = G/G @
Clevis type distribution suspension insulators for Vi, = I/wCqn 2)
overhead transmission systems in the world.

For the present study, the type of suspensionatmul
type 52-3 is chosen. The dimension of suspensior
insulator type 52-3 is used for the study as shimwiig.

2. Technical data of suspension insulator type 52e3
reported in Table 1.

where:

m  capacitance ratio of;@nd G
V, voltage across each unit

I, currentin each unit

In this paper, the overhead line suspension Insulat
consists of 7 units. Transport and land are therdinces
between the 66.4 kV splendors. If the land in each
insulators mutual Capacitance and Capacitance 5atio
The voltages across each unit are reported in Tabled

Fig. 3.
H Table 2. Calculation of the voltage across each uni
Unit Voltage across the insulator(kV)
2.72
2 3.26
' 3 4.46
* D g 4 6.55
Fig.2. The dimension of suspension insulator type 52 S 9.95
6 15.34
Table 1. Technical data of suspension insulator type2-3 / 23.80
Class ANSI 52-3 .
Main Dimensions D 273mn é 4 A
Main Dimensions H 146mn -‘_g
Creepage distance 292mm %
Power frequency puncture voltage 110 kv 3
Frequency dry flashover voltage 80 kv §
Frequency wet flashover voltage 50 ky g
Critical impulse flashover pos 125 ky ﬁ /
Critical impulse flashover Neg 130 ky g =
Test voltage to ground 10 kv 3 \_ -
Maximum RIV at 1000HZ 50 uv Disc insulator number in string
Electromechanical Load 6750kg Fig.3. Normalized electric potential distribution
Mechanical Impact Strength in-1b(N-m) 55
Time Load Test Valuelb 4500kn 4. MATHEMATICAL MODEL
Weight 46 kg A simple model for the evaluation of the flashover

process of a polluted insulator consists of a ghdic

spanning over a dry zone and the resistance of the
3. VOLTAGE DISTRIBUTION OF SUSPENSION pollution layer in series. The critical voltage,Mvhich is

INSULATOR the applied voltage across the insulator when Hrégh

The transmission line is considered that the ingrart arc is developed into a complete flashover, is wibg
issue of the suspension and the voltage insulagsion  the following formula (3):

of the disk of insulator string. The most of theldand A

the metal pin comprising porcelain insulators. Vie = 7 O(L + = On 0D, OF OK )
The voltage across insulator strings are equallivec

in the division as well as a string of calculated (A D, &) [MJ 3)

predominates Capacitance. The voltage distributibn
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where L is the leakage distance of the insulatqridihe and electric field distribution simulations are eivin
maximum diameter of the insulator disc and F is theFigs. 5 and 6.
form factor. The arc constants A and n have been Table 3 expresses the comparison of the voltagesacr
calculated using the least square method. Theiregal each unit between normal and abnormal condition. An
are A=131.5 and n=0.374. The surface conductivityabnormal condition was based on percentage of damag
o4 (in Q ~') isgiven by and surface pollution levels. The surface pollutievels
can divide into three levels which consist of light
) moderate and heavy pollution. The comparison of
electric potential distribution each unit was shawirig.
where C is the equivalent salt deposit density (EpD 7.
mg/cnf. The coefficient of the pollution layer resistance
K in case of cap-and-pin insulators is given by

K=1+_N*1 D]n[ L } (5)
2 | 2 RCF

o5 =(369.051C+0.4p01 10

where R is the radius of the arc foot and is gibvgn

R= 0.4691% (A Dm E55)[ﬁ] (6)

In case of stab-type insulators, K is defined dig\is:

K= Nmn+1)tﬁln[ AL }—In{tanLH
2[x [(Fh nIN[R 2[fn+1

(7)

where N is the number of sheds.

5. POTENTIAL AND ELECTRIC FIELD
MODELING

The finite element method (FEM) is a numerical
technique for finding approximate solutions to bdary
value problems for differential equations. It uses
variation methods (the calculus of variations) to Fig.4. The suspension insulator type 52-3 and the tting
minimize an error function and produce a stabletsmh. plane of the suspension insulator model.

Analogous to the idea that connecting many tiny
straight lines can approximate a larger circle, FEM
encompasses all the methods for connecting manylesim Table 3. Voltage across each unit with and withoypollution

element equations over many small subdomains, named level (kV)
finite elements, to qpproxmate a more complex ggoa Normal Abnormal condition with
over a larger d_omaln. L ) .. | condition pollution level
The potential and electric field surrounding the | Unit without
insulator and the conductor is modelled using thmatd= pollution Light Moderate| Heavy

Element Analysis (FEA) program. This program is a

computerized method for analysis to draw the paént 1 2.72 0.50 1.00 0.94
and electric field contours superimposed upon the| 2 3.26 1.60 1.22 1.19
drawing. The suspension insulator type 52-3 and the
cutting plane of the suspension insulator modedresvn 3 446 2.90 154 152
in Fig. 4. 4 6.55 4.80 2.35 2.25
5 9.95 8.06 4.59 4.30
6. SIMULATION AND RESULTS
_ o 6 15.34 15.50 16.10 14.00
The paper discusses the application of two andethre - 23.80 33.80 3960 42 20

dimensional by using the FEA for the modeling oé th
insulators, that a comparison between normal and
abnormal condition results from two dimensional
analysis of the insulator strings is presented.kDis
insulators of the string structure, which are ufadthe
suspension of 115 kV overhead transmission lines, a
simulated. The normal condition results of the ptis
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Fig.5. Potential field of normal condition.

us/m

.32e5

.82e5
.37e5
.83e5
.38e5
.01es
o3z
L4265
22719

(d) Heavy pollution

Fig.8. Electrical potential contour with and without
pollution.

—— Normal condition

—i— Abnormal condition (nght) (a) Non_pouution
Abnormal condition (hedium)

—— Abnormal condition (Heavy)

(b) Light pollution

Normalized electric potential (kV)

Disc insulator number in string

Fig.7. Comparison of electric potential distributon

Fig. 8 and Fig. 9 indicated that the electricalendial
contour and electric field distribution with poiloih and
without pollution respectively.

(c) Moderate pollution

(d) Heavy pollution

Fig.9. Electric field distribution with and without pollution
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The computations
voltage of a cap-and-pin suspension insulator ughen
equivalent salt deposit density (ESDD) .The comjiuta
of critical voltage(V¢) can divide into 3 levels consist of
light, moderate and heavy level as shown in tableéh&
critical voltage for insulator against ESDD withcarnd
with surface pollution level is shown in table 5da6é
respectively.

Table 4. The critical voltage for insulator againsESDD

ESDD (mg/cnf) | Ve (kV) | Pollution level
0.01 37.65 Light
0.10 23.348 Moderate
0.30 19.24 Heavy

Table 5. The critical voltage for insulator withoutsurface
pollution (kV)

Percentage of damages Critical voltage
0 57.86
10 55.84
20 53.74
30 51.51
40 49.12
50 46.51

Table 6. The critical voltage for insulator withsurface
pollution (kV)

Percentage Critical voltage

of damages | Light | Moderate | Heavy
0 37.66 23.35 19.25
10 36.58 22.76 18.81
20 35.44 22.13 18.35
30 34.25 21.48 17.86
40 32.96 20.77 17.33
50 31.56 20.00 16.76

From table 3 and 5, the comparison of the critical

voltage of insulator near the conductor withoutface

results concerning the critical insulator. The defective insulator which was based

both the percentage of damage and surface pollution
levels (ESDD), it may be influenced on the dieliectr
behavior of the insulators has been examined iercia
reduce the effect of system. The result have bhewrs

that it can use acceptably with percentage of denaagl
surface pollution levels within 30% and light pdidn
level respectively.

However, the work needs to be focused on obtaining
accurate technical data for the materials constijuthe
insulator in order to simulate and calculate theegtable
result.
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pollution based on percentage of damage was in the

range of acceptable values.
From table 6, the critical voltage of insulator azse

acceptably with percentage of damage and surface

pollution levels within 30% and light pollution lel

7. CONCLUSION

The studied approach is applicable to an insulgtoe
52-3. The potential anelectric field along polluted
suspension insulators have been analyzed in thperpa
This simulation analysis showed that the effectthaf
surface pollution levels on a suspension insul&ato
line arise the potential distribution along thegtmof the
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