ATMOSPHERIC CONTAMINATION ON HIGH
VOLTAGE INSULATORS AND A STUDY TO
IMPROVE CONDITIONS

By Pror..Dr. G. K. M. PFESTORF AND M. R. SITARAM
Received July 11, 1953

SUMMARY

Comparative studies of leakage currents, dry and wet flashover
of contaminated insulators with similar readings taken on new insulators
arc made. The possibilities of removing the encrustation on insulators
are studied. The presence of the electrical field on the 1insulator
has an effect on the deposition of impurities and some means are suggested

to avoid or reduce the amount of deposits.

Whenever a transmission line or a switching station is constructed careful
attention is paid to the co-ordination of the insulation of the line with that
of the other equipment both for power frequency and impulse surges. The
number of insulators is fixed so as to have a wet flashover voltage between
3 to 3-5 times line to neutral voltage and to have an impulse flashover equal
to at least the basic impulse insulation level of the apparatus. This is neces-
sary to avoid as far as possible an interruption to service due to a break-
down of this insulation except under severe abnormal conditions. The
flashover characteristics of insulators in air will vary with atmospheric condi-
tions around the insulators and with the surface conditions on the insulator.
Detailed studies have been made with regard to the variation in the flash-
over characteristics with variation of barometric pressure and humidity of
the atmosphere and the performance of the insulator under variation of these
conditions could be fairly accurately predicted. But one of the major
unsolved problems of the electric supply industry is the behaviour of insula-
tors under conditions of industrial contamination. It is ®often necessary
that electrical lines should be situated in close proximity to industrial instal-
lations which throw out various solid impurities into the atmosphere and
with changing winds and probably due also to the presence of the electrical
field around the insulator these solid particles settle on the insulator surface
changing their electrical properties completely. This problem assumes
greater importance with the increasing industrialization of the country and
?a(s) been engaging the attention of the insulator manufacturers and also
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1941 rec?mmends that for selecting insulators for use in polluted atmo-
spheres, insulators suitable for the next higher rating should be selected and
that for use under highly polluted atmospheric condition the length of leakage
path must be increased to at least double that of the leakage path of the
normal type of insulators—this increase in leakage path to be obtained partly
by using insulators for the next higher rating and partly by using special
insulators with long leakage path known as anti-dust or anti-fog insulators.
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In order to study this problem of the behaviour of insulators under
conditions of atmospheric contamination in greater detail a number of
insulators which had been in actual service for varying lengths of time were
obtained from the supply industry. These insulators had been exposed
over a period of years to different kinds of atmospheric contamination.
Tests indicated that the deposits on the insulators varied depending on the
location from which the insulators had been removed. Various types of
deposits like ordinary dust and dirt, a mixture of dust soot anfl oil, deposit
of calcium and magnesium carbonates, ordinary salt, deposit qf cement
dust, and other foreign materials were met with. In one case c?f insulators
removed from a chemical factory even the glaze on the I_Jorcelam had been
attacked. The foreign material was not uniformly deposned‘ on the surfar:'e
but possibly due to wind, the electrical field, and the humidity of the a]I(Ii‘
showed various thicknesses at different Spots. Some*of the deposits C?llu
be easily removed by washing with ordinary water but in some cases s;;ecia y
. the case of insulators removed from the proximity of a cement factory

chemical means had to be adopted to remove the impurities.

These surface layers which are nearly non-conducting Whlle‘df)fﬁzec(t’;’";"t{
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rosion. The effect and relative importance of the operaling
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of the insulators of eacly.one of these depend on the type and nature of
the contamination on tife insulator surface. The leakage current flowing
between the line and the ground would be inversely proportional to the total
resistance of the contaminating film and since for a given line all these leakage
currents are in parallel therr sum may sometimes assume a high enough
proportion to trip out the line. Also the presence of these semi-conducting
films on the surface of the insulator results in a distortion of the voltage
gradient over the insulators and these voltage stresses may assume values
high enough to cause flashover over the insulator surface specially under
rain.  Sometimes even if complete flashover does not take place local
- sparking can occur over the surface of dirty insulators which may result in
temperature rise or even puncture of the insulators if the combination of

the local voltage gradient and local temperature rise is high enough.
Further the leakage current flowing over the surface of the insulator appears
to have directional property and an electrolytic action on the metal of the
insulators. The ozone and nitric oxide formed as a result of corona on the

insulator surface further accelerates this corrosion.
Therefore the investigation work in the laboratory was directed to answer

the following questions:
1. How are the electrical properties changed by encrustation ?

2. Can the encrustation be removed completely without damage to

the insulators?
3. Is 1t possible to improve the electrical design or electrical working
condition of a station to prevent further encrustation ?

TEST PIECES

Out of a number of samples received 3 specimens were particularly
selected for detailed tests. Specimen 1 is a pedestal insulator illustrated
in Fig. 1, and has a total height of 26” and a leakage distance of
44".' Specimen 2 also a pedestal insulator is illustrated in Fig. 2, and has
a height of 93" and a leakage distance of 18”. Specimen 3 a’string of
8 standard suspension insulators 10" diameter 53" spacing.

RESULTS

The results given in Tables I, II, III and V are the average of a
number of readings taken on different dates on the same set of insulators
and have been corrected to standard temperature and pressure. Comparative
measurements of the leakage current through the insulators. (both : it
and surface leakage) when excited to 110 kV rrm.s, and the wet ac:ga:llr§
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The leakage currents obtained are given in Table I. It will pe noticed
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high values of leakage currents may gi
with deleterious results.
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peci Leakage current maA
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I Pedestal insulators (cement and iron ore

dust contaminated) (2 units) .5 0-65 1-5
New insulators of same type as above
(2 units) - s - 0-1 0-5
IT " Pedestal insulators exposed to acid
fumes and chemical dust (4 units) .. 0-55 over 6
rapidly varying.

New insulators of the same type as 11
above (4 units) .. o .. less than 0-1 0-3

pr—

Comparative results of the dry flashover values are given in Table 1L
Specimens 2 and 3 which show a reduction of about 8 and 157 in the dry
flashover values were very badly contaminated with acid fumes which had
damaged the glaze on the porcelain in places. Specimen 1 exhibits an
increase of about 5-5% in the dry flashover values. This specimen was
coated with a thick layer of cement and iron ore dust. This rise may
probably be explained by the fact that the insulator stack behaves as a
resistance voltage divider and not as a capacitance divider.

When an ®ncrusted unit is however subjected to moisture some of the
dust, cement and salts might go into solution producing a conducting film.
ence of large quantities of water some conducting element§ may
be leached out and hence the most dat:zerous condition for a contam_ma.ted
insulator will not be during periods of heavy rain storm but when a drizzling
rain or fog starts after a relatively long spell of dry weather when large

quantities of dust have had an opportunity to accumulate on the surface.

Under these circumstances the contaminated insulators give out heavy
d corona over the entire contaminated surface and in some
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TABLE I
Dry Flashover Voltage
kV r.m.s.
—— — — 4 Nature pf :
;;’:;1 Insulator New Contami- Contamination
nated
[ Pedestal Insulator . _
(1 unit) £ 276 295 +5-459, Cviime;]t and iron ore
us
Do. (2 units) 409 410 - Do.

Pedestal Insulators '
. c(4eunits) s 371 342 —7-8% Acid fumes and

chemical dust

[IT Suspension [nsulators
(string of 8) ™ 464 394 —15% Do.

e

cases flashovers occur or the leakage currents assume such high proportions
as to shatter the porcelain due to excessive heat. Further the insulation
co-ordination of the whole system will be completely lost giving rise to
unexpected and prolonged 1nterruption.

A number of these encrusted units were subjected to wet flashover tests
as per B.S.S. 137/1941 and the flashover was found to be 15 to 20% less
than that of similar insulators not so contaminated. The values of the
measurements are given in Table IIL

TABLE 111
‘ Wet Flashover Voltage
Speci- kV r.m.s.
men Insulator ‘ ya| Nature of
New Contami- Contamination
nated
]
I Pedesta_l Insulator 174 140 —19-5% Cement and iron ore
(1 unit) dust
Do. (2 units) 299 220 —16-4% Do.
Il Pedestal Insulator 231 18¢ —20-49% Acid fumes and
(4 units) chemical dust

I Suspension Insulators
(string of 8) e 333 286 —14-6% Do.

- E——
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Effect of the electri
ical field on co - ;
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recipitation - as a beari
precip » eXperiments were conducted in the lab b e
types of smoke generators. aboratory with various

of smoke s trials the most
up in the liif;ira;tor 2 fc_ound to be a paraffin oil smoke g::::fsml.type
atory in which hot paraffin oil was blown over 5 Cogro?gng
wire

electrically heated. The i
. Jet of smoke so obtained irected
_ _ wa ;
insulators and a noticeable aiteration was found with azdd:?tioutiiam?t vy
e electri-

cal field. While the smoke was curlin : :

it was noticed to be getting drawn intgor?huen:l;:ziglaju}iagg :I::lho_ut the ﬁeld
column rc'ound the insulator when the same was charged (Fi I:Sf; and &
T.he electrical field was then changed by interposing a circulaf .1 tazdﬁ)'
dfamet'e.r between the insulator and the conductor at the t g de
disposition of the smoke was found to have altered. now I?el; andd e
to the edge of the plate and rising up in the form of an, inverted czﬁe (l;'wn
5 and 6)‘. Further work on this aspect is proceeding, and it may be lsgss
ble to minimize the accumulation of dust by suitably designed guardrirl:gc; )

(E‘Iegning of insulators.—The regular cleaning of the insulators whilst
tiggt(‘]glseu,;l Zy pressure water, _has bee.n adopted by the supply industry since

, er norn}al co'n.dltnons this pressure water will effectively leach
out most of the impurities. Ordinary dust and dirt can be completely
removed but some thick encrustation like cement dust, calcium and magnesium
salts, soot and oil combination can only be removed with varying
degrees of success by this method. But even the thick and hard deposit
of cement dust on the investigated insulators which are not removed
by ordinary washing could be removed effectively by cleaning the insulators
with dilute hydrochloric acid and rinsing them. The tests performed after
this cleaning confirmed that the insulators had regained their original, dry
and wet electrical properties. Considerable work has been done in the last few
years to improve the electrical behaviour of porcelain insulators exposed
to humid atmospheres. Conducting glaze has been applied to avoid any
electrical charges remaining on the surfaces after transients or flashover and
thus lowering the flashover voltage for the next transients. Further glass
and ceramic surfaces previously conditioned to equilibrium with an atmo-
sphere at 50-90% relative humidity adsorb methyl or ethyl chlorosilanes,
hydrochloric acid being formed during the reaction. The product on the

porcelain surface is a long chain silicon polymer adsorbed on the surface

Il the methyl groups form an outer layer giving a

in such a manner that a | ‘ .
lectrical insulation

strongly water repellent surface which maintains a high €
cven under very moist conditions (see Fig. 7).



176 G. K. M. PresTORF AND M. R. SITARAM

CHy; CH; Cli; CHy
N\ N
Cl/ \01 Ct Cl—>CHy CHj3 CHg CHg
H H H B N/ N _‘
/ \ / \ Si E:u\ / +nHCI
g N NN N

Fis. 7. Porcelain Surface—Reaction of dimethyl dichloro-silane on a porcelain surface

Some values of resistances reached by such treatment according to
R. J. Meakins and others are given in Table IV.

TABLE IV

—_— i
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Insulation Resistance (Megohms)
at 98-100% Relative Humidity
Nature of Surfaces

Treatment — e e
Glass Metallized Steatite
Microscope Pyrex Tubes Terminal

Slides Strips

g ——

I. Controls—
(a) Asreceived from the manufacturer  6X10°

(h) Cleaned with chromic acid .. S5x102 5% 102 1 x10%

2. . Treated with methylchlorosilane vapour 108 10° 2x10°%

- Even a treatment with oil or grease of organosilicon compound will
increase the surface resistance considerably. Such porcelain surfaces will
s_tand the exposure to sun radiation and atmospheric conditions for a long
time without change. There was only a decrease of the surface resistance
from 10° Megohm to 4x 10° Megohm after 57 days exposure at 98-100%
relative humidity after samples were heated for 1 hour at 200-2350° C.

It 1s doubtful if the increase of resistance of the insulator surface will
make the' insulator more suitable and more resistant against contamination.
The application of a semiconducting coating like silicon grease might even
give better results. Application of silicon grease* is very simple. Experi-
ments were conducted in this laboratory on insulator specimens 1 and 2 by

o

T e

* The materials arc available from Dow Cornig Corporation
. h
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- o
practically the same after it I coated with thig grease, the wet flashover

voltage of such insulators in
créases by as muc
Rashover voltage of the ey, insulat); : h as 23 to 30% above the wet

Dry Flashover Wet Flashover

k\{{oltage VYoltage
_ r.m.s.
Speci- Insulator - < r.in.s._ % Increasc
men '
Coa_ted Coated uin wet
}V'lth with flashover
New silicon New silicon
grease grease

—_— e e e, T : et b -3 —_——— - - — —_

I Pedestal Insulator (2 units) .. 409 400 299 368 23%
i1 Do. (4 units) .. 371 362 231 300 30%

CONCLUSION

The atmospheric contamination of high voltage insulators is a serious
problem in some parts of the country. Cleaning of encrusted insulators
iIs possible but in some cases very costly and toilsome. Two methods de-
scribed are suggested to reduce the contamination of endangered insulators:
field changes round the porcelain insulator and the application of a semi-

conducting silicon grease.
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Fi1G. 3. Pedestal Imsalator with smoke— No electrical freld
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FIG. 4. Pedestal Insulator with smoke -electrnical teld, 150 kV. asplied
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