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A MODEL FOR THE FLASHOVER PROCESS
ON NON-UNIFORMLY POLLUTED
INSULATORS

L.F. Gonos,” F.V. Topalis,* and I.A. Stathopulos®

Abstract

The flashover process over polluted insulators is described by well-
known analytical equations, published by various investigators,
mainly Obenhaus and Alston. These procedures were used for the
formulation of a mathematical model that permits determination
of the parameters of the flashover under uniform or non-uniform
pollution of the insulator. The caleulated values were found to be in
agreement with laboratory tests on artificially polluted insulators.
All the experimental techniques use uniform distribution of the
pollution layer on the surface of the insulator. Tests on artificially
polluted insulators under non-uniform pollution are rare. On the
other hand, Rizk measured the deposit of natural pollution on
The
mathematical model of this work was applied for the calculation

the surface of various insulators for a long period of time.

of the dielectric strength of the insulator under the determined
non-uniform distribution. The type of insulator investigated here
is similar to the ones of Rizk. The surface of the insulator is
divided into finite elements, uniformly contaminated, across the
creepage length. The required parameters for the calculation of the
critical voltage for the flashover are the dimensions of the insulator,
the arc constants, and the specified distribution of the pollution.
The dependence of the critical voltage upon the distribution of the
pollution layer and the total pollutant deposit on the insulator are
also presented.
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1. Introduction

The safe operation of a power system is threatened by the
flashover of polluted insulators. The accumulation of air-
borne pollutants due to natural, industrial, or even mixed
pollution during a dry weather period and their subsequent
wetting, mainly by high humidity, is a major problem of
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the insulation systems. The flashover of polluted insula-
tors can eause transmission line oulage of long durations
and over large arcas. This problem motivated the installa-
tion of a test station in order to perform laboratory tests
on artificially polluted insulators. Although these tests
are indispensable for the study of insulator behaviour un-
der pollution, they are of long duration. The equipment,
necessary for these experiments is very costly. For these
reasons, it seems useful to predict the performance of insu-
lators under pollution conditions using analytical expres-
sions and computer models. The surface conductance of
a polluted insulator is a parameter that gives the overall
picture of those surface conditions of the insulator (quan-
tity of pollution and degree of humidity of the layer) that
directly affect the electrical performance of the insulator,
itself, when energized. The experiments were carried out
[1] using either the salt fog method or the solid layer cool
fog method. Numerous experimental data were obtained
(maximum withstanding voltage versus pollution, ratio be-
tween creepage distance and minimum flashover voltage
versus pollution, maximum withstanding salinity at a given
applied voltage, leakage current, etc.) for several insula-
tor types. These data were used for the determination of
the arc constants [2] and the development of a generalized
model for the dielectric behaviour of polluted insulators.
The application of this model for non-uniformly polluted
insulators is presented in this article.

2. Mathematical Model

The most known model for the explanation and evaluation
of the flashover process [3-4] of a polluted insulator consists
of a partial arc spanning over a dry zone and the resistance
of the pollution layer in series. The applied voltage U
follows (3] the following equation:
U=A-I""+T-rp-(L—x) (1)
where z is the length of the arc, L is the leakage distance of
the insulator, I is the leakage current, r, is the resistance

per unit length of the pollution layer, and A, n are the arc
constants.



At the critical condition, when the partial arc is devel-
’ oped into a complete flashover, the current I obtains its

critical value I, which is given [5] by:

Ie=(7-A-Dp-o,)7 (2
where D, is the maximum diameter of the insulator disk
and o, is the surface conductivity given versus the equiv-
alent salt deposit density ¢ (ESDD). @, is obtained in
Ohm~! and r, in Ohm/cm, for € expressed in mg/em?.

The critical voltage U, is given [5-8] by the following
formula:

A

Ucznrl

-(L-i?rvn-Dm-F-K)-Ig“ (3)
where K is the coefficient of the pollution layer resistance
with consideration of the current concentration at the are
foot. point. In the case of cap-and-pin type insulators, a
simplified form of K is given [2, 5, 6] as follows:

n+1

K = .
2-7m-F.n

1+
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F is the form [actor of the insulator that is defined as
ollows:

L[ ae ’
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vhere D(f) is the diameter of the insulator, varying across
ts leakage length L.

Equation (3) provides the value of U, versus only the
nown geometrical characteristics L, D,, of the insulator,
he constantsA, n and the pollution C, as I, is a function
f the above parameter, as o, is a function of C, and F
nd K are functions of I, and D,,..

In the case of non-uniform distribution of the pollution
wer, the insulator is divided into m parts across its creep-
ge distance L [7, 8]. The equivalent salt deposit density
i of each part is considered to be constant; therefore the
irface conductivity of the i-th part will be:

Tsi

(369.05 - C; + 0.42) . 1076 (6)

(5)

The coefficient, of the insulator shape, according to
ill be:

m m

; l;
P ;1“ o ¥ D{l)

i=1

(7)

here D(;) is the mean diameter of part i and I; is the
akage length of part i. Each term of the above sum
rresponds to the shape coefficient F of part 4 :

(8)

Finally, the surface conductivity o, of the total pollu-
m layer will be given from the following relation:
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F.
%i = =m ‘i‘i. (g)
1=1 gy
The total salt deposit P of each part is given by:
Pi=n-8-D; C (10)

and thercfore, the total salt deposit. P of the insulator
surface can be calculated as follows:

m m
P=) R=Y 14 DiC (11)
i=1 i=1
The average ESDD C,,, of the insulator is:
IJ
Chy'= =~ (12)

where S is the surface of the insulator disk.

The meaning of (3) is that, if the values of the arc
constants are known, the model of the polluted insulator
can be used to draw conclusions about the flashover mech-
anism not only qualitatively but also quantitatively: the
critical voltage of any insulator under any pollution sever-
ity can be evaluated in a very simple way, using the above
equations. Obviously, the dielectric behaviour of insulators
under pollution conditions can be precisely predicted, and,
eventually, the relevant expensive and time consuming ex-
perimental tests can be omitted, or at least limited to the
absolutely indispensable number.

3. Simulation Method
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Figure 1. Distribution of the pollution layer.

The insulator investigated for the application of this
model is of the cap-and-pin type (Fig. 1). Its maximum
diameter Dy, is 25.4 cm, and the creepage distance L is
30.5 em. The total surface S of the insulator is 1530 cm?,



the top area of insulator 660 cm?, and the bottom one 879
¢m?., The form factor F of insulator is 0.696.
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Figure 2. Distribution of the pollution layer Cpin * Crmax =
1.5.
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Figure 3. Distribution of the pollution layer Cryin @ Cimax =
15 : 100,
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Figure 4. Distribution of the pollution layer Cyuy, @ Crax =
1:12.5
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The non-uniformly polluted insulator is divided into
five parts; each one is considered to be uniformly contami-
nated. Three different distributions of the pollution layers
are investigated in this work (Figs 2- 4) according to the
measured values of the natural contamination, as measured
by Rizk [9].

The ratio of the ESDD of each part to the one of
the part with the maximum ESDD in the first case is
C1:C:C3:C4:C5=25:20:30:100:70 (Fig. 2). The ratio in
the second case is C1:0q:C3:C4:Cs= 20:15:25:100:50 (Fig.
3). The third one is C1:C3:C5:C4:C5=25:20:30:100:70 (Fig.
4).

The first one of the above investigated cases represents
the pollution of the insulator after a period of two years
without cleaning. The second and the third distribution
correspond to a decrease of 35% and 60% of the pollution,
respectively, after cleaning by rain. Rizk [9] and El-Arabaty
|10] have measured those distributions.

4. Results

The variation of the critical voltage U, with the total salt
deposit P on the insulator surface, or with the average
ESDD C,,,, are shown in Figs. 5 and 6, respectively. The
dependence of critical voltage U upon the ESDD Uy of the
most polluted part of the insulator is shown in Fig. 7.

It is obvious that the total pollution quantity is not
the only critical parameter determining the dielectric be-
haviour of the insulator. The form of the distribution of
the pollution layer is very important: the critical flashover
voltage value U, of the insulator under uniform distribu-
tion is lower than under a more non-uniform pollution. It
must be noted that these critical values of the flashover
voltage refer to the same total salt deposit P.
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Figure 5. Critical voltage Uc versus total salt deposit P.

* Experimental results [1].
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Figure 6. Critical voltage Uc versus the average ESDD
e

* Experimental results [1].
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Figure 7. Critical voltage Ue versus Cyay the most polluted
parts of the insulator.

* Experimental results [1].
5. Conclusion

The aim of this article was to investigate the dielectric
behaviour of non-uniformly polluted insulators by means
of a computer model. This investigation was based on
measurements of the natural pollution on the insulator
surface, which has been performed by other researchers.

The computer results confirmed that the total pollu-
tion or the equivalent salt deposit density are not exclu-
sively the critical parameters that determine the dielec-
tric behaviour of the insulator. The uniformity, or even
non-uniformity, of the pollution was also found to be very
important.

The contribution of this work is the determination of
the dielectric strength of the insulator under non-uniform
pollution. It is hoped that expensive experiments required
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for the estimation of this behaviour can be drastically
reduced or even eliminated. The information that can be
obtained by means of the proposed method is very useful
for insulation co-ordination of electric power overhead lines.
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