IEEE Transactions on Power Delivery, Vol 11, No. Z, April 1996

OUTDOOR LEAKAGE CURRENT MONITORING "

OF SILICONE COMPOSITE INSULATORS IN COASTAL |
SERYICE CONDITIONS

" Antonios E. Vipsids, Fellow

Chalmers University of Technology
5-412 96 Gothenburg, Sweden

 Abstract - The behaviar of the polymeric insulaswors under sal-
storm conditions is crucial for their design. In this paper the
-icaka‘ge currents mouitored on silicone composite insulators
_during two severe salt-storms on the Swedish West Coast are
analyzed. The results show that reduction of the leakage distance
.on siliconc Tubber units canses considerabie dry-band arc activity.

Kg_mm Silicone insulators, coastal éonditions, leakage
currénts, '

1. mmonucnon

Sewice experience has shown that guidoor insulators exposed ©
polhmon and moisture from rain, fog and condensation develop
leakage currents. It was discovered early that ceramic insulators
with a thin coating of silicone rubber performed very well in
contaminated service, It was found thar the advanmge of the
silicone surface is its ability to impart hydrophobic propertics o4
potlntent deposit on die insulator surface wiich suppress or timit
leakage currents. The ransfer of hydrophobic propertiss, the
. conditions leading to hydrophobicity loss #nd recovery
mechanism have been the subject of many papers. A literanre
survgy in this matter is given in (1.

The environmental and service conditions for an insulator vary
considerably with location and tinse. Under severe conditions the
leakage correars increase resulting in dry-band formation on the
insulator surface followed by discharge and arcing that may cause
degradetion of the insulator swface propertics and cap increase the
probability of flashover.
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'n:e degradition of wet surface insulation pmpemes ocE inert,
stable maserials such as porcelain and glass can be explamed by’
acournulation of contaminants on the glazing. However, the
degradation on the surface prope.rucs of polymer msulalm's isa
more complex combination of surface erosion and clmngc.s in the

polymer surface che:mstry caused by discharge effects and N

polluants. 'I'hedcw:lopmt of dryubanddaschurges and srcing is
not only dependent on vollage stresses, insulator dcs:gn and

comtamination conditions, but also very much dependent on 8 ’

polymsaumymsuppmsorhnmdrrbandcmm& )

To upﬁm'mins’nlamrdesign m’ﬂmatuials, itisnwesswms&:dy -_
leakage current and dry-band carrent dovelopment on materisl .
samples and full size ingulstors. Soch studies have been

conducted in laboratories with tests ‘timulating the specific ;

contamination conditions experienced in service [2]. Existing

. methods for such accelerated aging tests of polymer insulators

include long term exposure to discharges and arcing under wet
conditions. The aging exposure cyclé and the artificial surface

discharge and arcing conditions have 1o be representative of the

service conditibns for the polymer insularors in & specific power’
system whers the insulators ate 10'be installed. Tt is therefore’
necessary to fi'st conduct outdoor studies of leakage curfents and
dry-band discharge conditions, on full size insolators aposed o
nanmal polluuon, before the laboratory agmg cyclc is selecwd.

The Chalmers University. of Technology in Swéden has
established & g5t station in Anneherg on the Swedish West Coast
to evaluate the performancs of polymer insularors under coustul
conditions. Results from soch studies have been reporied.

 previously [3-5]. The prescnit papcr sbows Jeakage current data on

palymeric insutators with a siicone rubber housing. Porcelain and’
RTV silicone clastomer coated porcelain units are nsed as .
reference units. The et units are instalied on a 226 k¥ system
vnl:agc st linc (130 kV phase 1o ground) where a large number
of units are svaluated. One of the silicone rubber composite RS
has been oB line since 1987 and the Jeakage current data in this -
paper were recorded dmg two severe salt storms in 1993,
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© 2. DATA ACQUISITION SYSTEM

The wotal capacity of the test line is twenty insulators on the AC
side. All units are monitored by a digital data sognisition system,
Tt is known that the leakage coment below 1 mA does nof produce
significant arcing. Therefore, for pulse amplindes up to 1 mA the
leakage current data are registered once every 30 minutes. For
current pulse amplitudes between | and 5 mA the dala are
registered once every 10 minites and for pulse amplitudes higher
than 5 mA the frequency of regisoration is onc recording per

minute. The system can during a salt-siorm day register roughly

half a million measurctents. The data which are stored in the
computer &1 Anncherg are transferred and stored in che main
computer located at the Chalmers High Voliage aboratory.
Between the insulator and the tower an additional cap-pin glass
insulator is added to allow the measurciment of the Jeakage
current. The current is conducted through a coaxial cable along the
tower. In case of a flashover the discharge current passes through
d iighming amester flash counter which reconds the flashover.

o A=

mmﬁgcmntmm;mhmwdwidim
mbe; a combination of & resistor and an inductance in a box

mounted on the tower pole and by the capacitance of the coaxial

cable. The inclucrance and the cable capacitance act as a low-pass
filtzr and reduce the transmitied signal frequency to about 40 kiz,

" At the other end of the coaxial cable. 2 Zener diode is used to

educs evenlual overveltage surges.

" The detectors are designed o measure the pulsé peak value and
consist of four pans: An eminer follower, a comparator, a logic
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programs enable a complete documentation of dits and their
graphical presentation, and the smusucal and mathematical
processing of the data,

3. LEAKAGE CURRENT RESULTS

Table 1 shows the technical data of four different insulators
included in this study entrgized with AC. Insularors 2 and 8 were
inswlled in December 1987, 9 in Januvary 1989 and 7 in Aprl -
1991, All insulators have corona sings. '

A relative comparison of feakage current data for insulators made
with different materials can be made for insulators with similar
leakage distance. Table 1 shows thar insulators 2, 8 and 9 are
similar, bt onit 7 has a much reduced lcakage distance.
However, since insulators 2 and 7 are made with the same High
Temperature Vulcanized (HTV) Siticone Rubber, it is impemiant to
so¢ if the higher siressed siliconc insulator behaves different than
the uit with a longer leakage distance. Insulator 9 fias a 0.5 mm

" Rooin Temperature Vulcanizing (RTV) Silicone Ruhber eomng .

on the poreelain surface.

"Figure | shows the typical dry-band behavior of the ceramic
insulators during salt-stonm conditons, The measured currents oa
the porcelain unit are related to the salt deposis at the time of the
measurernent and are not & result of fong term accurmiation of salt
particles on the insulator. The weather conditions on the Swedish
West Coast include frequent rain end insulator setf-clesning
beiween salt-siorms.

control circuit and a sample and hold (S/H) clrcmt. The input

" voliage is compared with the voliage held arthe S!H circuit, This
means that the registered pulse amplitodé corresporids 1o the
higbest value of the pulse peaks arriving to thcdcwctordurmg the
sampling interval,

The outpat of the leakage current detectors, the voltmeter for the
AC sapply and of the meteorological insruments (wind velocity,
" wind direction, air pressure and rainfall) is scanned by a 100

channcl input scanner controlled by a work station. The scanning,
frequency is about 30 Hz and ail the channels are scanned ina

time ‘of about 10 seconds. The work station consists of a
naultitasking Unix systern. The measuring program is written in
Basic/Unix. The data registration rate is determined by the peak
values of the leakage cumreny pulses, The data are stored as
voltages in a file which iy changed overy 24 hours. From
Anncherg the stored data are transmitted o Chalters by means of
a telecommunication line once a day and they are stored on tapes
and magnetic discs. The receiving system is also Unix-based and
the data processing and graphical presentation of daw are
performed by two commercial data processing programs. The

AC 2 7 8 5
Numherofloqgrods. ] 1.- 4 ] 1
Tota fength (mm) 1395 | 1624 | 1360. 1465
bismnq: between Bitings (mm) 90 -+ 1152 ll’S’lT
Arcing distance (mm) - 1055 | 1136 - 1246 1341

| Creepage distance (mm) 3580 | 2044 3910 {1 3700

Total sumber of sheds (largessmally | sS4 | 24 | 24 | 1217

Disunce between sheds (mm) 35 | 45 | a6 | 339
Shed diameter (mim) o fenzoy 91 | 2 Lisnds
Core dlameter (um) Tt B s | TS

Table 1. The design data for the differen insulators of this work.
Insulaerand?aremsdamrsmademththesamcmsmcom

" Rubber. Insulator 8 is a poreclain longrod insubator and insulator

9isa porcelain longred insulator with a RTV Silicone Rubber

' coating 0,5 mum thick.
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Fig 1. Leakage curtents measured on the Porcelaip umit 8
. ingylasor during sali-storm conditiops. Creepage distance 3910
. mm (30 mm/V). Upper trace: Relative humidity. Lower trace:

Leskdge current.

8. Period 19-22 January 1993 b. Period 19-22 March 1993
" Figure 2 is showing very low cirrents on the silicone RTV coated
unjt which maintains high surface resistance during the two salg-
storms, This obsefvation is very impomant since in the antificial
-aging tests, the aoceleration conditions reduce significantly the
surface resistance of the silicone insulator. Such conditions seems
not be representative for the perfmmancc of silicone insulators
under actuad servioe conditions.

Figure 3 is showing the leakage curreats on fhe siticone composite

insulator 2 made with HTV Silicone Rubber. The leakage distance

for this unit is similar to the valuc for the parcelain insulazor 8.
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Fig 2. Leakage currents nieastred on the RV Siticone Elastoiner -
Coated Porcelain Insulator unit 9 during salt-storn conditions. -
Creepage distance 3700 mm (28, 5 mmﬂ:V) Uppe: trace: Relauvc I
humrrielity. Losver trace: Leekage current, )

. Peciod 19.22 Ianuarj( 1993 b. Pimod 19:32 March 1993

The peak current values for this unit arc very 10\_V,_'_il1_ﬂtat.ing N
continued high surface resistince for the- silicone surface dusing ™
salt-storm conditions. The records from 1987 untl the end of 1994
show that the leakage cutrent vatues for ingulaior 2 have mnmned
low durmg all weather ccrndmuns : Lo

Itis interesdng o obsm've in Flgure 4 that the. msula(or wn:h thc' .
same silicone ‘Tubber, but with a very dxffcmt design and h:ghcr
stress shows reduced sm-ince rcs:.stanoe and cons:derable dry-
band a.cuvuy ST :
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Fig 3. Leakuge currents measured on the HTV Siticone Rubber
Insulator anit 2-during salt-storm conditions. Creepage disance
3500 mm (27.5 mﬂzV)Uppam Relative humﬂny Lower
frane: l.zaknse carent. :

& Period 19-22 January 1993 * b. Period 19-22 March 1993

4, DISCUSSION OF RESULTS

In this stady the HTV silicone robber insulstor 2 with 27.6 mm
lzakage path per kV showed continued high surface resistance
with maximum canrent leskage cutrent pulses not exceeding 2

On the other side, the other HTV unit with 17.3 mm leakage path
per kV showed currents exceeding 25 mA which coincides with
the maximum current pulses recorded on the poroelain insolator
with 30 men per kV leakage path.
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Flgd Leakage currents measured on the HTV Silicone Rubber

- Insulator unit 7 during sali-storm conditions. Creepage distnce

2244 mm [37% shorter than insulator 2] (17.3 k¥, Upper
trace: Relative burnidity. Lower race: Leaknge current,

3. Period 19-22 January 1993 b. Period 19-22 March 1993

The study shows that for the sérvice conditions enconntered oa
the Swedish West Coast, the HT'V sikicone insvlator 2 mujnuined
high resistance even under severe salt storm conditions. The unit
did not develop continued dry-band activity and the surface of the
nnitaudafm?yearsofomdowhnghvolta@em showed
no degmdation or erosion. mwmcﬁumsmmesmm
West Coast are the most severe in Sweden, Anevaluanmofthe
long term stability of the HTV sificone insulator of the design
dmnbodmch:spaperpredmmdmdninsulmrfoﬂhem
conchuonsenoounmedonrthwedthest(!mststhmbe
exposed to extended dry-band currents and - discharge at levels

emoechngafewm
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Sifce a gencral arificidl uging test cannot be designed to cover all

.conditions of insulator service, each fest procedure related to
specific power systems muost be based on outdoor data and lead to
tesults which are in agreement with those obtained under reatistic
_operation conditions, '

-
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